TECHNICAL
UNIVERSITY OF GABROVO

, Ll E—
! 1” 1|'1/

q,““w 1l (L

i

"".,_ Rkl ]
TUOT RS g

= "““ﬂi -

2020
GABROVO

INTERNATIONAL
SCIENTIFIC CONFERENCE

SELECTED PAPERS



Chairman:

ORGANIZING COMMITTEE

Assoc. Prof. Plamen Tsankov, PhD

Vice-Rector in charge of Research and Development

Members:

Prof. Jordan Maximov, D.Sc.
Prof. Anatoliy Aleksandrov, Ph.D.
Assoc. Prof. Lilyana Rusanova, PhD

Technical Assistant:

Petya Peneva, MA

PROGRAM COMMITTEE

Chairman: Prof. Iliya Zhelezarov, PhD

Members:

Technical University of Gabrovo, Bulgaria

Acad. Chavdar Rumenin, Bulgaria

Acad. Dragoljub Mirjani¢, Rep. Srpska, B&H
Acad. Peter Kralchevski, Bulgaria

Acad. Tomislav Pavlovi¢, Rep. Srpska

Acad. Dimitar Dimitrov, Bulgaria

Corr. Mem. Prof. Tony Spassov, Bulgaria
Prof. DHC Yuriy Kuznetsov, DSc, Ukraine
Prof. DHC Nikolay Ganev, PhD, Czech Republic
Prof. DHC Helmut Hopp, PhD, Germany
Prof. Lothar Otto, PhD, Germany

Prof. Emil Kolev, PhD, Germany

Prof. Ludwig Hilmer, PhD, Germany

Prof. Elena Kovalenko, PhD, Ukraine

Prof. Iurii Iaremchuk, DSc, Ukraine

Prof. Mikhail Prokofiev, PhD, Ukraine

Prof. Igor Sazonov, DSc, Belarus

Prof. Rumen Daskalov, DSc, Bulgaria

Prof. Vasil Kavardjikov, DSc, Bulgaria

Prof. Ivan Yachev, DSc, Bulgaria

Prof. Raycho Ilarionov, DSc, Bulgaria

Prof. Galya Duncheva, DSc, Bulgaria

Prof. Irina Aleksandrova, PhD, Bulgaria
Prof. Zvezditsa Nenova, PhD, Bulgaria

Prof. Nikolay Madzharov, PhD, Bulgaria
Prof. Dimitar Dichev, DSc, Bulgaria

Prof. Toshko Nenov, PhD, Bulgaria

Assoc. Prof. Rosen Ivanov, PhD, Bulgaria
Assoc. Prof. Angel Anchev, PhD, Bulgaria
Assoc. Prof. Stanimir Sadinov, PhD, Bulgaria

Medsicoynapoona nayuna konghepenyus “VYHUTEX 20" — I'abpogo



TECHNICAL UNIVERSITY OF GABROVO

CAUN & IEEE

i \
UNION OF AUTOMATION B U LGARIA UNION OF SCIENTISTS IN BULGARIA \\\Q\\_
& INFORMATICS SECTION

INTERNATIONAL
SCIENTIFIC CONFERENCE

UNIITECKH.2%

PROCEEDINGS

20-21 NOVEMBER 2020
GABROVO

ISSN: 2603-378X



ORGANIZING COMMITTEE

Chairman: Assoc. Prof. Plamen Tsankov, PhD
Vice-Rector in charge of Research and Development

Members: Prof. Jordan Maximov, D.Sc.
Prof. Anatoliy Aleksandrov, Ph.D.
Assoc. Prof. Lilyana Rusanova, PhD

Technical Assistant:
Petya Peneva, MA

PROGRAM COMMITTEE

Chairman: Prof. Iliya Zhelezarov, PhD
Technical University of Gabrovo, Bulgaria
Members:

Acad. Chavdar Rumenin, Bulgaria
Acad. Dragoljub Mirjani¢, Rep. Srpska, B&H
Acad. Peter Kralchevski, Bulgaria
Acad. Tomislav Pavlovi¢, Rep. Srpska
Acad. Dimitar Dimitrov, Bulgaria
Corr. Mem. Prof. Tony Spassov, Bulgaria
Prof. DHC Yuriy Kuznetsov, DSc, Ukraine
Prof. DHC Nikolay Ganev, PhD, Czech Republic
Prof. DHC Helmut Hopp, PhD, Germany
Prof. Lothar Otto, PhD, Germany
Prof. Emil Kolev, PhD, Germany
Prof. Ludwig Hilmer, PhD, Germany
Prof. Elena Kovalenko, PhD, Ukraine
Prof. Turii Iaremchuk, DSc, Ukraine
Prof. Mikhail Prokofiev, PhD, Ukraine
Prof. Igor Sazonov, DSc, Belarus
Prof. Rumen Daskalov, DSc, Bulgaria
Prof. Vasil Kavardjikov, DSc, Bulgaria
Prof. Ivan Yachev, DSc, Bulgaria
Prof. Raycho Ilarionov, DSc, Bulgaria
Prof. Galya Duncheva, DSc, Bulgaria
Prof. Irina Aleksandrova, PhD, Bulgaria
Prof. Zvezditsa Nenova, PhD, Bulgaria
Prof. Nikolay Madzharov, PhD, Bulgaria
Prof. Dimitar Dichev, DSc, Bulgaria
Prof. Toshko Nenov, PhD, Bulgaria
Assoc. Prof. Rosen Ivanov, PhD, Bulgaria
Assoc. Prof. Angel Anchev, PhD, Bulgaria
Assoc. Prof. Stanimir Sadinov, PhD, Bulgaria

TECHNICAL UNIVERSITY OF GABROVO
INTERNATIONAL SCIENTIFIC CONFERENCE
UNITECH’20

SELECTED PAPER

Address: 5300, Gabrovo, “H. Dimitar” 4 street
University Publishing House “V. Aprilov” — Gabrovo

© TECHNICAL UNIVERSITY OF GABROVO, 2020
© UNIVERSITY PUBLISHING HOUSE “V. APRILOV” - GABROVO, 2020



TEXHUYECKHU YHUBEPCUTET - 'TABPOBO

| () ol
e
i Y
t
\
UNION OF AUTOMATION BULGARIA UNIO IENTISTS IN BULGARIA \{\\_
& INFORMATICS BRA ABROV!

SECTION

MEKJIYHAPOJTHA HAYUHA
KOH®EPEHLIUS

YHUIEX

CHbOPHHUK JOKJIAAM

20-21 HOEMBPH 2020
I'ABPOBO

ISSN: 2603-378X



OPTAHU3AIIMOHEH KOMUTET

Ipencenaren: [Jou. [Inamen [{ankoB
3am.-pexmop HUP

YneHose: [pod. ara Mopnax Makcimos
[Tpod. AnaTonuit Anekcanapos
[Hou. JIunsana Pycanosa

TexHu4yeckH opraHuszarop:
Ilets IleneBa

ITPOI'PAMEH KOMUTET

Hpeacenaren: Ipod. Nnus XKenezapos

Texnuuecku ynusepcumem — I abpoeo, bvieapus
YiieHose:

Axkan. Yasnap Pymenun, boarapus

Axan. Iparomo6 Mupsiany, Penryonuka Cpbocka, bocHa n Xepuerosuna

Axan. Ilersp Kpanuescku, buarapus

Axkan. Tomucnas I[laBnoBud, Permy6nuka CpbOcka

Un. Kop. Aumutsp Aumutpos, bearapus

Yi1. Kop. Tonu Cnacos, benrapust

[Ipod. mu. FOpwmit Kysuenos, IXK, Ykpaitna

[Ipod. Huxonaii 'anes, AXK, PenyOnuka Yexust

[Ipod. Xenmyt Xom, ['epmanus

[Ipod. JIytep Ott0, ['epmanus

IIpod. Emun Kones, ['epmanus

[Ipod. Jlynsur Xunmep, ['epmanus

[Ipod. Enena KoBanenko, Ykpaitna

[Ipod. nu Opwuit SApmenuyk, YkpaitHa

[Ipod. Muxann [Ipokodues, Ykpaiina

[Ipod. nu Urop Cazonos, benapyc

[Ipod. nmu Pymen [lackanos, bbarapus

[Tpod. nu Bacun KaBapmkukos, beiarapust

[Tpod. iBan SnueB, boarapus

[Tpod. nta Paituo Mnapuonos, bearapus

[Tpod. au Nana Aynuesa, bbarapus

ITpod. Upuna Anekcanaposa, bearapus

[Tpod. 3Be3aunia Henosa, brarapus

[Tpod. Hukomnait Mamxapos, bearapus

[Tpod. Aumutsp duues, bearapus

[Tpod. Tomko Henos, brarapus

Hou. Pocen MBanoB, bbarapus

Hou. Anren AnueB, bpirapus

Jou. Cranumup Cannnos, bbarapus

TEXHUYECKHU YHUBEPCUTET - 'ABPOBO
MEXAYHAPOAHA HAYYHA KOH®EPEHIIUSA

YHUTEX’20
U3BPAHU JOKJIAIAM

Anpec: 5300, I'aGpoBo, yi. ,,Xamku Jumutrsp” 4
YHuuBepcuteTcko u3garenctso “‘Bacun Anpunos” — ['abpoBo

MN3naren: Texunueckn yHuBepcuret — I'abposo, 2020
YHuBepcurTeTcko u3aarenacTso “Bacua AnpusioB” — I'adposo, 2020



THEMATIC SESSIONS

» Electrical Engineering

» Electronics and Sensors Technics

» Communication Engineering and Technologies
» Computer Systems

» Computer Technologies

» Technologies in Mechanical Engineering and
Mechatronics, Metrology and Quality

Management
» Hydraulics, Pneumatics and Heat Engineering

» Economics and Finance, Organization and

Management, Education Technologies
» Mathematics and Informatics

» Physics

Medsicoynapoona nayuna konghepenyus “VYHUTEX 20" — I'abpogo



CONTENS

W ELECTRICAL ENGINEERING J

SOLAR RADIATION ATLAS IN TREBINJE IN

THE REPUBLIC OF SRPSKA ...ttt sttt et nae e 18
Dragoljub Lj. Mirjani¢ !, Tomislav M. Pavlovié¢?, Ivana S. Radonji¢?, Lana S. Pantié?,
Andelina V. Marié¢?, Galina 1. Sazhko?
"Academy of Sciences and Arts of the Republic of Srpska, Bana Lazareviéa 1, 78000 Banja
Luka, Republic of Srpska
2University of Nis, Faculty of Sciences and Mathematics, Department of Physics,
Visegradska 33, 18000 Nis, Serbia
3Ukrainian engineering pedagogics academy, Kharkov, Ukraine

DETERMINATION OF RESERVE BY SENSITIVITY AND BOUNDARY CONDITIONS
WHEN USING UNSELECTIVE INSTANTANEOUS OVERCURRENT RELAY
PROTECTION IN MEDIUM VOLTAGE ELECTRICAL GRIDS.........cccoooiiiiiiiieieieeee, 24
Mediha Mehmed-Hamza!, Plamen Stanchev?
! Medical University of Varna, Department of Medical Equipment, Electronic and
Information Technologies in Health care, 9002 Varna, Bulgaria
2 Technical University of Varna, Department of Electric Power Engineering, 9010 Varna,
Bulgaria

FAULT INVESTIGATION AND OPERATION OF RELAY PROTECTIONS

AND AUTORECLOSE WITH THE USE OF SIMULATION MODELS

IN MEDIUM VOLTAGE ELECTRICAL GRIDS .......cccooiiiiiiiiiiieeeeeeeeeeeie e 29
Mediha Mehmed-Hamza!, Plamen Stanchev?
! Medical University of Varna, Department of Medical Equipment, Electronic and
Information Technologies in Health care, 9002 Varna, Bulgaria
2 Technical University of Varna, Department of Electric Power Engineering, 9010 Varna,
Bulgaria

REAL TIME SPEED CONTROL OF ELECTRIC MOTOR VIA MATLAB............cccccccu...... 36
Osman ULKIR!
! Department of Electronics and Automation, Mus Alparslan University, Mus, 49100, Turkey

SOFTWARE SIMULATION OF THE PRESENCE OF MECHANICAL UNBALANCE

IN ELECTRICAL EQUIPMENT WITH ASYNCHRONOUS MOTORS.......ccoooiiiiiieieee 40
Yuliyan Yordanov
Technical University of Varna, Department of Electric Power Supply and Equipment

MODE CONTROL OF LIGHTING SYSTEM BASED

ON THE SMART-LIGHT CONCEPT .......ccooiiiiiiiii et 44
Hovorov Pylyp, Kindinova Anastasiia, Hovorova Kateryna,
Dyumin Eduard, Abdelrahim Omer
O.M. Beketov National University of Urban Economy in Kharkiv

EFFECT OF CALCINATION TIME ON THE DIELECTRIC PROPERTIES

OF DOPED WITH TIN DIOXIDE BARIUM TITANATE..........ccooooiiiiiieieieieeeee e 50
Ivaylo Lazarov
Technical University of Gabrovo

Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



DEVELOPMENT OF TECHNICAL SOLUTION FOR EXPERIMENTAL

RESEARCH AND VERIFICATION OF METHODS FOR ANALYZING

OF DYNAMIC MODES IN URBAN ELECTRIC TRANSPORT ........ccccoooiiiiiiinieniiiceeiene, 54
Nikolay Bezhanov
Technical University of Varna, Department of Electric Power Supply and Equipment

DESIGN AND DEVELOPMENT OF A LABORATORY MODEL

OF A PURE SINE WAVE INVERTER FOR POWER SUPPLY

OF LOW POWER CONSUMERS.......oouiititiititeetee ettt sttt sttt st 60
Hristo Ibrishimov
Technical University of Gabrovo

INVESTIGATION OF SOME PARAMETERS OF ELECTROMAGNETIC
COMPATIBILITY FROM DIMMABLE LED BULBS. ..........coooiiiiiiiieeeeeecceeeeeen 65
Tsvyatko Kolev Varbov, Krasimir Marinov Ivanov
Technical University of Gabrovo

RESEARCH OF THE INFLUENCE OF THE INTER-ROW SPACING FOR GROUND
MOUNTED PV SYSTEMS ON THE ANNUAL PRODUCTION
OF ELECTRIC ENERGY USING PVGIS-SARAH. ........cccocciiiiiiiiiiieteeeeeseee e 72
Tsvyatko Kolev Varbov
Technical University of Gabrovo

INFLUENCE OF INDIVIDUAL STANDARD UNCERTAINTIES ON

TOTAL UNCERTAINTY OF ENERGY EFFICIENCY OF A THREE-PHASE

INDUCTION MOTOR ..ottt ettt sttt sttt sttt st e bt e be et e sae e 78
Branko Koprivica', Alenka Milovanovi¢!, Srdan Divac*, Marko Suéurovi¢?
University of Kragujevac, Faculty of Technical Sciences Cacak Svetog Save 65,
32000 Cacak, Serbia
IDepartment of Electrical and Electronic Engineering, *Department of Power Engineering,
*PhD Scholarship of the Ministry of Education, Science and Technological Development of Serbia

DYNAMIC TEMPERATURE MODELING

OF INDUSTRIAL LED LUMINAIRE ........ocoiiiiiiiiiiceeeeeeeie et 82
Hristo Ibrishimov
Technical University of Gabrovo

MODELING OF PLANAR TRANSFORMER

FOR DC DC CONVERTER ......oooiiiiiiiiiiieee ettt ettt 86
Hristo Ibrishimov
Technical University of Gabrovo

TEMPERATURE MEASUREMENT AND CURRENT DETERMINATION
OF HORIZONTALLY AND VERTICALLY PLACED
LOW-VOLTAGE SINGLE CORE CABLE ..........cccooiiiiieieieeeese et 91
Marko Sucurovic!, Milan Marjanovic?, Marko Rosic!,
Miroslav Bjekic!, Branko Koprivica®
University of Kragujevac, Faculty of Technical Sciences in Cacak
! Department of Power Engineering,
2 Department of Mechanical Engineering,
3 Department of Electrical and Electronic Engineering, Svetog Save 63,
32000 Cacak, Serbia

Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



STUDY OF THE ELECTRICAL QUALITY PARAMETERS

OF SMART LED LUMINAILRES ...ttt e e e e e e e saae e e e eaaaeaeennns 97
Plamen Tsankov, Milko Yovchev, Teodor Todorov
Technical University of Gabrovo

REMOTE CONTROL AND MANAGEMENT SYSTEM

FOR AIR-CONDITIONING INSTALLATION .......ooiiiiiiiieeeeeeee e 102
Emiliya Dimitrova, Vasil Dimitrov
Todor Kableshkov University of Transport — Sofia

COMMISSIONING OF A GONIOPHOTOMETER AND AN INTEGRATING

SPHERE WITH SPECTRORADIOMETER IN A NEW LIGHTING

LABORATORY AT THE TECHNICAL UNIVERSITY OF GABROVO ............cccccveuene. 108
Plamen Tsankov
Technical University of Gabrovo

CREATING A MODEL OF PHASE-CONTROLLED BRIDGE RECTIFIERS

IN SIMULINK FOR STUDENT TRAINING.........ccceoiiiiiieiteieeeete ettt 114
Hristo Ibrishimov
Technical University of Gabrovo

ANALYSIS OF THE PARTICIPATION OF ELECTRIC TRANSPORT IN THE TOTAL
ENERGY MIX IN ACCORDANCE WITH THE PLANNED INDICATORS IN
THE STRATEGY FOR SUSTAINABLE ENERGY DEVELOPMENT
OF VARNA FOR THE PERIOD 2014-2020.........cccieiiiieieeieeieteeie et 118
Valentin Gyurov
Technical University of Varna, Department of Electric Power Supply and Equipment

INVESTIGATION OF THE POWER REDUCTION OF HORIZONTALLY

MOUNTED SOLAR MODULE DUE TO SOILING..........ccccooiiiiiiinienieeeeeeeeie e 125
Tomislav M. Pavlovié¢ !, Ivana S. Radonji¢!, Dragoljub Lj. Mirjani¢?, Darko Divni¢?
D' University of Nis, Faculty of Sciences and Mathematics, Department of Physics,
Visegradska 33, 18000 Nis, Serbia
2 Academy of Sciences and Arts of the Republic of Srpska, Bana Lazareviéa 1, 78000 Banja
Luka, Republic of Srpska

W ELECTRONICS AND SENSORS TECHNICS J

NEW KIND OF DIGITAL FILTER BASED ON THE FREQUENCY

LOCKED LOOP ...ttt sttt ettt et sttt st sbe et et e sbeebesatens 129
Perisi¢ Purde!, Miroslav Bojovi¢%, Zeljko Gavri¢!, Vanja Miskovi¢!
! Faculty of Information Technology, Slobomir P University, Slobomir, BiH
2 School of Electrical Engineering, University of Belgrade, Beograd, Serbia

CONTACTLESS POWER SUPPLY AND COMMUNICATION OF THE DEVICE FOR
MEASURING EXCESS FUEL IN MODERN DIESEL ENGINES ...........ccccooiiiiiiiiee, 135
Nikolay Madzharov, Desislav Iliev
Technical University of Gabrovo

Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



APPLICATION OF THE SMALLEST SQUARES METHOD FOR

DETERMINING THE MODEL PARAMETERS OF

A TWO-COLLECTOR MAGNETOTRANSISTOR ..ottt 140
Kazolis Dimitrios Theodosius', Anatoliy Aleksandrov?, Gergana Mironova?
'Eastern Macedonia and Thrace Institute of Technology
‘Technical University of Gabrovo

IMPROVED 10T ENERGY METER APPLICABLE IN SMART BUILDINGS. ................. 147
Aleksandar C. Zori¢', Muhamed Bejtovi¢!, Nikola Zori¢!, Bojan Jovanovié?
'Faculty of Technical Sciences-University of Pristina, Serbia
°The Technical School-Urosevac, Leposavié, Serbia

ANALYSIS OF THE INFLUENCE OF WIND GENERATORS ON

THE QUALITY OF ELECTRICITY AT THE POINT OF CONNECTION

TO THE DISTRIBUTION NETWORK ..........cccooiiiiiiiiieieieeeee e 152
Muhamed Bejtovi¢, Aleksandar C. Zori¢
Faculty of Technical Sciences, University of Pristina, Serbia

MICROWAVE FOOD FAT METER..........ccooiiiiiiiietceeeee e 156
Konstantyn Shevchenko!, Oleksiy Yanenko!, Mikhail Prokofiev!,
Sergey Peregudov’!, Vasyl Kuz?
! Igor Sikorsky Kyiv Polytechnic Institute
2 Ternopil Ivan Puluj National Technical University

SIMULINK MODEL OF BIDIRECTIONAL DC/DC CONVERTER FOR ELECTRIC
VEHICLE APPLICATION .....ocoiiiiiiiiieteeeete ettt sae st ese e ensesaessesne e 160
Evgeni Malev
Technical University of Varna, Bulgaria

REVIEW OF A HYBRID STRUCTURE FOR APPLICATION INEVS ..o, 165
Gergana Vacheva, Nikolay Hinov
Technical University of Sofia
Department of Power Electronics

THERMAL MODELS OF DC DC CONVERTERS FOR ULTRALIGHT ELECTRIC
VEHICLES APPLICATION IN SIMULINK ......cccooiiiiiiiiiinieieteeee st 169
Evgeni Malev
Technical University of Varna, Bulgaria

LOGICAL-PROBABILITY APPROACH IN ANALYSIS OF THE RELIABILITY

OF MOSFET TRANSISTORS ...ttt sttt ae s 174
Prodan Ivanov Prodanov
Technical University of Gabrovo

INDOOR AIR QUALITY MONITORING PROCESSOR SYSTEM...........ccceovviiieieieee, 181
Ivaylo Belovski!, Anatoliy Aleksandrov?
I Prof. Assen Zlatarov University
2 Technical University of Gabrovo

SENSORICS OF THE INDIVIDUAL HALL POTENTIALS ......ccoooiiiiieeeeeeee 187
S. V. Lozanova
Institute of Robotics at Bulgarian Academy of Sciences

10
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



FEOMMUNICATION ENGINEERING AND TECHNOLOGIEgJ

REVIEW OF TECHNICS FOR TRAFFIC CONTROL FROM LAST DECADE................. 194
Vasil Shterev, Nikolay Hinov
Technical University of Sofia

OPTIMIZATION OF THE 3P KEYS KERNEL PARAMETERS

FOR INTERPOLACION OF AUDIO SIGNALS ...ttt 200
Natasa Savié, Zoran Milivojevié¢
The Academy of Applied Technical and Preschool Studies, Section Nis, Aleksandra
Medvedeva 20, 18000 Nis, Serbia

EVALUATION OF THE INFLUENCE OF PINK NOISE (PN) ON THE INTELLIGIBILITY
OF SPEECH IN THE SERBIAN LANGUAGE, USING SERBIAN MATRIX SENTENCE
TEST (SMST) BASE AND STOI ALGORITHM ........cooiiiiiiiiiiiiieneeeeeseee e 206

Dijana Kosti¢!, Marina Milivojevi¢?, Zoran Milivojevi¢?

!Geonais Nis, Serbia

’Mikkelsen Electronics, Nis, Serbia,

3College of Applied Technical Sciences of Nis, Serbia

ROBUSTNESS OF THE SD WATERMARKING ALGORITHM IN IS MAPPING

ON FILTERING AUDIO SIGNALS USING NOTCH FILTERING .........ccccoovviiiniinieineee 212
Bojan Prlincevic!, Zoran Milivojevic?, Milan Misic!
'Kosovo and Metohija Academy of Applied Studies, Leposavic, Serbia
2Academy of Applied Technical and Preschool Studies, Nis, Serbia

PLANNING AND SURVEY OF RADIO COVERAGE IN LORAWAN

COMMUNICATION NETWORK ......oooiiiiiiiiiet ettt et st e 218
Krasen Angelov, Nikolay Manchev, Stanimir Sadinov, Trayan Ivanov
Technical University of Gabrovo, Bulgaria

A NARROWBAND RF NOISE FLOOR LEVEL ANALYSIS

IN CASE OF ELECTRIC ARC ...ttt ee e e e e e e earaae e e e e e e e eenaees 224
Kliment Angelov!, Peter Matov?, Sofia Angelova3
123 Technical University of Sofia

NOISE RECOGNITION IN COMMUNICATION CHANNELS

BY ARTIFICIAL NEURAL NETWORKS .........oooiiiiiieee ettt 229
Dionisia Daskalaki
Technical University of Gabrovo

TOPOLOGY OF OPTICAL NETWORK IN REMOTE CONTROL SYSTEMS ................. 236
Emiliya Dimitrova, Vasil Dimitrov
Todor Kableshkov University of Transport — Sofia

BUILDING AND CONFIGURATION OF A PLAYOUT MULTIVIEWER

MONITORING SYSTEM ..ottt sttt ettt s e b aeeae e 242
Panagiotis Kogias!, Stanimir Sadinov 2, Seyhan Sadak 2, Michail Malamatoudis !,
Hristian Hristov 2
! International Hellenic University — Kavala Campus, Greece
2 Technical University of Gabrovo, Bulgaria

11
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



SIMULATION OF THE 32-CHANNEL WDM-FSO SYSTEM
IN DIFFERENT ATMOSPHERIC PHENOMENA ..o 248
Jelena Todorovi¢!, Branimir Jaksi¢!, Petar Spalevié¢!, Majid Alsadi?,
Ahmad Mohammed Salih?
! Faculty of Technical Sciences, University of Pristina in Kosovska Mitrovica, Serbia
2 School of Informatics and Computing, Singidunum University, Belgrade, Serbia

PERFORMANCE OF THE MTSENG ALGORITHM FOR BIOMETRIC

ON-LINE VERIFICATION HANDWRITTEN SIGNATURE..........ccccoocvniiiiieiieeeee 253
Milivojevi¢ Zoran!, Milivojevi¢ Marina?
! Academy of Applied Technical and Preschool Studies, Section Nis, Nis, Serbia
2 Mikkelsen Electronics, Nis, Serbia

W COMPUTER SYSTEMS J

MULTI-SENSOR GAS-SENSING HEAD
FOR AIR QUALITY EVALUATION ..ottt ettt 260
Kamen Boyadzhiev !, Stefan Ivanov?
! Department of Automation, Information and Control Systems,
Technical University of Gabrovo, Gabrovo, Bulgaria
2 Department of Automation, Information and Control Systems,
Technical University of Gabrovo, Gabrovo, Bulgaria

GEO-REFERENCED SYSTEM FOR AIR QUALITY MONITORING ..........cccocenieinnn. 264
Kamen Boyadzhiev
Department of Automation, Information and Control Systems
Technical University of Gabrovo

INFLUENCE OF THE LOOKBACK PERIOD AND THE NUMBER OF EPOCHS

IN THE PREDICTION OF TIME SERIES USING A NEURAL NETWORK

WITH A LONG SHORT-TERM MEMORY .....c.oooiiiiiiiiieiieeee e 268
Kiril Koparanov, Krasin Georgiev, Vasil Shterev
Technical University of Sofia

OPTIMAL POWER FLOW AND PRICES IN THE ELECTRICITY MARKET USING

THE HYBRID PPSOGSA ALGORITHM ......ccocoiiiiiiiiiiiiiieeeieee e 274
Milena Jevti¢!, Miroljub Jevti¢?, Jordan Radosavljevié¢?,
Sanela Arsi¢!, Dardan Klimenta?
ITechnical Faculty in Bor, University of Belgrade, Bor, Serbia
’Faculty of Technical Sciences Kosovska Mitrovica, University of Pristina in Kosovska
Mitrovica, Serbia

IMPACT OF BRIGHTNESS AND COMPLEXITIES TO EDGE DETECTION WITH
ROBERTS AND CANNY OPERATOR ON COMPRESSED IMAGES............ccccooeiiiien, 279
Vladimir Maksimovic', Mirko Milosevic?, Branimir Jaksic!,
Mile Petrovic!, Petar Spalevic!
! Faculty of Technical Sciences, University of Pristina in Kosovska Mitrovica, Serbia
2 School of Electrical and Computer Engineering of Applied Studies Beograd, Serbia

12
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



MOBILE ROBOT FOR FIRE DETECTION.........cccooiiiiiiieieieeeee e 285
S. Stankov, S. Ivanov
Technical University of Gabrovo

APPLICATION OF IMAGE PROCESSING IN FOG COMPUTING..........cccecvvvveerrennene. 289
Dusan Markovié¢!, Dejan Vuji¢i¢?, Borislav Dordevié3, Sini§a Randi¢?
! Faculty of Agronomy Cacak, University of Kragujevac, Serbia
? Faculty of Technical Sciences Cacak, University of Kragujevac, Serbia
3 Institute Mihailo Pupin d.o.o., Belgrade, Serbia

HUMIDITY SENSING ELEMENTS BASED ON V-DOPED

SIO2 SURFACE LAYERS ..ottt ettt st et 294
Zvezditza Nenova!, Nedyu Nedev!, Stephan Kozhukharov?, Toshko Nenov!
ITechnical University of Gabrovo
2University of Chemical Technology and Metallurgy — Sofia

ON THE USE OF SUPERCLUSTERS IN AUTOMATION.........cccconiiniiiinienteiceieneeeeene 298
Georgi Mihalev, Aleksandar Lubenov
Technical University of Gabrovo

DESIGN OF A HARMFUL GAS DETECTION SYSTEM........ccoooiiiiiieieeeeee e 304
Mustafa Kemal TEZCAN!, Taskin TEZ?, Fatma TEZCAN?, Hilmi KUSCU*
IThe University of Trakya,
’Edirne Provincial Health Directorate,
3The University of Kirklareli,
“The University of Trakya

W COMPUTER TECHNOLOGIES J

STUDY OF UPLOAD AND DOWNLOAD TRAFFIC ON A 6LOWPAN WIRELESS
SENSOR NETWORK FOR INTERNET OF THINGS (IOT) ...ccooiiiiieieieieeeee e 308
Aydan Haka
Technical University of Varna, Bulgaria

COMPREHENSIVE EVALUATION OF ZIGBEE WIRELESS SENSOR NETWORK
SIMULATORS FOR PURPOSES OF EDUCATION ........ccccooiiiiiiiieeeieeeeeiee e 313
Aydan Haka
Technical University of Varna, Bulgaria

EXPLORING THE INFLUENCE OF DEMOGRAPHIC FACTORS

ON THE IMAGE-BASED CAPTCHAS.........ooieeeeeee ettt 319
Sanela Arsi¢!, Milena Jevti¢!
"University of Belgrade, Technical Faculty in Bor, Bor, Serbia

METHODOLOGY FOR EVALUATION OF DECOMPOSITION ALGORITHMS ........... 325
Matyo Stefanov Dinev
Technical University of Gabrovo

UNIVERSITY COURSE TIMETABLING USING GENETIC ALGORITHMS................... 331
Ozan Ak
Trakya University

13
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



UNIVERSITY EXAM TIMETABLING USING GENETIC ALGORITHMS. ....................... 336
Ozan Ak
Trakya University

PROCESS MODELING IN INFORMATION SYSTEMS........coooiiiieieeeeeeeee e 341
Valentina Kukenska
Technical University of Gabrovo

SYSTEM FOR COLLECTION AND STORAGE OF DATA

FROM INDEPENDENT SOURCES .......cooiiiiiiiiiteie ettt st 346
Delyan Genkov, Emil Angelov
Technical University of Gabrovo

MODELING OF BUSINESS PROCESSES FORTHCOMING

FOR DIGITALIZATION ...ttt sttt ettt st teesaesaeenteenaesseesesnnans 351
Valentina Kukenska, Petar Minev
Technical University of Gabrovo

TECHNOLOGIES IN MECHANICAL ENGINEERING AND

MECHATRONICS, METROLOGY ANG QUALITY MANAGEMEN'%';

MODELING OF THE PROCESS SELECTION OF CLAMPING DEVICES

IN THE DESIGN OF FIXTURES FOR THE LOCATING

OF WORKPIECES DURING MACHINING.......cccocctiiiiiiiieieieiesiese ettt 357
Hristo METEV, Maria VLAHOVA
Technical University of Gabrovo

EFFECT OF ADDITIVE MANUFACTURED MICRO BEAM LENGTH

ON DISPLACEMENT ..ottt ettt st ettt et et e besbeeaeenes 363
Osman ULKIR
Department of Electronics and Automation, Mus Alparslan University, Mus, 49100, Turkey

DENSITY BEFORE SINTERING WATER DISPERSED IRON POWDERS...................... 370
T. Kovacheyv, 1. Miteva, 1. Mitev
Technical University of Gabrovo

REAL TIME BICYCLE ROBOT BALANCE CONTROL
USING MACHINE LEARNING . ... et e e e e eeeeeeeeaans 374
Eray YILMAZLAR!, Ercan COSGUN?, Hilmi KUSCU?
Kirklareli University, Technical Sciences Vocational School, Kirklareli, Turkey
’Kirklareli University, Technical Sciences Vocational School, Kirklareli, Turkey
3Trakya University, Mechanical Engineering Department, Edirne, Turkey

ANALYSIS OF 3D SCANNING TECHNOLOGIES AND COMPARISON
OF EXISTING SCANNING TECHNIQUES.........cceoiiiiiiiiieiieeeeeee et 378
Aydin GULLUY, Ali CAGLAR?, M. Ozan AKI3
'Trakya University Vocational School of Ipsala
’Trakya University Institute of Science
3Trakya University Vocational School of Ipsala

14
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



INVESTIGATION OF VENTILATOR WORKING PRINCIPLE AND DESIGNING
WITH EQUIPMENT TO BE USED FOR RAPID PRODUCTION .........ccoceiiiiiiiieieenene 385
Aydin GULLU!, Kemal AKKUS?, Ozcan CETINKAYA?
I Trakya University Vocational School of Ipsala
2 Trakya University Institute of Science
3 Trakya University Vocational School of Kesan

EFFICIENCY ANALYSIS IN SOLAR PANEL ENERGY SYSTEMS:
AC-DC CONVERSION COST AND DC-DC ENERGY USE .......cccooiiiiiiiieceeeiee 390
Aydin GULLU!, Hilmi KUSCU?, Eray YILMAZLAR?
I Trakya University Vocational School of Ipsala
2 Trakya University Engineering Faculty
3 Kirklareli University Vocational School of Technical Sciences

WIYDRAULICS, PNEUMATICS AND HEAT ENGINEERINC;J

SIMULATION STUDY OF THE SHIP'S LOSS

OF SPEED WHILE MANEUVERING .......cccooiiiiiiieieeeeseeee ettt st sae e 395
Y. Korovaichenko, V. Aftaniuk
National University “Odessa Maritime Academy”

PARTICULARITY OF ANALYSIS FOR ENERGY EFFICIENCY

OF INDUSTRIAL BUILDINGS. ... .ottt ettt sttt s ae e 399
Mariya Raykova, Ivaylo Tsvyatkov
Technical University of Gabrovo

INFLUENCE OF A TRANSVERSE MAGNETIC FIELD ON

AN ELECTROMAGNETIC FLUID IN HYDRODYNAMIC INITIAL SECTION............... 406
A. N. Mamedov, A. D. Koval, A.N. Murashchenko, O. M. Yakhno
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

STUDY OF THE ELASTIC CHARACTERISTIC OF AN ELEMENT

OF A MANOMETRIC DEVICE..........cocoiiiiieieeeeeeeetetetet ettt enas 412
Nikolay Stefanov
Technical University of Gabrovo

DEVELOPMENT OF A DEVICE WITH INCREASED CONSUMPTION

FOR FIRE EXTINGUISHING.........oooiiitiiiiieitiestett ettt sttt sttt et 418
Stas Serhiy !, Buzun Oleksandr 2
! Cherkasy Institute of Fire Safety named after Chornobyl Heroes (ChIFS), Ukraine
2 State Emergency Service of Ukraine

ECONOMICS AND FINANCE, ORGANIZATION AND
MANAGEMENT, EDUCATION TECHNOLOGIES

OCCUPATIONAL SAFETY MANAGEMENT AS PART OF
THE ORGANIZATION SYSTEM MANAGEMENT ......ccoooiiiiiiiiiniinieieeseeeeeeseeee s 423
Mirjana Galjak!, Vesna Nikoli¢2, Rosa Sapié
I Technical College of Applied Sciences, Leposavi¢, Serbia
2 Faculty of Occupational Safety, University of Nis, Serbia
3 College for Social Work, Belgrade, Serbia

15
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



DEVELOPMENT OF A CURRICULUM ON "COMPUTER NETWORKS" IN

THE CONTEXT OF THE DEVELOPMENT OF THE BOLOGNA PROCESS ................... 430
Krassimir Iliev Kolev
University of Food Technologies — Plovdiv

T‘s MATHEMATICS AND INFORMATICS J

REFINEMENT STABILITY OF CUBIC PYRAMIDAL MESHES..........cccceovviiiiiiieene, 437
Miroslav S. Petrov!, Todor D. Todorov 2
! Department of Technical Mechanics, Technical University, 5300 Gabrovo, Bulgaria

? Department of Mathematics, Informatics and Natural Sciences, Technical University,
5300 Gabrovo, Bulgaria

THE ABSTRACT ANGLE BETWEEN PYRAMIDAL
FINITE ELEMENT SPACES........coooiiiitiete ettt ettt sttt st s 442
Miroslav S. Petrov!, Todor D. Todorov?
! Department of Technical Mechanics, Technical University, 5300 Gabrovo, Bulgaria
2 Department of Mathematics, Informatics and Natural Sciences, Technical University,
5300 Gabrovo, Bulgaria

SOME COMMON FIXED POINT THEOREMS IN C"-ALGEBRA
VALUED METRIC SPACES ...ttt st et see et enaesseenaesneens 447
Parven Kummar!, Ljiljana R. Paunovi¢?, Wasfi Shatanawi’
! Department of Mathematics, Tau Devi Lal Govt. College for Women, Murthal,
Sonipat, India
2 University in Pristina-Kosovska Mitrovica, Teacher education Faculty, Nemanjina bb,
38218 Leposavié¢, Serbia
3 Prince Sultan University, Department of Mathematics and General Courses, Riyadh
11586, Saudi Arabia

C-CLASS FUNCTIONS WITH COUPLED COINCIDENCE POINT RESULTS FOR A
GENERALIZED COMPATIBLE PAIR IN ORDERED b5 -METRIC SPACES. .................... 453
Ljiljana R. Paunovi¢!, Arslan Hojat Ansari?, Penumarthy Parvateesam Murthy?
Nawab Hussain *
I University in Pristina-Kosovska Mitrovica, Teacher education Faculty, Nemanjina bb,
38218 Leposavié¢, Serbia
2 Department of Mathematics, Karaj Branch, Islamic Azad University, Karaj, Iran
3 Department of Pure and Applied Mathematics Guru Ghasidas Vishwavidyalaya,
Bilaspur (C.G.)
* Department of Mathematics, King Abdulaziz University P.O. Box 80203, Jeddah 21589,
Saudi Arabia

ﬁ PHYSICS J

THEORETICAL INVESTIGATION OF METALLIC CONTACTS UNDER
INHOMOGENEOUS CONDITIONS. .......oooiieieeeesteee ettt 461
Deniz Eksi
Vacational School of Health, Yeni Yuzyil University, Istanbul, 34010, Turkey

THE EFFECT OF COOLING RATE ON THE CRYSTALLIZATION PROCESS
OF LIQUID RHODIUM: MOLECULAR DYNAMICS SIMULATIONS ........ccooovvvieeeeee. 464
Murat Celtek!, Unal Domekeli2, Sedat Sengul?
'Faculty of Education, Trakya University, 22030, Edirne - TURKEY
2 Dept. of Physics, Trakya University, 22030, Edirne - TURKEY
16
Mesicoynapoorna nayuna kongpepenyus “VHUTEX 20" — I'abposo



HAMPABINEHUE 1

EJIEKTPOTEXHUKA U
ENNEKTPOEHEPIETUKA

SESSION 1
ELECTRICAL

ENGINEERING




INTERNATIONAL SCIENTIFIC CONFERENCE
20-21 November 2020, GABROVO

UNITECH.2%,

SOLAR RADIATION ATLAS IN TREBINJE IN THE REPUBLIC OF
SRPSKA

Dragoljub Lj. Mirjanié¢ ', Tomislav M. Pavlovi¢?, Ivana S. Radonji¢®, Lana S. Pantié?,
Andelina V. Marié¢?, Galina 1. Sazhko®
YAcademy of Sciences and Arts of the Republic of Srpska, Bana Lazareviéa 1, 78000 Banja Luka,
Republic of Srpska
2University of Nis, Faculty of Sciences and Mathematics, Department of Physics, Visegradska 33,
18000 Nis, Serbia
Ukrainian engineering pedagogics academy, Kharkov, Ukraine

Abstract

The paper presents an atlas of solar radiation for the city of Trebinje in the Republic of Srpska formed by PVGIS
estimation utility. The atlas contains the results of calculating global and direct solar radiation falling on the horizontal
surface and global solar radiation falling on the optimally placed surface in Trebinje in the period from 2007 to 2016.
In addition, the intensity of global, direct and diffuse solar radiation falling on the optimally placed surface in Trebinje
is given by months. It was found that 15.93% less solar radiation falls on the horizontal surface and 51.07% less on the
vertical surface as compared to the solar radiation that falls on the optimally placed surface. The basic characteristics
of fixed, one-axis and dual-axis tracking PV solar power plants power of 1 MWp and the amount of electricity that can
be generated by them in Trebinje, are also given. It was found that with the one-axis rotary solar power plant 32.77%
more electricity can be generated, and with the dual-axis tracking solar power plant 36.42% more electricity can be

generated as compared to the fixed solar power plant.

Keywords: PVGIS program, solar irradiance, solar energy, PV solar power plants.

INTRODUCTION

Quantity of sun radiation intake on the
surface of earth is influenced by numerous
factors such as: geographical latitude of the
given place, season of the year, part of the day,
purity of the atmosphere, cloudiness,
orientation and surface inclination, etc. These
data are very important because of their use in
calculations of the cost effectiveness of
equipment using sun radiation. Very reliable
data can be found in data basis PVGIS
(Photovoltaic ~ Geographical  Information
System-PVGIS © European Communities,
2001-2008,
http://re.jrc.ec.europa.eu/pvgis/apps3/pvest.php).

PVGIS methodology comprises solar
radiation data, PV module surface inclination
and orientation and shadowing effect of the
local terrain features (e.g. when the direct
irradiation component is shadowed by the
mountains), thus PVGIS represents immensely
important PV implementation assessment tool

that estimates dynamics of the correlations
between solar radiation, climate, atmosphere,
the earth's surface and the PV technology used.
Several fast web applications enable an easy
estimation of the PV electricity generation
potential for selected specific locations in
Europe [1-5].

This paper provides the results of
calculating global, diffuse and direct solar
radiation by means of PVGIS estimation utility
for the city of Trebinje. Moreover, the paper
contains the results of calculating the electrical
energy which can be generated by the fixed,
one-axis and the dual-axis tracking solar
power plants in Trebinje.

THE GEOGRAPHICAL LOCATION OF
TREBINJE

Trebinje is a city in the Republic of
Srpska. It is the economic and cultural center
of the region of Eastern Herzegovina. Trebinje

is located at 42° 42' 32" north latitude and at
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18° 19" 18" east longitude, and at 275 m above
sea level. In 2013, Trebinje had 22987
inhabitants.
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Fig. 1. The geographical location of Treb}njé

Trebinje is located in the very south of
Herzegovina, i.e. of the Republic of Srpska. It
is located below the mountain Leotar, on the
edge of the Trebinje field, in the valley of the
once largest European subterranean river,
Trebisnjica, which flows through the city.
Trebinje is about 19 km away from the
Adriatic Sea, i.e. about 27 km from
Dubrovnik, or about 38 km from Herceg Novi.
Trebinje is said to be a "city of sun and plane
trees”, and it is one of the most beautiful cities
in the Republic of Srpska.

GLOBAL SOLAR RADIATION
The energy of global solar radiation

falling on the horizontal surface in Trebinje is
given in Figure 2.

=1
=]

Monthly irradiation [kKiwhim2]

2008 2010 2012 2014 2016

Fig. 2. The energy of global solar radiation falling
on the horizontal surface in Trebinje

The energy of direct solar radiation

falling on the horizontal surface in Trebinje is

given in Figure 3.

2008 2010 2012 2014 2016

Fig. 3. The energy of direct solar radiation falling
on the horizontal surface in Trebinje

The energy of global solar radiation
falling on a surface set at an optimal angle of
35° in Trebinje is given in Figure 4.

2010 2012 2014 2016

Fig. 4. The energy of global solar radiation falling
on a surface set at an optimal angle of 35° in
Trebinje

Based on the previous figures, it can be
concluded that in the period 2007-2016 there
was no significant deviation of the energy of
global and direct solar radiation falling on the
horizontal and optimally placed surface.

GLOBAL, DIRECT AND DIFFUSE
SOLAR RADIATION FALLING ON AN
OPTIMALLY TILTED SURFACE

The intensity of global, direct and
diffuse solar radiation that falls on the
optimally placed surface by months, during the
year in Trebinje is shown in Figures 5-16.
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Fig. 5. Intensity of global (1), direct (2) and diffuse
(3) solar radiation in January in Trebinje (35°)
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Fig. 6. Intensity of global (1), direct (2) and diffuse

(3) solar radiation in February in Trebinje (35°)
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Fig. 7. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in March in Trebinje
(35°)
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Fig. 8. Intensity of global (1), direct (2) and diffuse
(3) solar radiation in April in Trebinje (35°)
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Fig. 9. Intensity of global (1), direct (2) and diffuse
(3) solar radiation in May in Trebinje (35°)
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Fig. 10. Intensity of global (i), direct (2) and
diffuse (3) solar radiation in June in Trebinje (35°)
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Fig. 11. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in July in Trebinje (35%)

1200

1000 1
&
= 2
S s00
z
=
g
5 600
@
= 400
=
[m]
3
200
0 - N
0 3 3 ] 12 15 13 21

Hour (UTC)
Fig. 12. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in August in Trebinje
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Fig. 13. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in September in Trebinje
(35)
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Fig. 14. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in October in Trebinje
(35°)
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Fig. 15. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in November in Trebinje
(35°)
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Fig. 16. Intensity of global (1), direct (2) and
diffuse (3) solar radiation in December in Trebinje
(35°)

Figures 5-16 show the following:

- the intensity of global solar radiation
increases from 480 W/m? in January to
970 W/m? in August and it decreases
from August to December when it is
490 W/m?;

- the intensity of direct solar radiation
increases from 300 W/m? in January to
780 W/m? in August and it decreases
from August to December when it is
320 W/m?;

- the intensity of diffuse solar radiation
increases from 180 W/m? in January to
190 W/m? in August and it decreases
from August to December when it is
180 W/m*;

- the values of the intensity of direct and
diffuse solar radiation are almost the
same in January, February, November
and December, respectively;

- in the period from March to November,
the curves of direct and diffuse
radiation intensity do not coincide,
whereby the intensity of direct
radiation is always higher than the
intensity of diffuse radiation.

The geographical position, optimal
angle and the energy of the solar radiation
falling on the horizontal, optimally tilted and
vertically placed surface in Trebinje are given
in Table 1.

Table 1. Geographical position, optimal angle and the
energy of the solar radiation falling on the horizontal,
optimally tilted and vertically placed surface in Trebinje

Optimal Energy of
angle (°) solar
radiation
falling
on the on the on the
horizontal | optimally | vertically
surface tilted placed
(Wh/m?) surface surface
(Wh/m?) | (Wh/m?)
35 4324,69 4983,58 3298,86

Based on the data shown in Table 1 it
can be seen that the largest amount of solar
radiation energy falls on the optimally placed
surface, slightly less on the horizontal, and the
lowest on the vertically placed surface. The
horizontal surface receives 15.93%, and the
vertical 51.07% less energy of solar radiation
in relation to the optimally placed surface [1-9].

SOLAR POWER PLANTS

The calculation results of the amount
of electricity that can be generated using the
fixed, one-axis and dual-axis tracking PV solar
power plants in Trebinje, using the PVGIS
program are given below.

Fixed solar power plant
PVGIS characteristics of a fixed solar
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power plant power of 1 MWp that would be
installed in Trebinje are given in Table 2.

Table 2. PVGIS characteristics of a fixed solar power
plant power of 1 MWp that would be installed in

Trebinje
Location Trebinje
Power of photovoltaic solar power plant (MWp) 1
Power plant losses (%) 14
Tilt angle (°) 35
Azimuth angle (°) 0
Annual electricity production (kwWh) 1425934,39

PVGIS data for monthly electricity
production by a fixed solar power plant with
monocrystalline silicon solar modules total
power of 1 MWop in Trebinje are shown in Fig.

17.

Aug  Sep Ot Mow

200k

100K
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Jan  Feb  Mar  Apr  May Jun

PV energy output [kKWh]
=]

Month

Fig. 17. PVGIS data for monthly electricity
production by a fixed solar power plant with
monocrystalline silicon solar modules total power
of 1 MWp in Trebinje

One-axis tracking PV solar power
plant

PVGIS characteristics of the one-axis
tracking PV solar power plant power of 1
MW)p that would be installed in Trebinje are
given in Table 3.

Table 3. PVGIS characteristics of the one-axis tracking
PV solar power plant power of 1 MWp that would be
installed in Trebinje
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Fig. 18. PVGIS data for monthly electricity
production by the one-axis tracking PV solar
power plant with monocrystalline silicon solar
modules total power of 1 MWp in Trebinje

Dual - axis tracking PV solar power
plant

PVGIS characteristics of the dual - axis
tracking PV solar power plant power of 1
MWop that would be installed in Trebinje are
given in Table 4.

Table 4. PVGIS characteristics of the dual - axis
tracking PV solar power plant power of 1 MWp that
would be installed in Trebinje

Location Trebinje
Power of photovoltaic solar power plant (MWp) 1
Power plant losses (%) 14
Annual electricity production (kwh) 1945242,40

Location Trebinje
Power of photovoltaic solar power plant (MWp) 1
Power plant losses (%) 14
Tilt angle (%) 38
Annual electricity production (kWh) 1893449,77

PVGIS data for monthly electricity
production by the one-axis tracking PV solar
power plant with monocrystalline silicon solar
modules total power of 1 MWp in Trebinje are
shown in Fig. 18.

PVGIS data for monthly electricity
production by the dual-axis tracking PV solar
power plant with monocrystalline silicon solar
modules total power of 1 MWp in Trebinje are

shown in Fig. 19.
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Fig. 19. PVGIS data for monthly electricity production by the
dual-axis tracking PV solar power plant with monocrystalline
silicon solar modules total power of 1 MWp in Trebinje

Based on the data shown in Table 4, it
can be seen that the one-axis tracking solar
power plant generates 32.77% more electricity
in relation to a fixed solar power plant. The
dual-axis tracking PV solar power plant
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generates 36.42% more electricity as compared
to a fixed solar power plant.

CONCLUSION

In the light of all said, it can be concluded that:
- in the period 2007-2016 there is no
significant deviation of the energy of
global and direct solar radiation
respectively that falls on a horizontal

and optimally placed surface;

- the intensity of global solar radiation
increases from 480 W/m? in January to
970 W/m? in August and it decreases
from August to December when it is
490 W/m*;

- the intensity of direct solar radiation
increases from 300 W/m? in January to
780 W/m? in August and it decreases
from August to December when it is
320 W/m<;

- the intensity of diffuse solar radiation
increases from 180 W/m? in January to
190 W/m? in August and it decreases
from August to December when it is
180 W/m?;

- the values of the intensity of direct and
diffuse solar radiation are almost the
same in January, February, November
and December, respectively;
in the period from March to November,
the curves of direct and diffuse
radiation intensity do not coincide,
whereby the intensity of direct
radiation is always higher than the
intensity of diffuse radiation.

- 15.93% less energy of solar radiation
falls on the horizontally placed surface,
and 51.07% less on the vertical placed
surface in relation to the optimally
placed surface;

- the one-axis tracking solar power plant
generates 32.77% more electricity and
the dual-axis tracking PV solar power
plant  generates  36.42%  more

electricity as compared to a fixed solar
power plant.
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Abstract

This paper discusses the conditions for setting up an unselective instantaneous overcurrent relay protection, which
is used to protect medium voltage power lines that supply transformer medium/low voltage or high-power consumers.
Expressions for the reserve coefficient of sensitivity and boundary conditions under which the unselective instantaneous
overcurrent relay protection meets the requirements for selectivity and sensitivity are derived. A medium voltage
electrical grid for 20 kV is considered. The derived formulas can be used to assess if setting of the unselective
instantaneous overcurrent relay protection meet the requirements for selectivity and protection sensitivity. The obtained
results can be used for setting the protection in the operation of medium voltage grids.

Keywords: selectivity and sensitivity of relay protections, medium voltage grids, unselective instantaneous overcurrent

relay protection.

BBBEJIEHUME

Ot HOpMasiHaTa paboTa Ha €EKTPUUECKUTE
MpEXH 3aBUCH NPEHOCa, PA3NpeNeTIeHUueTo U
noTpeOJICHNETO Ha ENeKTpUYecKaTa EHEepPrHsl.
Hopmanuus pexum Ha paboTa e cBbp3aH ¢ J10-
CTaBSIHETO Ha €JIEKTpUYEeCKa CHEPTusl C Oompe-
JIeNICHH Ka4eCTBeHHU IoKa3aTenu. B HopmaTHB-
HUTE JIOKYMEHTH Ca ONHCAaHW KOHKPETHHUTE
M3HCKBAaHUS KbM IOKa3aTeIUTe 3a KaueCTBOTO
Ha ejekTpuyeckata eHeprus. [1]. IIpu Bb3HUK-
BaHE Ha MOBpeJa WM HEHOPMAJIEH PEeXHUM Ha
paboTa Ha CHOPBKEHHUATA B EIIEKTPHUYECKATa
MpeXka ce HapyllaBa HOpMaiHaTa paborta. 3a

OrpaHMyYaBaHE Ha IOCJEACTBUATA OT aBapuii-
HUS peXHMM Ha paboTa Ha eleKTpuyeckara
MpeXa Ce M3TpakJaT peleHHU 3alUTH, KOUTO
TpsiOBa Ja ONpeensT MOBPEIeHHs eeMEeHT U
na ro u3kmodar. OCHOBHUTE U3UCKBAHUS KbM
peneiiHuTe 3alMTU ca CEJIeKTHBHOCT, Obp30-
JeiicTBUe, YyBCTBUTEIHOCT U cuUrypHoct. Ot
n300pa Ha BHJA 3allMTa M MPABUIIHO OIpese-
JIsTHE HAcTpoMKaTa Ha 3allMTaTa 3aBHCH CEJIeK-
TUBHOTO U OBP30 U3KIIOUYBAHE HA MOBpEAATA.
Henra Ha mybnukauusTa € Ja ce U3BenaT
3aBMCHMOCTH 32 OIIPENEIISIHE Ha 3a11ac Mo 4yB-
CTBUTEJIHOCT U TPaHUYHUTE YCIOBUS MPHU Ha-
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CTpOiika Ha HECEJeKTHBHA TOKOBa OTCEYKa
(HCTO) B enekTpuuecku MpEXH CPEIHO Ha-
MpeKEHUE.

N30 KEHUE

HCTO ce u3nosnssa B €1EKTPUUECKH MPEKU
CpeIHO HaNpeKEeHHUE 3a 3aIUTa Ha U3BOJHM, 3a-
XpaHBall TpaHCHOPMATOPHU TOCTOBE WIIU
MOTPEOUTENN C TOJEMHU CIUHUYHA MOIIHOCTH.
Ocob6eno edpexrupHa ¢ HCTO mpu nmocnemosa-
TEJIHO CBBP3BAHE Ha EJIEKTPOIIPOBOJI C TpaH-
cdopmarop [2, 3, 4, 5]. Hacrpoiikara Ha 3aIiu-
TaTa 0OXBallla U3YHCISIBAaHE TOKa Ha 3apaboT-
BaHC M KOC(HIIMEHTA HA YyBCTBHUTEIHOCT [2,
6]. HacTpoiikaTa 1o Tok ce onpezess mo:

|33 = Kcl ) A (1)

kemaxHH ?
KbACTO: | — II'bPBHUYCH TOK Ha 3apa60TBaHe

| (3)
ke max HH

33

Ha TOKOBAaTa OTCCYKaA, — TOK Ha CTpa-

Ha CpelHO HampexeHue npu TpudasHO KbCO
CbCANMHCHUC HAa HNIMHU HUCKO HAITPCIKCHUC, KC
— KOC(QUIIMEHT HA CUTYPHOCT.

3a cTOWHOCTM HAa KOE(QHIIMEHTa HA CHUTYp-
HOCT ce HW3Moi3BaT 1,2 3a penelHU 3alluTH,
M3TPAZICHU C eJIEeKTPOMEXaHU4HH penera u 1,1

3a uu(poBH peneiHu 3alUTH.

I (3)
ke max HH

CPEIHO HalpeKeHue Nnpu TpupazHo KbCO Che-
JUHEHUWE Ha IIMHM HHUCKO HaIlpeXeHUue Ha
EJEKTPUYECKN HaW-OJM3KUsI M C Hal-TosIMa
MOIITHOCT MPEXXOB TpaHC(HOPMATOp CPEIHO Ha-
npexxkeHue/Hucko  Hanpexenue (CpH/HH).
[Ipu n3uncnsiBaHe HaCTpOMKaTa Ha 3alIUTaTa €
HeoOXO0JIMMO Jla ce HalpaBu MpOBEpKa 3a OT-
CTpOMBaHe OT yJapHUTE HAMArHUTBAIIN TOKO-
BE Ha BCUYKHM MPEXKOBH TpaHCPOpMaATOpU
CpH/HH, 3axpaHBaHH OT CHOTBETHHUS H3BOJI.
TokbT Ha 3apaboTBaHE Ha 3alIUTaTa MO TOBA
YCJIOBHE Ce U3YHCIIsBA 1O popmyrnata [6]:

3a Toka CC B3C€Ma TOK Ha CTpaHa

I, =K.5>1,, A 2)
KBACTO: Z I w - cymara OT HOMHUHAJIIHUTE TO-

KOBE Ha BCHUYKH TpaHc(opmaTropu, 3axpaHBa-
HU OT choTBeTHHS U3BoJ; K. = 1,2 3a peneitnu
3allUTH, U3rPAJICHN C €JIEKTPOMEXaHUYHU pe-
nera u 1,1 3a mudpoBu peneiHn 3amuTy.

Ta3u mpoBepka € HeoOXoIuMa, 3a N30sTBa-
HE HEMpPaBUJIHO M3KJIIOYBaHE Ha W3BOJAA OT
yIapHUTE HAMarHWTBAlIM TOKOBE Ha MPEXKO-

BUTE TpaHC(HOpMATOpPH B MOMEHTA Ha HETOBO-
TO BKJIIOUBAHE

HecenexTuBHaTa TOKOBa OTCEYKa 3ajeii-
cTBa 03 3aKbCHEHHE.

UYyscrBurennocrra Ha HCTO ce usuncnssa
o [6, 7, 8]:

K, = & >1,5 (3)
. 21,
5

| (2)

omin € TOKBT IpU JBY(ha3sHO KbCO

KbJACTO

chellMHeHue (K.C.) Ha HIMHHU CPEJIHO HaIpexe-
HUE Ha CHOTBETHATA IMOJCTAHIUS MPU MUHU-
MaJIeH PEKUM.

[Tocouno melicTBHE Ha 3amuTaTa € HEOOXO-
JTUMO, KOTaTo KbM M3BOJa UMa CBbP3aHU T'eHe-
pHUpaIIy U3TOYHHUIM M 3aBUCH OT TOJIEMUHATa
Ha TOKa Ha K.C. OT T€3W U3TOYHHIIM U OIpejie-
JIeHaTa HaCTPOWKa Ha 3aIIUTaTa.

Omnpenensine Ha Koe(MIHMEHT HA 3amac 1o
yyBcTBUTeHOCT HAa HCTO

3a HCTO moxe na ce u3Bene dopmyna 3a
orpeneNsiHe Ha KOe(hUIIUeHT Ha 3arac 1Mo 4yB-
CTBUTEIIHOCT, KOSITO OTYUTA U3HCKBAHUSATA 3a
CEJIEKTUBHOCT M YYBCTBHTEIHOCT Ha 3aIUTa-
Ta, Karo CHIUICBPEMEHHO IIOKa3Ba IPH KOH-
KpeTHaTa HACTPOWKa Ha 3allluTaTa C KaKbB 3a-
ac 1o 4yBCTBUTENHOCT Ts padotu [9, 10, 11].

[Tpu nactpoiika Ha HCTO mo dopmyna (1)
u cien 3amectBaHe BbB (opmyna (3) ce us-
Bexaa (opMmysa 3a KOeHUIMEHT Ha 3amac Io
YyBCTBUTETHOCT:

1@

ke min nau

K -
3anHCTO 1’ 5 . KC . Iég?naxHH (4)
KaanHCTO > 1

OnpenesisiHe HAa TPAHUYHO YCJIOBHE 3a Cy-
MaTa 0T HOMHHAJIHUTE TOKOBE HAa MPeEkKo-
BHUTEe TPaHc(popMATOPH, NPU KOATO 3ALUTA-
Ta 1€ M3MbJIHABA M3UCKBAHUATA 32 CeJIeK-
THBHOCT M YyBCTBUTEJIHOCT.

[Ipy n3umcnsBaHe HacTpoWKaTa IO TOK Ha
3amrara no ¢opmyna (1) e Heo6xonumo naa
ce HampaBM IIpOBEpKa 3a OTCTPOHBAaHE OT
yIapHATE HAMarHUTBAIM TOKOBE HAa BCHYKHU
MpexkoBH TpaHchopmaTopu mo dopmyna (2).
AXO0 Taka M3YHCIEHaTa HAacTpPOHKa MO TOK €
no-rojisiMa B cpaBHeHHe ¢ ¢opmyna (1), To
OIIPEIETISNIO YCIOBHE 3a HACTPOIKa Ha 3alllH-
TaTa 1o ToK € no ¢opmyna (2). Ha Ga3zata Ha
M3UCKBAHETO 32 YyBCTBUTEIHOCT Ha 3allUTaTa
no ¢opmyna (3) u 3amecTBaliku B Hesl (HopMy-
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na (2) Moxe Ja ce u3BeJe I'PaHUYHO YCIIOBUE
3a cymMara OT HOMHUHAJHUTE TOKOBE Ha TpaH-
copmaropuTe, 3aXpaHBaHU OT M3BOJ CPEIHO
HampeKeHue, MpU KOATO 3allyTaTa 1Ie U3IbJI-
HSBa WM3UCKBAHUATA 32 CEJIECKTUBHOCT U YYyB-
CTBUTEIIHOCT:

12
I S cmin xau 5
"7 5.1,5-K, ©)

Pe3ysratu u anaau3

Tox nHa 3apaborBane Ha HCTO wu3uucien
no ¢opmyna (1) 3aBUCHM OT MOIIHOCTTA Ha
tpanchopmaroputre CpH/0,4 kV. 3a u3Boz ot
enekrpudecku mpexxu 20 kV B tabmmma 1 ca
MIPEJICTAaBEHU U3YUCIICHUTE CTOMHOCTHU 32 TOKA
Ha 3apaborBane Ha HCTO npu n3non3Bane Ha
pelieliHN 3alllUTH W3TPaJIeHu C eJIeKTpoMexa-
HUYHU pejeTa U MU(POBU peNeiHHN 3alIUTH B
3aBUCUMOCT OT MOIIIHOCTTa Ha TpaHchopmMaropa.

(©)
Hannure 3a |5, 0

Toka Ha crpana 20 kV or [6].

Cca 3a rojJ€MHuHarTra Ha

Tabénuya 1. Tox na 3apabomeane na HCTO

S KVA | 19, atirn A uncro, A

EMP3 | IIP3
250 172 206 189
320 220 264 242
400 275 330 303
560 385 462 424
630 433 520 476
1000 458 550 504
1600 733 880 806

IIpu onpenensiHe Ha KoeULIMEHTa Ha 3amac
o uyBctBuTenHOCT HAa HCTO e Heobxoaumo
Jla ce 3Hae ToJIeMUHaTa Ha TOKa MpH By(}a3HO
K.C. Ha IIMHU CPETHO HANPEKEHNE Ha ChOTBET-
HaTa MOACTAHIMS NMPU MUHMMAJIEH PEXHUM Ha
3axpaHBaHe. M3umcieHn ca CTOMHOCTHTE 3a
Koe(pHIMEeHTa Ha 3arac M0 YyBCTBUTEIHOCT
NP H3IMOJI3BaHE HA 3axXpaHBalll CHJIOB TpaH-
chopmatop ¢ momHOCT 25 MVA 1 40 MVA B
enexkTpuuecka Mpexa 20 kV.

B Tabmmma 2 ca mpeacTaBeHU MOTYYCHHUTE
pesynratu 3a K,gmero IpU 3axpaHBalll CUIOB
TpaHcpopmaTop ¢ MoIHOCT 25 MVA.

Taonuua 2. Cmovinocmu na K, ,,ycro

CroiiHocTH pu
S,, KVA K.=15
EMP3 nr3
250 17,83 19,45
320 13,94 15,21
400 11,15 12,17
560 7,97 8,69
630 7,08 7,73
1000 6,70 7,31
1600 4,18 4,57

B tabnuna 3 ca mpenctaBeHH pe3ynTaTHTE
3a Ksanmcro U 3aXpaHBall CUIoB TpaHchop-
Matop ¢ moutHocT 40 MVA.

Tabauua 3. Cmotinocmu na K, ,;icro

CroiiHocTH Ipu
Su KVA K.=1,5
EMP3| I1P3

250 29,46 | 32,14
320 23,03 | 25,13
400 18,43 | 20,10
560 13,16 | 14,36
630 11,70 | 12,77
1000 11,06 | 12,07
1600 6,91 7,54

MHoro 4ecTo Mpy U34YHCIsIBaHe HACTPOHKa-
ta Ha HCTO omnpenensmoro yciaoBue € OT-
CTpoOiiBaHE OT TOKOBETE Ha HaMarHWTBaHE Ha
TpaHc(hOpMATOpUTE, 3aXpaHEHH OT H3BOJA.
ToBa oT cBos cTpaHa ompezens Opost U MOIII-
HOCTTa Ha TpaHCHOpPMATOpUTE, KOUTO CE 3a-
xpaHBaT oT u3Boja. OT u3BeneHara ¢opmyna
5 mpu U3BECTEH TOK MpH ABY(a3HO K.C HA IIH-
HHUTC Ha MOACTAHIMATA B MUHHMAJICH PCXKUM
ce ompenens rpaHuYHaTa CTOWHOCT Ha cymara
OT HOMUHAJTHUTE TOKOBE Ha TpaHC(HOpMATOPH-
T€ CpPeJHO HANPEKEHUE/HUCKO HAMpeKeHHE,
3axpaHeHH OT HW3BOAA CPEIHO HANpeKeHHE.
[Ipu Taka ompeneneHaTa TpaHUYHA CTOMHOCT
Ce W3IIBJIHSIBAT M3UCKBAHUATA 33 CEJICKTUB-
HOCT ¥ YYBCTBHUTETHOCT Ha 3alllATaTa.

B Tabnumna 4 ca mpeacTaBeHH MOTy4EHUTE
pe3ysiTaTH 3a TPAaHWYHOTO YCJIIOBHE TIPH Ha-
CTpoiika Ha 3ammurata Ha u3Boj 20 kV mpu 3a-
XpaHBall CWJIOB TpaHc(hopMaTop ¢ MOIIHOCT
25 MVA u 40 MVA.
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Taonuya 4. I’ panuynu yciosus npu Hacmpouxa Ha
sawumama Ha u3e00 20 kV.

Croiinoctu npu K,=1,5

MO]JIHOCT Ha CHJIOBUA
TpaHcdopmaTop EMP3 P3
25 MVA 613 669
TL<A
40 MVA 1014 1106

3a 5a Oblie ompenenso ycIoBUE MPHU U3-
yucisBane Hactpoiikata Ha HCTO Toka Ha
CTpaHa CpEIHO HampeXeHue Mpu TpudazHO
KBCO CHEIUHEHHE Ha IMMHHM HUCKO HAIpexke-
HUE Ha eNIeKTPUYECKH Hal-01n3Kus Tpanchop-
MaTop € Hal-TOJIsIMa MOUIHOCT € HEOOXO0IMMO
HACTpoMKaTa Ha 3alluTaTa COpsSMO Cymara OT
HaMarHUTBAIUTE TOKOBE Ha TpaHCopMarTo-
puUTE 3aXpaHeHH OT M3BOJA Ja ObJe Mmo-Majka
WUy paBHa. B tabnuma 5 ca mpeacraBeHu pe-
3yJITaTH 32 CymMara OT HOMHUHAJIHUTE TOKOBE Ha
TpaHcopmaTopuTe, 3axpaHeHu oT u3Bona 20
kV, npu xosito Hactpoiikata o Tok Ha HCTO
e ce ONpeaeNu OT TOKa Mpu TpudasHO KbCO
ChEMHEHNE HA IIMHU HUCKO HAIIPEKEHHE.

Taonuya 5 Cyma om nomunannume moxose Ha
mparcpopmamopume, 3axpaneru om u3600 20 kV

S
KVA 250 | 320 | 400 | 560 | 630 | 1000 | 1600

l,A | 34 | 44 | 55 | 77 | 87 92 147

[Ipy n3umcnsgBaHe HacTpoWKaTa IO TOK Ha
HCTO na u3Bomu 20 kV cmpsmo Toka Ha
CTpaHa CpEIHO HaNpeXeHHWe MNpu TpUuazHO
K.C. Ha IIIMHU HHUCKO HANPEKECHUE Ha EJIEKTPU-
YecKH Hal-O0Ju3Kus TpaHchopMmarop ¢ Hail-ro-
JIIMa MOIIIHOCT 3allliTaTa M3II'bJIHIBA U3UCKBA-
HUATA 3@ CEJEKTUBHOCT M YYBCTBUTEIHOCT
P BCUYKU TpaHCHOPMATOPU C MOLIHOCT J10
1600 kVA.

[To ronemMu CTOMHOCTH 3a KOEPUIIMEHTA Ha
3arac Mo 4YyBCTBUTEIHOCT CE IOJIy4aBaT NpH
U3M0I3BaHe Ha U(GPOBU pesIeliHU 3allluTH, 3a-
IIOTO C€ M3IMOJI3BAa MO MAIBK KOE(DUIMEHT Ha
CUTYPHOCT.

Omnpenensio yciloBUE NpPU H3YUCISIBaAHE
Hactporikara Ha HCTO mno-uecto ce noimyuyaBa
MMEHHO OTCTPOMBAHETO OT HaMarHUTBAILIUTE
tokoBe. Hanmpumep 3a uzBon 20 kV, npu xoii-
TO HacTpoMKara Mo TOK € OIpeJeleHa OT K.C
Ha CTpaHa HHUCKO HalpexeHHe Ha TpaHcdop-
Matop ¢ momHocT 630 kVA, Toka Ha 3apabot-

BaHe Ha 3amuTaTa € 520 A npu u3noa3BaHe Ha
EMP3. Ot Tabmuma 5 ce BWxa, 4e cymara oT
HOMHUHAITHUTE TOKOBE Ha MPEKOBUTE TpPaH-
chopmatopu TpsioBa na e no 87 A. Karto mpu-
Mep u3BoJa TpsiOBa na ObAe ¢ 3 MPEKOBU
tpanchopmaropa ¢ mourHocT 250 kVA, 4 ¢
momHocT 400 kVA u enun ¢ momiHocT 630
KVA.

3AK/IIOYEHHUE

W3Benena e gpopmyna 3a onpenensiHe Ha 3a-
naca no uyyBctButenHoct Ha HCTO, kosito ot-
YUTa M3UCKBAHMSTA 32 CEJIEKTUBHOCT M UyB-
CTBUTENHOCT Ha 3ammutarta. ChIIEBpEMEHHO
MOKa3Ba MpU KOHKpETHAaTa HAacTpoWKa Ha 3a-
[IUTaTa C KaKbB 3arac Mo YyBCTBUTEITHOCT TS
paboTwu.

N3Benena e popmyia 3a TpaHUYHOTO YCIIO-
BUE 32 cyMaTa OT HOMHHAIHUTE TOKOBE, MPHU
KOATO 3aluTaTa Ie U3ITbIHsABA U3UCKBAHUITA
3a CEJIeKTUBHOCT U UyBCTBUTEIHOCT.

IIpencraBenn ca pe3ynaTaTd 3a HACTPOMKaA
Ha HCTO 3a uzBomm 20 kV, kouto Morar nga
ObJaT M3MOJI3BAHU B MpOIleca Ha EKCIUIoaTa-
sl
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Abstract

This paper presents developed simulation models in MATLAB/Simulink of the most used relay protections in case of
faults in medium voltage electrical grids. The models for different type of relay protections as: time overcurrent,
instantaneous overcurrent, instantaneous overcurrent with time relay and earth protection are developed in compliance
with the basic principles of operation of the protections. In the developed models special attention was paid to the input
parameters for setting the relay protections and autoreclosers, to the light signaling for the operation of the relay
protections and the state of the circuit breaker, to the visualization of the mode parameters in case of failures and
autorecloses. Simulation models of relay protections in medium voltage electrical grids can be used to analyze and
verify selected settings, as well as an interactive way to improve the quality of education.

Keywords: Time overcurrent protection, instantaneous overcurrent protection, earth protection, simulation models

BBBEJIEHUME

N3cnenBaneTo Ha M3BMEHEHUETO HA PEKUM-
HUTE NapaMeTpH U NOBEACHUETO Ha peneitHaTa
3aluTa IpH MOBPEAU € OT ChIIECTBEHO 3HaUe-
HUE 3a MpaBWIHATa paboTa Ha 3amuTuTe. M3-
ITBIHSBAHETO HAa M3HUCKBAHUATA 32 CEJIEKTUB-
HOCT ¥ 4YyBCTBUTEJIHOCT Ha PEJICUHUTE 3aIIUTH
3aBUCAT OT MPABWIHO U3UHCIICHUTE HACTPOUKHU
Ha 3amuture [1, 2].

lenra Ha myOnukanusita € Ch3/laBaHE Ha
CUMYJIALIMOHHU MOJEINIM 3a U3CJIe/IBaHe HU3Me-
HEHHUETO Ha PSKUMHHTE TTapaMeTPH U MOBEJIe-

HUETO Ha peJieiiHaTa 3aliTa U aBTOMaTHYHO-
TO TOBTOPHO BKIIOYBAaHE TP TIOBPEIH B
SNEKTPUUECKH MPEXKH CPETHO HAMPEIKECHUE.
CuMynaloHHUTE MOJIENU ca pa3paboTeHu
B nporpamua cpeaa MATLAB/Simulink. Mo-
JeTMTEe 32 Hall YeCTO W3MOJ3BAHHUTE peJeHHH
3alIUTH B €JIEKTPUYECKA MPEXH CPEIHO Ha-
NpeXeHUe ca ChCTaBEHW KaTo ca CIa3eHU OcC-
HOBHUTE TPHUHIUIIKA Ha paboTa Ha 3allUTHTE.
CuMynaloHHUTE MOJEIH Ha eJCKTpHYecKa
MperKa CpeTHO HAIPEKEHHE W PeNICHHH 3allly-
TH ca pa3pabOTeHW KaTo Ce W3MOJ3BAT CTaH-
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IapTHU OJOKOBE HAa MPOTPAMHUS TPOAYKT U
HaTpyHaHHs OMUT OT pa3pabotku. Exementure
Ha MpeXkaTa — eJIeKTPOIIPOBOJIHU, TpaHC(hopMa-
TOpH ca TUNU4HU 3a Hamara EEC.

N30 KEHHUE

Pazpabotenu ca CUMYITallMOHHU MOJIEIH Ha
Hal-4yecTo M3MOJI3BAaHUTE 3AIIUTU MPHU MOBpE-
1 B €JICKTPUUYECKU MPEKU CPEIHO HAMpPEKe-
HUE KaTO MAaKCUMAaJIHOTOKOBA 3aIl[UTa, TOKOBA
OTCEYKa, TOKOBAa OTCEUKa C PEJie 3a BpEME U
TpUCThIAIHA 3eMHa 3amuTa [1, 2].

(W1,W2,W3), uzrpanen ¢ nposoauuiu AC70,
toBap (Load), 6ok 3a Monenupane Ha KbCO
ceenunenue (k.c.) (3-Phase Fault). M3nonssa-
HU ca CTaHJapTHU OJIOKOBE Ha MPOrpaMHUS
npoaykt Matlab Simulink, karo e ordereHo
U3IMOJI3BAaHUTE Yy Hac TpaHchopmaropu U
enektpornpoBou [ 3,4, 5,6,7, 8, 9].
1. CumynanuHeH MOeJI HA
MAaKCHMAJHOTOKOBA 3alIUTA
Ha ¢wur. 2 e npeacraBen Mojen Ha €IEKTPH-
gecKaTa Mpexa ¥ MaKCUMAJTHOTOKOBATa 3allly-
ta (MT3), 0603Hauen ¢ baok MT3.

1M10kV 20 kV

S
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w
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4. 4

vabe D

VIA1

Bnok_MT3

g

ANB Mpekuceat

>
A4
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End

Quezypa 2. Cumyrayuonen Mooen Ha eleKmpudecKka mpesica cpeono nanpedxcenue u M13

Ha ¢ur.1 e mpeacraBeHa mNpHHIMITHATA
cXeMa Ha pasriieXJaHara eJleKTpudecka Mpe-
ka cpeaHo HampexeHue. CUMYTAIMOHHUAT
Mozen Ha enekTpuuecka mpexa 20 kV e uz-
rpajieH OT OJOKOBE 3a 3axpaHBallla CHCTEMa
110 kV (System), cuimoB TpaHcopmarop
110/20 kV (PT) cbc 3a3eMeH 3Be3[eH LEHTHP
Ha CPETHO HAIPSKEHUE MPe3 aKTUBHO CHITPO-
tuBiieHue 40 €2, MoAen Ha eIeKTPONpPOBOJ

Ha ¢ur. 3 e mnpencraBeH pa3paboTeHHS
0JIOK 3a 3a/1aBaH€ Ha BXOJIHUTE MapaMeTpu 3a
Hactpoiika Ha MT3 u AIIB, a Ha ¢ur. 4 Bu-
3yalu3anusaTa 32 U3BMEHEHUETO Ha PEKUMHUTE
napaMeTpu npH JIBy(}a3HO K.C. U JIeHCTBHETO
Ha MT3 c neycnemno AIIB. Pa3paGorenusr
CUMYJIAIIMOHEH MOJIEN ]aBa Bb3MOXKHOCT 3a!

- BoBexmane/nsBexaaHe Ha 3al[UTaTa;

- BbBexnaHe/M3BexxqaHe Ha YCKOpEHHE Ha
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MTS3;

- Yckopenue Ha MT3 npenu wim cnen AIIB;

- 3amaBane Ha Opoii nukim Ha ATIB.

Bxonnute mapameTpu 3a HacTpoilka Ha
MT3 u AIIB ca:

- Toxk Ha 3apaborBane Ha MT3 — 3anaBa ce
B nuanasona (0,2+40)In;

- Bpeme na 3apaborBane na MT3— 3anaBa
ce B quamasona 0+10 s;

- Bpewme na Hactpoiika Ha AIIB - 3agaBa ce

B S.

Bk 30 MT3 1 Tpidaak ANB

HeMkanes RROpWdGE Tos i TOROMA TRAKCHODMATORN, A

s

HomMHANEH NMbpaMyeH THK HA TORCEMA TpaHchopMaTop, A
200

[ pepenesaltsenena MT3

Ton 1a 3apabotoane wa MT3 (o 0.2 go 40). In

Bpeme Ha zapafoTeaqe va MT3 (o7 0 oo 10 5)
0.6
[ YexopeHwe wa MT3
] Mg ANE
[ cnea AnB
[ bueenenc/tssenenc ANB
Bpeme M HACTPONKS WA AMNB, 5
0.05

@uczypa 3. Brox 3a éveedcoane Hacmpouxume Ha

MT3 u AIIB

0.
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@Duzypa 4. Buzyanuzayus nogedeHuemo Ha cumyiayuounus mooen Ha MT3 u AIIB npu dsygasmo k.c.
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[IpenuMcTBaTa Ha pa3paboOTeHHUS CHMYIa-
uroneH moaen Ha MT3 u AIIB B enexrpuue-
cka mpesxa 20 kV ca:

- J1aBa Bb3MOXKHOCT JIa Ce pa3rJiex/aa MoBe-
neHuero Ha 3amurara u AIIB npu cumynanus
Ha pa3IM4HU MOBPEAU B €NEKTpHUUecKaTa Mpe-
xa,

- BHM3yajHu3alus Ha M3MEHEHHMETO Ha pe-
KUMHUTE MapaMeTpH Mpu MOBPEIH;

- BU3yanm3anus Ha 3apaborBanero Ha MT3
u AlIB;

- BH3yaJHM3alus 32 ChbCTOSHUETO HA MPEKb-
cBaya (BKIFOUCH/U3KITIOYUCH ).

2. CumynamuHeH TOKOBA
0TCeYKa
CumynanMoHeH MOJiel Ha TOKOBa OTCEuYKa
(TO) u mpexa 20 kV e npezacraBeH Ha ¢ur. 5,
kato mojena Ha TO e o6o3uauen ¢ biok TO.
brokbT 3a 3a7aBaHe Ha BXOJHHUTE Mapame-
Tpu 3a HacTpoiika Ha TO no3BossBa:

- BoeBexmane/m3Bexxmane Ha 3alIUTATA;

MOJIEeJ Ha

- BoBexmane/mssexxmane na AIIB;

- 3anmaBane Ha Opoi nukim Ha AIIB.

B monena na TO e mpeacraBeHa Bb3MOXK-
HOCTTa 3a BBbBEXKIaHe U u3Bexnane Ha AIIB
HE3aBUCHMO, Y€ TIPHU EKCIUIOATAIUATa i 4eCTO
HE Ce U3II0I3Ba.

BxonHute napamerpu 3a HaCTpoiKa ca:

- Toxk na 3apaborBane Ha TO — 3ayaBa ce B
nuamna3oHna (0,2+40)In;

- Bpewme Ha 3apaborBane Ha TO- 3amaBa ce
B auamna3zona 010 s ¢ 1en BbBEXIaHE COO-
CTBEHOTO BPEME;

- Bpeme Ha HacTpolika Ha AIIB - 3anaBa ce
B S.

3. Cumynanuonen moaea Ha TO ¢ peJie 3a
Bpeme

PazpaboTen € U cUMyNalMOHEH MOJEN Ha
TO c pene 3a Bpeme, KaTo 4acT OT CThIalHA
ToKOBa 3aumra (¢ur. 6) brokbsT BKIIIOYBA TO-
KOBa OTCEYKAa, TOKOBAa OTCEYKA C pelie 3a Bpe-
Me u MT3.

Brnok
Tokoea Otceuka

VIA1

YAT

-
A
. %é“ B b
c
¢ Yg Y n—,—‘I
System Lalc n2 c G

25MVA BUS
Rn=40 MV
=4

1,

Timer Fault

A

c

3-Phase Fault

A a A a
BT b
Cc c c c

w2 W3

iy
F

BUS

End

@Duzypa 5. Cumynayunen moden Ha TO
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[

Duzypa 6. Cumynayuonern mooen na TO ¢ pene 3a éepeme u TO

Bxoanure napamerpu 3a Hactpoiika Ha TO
C peJne 3a BpeMe ca:

- Tok nHa 3apaborBane Ha TO c pene 3a
BpeMe — 3a7aBa ce B quamnasona (0,2+40)In;

- Bpeme Ha 3apaborBane Ha TO c pene 3a
BpeMe — 3a7iaBa ce B auamna3ona 0+10 s;

- Bpewme na Hactpoliika Ha AIIB - 3anaBa ce B s.

C wu3mos3BaHETO Ha MOJENa MOXE Ja ce
pasriiexaa v BU3yanusupa:

- TOBEACHMETO Ha 3allUTaTa U U3MEHEHHe-
TO HA PSKUMHHTE MMapaMeTPU MPU CUMYITALUs
Ha pa3JInYHU MOBPEIU B €JIeKTpUUecKara Mpe-
xa,

- 3apa0OTBaHETO Ha 3allUTAaTa;

- CBCTOSIHHETO Ha IpeKbcBava (BKIIOUYCH/
M3KJTIOYEH ).

BnoK 38 P3  TpHpasko ANB (mask)

Parameters
SampleTime
o]
HOMMHNEH THPBHEH TOK Ha TOKOBHS TPAHCPOPMATOP, A
200 i s

HOMMHANeH BTOPHEH TOK Ha TOKOBUR TPAHCHOPHATOP, A

Toxosa Orceuxa (TO)

Tox Ha 3apaGoTeane Ha TO (ot 0.2 40 40).In Bpeme ua 3apaboTeawe Ka TO (o1 040 10'5)
Bueenena/Vasenena TO n A oot .

Toxkosa Orceuxa ¢ pene 3 apese (TO+KT)

Tox Ha 3apaboTeane Ha TO+KT (o7 0.2 a0 40).In Bpeme Ha 3apaboTeane Ha TO+KT (o7 0 20 10s)
[ Buoenena/Mssenena TO+KT 5 o :

MaKCHMATHOTOK08 33U Ta (MT3)
Tox Ha 3apaGoTeame wa MT3 (o7 0.2 20 40).In Bpeme Wa 3apaGoTeane Ka MT3 (ot 0,20 10's)

[ Buseneno/Maseneno MT3 .
3 i |0.06

[ Yoxopenwe na MT3 [ npean A8 [ cen ANB
AsToMaTIiHO MosTopHo Brousase (ANB)
[ Buseneno/Masesneno ANB

Bpewe a ATB, s Bpoit LM Ka ANB
0.05 il 1

@Duzypa 7. brok 3a veedcoane Hacmpotikume Ha
TO c pene 3a epeme

Ha ¢ur. 7 e npencraBen 0y0ka 3a 3a/1aBaHe
Ha BXOJHUTE MTapaMeTpHu.

BxonHute nmapamerpu 3a Hactpoiika Ha TO
C perne 3a BpeMe ca:

- Tok Ha 3apaborBane Ha TO c pene 3a
BpeMe — 3a7aBa ce B quamnasona (0,2+40)In;

- Bpeme Ha 3apabotBane Ha TO c pene 3a
BpeMe — 3a7aBa ce B quamnaszona 0+10 s;

- Bpeme Ha HacTpoiika Ha AIIB - 3anaBa ce
B S.
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YAT

Vasn o7 33 lerunano

Crappania 32 llerunano
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Vistnossase o 33 AnB
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Duzypa 8. Cumynayuonen Mooel Ha eeKMPULECcKa Mpexca U 3eMHd 3auuma

4. CumyJIalMHEH Mo/ieJ1 HA 3eMHAa 3aluTa
B enexTpuuecku Mpexu CpeqHO Hampexe-
HHE 3€MHUTE CHEIMHEHUS Ca Hal-4ecTo Ccpe-
LIaHUTE MOBpeau. Pa3paboTeHuaT cumynanuo-
HEH MOJIEJ 3a 3alIUTa OT 36MHU ChEIUHEHUS €

Ha TpUCTbIIAJIHA 3C€MHaA 3allluTa,

JieTHaTa cXxeMa Ha eleKkTpuuecka mpexa 20 kV
e obo3HaueH ¢ brok 3emna 3ammra. Ha ¢uwur.

8 e mokaszaHa MojeiIHaTa cxema.

peaACTaBCH OJIOKBT 3a 3aJaBaHC Ha BXOJHUTC

ATIB ca:
Karo B MO-

Ha ¢wur. 9 e
BS.

nmapaMeTpu 3a HacTpoWKa Ha TpUCTBIAHA

3emMHa 3anuTa. CUMyIalMOHHUAT Mojien Ha 33

JaBa BB3MOXXHOCT 3a.

- BoBexmane/m3BexaaHe Ha 3alllUTATa;

- BbBexnane/nsBexxmaHe Ha

CThIIAJIa HA 3alUTATA;
- BovBexnmane/mssexxmane Ha AIIB;
- 3amaBane Ha Opoi nukim Ha AIIB.
Bxognute napamerpu 3a HacTpoiika Ha 33 u

3AKVIIOYEHUE

- Tok Ha 3apa0oTBaHEe Ha BCSKO CTBHIAJO OT
33 —3anaBa ce B auanasona (0,02+20)In;
- Bpeme Ha HacTpolika Ha 33 - 3a1aBa ce B S.
- Bpeme nHa HacTpoiika Ha AIIB - 3axaBa ce

Pa3paborenu ca cuMynaliMoHHU MOJIEIHN Ha

OTIIEITHUATE

Hal-4€CTO H3MO0JI3BaHUTE peHeﬁHH 3allluTHu B
CIICKTPHUYCCKU MPECKHU CPCIHO HANPCKCHUC,

Bnok za P3 u TpudazHo AMNB (mask)

Parameters

SampleTime

o5

HoMWHanNeH MspPBYUYEH TOK Ha TOKOBMA TpaHodopMaTop, A

HoMuHanes BTOpUUeH TOK Ha TOKOBWA TpaHcgopmaTtop, A

[100

[l [

3eMHa 3awmTa (33)
BneegeHa/M3seaeHa 33

33 I crenano

BreepeHo/W3eeaeHo I cTenano 33

Tok Ha 3apaboTeaHe Ha 33 I cTenano (ot 0.02 o 20).I0n

33 II crenano
BrBeneHo/Maeegero II cTenano 33

Tok Ha 3apaboTeaHe Ha 33 II ctenano (ot 0.02 go 20).10n

33 I cTsnano
[ Bueeneno/UaseneHo III cTenano 33

Tok Ha 3apaboTeaHe Ha 33 III cTenano (ot 0.02 go 20).I0n

[2.25 Jis

[1:250 |

[10 I

Bpeme Ha 3apaboTeaHe Ha 33 I ctenano (oT 0 go 10 s)

BpeMe Ha 3apaGoteaHe Ha 33 II crenano (oT 0 go 10 5)

Bpeme Ha 3apaGoTeane Ha 33 III ctenano (oT 0 go 10 s)

[oa Jis

[0.15 |

[36 I

ABTOMaTHM4HO MoBTOpHO Brniousane (ANB)
[] Bueeneno/HaseneHo ANB
Bpeme Ha AMNB, s

Bpoii unknmn Ha AMNB

[0.05

[l [x

Duzypa 9. brok 3a eveedcoarne HacmpouKume Ha MPUCMbRAIHA 3eMHA 3auuma
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KaTo € OT/AEJIEHO CIEUAIIHO BHUMAaHHE Ha:

- BBBEXKJAHETO Ha IIapaMEeTpUTE 3a Ha-
cTpoiika Ha peneiiHure 3aumT U AIIB uypes
Ch3Ja/ICHUAT OJIOK 32 BbBEXK/IaHE HA BXOJIHUTE
JTAaHHU;

- CBETJIMHHATA CUTHAIM3AIMs 3a 3apaboTBa-
HeTOo Ha peneinuTe 3amuTu 1 AIIB

- CbCTOSIHMETO Ha NpPEeKbCBaya Ha 3al[uTa-
BaHOTO CBHOPBHKEHUE —BKJIKOYEH WU H3KIIO-
YEH, Ype3 CBETJIMHHA CUTHAJIU3ALINS;

- BU3yaJlM3allMATa 32 U3MEHEHHETO Ha pe-
KUMHUTE [apaMeTpu IpU IOBpeAu U JeH-
CTBUETO Ha peneiina 3amura u AlIB;

- 3aJ]JaBaHETO Ha BbBEX/JAaHe/ U3BEkKIAHE Ha
AIIB u Ha Opoif KM upe3 OJI0Ka 32 BhBEXK-
JlaHe;

PazpaboTrenuTe CHMyIIallMOHHU MOJICNH Ha
peneiHuTe 3alUTH B EJIIEKTPUUECKH MPEKHU
CpeIHO HaNpeXeHHWEe Morar Ja ObJaT M3IMOJ-
3BaHU 3a:

- aHAIM3 W TPOBEpKa Ha M30paHUTE Ha-
CTPOWKHU Ha PEIECUHUTE 3alIUTH

- KaTO MHTEPAaKTHUBEH HA4YMH 3a MOBUILIABA-
HE Ka4yecTBOTO Ha oOydeHue.
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Abstract

In this study, it is aimed to keep the electric motor speed at the desired reference value by applying constant and
variable reference signals to the system input. Speed control of a permanent magnet brushed Direct Current (DC)
motor was performed in real time using the PID control method. Speed control of a dc motor mechanism was
performed by accessing the embedded system via Matlab & Simulink software. Data processing cards are normally
required for real-time control with Matlab. Since these cards are for commercial purposes and their prices are high, an
electronic card based on open code system was used in this project. The robustness of the system was tested by
observing the response of the system to disturbing effects and different reference inputs using magnetic braking
technique in experimental studies.

Keywords: Electric motor, speed control, PID, MATLAB.

INTRODUCTION

Direct current motors are preferred in
many industrial applications due to the
important advantages provided by their
operating characteristics. Direct current motors
are used in applications where adjustable
speed and precise position control are required
in fast transportation in the industry, electric
trains, electric vehicles, and paper industry [1].
There are a variety of DC motors in a wide
variety of sizes and prices. Prices are very
cheap compared to Alternating Current (AC)
motors. In addition, DC motors are compatible
with very simple and stable control methods.
Another advantage is its high efficiency and
high starting torque for sudden load increases
[2].

Many years ago, most of the Servo motors
used for position control were powered by
Alternating Current (AC). Due to the difficult
and nonlinear characteristics of the control of
AC motors, DC motors are preferred in many
applications. On the other hand, brush and
commutator in the DC motor make
maintenance difficult and increase the cost [3].
Brushless DC motors have emerged as a result
of studies carried out due to such problems.
Today, brushless DC motors have begun to
replace conventional DC motors.

Nowadays, DC motor speed and position
control is performed and DC motor control
methods also vary [4]. A few of these are
traditional P, PI, PID, fuzzy logic based,
nonlinear, adaptive variable structure, model
reference adaptive control, artificial neural
networks, feed forward computed moment
control methods [5-6].

PID control method is a method used
frequently in industrial applications due to its
simple structure [7]. However, the need for a
mathematical model despite its simple
structure and its inability to give successful
results in nonlinear systems can be shown as
the disadvantages of this control method [8].

In this study, the speed control of the DC
motor was performed with the Arduino Mega
2560 development board using the Matlab &
Simulink package program. In the study, the
PID control algorithm has been developed to
ensure the best response of the system. The
effect of the designed controller on the system
behavior is observed by applying different
coefficient ratios and the most suitable PID
parameters are determined. Two different
reference input signals were used in the
system. First, constant reference value is used
with Matlab & Simulink block. The speed
control of the system is provided by applying
variable  reference  signals  with  the
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potentiometer at the other reference mark. In
our real-time Simulink model, tachometer is
used as feedback. The required PWM was
formed after the appropriate PID controller
was applied by comparing the speed
information obtained from the tachometer with
the reference value. Thanks to the PWM
applied to motor drivers, the motor has
reached the desired speed value.

In this study, the speed control of the DC
motor was performed with the Arduino Mega
2560 development board using the Matlab &
Simulink package program. In the study, the
PID control algorithm has been developed to
ensure the best response of the system. The
effect of the designed controller on the system
behavior is observed by applying different
coefficient ratios and the most suitable PID
parameters are determined. Two different
reference input signals were used in the
system. First, constant reference value is used
with Matlab & Simulink block. The speed
control of the system is provided by applying
variable  reference  signals  with  the
potentiometer at the other reference mark. In
our real-time Simulink model, tachometer is
used as feedback. The required PWM was
formed after the appropriate PID controller
was applied by comparing the speed
information obtained from the tachometer with
the reference value. Thanks to the PWM
applied to motor drivers, the motor has
reached the desired speed value.

ARDUINO DEVELOPMENT CARD

Arduino is an open source development
board. Due to its easy programming and being
cheap, Arduino appeals to large user masses
every day.

In the Arduino development boards
produced by Atmel company, they are
programmed with their own software Wiring
program, basically C based. The fact that the
Arduino development board can easily
communicate with frequently used software
such as MATLAB and LABVIEW for control
purposes enables these boards to be widely
used today.

Arduino Mega 2560 can be powered by
USB and an external adapter or battery. The
power source is selected automatically. The
card can be powered from an external source

between 6-20V. If an external power source
above 12V is used, the voltage regulator may
overheat and damage the board. Therefore, it
is recommended to use 7 to 12 Volts [9].

It is the Arduino type that uses the Arduino
Mega ATmega 2560 processor that we will
use in the hardware section. It has 54 digital
input / output pins, 14 of which can be used as
PWM outputs. It has 16 analog input pins. It
has 16 MHz crystal oscillator, USB
connection, ICSP header and reset button. By
connecting a computer with USB, it can be
programmed from the computer by serial
communication and data communication can
be provided. Figure 1 shows the pins and
inputs / outputs of Arduino. Arduino can work
in all operating systems.

Fig. 1. Arduino Mega development card

PID CONTROL

PID is a widely used control method today.
It is widely applied in many of the applications
in the industry [10]. PID control is one of the
most used applications in motor control due to
its ease of use, simplicity and effective
solution. The general block diagram of this
control method is given in Figure 2.

Reference

et} ult) i
In Out —In Out » 1)

Dut1

PID Controller Driver Motor

Encoder

Fig. 2. PID control block diagram

As seen in Figure 2, the difference between
the reference value determined and the current
position value of the system received through
the encoder is sent to the controller as error
data. The controller that processes the error
data generates an output, which in turn enables
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PWM generation. Thanks to PWM applied to
the motor with suitable drivers, the motor is
moved in a logical way.

Each of the proportional, integral and
derivative gains that make up the PID control
affect the operation of the system in various
ways. The proportional controller (Kp) is
effective in reducing the rise time but never
eliminates the steady state error. The integral
controller (Ki) is effective in eliminating the
steady state error but may make the temporary
response worse. The derivative controller (Kd)
is effective in increasing system stability,
reducing overshoot, and improving transient
response. PID controller output:

() = Kpe(t) + K; [ e() + K, =2 (1)

e(t) =r(t) —y(t) )

Here u (t) is the control signal, e (t) is the
error signal, and y (t) is the output signal. In
PID control, the Kp, Kd and Ki coefficients
must be determined appropriately in order for
the system output to follow the desired
reference value. In this method, the u (t)
controller output is obtained by multiplying
the error signal e (t) with the proportional term
Kp, the integral term of the error signal Ki and
the derivative of the error signal with the Kd
derivative term.

The reference speed information received
from the potentiometer is transferred to the
Matlab & Simulink environment via the
Arduino board and the required PID control is
applied, allowing the system output to reach
the desired reference value. Figure 3 shows
our model developed in  Simulink
environment. In our model, our reference sign
received from Arduino and the application of
the PWM signal required for speed control can
be seen.

[

Constant Slder Gan3
Gain

ARDUING
o
*"\ Pl Ref aence in PWN_1_out Ll
’ 8 = P!
Manual Switzh?

ARDUINO

/V\ double
(=]

Pin1 Data Type Conversiond
Reforence »|Fesdiack in PVN_2.out

ARDUIN(

o

TTH
ARDUNO System PWM_2
Javal double
(8l
sy Data Type Conversion2

Feedback Fig.
3. Simulink model of system

In this study, by trial and error method, PID
parameters Kp, Ki, Kd were determined as 9,
0.8 and 0.01, respectively. It has been
observed that with these values, the system
output performs better in reaching the desired
reference value.

EXPERIMENTAL SETUP AND RESULTS

Real-time speed control of the dc motor
will be done with the experimental setup
designed to be used in the laboratories of
universities.  According to the speed
information to be entered by the user, the
speed control required for the speed of the dc
motor to reach the desired value was carried
out with PID control. The reference input
signal to the system is realized by two
methods. The first is a fixed reference mark
with Simulink blocks, and the other is a
variable  reference  signal using a
potentiometer.

Magnetic braking method was used to see
the effect of the system against disruptive
effects and its effect on the system response
was observed. PID coefficients were
experimentally selected as Kp = 9, Ki = 0.8,
Kd = 0.01; system response is provided to be
the best.

System responses are obtained for different
reference input values below. The results
obtained from the system with experimental
setup are given in this section. The movement
of the system response was observed by
applying different reference entries. First of
all, as the input value, the motor was asked to
rotate at 1300 rpm, then the speed of the
engine was requested to increase to 2300 rpm.
These input signals have been applied to the
system in real time using a potentiometer. The
response of the system to these input signals is
given in Figure 4.

Velocity (rpm)

=1
=]

PID
Reference| -

Tk S

' Zama'r: (sn) i
Fig. 4. Variable reference signal and system
response
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In Figure 5, a fixed reference signal is
applied to the system over Matlab. As the
input value, the motor was asked to rotate at
2000 rpm. The response of the system to this
input signal is given in Figure 5.

s PID
Reference

Velocity (rpm)

: Zaman (sn)lﬂ
Fig. 5. Stable reference signal and system
response

In Figure 6, magnetic braking effect on the
system is observed. The motor was asked to
rotate at 1000 rpm as a reference signal and
magnetic braking was applied to the system
for 15 seconds. With this magnetic braking
effect applied, the motor slowed down and
caught the reference signal again.

1500

Velocity (rpm)

PID ‘
Reference |

w Zaman (sn)m
Fig. 6. System response with constant reference
signal and magnetic braking

CONCLUSION

In this study, the speed control of a Direct
Current (DC) motor is realized in real time using
the PID control method. For real-time control of
the model developed with the help of Matlab &
Simulink in computer environment, an Arduino
Mega 2560 development card was used to
exchange data on the system with the computer.
In the PID control method, better control is
achieved by manipulating the coefficients. Due
to the high cost of data processing cards,
Arduino board was used. In addition, Arduino
[11]

board communicates with USB, providing fast
data transfer and easy programming.

As is known, production technologies have
now become based on automation systems. In
this study, the PID control of the DC motor,
which is one of the electric motors that forms the
basis of all automation systems, was provided in
real time.
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SOFTWARE SIMULATION OF THE PRESENCE OF MECHANICAL
UNBALANCE IN ELECTRICAL EQUIPMENT WITH ASYNCHRONOUS
MOTORS

Yuliyan Yordanov
Technical University of Varna, Department of Electric Power Supply and Equipment

Abstract

The objectives of the study are modeling, simulation and analysis of the impact of mechanical unbalance in
industrial units with asynchronous motors. The report examines the possibilities for identifying this fault in the stator
current spectrum using the capabilities of the MATHLAB software environment. In this simulation, the effects of a load
whose moment of inertia instantaneously varies depending on the angle of rotation are demonstrated.

Keywords: maintenance of electric motors, diagnosis of induction motors, MCSA.

BBBEJIEHHME

Codryepnust naker MATLAB, upe3 cBos-
Ta MOporpaMa 3a CUMyJalMs Ha JUHAMUYHU
cuctemu SIMULINK, cb3gaBa BB3MOKHOCTH
3a epeKTUBHO MOJIETTUPAaHE U CHUMYJIHpaHE Ha
CIIOKHU TIpoliecd. B Hacrosmus aokmam e
npejcTaBeHa coTyepHa CUMYyalus Ha HaJIU-
YUETO Ha Je0aNaHC M TUATHOCTUIIUPAHETO MY
B €NIEKTPO003aBexkIaHe C ACHHXPOHHU BHUTa-
TEJH, Ype3 CHEKTpaJeH aHaju3 Ha CTaTOPHUS
tok (MCSA).

N3JT0KEHUE

W3crieiBaHeTo HA €IEKTPOABUTATEINN C Pa3-
JMYHU HOMUHAJIHHU JAaHHU, 3HAUYUTEIHO Ce
yJIECHSBA TPH HAJTWYHETO Ha JIOCTOBEPEH MO-
JeN 3a cuMyjanus Ha JeQeKTH BbB BCHUKU
paGotHu pexumu. PazpaborBaHeTo Ha pas-
JMYHYU CIIEHAPUH 33 KOHKPETHHU MAIIUHH CITO-
Mara 3a MpaBUIHOTO JUArHOCTUIIUPAHE Ha pe-
anHuAT 00ekT. CreKTpalHus aHajdu3 Ha CTa-
topaust Tok (MCSA) e nobpe mo3Har u JoKa-
3aH B MpaKTUKaTa METOJl 3a JMAarHOCTHKAa Ha

acuHXpoHHHU enektonsurarenu (AJl). B muo-
xecTBO m3cnenBanus asropute B [1], [3], [5],
[6] ca mpemnokuau OCHOBHHTE CHOCOOM 3a
OTKpUBaHE TMpHU3HAIMTE Ha JeballaHC dpe3
MCSA. TIpencraBeHuss MOAEN HM3MOJ3Ba €/IHA
oT (HOPMYJIMPOBKUTE [aJCHU B CTAHIApPT 3a
ISO 20958 [3] 3a ycraHOBsiBaHE Ha jeOaIaHC U
JPYTd MEXaHW4YHH JePEeKTH BOJCIIM JO TPO-
MsiHa BbB Bb3aylIHaTa MexauHa Ha AJl. Yec-
TOTHUTE KOMIIOHEHTH, KOUTO OIpPEIeNiT Ha-
auyueto Ha aebananc [3] morar na ObaaT u3-
yucienn upe3 Gopmyna 1.

fo,=fxm-f [Ha (O

kbpjeTo: f1 — yecToTa Ha 3axpaHBaIaTa Mpexa
[Hz]; fr — vectoTa Ha BBpTEHE Ha poTopa [Hz];
m -1, 3, 5...; fe — 4eCTOTHH KOMIIOHEHTH,
JBJDKAIM Ce Ha TPOMEHUTE BBbB BB3IYyIIHATA
MEXIMHA.

[MpuumHara 3a WM3MO3BAHETO HA TO3U TO/I-
XOJI € Bb3MOKHOCTTA B TECEH YECTOTEH JHara-
30H JIa C€ YCTaHOBH C rojisiMa TOYHOCT H3Me-
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HEHETO B CHCTOSHHUETO Ha AJl uiu 1Lenus ar-
perar.

CUMYJIAIIMOHEH MOJIEJI

bnokoBa cxema Ha CHMYJALMOHHUS MOJIEI
3a AuarHoctunupane Ha nebananc B AJl, upes
MCSA  wu3nomns3Baiiku coTyepHUS MaKeT
MATLAB SIMULINK [7], [8], [9] e npencTa-
BeHa Ha ¢ur. 1.

OcCHOBHHM BB3JIM B JAaJICHUSI MOJIEN Ca;

» TpudaszHa 3axpaHBaiia cucTtemMa C Bb3-
MOKHOCT 3a IIPOMSIHA Ha MapaMeTpuTe, KaKTo
Ha 3aXpaHBaIIOTO HAIMPEXKEHHE M 4YecToTaTa,
Taka ¥ Ha 3aXpaHBalIUTEe JUHUH,

» M3mepBarenHu TOKOBU JATUYHIIN,

» TaxomeTbp 3a H3MEpPBaHE Ha CKOPOCTA H
CBHOTBETHO H3YMCIISIBBAHE HA XJIB3TAaHETO Ha
AL

» Mopen Ha aCHHXPOHEH ABHTraTell C Ka-
(dhe3en porop;

» bnok cumynupair HaTOBapBaHETO Ha Ba-
Jla Ha eNeKTPOJBUTATENs C uieanHo OalaHCH-
paH U TOCTOSIHEH BBHB BPEMETO TOBAp C BB3-
MO>KHOCT 32 IPOMSIHA B 1eJIUs pabOTEeH auara-
30H;

» VMuTaHIIMOHEH MOJIeNl Ha BHECCHHs Jie-
OanaHc, MO3BOJISBAIL MPOMSHA Ha Macara mpe-
IM3BHKBAIA AebajgaHc, KaKTO U HEHHOTO pas-
MIOJIOKEHHE B PAIMAIHO HAIPaBIICHHE.

) e . »Ged
R 1 Speed pee

H

-2
4

Ideal Torque Source Induction Machine
ol Squirel Cage | f()=0

o)

Shaftforque Unbalanced Load

Curents

\—D»M
Phase Curtents

I 4 - Current Spectum
2 Analyzerl

Voltage Source Current Sensor
400 V ph-ph
50 Hz

@Due. 1.hnokosa cxema Ha cCUMYIAYUOHEH MOOeN

U3CJEIBAHE HA AJl C JEBAJIAHC

B monena ca 3amaneHu mapaMeTpure Ha
ACMHXPOHEH JIBUTATEN ¢ KaQ)e3eH POTOP CBBP-
3BaHe B 3Be3/1a ¢ HOMHUHAIHA MOIIHOCT Pn=2,2
[KW]; Homuuanuo Hampexenue Un=400 [V];
Opoit momocu = 2p. Tabnuna 1 npeacrass usz-

YHCICHUTE ChIIacHo (opmyna | TeopeTndyHu
YECTOTHU KOMIIOHEHTU Xapak-TepHU IIpU Ha-

JIUYHETO Ha aebaiaHc. 3amageHo € XJIb3raHe
s=0.016.

Tabnuya 1 Xapaxmepuu uecmomu npu npaseH Xoo

fl PEXUM n fr fel, fe2
[HZ] [rom] | [Hz] m=1 m=1
[Hz] [Hz]
50 | Ilpazen | 1475 | 24.6 74.6 25.4
X0J

l'onaMoTO TpEearMCTBO MPHU H3CIIEABAHETO
Ha MOJIela € Bb3MOXKHOCTTa Ja ObaaT Moiy-
YEeHU PE3YJITATH C Pa3INuHu 100aBbUYHU Macu
IIOCTaBEHU Ha OIpeseNicHHn Mecta 6e3 ToBa Ja
yBpeXkJaa peasHaTa MammHa. M30srBat ce
MHOTOKPATHUTE MYCKOBE, JOMBJIHUTEITHA CMY-
IIEHUS,, MOHTQX W JIEMOHTaX Ha JICTAIN Cb-
IPOBOJICHU ChC CHOTBETHUTE TPEIIKU U BEPO-
ATHU ToBpenu. PasriexnaHero Ha TmoBede
CIIEHapuu 1oMara mo-aoope Jia ce aHalu3upaT
neeKTy Ipu peaaHu usMmepBaHus. Jpyra uen
Ha U3CJIEe/IBAHETO € Jla MOKaxke, Ye HATMYHETO
Ha Jebalanc Moe J1a ObJIe YCTaHOBEHO, 4pe3
MCSA npu paznuyHu HaToBapBaHus. B oTin-
yhe OT JApyru JedeKTH, TO3U MOXKe Jla Oble
perucTpupaH M B PEXHM Ha Tpa3eH XO[l.
CriexTbpa Ha CTaTOPHHS TOK Ha ¢urypa 2 e
cumynanus 6e3 HatoBapBaHe U 0e3 Jo0aBeHa
JOMIBJIHUTENTHA TeXKECT Ha poTopa. MuUHMMAaI-
HUTE IMHUKOBE, KOMTO ce HaOJ0JaBaT ce JIbJI-
’KaT ocTaThbyeH nebdasanc.

B cumynanusta ot ¢ur. 2 yMHIUIEHO € 3a-
JIO’)KEH OCTaThyeH JeballaHnc OT 2 rpama Ha pa-
auyc 50 [MM], KOHTO ChIIECTBYBA U MPU pea-
HUTE MAIINHU, U MOXeE Ja ObJIe OompeeeH OT
npenopbkute Ha cranaapt 1SO 21940 [4].

@ue. 2. Cnexmvp Ha cmamopHusi mox Ha A/l be3
donvaHumener 0ebaianc Ha npazen xoo
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CrplecTByBaT HIKOJIKO Kjaca Ha TOYHOCT
3a OamaHCHpaHe Pa3IMYHUTE MAIUHU U TpPU-
JIO)KEHUSI OMPEJCIICHH B CTaHIapTa, KOUTO
HOPMHUpAT JOMYCTUMUSI OCTaThb4eH JebaaHc,
HO T€ HE ca 00EKT Ha TOBa MPOyYBaHE.

Pesynrarure mnpencraBenun Ha durypa 3
CBILIECTBEHO C€ PaTN4aBatT ¢ MPEIXOTHUTE MIPU
€/IHaKBU TapaMeTpu Ha TOBapa U Ha 3axpaH-
BaHeTo Ha AJl. BHecenus necOajaHc € MUHH-
MaisieH 10 rpama Ha paguyc 50 [MM], HO € mOC-
TaThUCH B CIIEKTHPA OTUETIIMBO JIa CE OTKPOSI-
BaT XapaKTepHUTE 3a TO3U Je(eKT YeCTOTHU
KOMITOHCHTH, PAriojOKEHH OT JBETE CTpaH!
Ha yecrtoTara Ha 3axpanBanero f=50 [Hz]. Ha
¢ur.4 cneun(puIHUTE YECTOTH Ca C€ YBEITUIU-
nu copsMo onuta ¢ 10 rp. cpeaHo ¢ okoso S5
dB, cnen kato e nobaBena Texect ot 20 rp. Ha
ChIllaTa MO3UIIMS NIPH PABHU APYTU YCIOBUSL.

Bropust eTam ot nmpoBeIeHNUTE U3CIICABAHUS
Ce ChCTOM B CHUMYJAIUs IpU ChIIUTE J00aBe-
HU TEXKECTH U MSCTO Ha MOCTABSHETO UM, HO
npu Hanuuue Ha ToBap Ha AJl. Ilpu yBenuua-
BaHE Ha HATOBapBaHE, KAKTO M HA XJIB3TAHETO
5=0.026 S ca U34YHCIEHU CJIEIHUTE CTOMHOCTHU
3a cnenuuyHUTE YecTOTH (TadI.2).

@Due. 3. Cnexmuvp Ha cmamopHus mok Ha A/l ¢
dobasena mescecm om 10 epama na npaset xoo.

Due. 4. Cnexmvp na cmamoprus mok Ha A/ ¢
dobasena mescecm om 20 epama Ha NpaseH xoo.

Tabnuya 2 Xapaxmepuu vecmomu noo moeap

fl PEXKUM n Fr fel, fe2
[Hz] [rom] | [Hz] | m=1 | m=1
[Hz] [Hz]
50 ITox 1460 | 243 74.3 25.6
TOBap

OueBUHO €, Y€ B Pa3IMYHUTE PEXKUMHU Ha
pabota crniekrpure Ha ¢ur. 5, ¢ur. 6 u dur. 7
ca WJICHTUYHH OTHOCHO IpU3HALMTE Ha jaeda-
naHc. Hammuumero Ha ujeaneH ToBap M ujueai-
HHU JIDYTH YCIIOBHS, KATO 3aXpaHBallla CUCTEMA,
3axpaHBalliy JIMHUU, 1 U3MCPBATCIIHA CUCTCMA
ca ecTeCTBEHaTa MpUYMHATA B CIEKThpa Ja
HsAMa MHOTO APYTHU CMYLICHUA.

Due. 5. Cnexmvp Ha cmamopHusi mok Ha A/l 6e3
dobasera medicecm noo mosap

Que. 6 . Cnekmvp na cmamoprus mox na AJ/[ c
odobasena donvanumenna medcecm 10 ep.
noo mosap.

Que. 7. Cnexmuvp Ha cmamopuus mox Ha A/l ¢
0dobasena donvinumenna medicecm 20 ep.
noo moaap.
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Bwnpeku toBa Ha durypu 3,4,6 u 7 ce 3a-
Oems13BaT MHTEPECHU MPOMEHHM OKOJIO M3YHC-
JICHUTE YECTOTH.

C men na uma oOexkTHBHa 0a3a 3a cpaBHe-
HUE Ha ¢urypa 8 e mokas3aH CIIEKThp Ha pea-
neH Oesnedexren AJl ¢ WACHTHYHM HOMH-
HQJIHU JAHHU C TO3HM, KOWTO € M3IOJI3BaH B
CHUMYJIAIIMOHHUS Mojen. M3cnenBanus enekt-
poIBUTATeNl € M3MUTaH Ha CIEeHUAIN3UPaH
CTCHJ] B Pa3lIM4YHU DPEKHUMH U C PA3IUYHU
npoOHU TekecTH. KOHKpETHHS CHEKTBp € Ha
npas3eH Xxoja ¢ jobaBeHa Texect oT 30 rp. Ha
paauyc 70 [MM], IpHKpeneHa 3a peMbyHaTa
maitba, KosiITo € MOHTHUpaHa Ha Basla Ha A/l u e
npeaBaputenHo OanaHcupana. [loOpe BuanMu
ca XapaKTepEHHUTE CIICKTPAITHUTE KOMIIOHCHTH
okosio =25 [Hz] u f=75 [Hz] pasnonoxenu
CHMETPUYHO OKOJIO YEeCTOTaTa Ha 3aXpaHBaHE
f= 50 [Hz]. Bugumo e BiIHMsSHUETO Ha 3aXpaH-
BalllaTa MpeXa W HECHBBPIICHCTBA B JPYTH
3BCHA Ha CTCHJAa M KOHcTpyKiusaTa Ha AJl. B
Tabnuma 3 ca NajJcHU 33 CPaBHEHUE U3YHCIIC-
HUTE YECTOTH OT IPOBEACHOTO PEATHO H3C-
JieIBaHe.

Taonuya 3 Xapaxmepnu wecmomu

fl PEKHM fr felm=1 | fe2 m=1
[Hz] [Hz] [Hz] [Hz]
50 [pasen 24.97 74.9 25.3
XO0JT

Freueney [H]

@ue. 8. Peanen cnekmuvp Ha cmamopHus MoK Ha
AJl na npasen xo0 ¢ 0obasena OONvAHUMENHA
medicecm 30 2p.

3AKJIIOYEHHUE

M3non3BaHeTO0 HA CHMYJIAMOHHUS MOJEI
MOXe J1a OBJIe TOJIE3HO B ANATHOCTHIIMPAHETO
Ha EeJeKTpooO3aBexJaHe 0e3 HaJIMYUeTo Ha
NPEIXOJHN U3MepBaHHus. MOAEenbT MOXe Ja
MOJTyYl TPUIIOKEHUE B MPAKTHUKATa 32 CpaB-
HUTENeH aHam3 npu auaraoctuka ¢ MCSA nHa
cmabo TO3HATH W HEW3CJIEIBAHU arperarw.

MoayabT uMUTHpAL] Ae0aHC M03BOJISIBA Bb-
BEXJAHETO Ha JebajaHC Ha Pa3TUYHU Paguy-
cu ¥ briud. M3mon3Baliku Te3u BB3MOXKHOCTH
Morar ja ObJaT HallpaBeHU JIOCTOBEPHU CH-
MyJallly Ha HAJIMYMETO Ha JlebajJaHc Ha OCEeBU
BEHTUJIATOPH, PabOTHHU KoJjejla Ha IMOMIU U
ChEMHHTENN 3aKperneHu Ha Baja Ha AJ[ u B
PEXUM Ha TIPa3eH XOI.

WuTepec 3a Obaeniy npoyBaHus MpeCTaB-
JsIBA CbBMECTHOTO H3II0JI3BaHE HA CUMYJallM-
OHHUS MOJIeN ¢ peanHo cHeTH JaHHu. Ha Ga3za
CHETOTO M3MEHEHHME Ha IMKOBETE OT PEaHO
pabortemnia MamuHa € BB3MOXKHO OOpPaTHOTO
olpeNieNIsIHEe Ha TojieMHHATa Ha JeicTBaiiara
cujla Ipeau3BUKBaIla [e0anaHCc W HEHHUAT
xapaktep. Ilo To3u HauMH € BB3MOXKHO Ja ce
HOJIY4YH KOJIMYECTBEHA OLIEHKA MEX1y KayecT-
BEH IIOKa3zarenl (XapMOHUYEH CbCTaB) BBHB
¢dopmara Ha TOKa M CTENEH HAa aMOPTHU3aLUs
Ha CHOPBKEHHETO W ONpeelisiHE Ha HEoOXo-
JMMOCTTa U CIIEHIHOCTTAa OT HM3BBPLIBAHE 1A
PEMOHT.
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Abstract

Modern urban lighting systems are complex teretorially distributed systems, which in turn are part of higher-level
systems - electric power systems or their various subsystem levels. They have common elements with them (supply and
distribution networks of high and medium voltage), as well as power supplies and means of regulation and control. This
makes it necessary to apply methods and technical means of control in urban lighting systems, adapted to the modes of
urban electric networks, and basically oriented towards structural and parametric integration into control systems of
urban electric networks. To control the modes of electrical networks, so far, methods and technical means based on
discrete, mainly manual control are used. However, more and more nowadays, man-machine automated systems are
used, which, when controlling, take into account, in addition to technical parameters of networks, the parameters of the

human body and the environment.

Keywords: lighting system, smart-light, smart-grid, mode control.

INTRODUCTION

Modern city lighting systems are
complex geographically distributed systems,
which in turn are part of higher-level systems -
electric power systems or their various
subsystem levels. They have common
elements with them (supply and distribution
networks of high and medium voltage), as well
as power supplies and means of regulation and
control. This makes the processes in them
interdependent, and the parameters
interdependent. This applies to the influence of
lighting systems on the formation of the
maximum power consumption of cities on a
daily interval, which is due to the massive
switching on of lighting electrical appliances
in the evening, pollution of urban power grids
with higher harmonics and a decrease in the
power factor of the networks, due to the
nonlinearity of the characteristics of light
sources and the discreteness of the driver
parameters, etc. On the other hand, the
electrical networks of power systems
themselves affect the parameters and networks
of lighting systems. This concerns the
influence of network voltage modes on the

parameters and modes of lighting electrical
receivers, the state of the environment, the
social and environmental consequences of
such a state. This requires the use of methods
and technical means of control in urban
lighting systems, adapted to the parameters
and modes of urban electrical networks, and
basically focused on structural and parametric
integration into control systems for electrical
networks of power systems. At its core, the
management of the modes of urban electrical
networks, while mainly methods and technical
means based on discrete, mainly manual
control are used. However, more and more
nowadays, man-machine automated systems
are used, which, when controlling, take into
account, in addition to the technical
parameters of networks, the parameters of the
human body and the environment.

EXPOSITION

As a basis for building such systems,
we can consider multi-level hierarchical
distributed structures, the effectiveness of
which has been confirmed by practice. In such
structures, the functions of higher coordination
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and organizational management, in general,
are performed by the upper level of the
hierarchy. In the systems of electricity
consumption and lighting of cities, this is an
operational information and control complex,
which is part of the automated control system
of an energy association.

A feature of city lighting systems is
their significant impact on the socio-economic
conditions of people living. City lighting
systems are focused mainly on creating a
comfortable light environment in the places
where the population lives. Therefore, to
control their modes, it is necessary to apply
new principles, criteria and control parameters.
In addition, the large territorial distribution of
power supply and lighting systems in cities, in
combination with a large number of modes of
operation, make it necessary to use distributed
flow control systems. As an element of power
supply and lighting systems of cities, together
with other consumers connected to the power
center of the CPU, form it and the resulting
load graph of the GN, as well as the laws of
voltage regulation and reactive power
compensation. Therefore, optimization of
operating modes of city lighting systems
requires coordinated management of network
modes using a combination of local and global
criteria. At the same time, on the basis of local
criteria, optimal conditions for the operation of
individual local objects are provided, and
through global ones - the conditions for the
operation of the system as a whole. In this
case, in the event of a conflict situation,
priority is given to the global criterion.

The foregoing requires the use of a
unified management system built on a
hierarchical principle. In general, the presence
of these features necessitates the use of a
systemic control of the modes of lighting
systems in cities of multilevel multicriteria
control systems built on a multi-circuit
hierarchical principle. Decision-making
processes in such systems have a wide range -
from very short management actions to
planning processes for a long period. For these
reasons, in the systems under consideration,
there are differences in the duration of cycles,
criteria and control parameters at different
territorial and hourly levels. This makes it
problematic to control the modes of city

lighting systems within the existing concept.
For this reason, the modern theory and practice
of managing complex systems modes is
increasingly inclined towards empirical and
suboptimal solutions with the distribution of
the problem into separate tasks and the
subsequent application of special procedures,
their integration and coordination. Therefore,
the fundamental concept for solving the
complex problem of managing the modes of
city lighting systems is the use of a multilayer
structure distributed in time and space, taking
into account the factors of social and
environmental adequacy.

An analysis of the functional tasks of
urban power supply systems indicates the
possibility of integrating urban lighting
systems into such systems. However, as
evidenced by the results of the analysis, a
simple transfer of the ideology of building
control systems at higher levels to systems of a
lower level here cannot be applied from the
operational, technological and socio-ecological
features of urban lighting systems. The main
problems of controlling the regimes of the city
lighting systems can be summarized as
follows:

- control of network modes requires
the transmission of a significant amount of
information to a large number of objects with
minimal delays (circular control mode), which
causes an increase in the cost of the system;

- the presence of information flows of
various sizes, intensity and priorities makes it
difficult to apply a well-developed classical
ideology.

The problems of controlling the modes
of city lighting systems include the additional
lack of a sufficient number of control
channels. As a rule, this is a small number of
telephone communication channels  with
especially important objects of power supply
systems of cities: individual RP, TP or IP,
focused on performing simple functions of
discrete control. In some cases, VHF or GSM
communication is used in a limited frequency
range. It should also be noted that there are no
continuous control systems for 0.4-10 kV
facilities. At the same time, these objects have
a predominant impact on the technical and
economic indicators of the entire system of
electricity consumption and lighting in cities.
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The conducted studies have shown that
in urban conditions the most acceptable
environment for systems of the upper levels
(110 kV networks and above) are telephone
lines GSM and VHF channels, and for the
lower ones - power lines and GSM channels.
This largely determines the hierarchical
structure of urban lighting control systems,
which to a certain extent repeats the structure
of urban networks. In this case, the radial-node
structure of control systems is used as a typical
technology for the technology that uses
telephone lines as a medium for transmitting
information. In this case, power station are
located in the nodes of lighting loads, at the
TP, RP or ASU of consumers. And the
characteristics of the network are largely
determined by the ability of the information
facilities of the dispatching points to control
the flows of information. [1,2,5]

The tree structure of EM control
systems is typical for control systems that use
a radio environment. high-speed channels are
usually used to transmit information (usually
radio relay). In this case, the main control
points can act as repeaters or information
storage devices. The intermediate points in
these conditions can act as data concentrators.
The location of the main and intermediate
points, as well as the allocation of independent
parts of control systems, are determined by the
topology of distribution networks and the
organization of control channels.

A mixed configuration of a network
control system is typical for control systems
that combine a VHF environment, an
environment of telephone communication lines
and power lines of PM 0.4-10 kV. Moreover,
each point in the network can be either a
switch or a data concentrator. An essential
condition for the operation of such a network
is the availability of a highly efficient
algorithm required for high-speed switching
and signal distribution.

The presence of restrictions in terms of
the number of communication channels and
their bandwidth necessitates a combination of
organic channels organized in all three
environments, and makes it expedient to use a
mixed structure of control systems. (Fig. 1) In
these conditions, the main problem that arises
in the management of urban lighting systems

is the reduction in the volume of transmitted
information. One of the ways to solve it is to
reduce the redundancy of information, which
can be carried out in the following main
directions:

- increasing the intelligence of local
control systems by providing them with a part
of the functions that control, and reducing
information communication with higher and
adjacent systems;

- "compression” of information by its
previous probable processing;

- improvement of structural and
algorithmic solutions;

- coordination of the use of local
network resources;

- ensuring the possibility of integrating
the control system into the existing automated
control system of energy associations.

To the MCC

S56-10kV

LTI s v D S S Y S e O e e A R
P 5. ERu

Flg 1. “Topollogy of thé Iighting' control system

The use of the considered basic
approaches in  combination  with the
standardization of the elements of the control
system allows the use of a hierarchical
integrated principle of building a control
system for city lighting systems, which
provides the possibility of unifying elements
and modifying its software. At the same time,
the use of microprocessor and computer
technology allows automating not only
technological processes, but also the processes
of processing and storing information.

To build such systems, it is necessary
to solve three main tasks:
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- the choice of a rational structure of a
flexible system that ensures the performance
of the necessary functions with specified
quality indicators;

- selection of the structure of the
control system, which ensures the optimization
of the number of connections and the number
of control points;

- development of an algorithm for the
functioning of the control system, which
ensures the achievement of the specified
numerical characteristics.

The concept under consideration, the
construction of a control system for the modes
of city lighting systems, is based on a
hierarchical multi-level aggregation structure.
At the lower levels, the control system is
represented by a certain number of local
systems, which are characterized by relative
independence of functioning, adapted for use
in load nodes of networks. For them, the most
effective is the stabilization of the parameters
of the technological process. The structure of
such control systems is distributed in nature
(Fig. 2). Its active elements, which correct the
mode parameters, are as close as possible to
the control objects. Ideally, active elements are
installed directly at the load nodes of the
networks.

In this work, the construction of the
control system is carried out on the assumption
that its main goal is to implement the “control”
task, which determines the belonging of the
control system to the system S, represented by
the pair X, Y, provided that Y is a solution to
the optimization problem carried out for a
specific combination control parameters. In
this case, the solution to the problem is
represented as a set of X and Y:

Sc XxY.. (1)

Given the purposeful functional nature
of the system, we can talk about the network
management system as a reflection of equation
2. Where X and Y are the reflected huge
number of inputs and outputs.

S: X—>Y, 2)

where X and Y are the reflected huge
number of xe X inputs and ye Y outputs.
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Fig. 2. Decomposition of the network management

system: a) structural; b) functional;C - collection

and processing of information; R - regulation; L -

logical control; M - manual input and display of

information; T - transmission of information; Pr-
processor; IOM - input-output module; OC -
object controller; DTM - data transmission

multiplexer

Taking into account the internal state
of the system, formed by the history of the
functioning of the system, the input signals of
the control system participate in the formation
of the output signals. The latter is due to the
presence of information in the elements that
are memorized. As a result, the control system
can be considered as a display of the Cartesian
transformation of input signals X and a set of
internal states Z, a set of output signals Y:

S:XxZ—>Y.. (3)

In the considered control system, a
number of sequential decision-making levels
are distinguished, at each of which information
is processed, which comes from the elements
of the lower level. Their goal is to develop
coordinating actions for the elements of this
level. The point of allocation of decision-
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making levels is made in accordance with the
vertical decomposition of the control system.
Based on the results of modeling the modes
and in accordance with [3,4], the following
control levels have been identified in the
power supply and lighting systems of cities:
lighting control point, TP, RP, SS 35-110 kV
and the city lighting system as a whole. Each
of them has its own duration, criteria and
control parameters. Allocation of functional
tasks, the solution of which is not related to
other tasks of this level, the horizontal
decomposition of the control system is
responsible. The horizontal decomposition of
the lower levels of the control system
corresponds to the allocation of local control
systems, which can be controlled in an
autonomous mode. The number of local
control systems is determined by the structure
of networks, technical content and territorial
location of its elements. The functioning of
local systems is determined by the control
algorithm, which characterizes the sequence of
operations and the transformation of an input
signal into an output signal. At the same time,
information transformation operations can be
considered as algorithmic functions, which are
a kind of modules from which a control
algorithm can be added. First of all, this
applies to standard elements that perform
certain algorithmic functions. The signs of the
typification of the control system of its
elements can be their orientation, information
power, target orientation, and so on. In the
work, for the typification of control systems
and its elements, an objectively oriented
feature was adopted, which provides the
possibility —of statistical analysis and
forecasting of the development of the RM
control system, the management of individual
objects, as well as the most accurate state of
the list of necessary algorithmic functions, to
assess the composition of the control system
parameters, to formulate the basic
requirements for technical means. Under these
conditions, the concept of a typical control
system is reduced to a typical functional
structure of a control system, which can be
represented by the display:

F:Xxf >V, (4)

where F is a set of algorithmic functions.

The general regularities of the
functioning of control systems considered
determine the basic requirements for the
algorithms for the functioning of local control
systems. Further detailing of the operation
algorithm of the control system can be
performed using their contour decomposition,
which is based on the presence in the local
control system of several nodes for collecting
and processing information, connected in a
certain way by active elements. At the same
time, decision-making in the developed control
system is based on a multilayer principle,
according to which a complex control problem
is divided into a family of sequentially
connected more substantive problems. In
decision making, each previous layer forms
the basis for decision making in the next layer.
Solving a problem, in general, is a consistent
solution to its constituent problems. This
corresponds to the time distribution of the
operation for controlling the parameters of the
network mode. At the same time, the
information nodes, carrying out a cyclical
exchange of information between the load
nodes and the active elements, in each cycle
use additional information that is obtained
over longer time intervals. As such, signals
from active elements, various kinds of static
data, and so on are used.

Analysis of typical structures of a
control  system using its  contour
decomposition allows us to identify a subset of
algorithmic functions, the use of which
ensures the solution of problems of control of
technological processes of transmission and
conversion of electricity in urban lighting
systems. Such as:

- regulation: collection, processing of
data, formation and issuance of commands that
control, in order to stabilize individual
parameters of the technological process or
change them according to a given law;

- information transfer: data preparation
and implementation of exchange protocols
with adjacent and higher-level systems;

-logical control: control of discrete and
continuous executive bodies according to a
given or reconfigurable program, depending
on the state of the technological process;

- display of technological information:

48

International Scientific Conference “UNITECH 2020 — Gabrovo



indication, data logging, manual input of
instructions, commands and data.

LIy ,
i

Smart-Light

Fig. 3. Biotechnical lighting system.

* EN - electrical network, PS - power
source, PSE - protective and switching equipment,
control gear ~ starting and control equipment, LO

- light sources, LI - lighting installations, EC -
electrical complex, CS - control system. LS -
lighting system, F - flora, AW - animal world, BS -
biotechnical system.

CONCLUSION

Thus, the proposed concept of
controlling the modes of lighting systems
allows us to take into account their features
associated with taking into account the color-
light effect of lighting on the animal and plant
world, as well as adjacent systems of a higher
level - electric power systems and networks. In
such conditions, the presence of the noted
features makes it necessary to separate the
lighting systems of cities into an independent
Smart-Light system of a higher level,
combining the Smart-Grid system and the
city's life support system as a whole. The
structure of such a system is shown in Figure

3. It includes an energy system, a power
supply system, representing a set of lighting
installations with a control system, built on the
basis of the Smart-Grid concept, as well as an
electric lighting system as an integral part of
the city's life support system.

The application of the considered basic
provisions allows us to return to the main goal
of creating technical systems - to meet the
human demand for a comfortable living
environment as a means of human life support.
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EFFECT OF CALCINATION TIME ON THE DIELECTRIC PROPERTIES
OF DOPED WITH TIN DIOXIDE BARIUM TITANATE

Ivaylo Lazarov
Technical University of Gabrovo

Abstract

The paper deals with study the effect of calcination time on the dielectric properties of doped with 0.05 mol% tin
dioxide barium titanate. The samples have been calcinated at 1250°C for time 5 and 8 hours. The temperature
dependencies of the dielectric permittivity and tangent of the dielectric losses at different frequencies have been
obtained. The higher values of the dielectric permittivity and tangent of the dielectric losses have been obtained for

samples calcined for eight hours.

Keywords: Barium titanate; Calcination time; Dielectric properties.

BBBEJIEHUE

Bapuesust tutanar (BaTiO3) e cernero-
EIIEKTPHUK C TIEPOBCKUTHA CTPYKTYpa M OTIINY-
HU JIUETIEKTPUYHU CBOWCTBA, HAMU AL TIPUIIO-
KEeHrHe 3a u3paboTBaHE Ha KOHJECH3ATOPH,
mHorocnoiiHu kouaenzaropu (MLCC) u ene-
MEHTH 32 ChbXpaHsSBaHE Ha EJIEKTPHUYECKA CHEep-
rus. MoauduuupaHeTo Ha JUENEKTPUYHHUTE
My CBOWMCTBa MOXE Jla C€ OCBIIECTBSABA Ype3
N00aBsIHETO Ha Pa3JIMYHU JETHUpAIIU J100aBKU
MIPH KOETO C€ 3aMECTBAT HOHH B Pa3IMYHU Me-
cra Ha KpucranHata pemerka [1]. IIpe3 mo-
CIIEZIHATE TOJUHH BCE MO-TOJISIM WHTEpEC Tpe-
JM3BUKBA JIETMPAHETO Ha OapHeBHsl TUTAHAT
(BaTiOs) ¢ kamaii (Sn). [2, 3, 4]

C yBenuuaBaHe Oposi Ha KajaeHUTE MOHH,
3aMeCTBAI THTAHOBUTE CE U3MECTBA MAaKCH-
MyMBT B TeMIIepaTypHaTa 3aBUCUMOCT Ha OT-
HOCHTEITHATA JIMEJICKTPHUYHA MPOHHUIIAEMOCT
(&) KXbM MO-HUCKHU TeMIiepatypH [5].

Jlpyr HauuMH 3a YyIpaBlieHWE Ha JU-
eJIEKTPUYHHUTE CBOIMCTBA HAa OapHeBUsl TUTAHAT
€ upe3 MpoMsTHA MMapaMeTPUTE Ha TEXHOJIOTHY-

HUS PEKUM TPH MOJTy4aBaHe.

TakbB TMapaMeTbp € MPONBIDKHUTEITHOCTTA
Ha u3nuyaHe (cuHTe3). C U3MEHEeHue Ha Mpo-
JTBJDKUTEITHOCTTA Ha CUHTE3 (CIIUYaHe) ce Mpo-
MEHST pa3MepUTe Ha 3bpHATa Ha M3CJIe[BaHa-
Ta KepamMHKa, a OT TaM M JHEIEKTPUIHUTE W
cBoiictBa [6, 7]. B pabora [8] e ycTaHOBEHO,
4e C yBEIIMYaBaHE MPOIBIDKUTEIHOCTTA Ha
CHHTE3 HapacTBaT CTOMHOCTUTE 32 OTHOCHUTEIN-
HaTa JMEICKTPUYHA TPOHUIAEMOCT (§&) TNpH
cTalfHa TeMIleparypa, yBeJIn4aBar ce pa3MepH-
T€ Ha 3bpHATa HA M3CJIeJBAHATA KEpaMHKa, HO
JMETeKTPUYHUTE 3aryOu HapacTBar.

Len Ha HacTosimata paboTta e ja ce u3ciel-
Ba BIIMSHUETO Ha NMPOJBIDKUTEIHOCTTA HA CITU-
YaHe BbpPXY TUEIEKTPUYHUTE CBOMCTBA HA Jie-
rupad ¢ 0.05 mol% kamaen nuokcuna SnO;
CUHTE3UpaH OapueB TUTAHAT.

MATEPHUAJIM U METO/IN

W3caenBannTe MaTepHaid ca MOAyYeHH 110
CTaHJapTHA KepaMHuyHa TeXHoyorus. M3xom-
aute komnoHeHTH ca 0.95 mol% roroB cuHTE-
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3upan OapueB TuTaHat ¢ yuctora 99,9% wu
0.05 mol% xamaen auokcuz (SnOy) ¢ yncrora
99.8%. IlpeanMcTBOTO MpH U3IOI3BAaHE HA TO-
TOB CHHTE3UMpaH OapueB TUTAHAT €, Y€ Ce W3-
OsrBa JBOiiHaTa TemreparypHa oOpaboTka u
MOBTOPEHUE HAa TEXHOJOTHMYHHSI IIUKBI MIPU HA
KepamuyHarta TexHosorus. [Ipu mepBara Tem-
nepaTypHa o0paboTKa ce CHHTe3upa OapueBHU-
AT TUTAHAT C TBBPAO(DA3HU PEAKIIUU MEKIY
O0apueB kapoonat BaCO3 u TUTaHOB JUOKCH]T
TiO,, a npu cieaBamaTa BTopa o0paboTka ce
OCBINECTBSIBA CIUYaHE Ha Kepamukara. Ilo
BpeM€ Ha CIIUYAHETO C€ IOBUINABA IUTBTHOCT-
Ta Ha KepaMHKaTa, HaMaJsiBaT OposiT 1 00eMbT
Ha TIOpPHUTE, IPOCTPAHCTBEHO CE€ Ipepasmpese-
a7 (dasuTe, HaAMaIsBaT Ce M Ce W3paBHsIBAT
OCTaThYHHUTE HANPEKEHUS CIIE]I TIPECOBaHE.

Crnen moAroToBKa U MPUTETIIIHE HA U3XO-
HUTE KOMIIOHEHTH C€ M3BBPIIBA TAXHOTO XO-
MOTCHH3UpPAHE U CMHJIAHE B TUIAHETApHA MEJI-
nutna “Pulvilizete 5 B cpena ot nefionn3upana
BOJIa C TPOABIDKUTETHOCT 4 vaca. M3mon3Ba-
HUTE ThPHETA U Meenu Tena (chepu ¢ nua-
MeTsp 6 1 10 mm) ca anynnoBu. Cien uscy-
[IIaBaHE HA MOJYYCHHUTE CHCTABH € MPUOABEH
5% pa3TBOp Ha MOMWMBHUHWIOB ankoxoi. [lo-
HATaThK C€ M3BBPIIBA IpaHyJIHpaHEe U IPeco-
BaHE Ha MOJyYCHHUTE TpaxoBe 1oj Gpopmara Ha
IMCKOBE CJeJl JIOCTUTaHe Ha HeoOxoaumara
BiaxxHocT. Ilomydyenute oOpasum ce crnuyar
BbB BB3JYIIHA CpeAa BHPXY alyHAOBa TOA-
JIOKKa, TOKPUTA C Mpax OT TUTAHOB TUOKCH]
TiO; npu Temmepatypa 1250°C ¢ mpoabiKu-
TenHocT 5 u 8 h.

3a ochlIecTBABaHE HA €JICKTPUYECKH KOH-
TaKT € U3MOJ3BaHa cpeObpHA MacTa, KOSTO Ce
cnuya mipu temrieparypa 900°C ¢ nmpoabiiKu-
tenHocT lh. MI3mepBanusTa Ha TUENEKTPUIHH-
TE€ CBOMCTBA Ca OCHIIECBEHHU Ype3 M3IOJI3BaHe-
to Ha RLC metrsp AT 2816A. TemneparypHu-
T€ 3aBHCHMOCTH Ha & M tgd ca M3MEepeHu B
nuanaszona (20+120)°C npu et pa3iuyHH 4ye-
crotu — 1, 50, 100, 150 u 200 kHz.

EKCHEPUMEHTAJIHM PE3YJITATHA

Ha ¢ur. 1. ca nmoka3anu nojsydyeHUTEe TEM-
nepaTypHU 3aBHCHMOCTHM Ha OTHOCHTEIHATa
TMETICKTPUYHA TPOHUIIAEMOCT TPH PA3IUIHA
4ecToTH 3a Marepuanu ot jerupad c 0.05
mol% SnO, OapueB THWTaHAT, CIIEYEHH INPH
temneparypa 1250°C 3a Bpeme Sh.

—o—1kHz ——50kHz 100kHz —>—150kHz - 200kHz
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Due. 1. Temnepamypuu 3a8ucumocmu Ha
OMHOCUMENHAMA OUETIeKMPUYHA NPOHUYAEMOCT
3a mamepuanu om 0.95mol% BaTiO3;+0.05mol%

SnO,, cneuenu npu memnepamypa 1250°C 3a
epeme 5 h

CroiiHocTuTe 3a OTHOCUTENHATa  JH-
SNeKTPUYHA ITPOHUIIAEMOCT (&) ca Hali-BUCOKHU
npu yectota 1 kHz. C yBenuuaBane Ha 4ecTo-
TaTa CTOMHOCTUTE 3a & HaMaJlsBar.

XOonbpT Ha TEMIEPATYPHUTE 3aBHCUMOCTH
€/IHaKbB IIPU BCUUKH YECTOTH, KaTO € HAJIMUEH
MaKCUMYM Ipu Temneparypa okoio 95°C.

~—o—f=1kHz —#—f=50kHz f=100kHz —>¢—f=150kHz —%—f=200kHz
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QDue. 2. Temnepamypnu 3a8UCUMOCIU HA
OMHOCUMENHAMA OUETIeKMPUYHA NPOHUYAEMOCT
sa mamepuanu om 0.95mol% BaTiOz+0.05mol%

SnO,, cneuenu npu memnepamypa 1250°C 3a
speme 8 h

TemrepaTypHUTE 3aBHCUMOCTH Ha OTHOCH-
TeJIHaTa JIMeJIeKTpUYHa MPOHUIIAEMOCT 3a Ma-
TEpUAN TIPH PA3IUIHNA YECTOTH 32 MaTepUaAIIN
ot sierupad ¢ 0.05 mol% SnO; cunresupan Oa-
pUEB THUTAHAT, CIICYCHH TIpU TeMIlepaTypa
1250°C 3a Bpeme 8 h ca nmokazanu Ha ¢ur. 2.
CTOolHOCTUTE 32 OTHOCUTEIIHATA JUEIIEKTPHY-
Ha TMPOHUIIAEMOCT ca MO-BUCOKH B CpaBHEHHE
Ha Te3H 3a MaTepHaINTe, CIICUYCHH 3a BpeMe Sh
IIpU ChIaTa Temreparypa. XoAbT Ha MOJyye-
HUTE TEMIIEPATypHU 3aBHCHMOCTH € TOJ00CH
Ha Te3W Ha MaTepuajuTe, CIIEYeHH 3a BpeMe 5

51

Meocoynapoona nayuna xongepenyus “YHUTEX 20" — I'abposo



h, HO MakcHMaJHU CTOHHOCTH 3a OTHOCHUTEII-
HaTa NUENIEKTPUYHA MPOHHUIAEMOCT Ca TOy-
YEHU TMpU T0-BUCOKA TEMIIEpaTypa, OKOJIO
110°C. 3aBucMMOCTHTE Ha TaHT'CHCA OT BbI'bJa
Ha JUENEKTPUYHUTE 3aryou tgd temmeparypa-
Ta TPU Pa3JIMYHU YECTOTH 3a MaTepUajd OT
aerupan ¢ 0.05 mol% SnO, GapueB TUTaHAT,
crieueHu nipu temneparypa 1250°C 3a Bpeme 5
h ca qanenu Ha ¢ur. 3.
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@Due. 3. Temnepamypru 3a6UCUMOCMU HA
MAaH2EHCa OMm bebad HA OUeLIeKMpUdHUme 3a2you
3a mamepuanu om 0.95mol% BaTiO3;+0.05mol%

SnO,, cneuenu npu memnepamypa 1250°C 3a
epeme 5 h

CroiiHocTuTe Ha tgd ca OJU3KU NPU BCUYKU
gecToTH 110 Temneparypa 90°C, cbe crmabo u3-
pazen makcumyM mipu temneparypa 30°C. [lpu
temneparypa Hag 90°C ce HaOmomaBa psi3KO
yBennuaBaHe Ha tgd npu yectrota 1 KHz.

Ha ¢ur. 4. ca nokasanu temmnepaTypHUTE
3aBHCHUMOCTH Ha tgd MpHU Pa3IUYHU YECTOTH 32
marepuanu ot Jerupad ¢ 0.05 mol% SnO2
CHUHTe3UpaH OapueB THUTAHAT, CIEYCHH IpHU
temneparypa 1250°C 3a Bpeme 8 h.

—+—f=1kHz —®—f=50kHz f=100kHz —e— f=150kHz f=200kHz
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Due. 4. TemnepamypHu 3a8UcuMocmu Ha
MAan2eHca om vevid Ha OueleKmpuiHume 3a2you
3a mamepuanu om 0.95 mol% BaTiO;+0.05 mol%
SnO,, cneuenu npu memnepamypa 1250°C 3a
epeme 8 h

[Tpu temneparypa 30°C ce Habmo1aBa cia-
00 W3pa3eH MaKCUMyM Ha tgd, KaKTO MpH Ma-
Tepuanute crnedeHu 3a speme 5 h. C yBennua-
BaHE Ha TeMIlepaTrypara ce HaOo/JaBa MOHU-
YKaBaHE HAa CTOMHOCTUTE 3a TaHI'€HCA OT bI'bJa
Ha JHUEJCKTPUYHUTE 3aryou, ¢ HU3KIIOUYEHUE
npu gectota 1 kHz, xpreTo npu temmneparypa
Hag 80°C tgd pssko HapacTtBa. CTOHHOCTHTE
3a TaHreHca OT bI'bja Ha JUEIIEKTPUYHUTE 3a-
ry0u ca MatepuaiuTe crieueHu 3a Bpeme 8 h ca
[I0-HUCKM IIPU CTaiiHa TeMIeparypa B CpaBHE-
HUE C Te3H 3a MaTepUajuTe, CIIEYeHH 3a BpeMe
5h.

3AK/IIOYEHUE

[TonydeHn W W3CIEABAHU ca JUCICKTPHY-
HUTE CBOMCTBA HAa CETHETOKEPMHUYHHU MATEpPHU-
aM OT cuHTe3upaH OapueB TturaHat BaTiOs,
aerupan ¢ 0.05 mol% kanmaen auokcun SnOs.
CToiHOCTUTE HA OTHOCHUTEITHATA AUCIICKTPUY-
Ha MPOHUIIAEMOCT HApacTBaT C YBEJIUYaBaHE
BpPEMETO Ha cn4aHe. MakCHMyMbT B TEMIIC-
paTypHUTE 3aBUCMMOCTH Ha OTHOCHTEIIHATa
JTUCIIEKTPUYHA TTPOHUIIAEMOCT € MPH IT0-BUCO-
Ka TeMmIiepaTrypa 3a MaTepHaluTe, CICUYeHHU 3a
Bpeme 8 h.

C yBennuaBaHe BpEMETO Ha CIHMYaHE ca
MOJTyYEHU ITO-BUCOKH CTOMHOCTH 33 TaHTEHCa
OT BI'bJIa MPHU TEMIEpPaTypu OIM3KU A0 CTaii-
Hata. XOIbT Ha U3MEHEHHETO Ha tgod 3a W3-
ClIeIBAaHUTE MaTepUalH € €JHAKbB U 3a JIBETE
BpeMeHa Ha CITUYaHe.
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PASPABOTBAHE HA TEXHUYECKO PEHIEHHUE 3A
EKCIIEPUMEHTAJIHU U3CJIEABAHUA U ITPOBEPKA HA METO/IUTE
3A AHAJIM3 HA JTUHAMMWYHU PEXKUMMU B I'PAJICKU EJIEKTPUYECKHA
TPAHCIIOPT

Huxounaii be:xkanos
Texnuuecku ynusepcumem - Bapna, kameopa ,, Exekmpocraboseane u enekmpoobdsagexcoane”

DEVELOPMENT OF TECHNICAL SOLUTION FOR EXPERIMENTAL
RESEARCH AND VERIFICATION OF METHODS FOR ANALYZING OF
DYNAMIC MODES IN URBAN ELECTRIC TRANSPORT

Nikolay Bezhanov
Technical University of Varna, Department of Electric Power Supply and Equipment

Abstract

The paper presents development of scaled laboratory physical models for simulation of different regime conditions,
representing the processes in real electric power supply systems for electric transport. For performing of these
experiments is necessary to design and construct physical models of electric power supply systems and electrical
equipment, which correspond to modern regenerative electric drives in electric transport. In results the study presents
project of scaled laboratory model for simulation of the processes between two electric transport vehicles, connected to
common electric feeder.

Keywords: urban electric transport, energy planning, recuperation energy in electric transport, trolleybus transport.

BBBEJAEHUE pEeKyNepaTUBHH  €JIeKTpoo03aBeX1aHUs B

BHenpsiBaHeTO Ha HOBU MTOKOJICHUS TPOJICH-
Oycu, TpUTEX aBalld CUJIOBU EJIECKTPOHHHU
npeoOpaszyBaTeny ¢ Bb3MOXHOCTH 32 OChIIEC-
TBABAaHE Ha PEKYIIEPATUBHU PEXUMHU, IIPEIOII-
penens HaTMYMeTO Ha HOBU PEKUMHU CHCTOS-
HUA B eJ'IeKTpOCHa6)II/ITeJ'IHI/ITe CUCTEMHU C IOU-
HaMUYeH XapakTep. ToBa H3HCKBa YCHBBP-
[IICHCTBAaHE HAa METOJUTE 32 aHAJIHM3 Ha PEXKH-
MHUTE Ha eNeKTpornoTpedienue. 3a 1enTa € He-
00XOAMMO CBH3JAaBAaHETO Ha MamadupaHu
(bu3MYeCKn MOJENH, Ype3 KOUTO Iie Obae u3-
BbplHIBaHa CUMYJIallUA Ha pa3jindHu pEeKUMHU
CBhCTOSIHUS, TPECh3JaBalld MPOILECUTE, MPO-
THYAIA B PEATHUTE CHCTEMHU. 32 OCHINECTBS-
BaHE HA TE3U CKCIEPUMEHTH € HEOOXOAUMO
pa3paboTBaHeTO Ha (U3WYECKH MOJCIH Ha
€JIIEKTPOCHAOUTEIHN CUCTEMH W (PU3NYECKU
MOZACIIM Ha CJICKTPHUYCCKU 3aJIBUKBAHUA, Cb-
OTBETCTBAIlM HAa H3MOJI3BAHUTE CHBPEMEHHU

€JIEKTPUYECKUS TPAHCIIOPT.

MeTtononoruara Ha TaKbB TUII U3CIIEBAHE
LI€IM YCTaHOBSIBAHETO Ha B3aMMOBPB3KH U KO-
JMYECTBEHA OLEHKA 3a DPEKUMH, IMHAMUKA,
XapakTep Ha HATOBApBAaHETO, PEKUMHU Ha He-
aKTUBHHUTE MOIIHOCTH U 3aryOM Ipenu3BH-
KaHU OT HAJIMYHUETO M.

OIIUCAHUE HA ITPOBJIEMA

A. O6mia yacr.

3a U3BBHPIIBAHE HA M3CIIEBAHUATA € ChCTA-
BEHA METOJIUKA, KOSTO BKITFOUBA:
- Jlepunampane Ha peKUMHO CHCTOSIHHE, KOETO
me ObJe M3CIIeBAHO U CHOTBETCTBUE CIPSIMO
peaiieH 00eKT;
- [IpeBapuTeHa OIEHKA 3a CTENEHTA Ha B3a-
MMHO BJIMSIHUE Ha pa3NUYHATE (HaKTOPH;
- M30op m ompexaensHe NPOABHKHTEITHOCTTA
Ha Pa3IMYHUTE PEKUMHU IO OTHOIIECHUE Xa-
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pakTepa Ha HATOBAPBAHETO — KOHCYMallusl, Te-
Hepalus, HEaKTHBHU MOIIIHOCTH, XapMOHUYCH
ChCTaB;

- M300p Ha HMBO M HAYWH Ha BB3JICHCTBHE
BBPXY pa3nu4HuTe (hakTopu.

b. Pa3paGoTBane Ha (hpu3nuecKku MoJel.

3a 7ga oTroBaps Ha IIOCTaBEHHUTE 33/1a4H,
MamadbupaHuaT (GU3NYECKH MOJEN TpsOBa na
CHUMYyJIMpa Ha PEATHUTE PEKUMHH CHCTOSHHS
IIpU ABMKEHUETO Ha TpoJieiibycuTe N3BbpIIBa-
110 C€ IO OTpeJIeNICH MapuIpyT, 10 KOWTO mpe-
BO3HOTO CpPEICTBO H3BBPIIBA MOTETIISTHHUS,
JBWIKCHUS M COMPAHMUS 32 BCAKA €1HA OT CIHP-
KHTE.

[Tpu nBwxeHHETO Ha TposeiiOycuTe Morat
na ce AeuHUpAT CICIHUTE TPH PEKUMA!

- YCKOpEHHE IPH MOTETIISHE;

- PaBHOMCPHO ABHKXCHUC (I/IJ'II/I HHCPLUUOHHO
JIBIDKEHUE C TMOJJIbp)KaHe Ha IOCTOSHHA
CKOPOCT);

- CIHpaHe.

Caen nepunupane pesxumurTe Ha padora
ce opopMSAT A1Be OCHOBHM XHIIOTE3M (ue.l):

Xunomesa 1. JIB>keHuEe Ha €IHO €JIEKTpPHU-
yecko TpancrnoptHo cpenctBo (ETC) B cer-
MEHT OT KOHTaKTHaTa €JIEKTPOCHAO MTEIIHATA
CHCTEMA.

Xunomesa 2. JIBy>keHrEe Ha TIOBEYE OT €IHO
ETC (rpyna) B cerMeHT OT KOHTAKTHATa €JeK-
TpocHaOAMTENHATA CUCTEMA.

Xunomesa 1

Heuoicenue na eono ETC 6 ceemenm om
KOHMAKmMHama enekmpocHadoumenrHama cuc-
mema.

Pab6ora Ha eqHo ETC ce chcTon OT 4ecTo-
TEH PEryJaTop U PeKyNepaTUBHO YCTPOMHCTBO.
B HavaneH pexum Ha ,,yCKOpEHHE MpH MOTer-
naHe ETC me xoHcymHpa elneKTpOeHEprus,
IpHU ,,paBHOMEPHO JBUXKEHHE (MU HHEPLHU-
OHHO JIBUXKEHHUE), U C€ OYaKBa Jia ce Halroa-
BaT U JIBaTa pexuma KOHCyMallus/TeHepalus,
IIOpajy NOJAbPKAHETO HA PABHOMEPHATA CKO-
pOCT mpe3 MbTHUA y4acThK. B mpouec ,,cnupa-
He* 11le ce OTAaBa peKylepupaHara eHEprus B
3axpaHBalllaTa Mpexa.

AC10kV 4 AC 10KV
[ A A
THC | PN THC 2 J
A A
Ceamenm 1 Ceamenm 2 DC o650V

ﬁ%ﬂ%

Duz 1. Ocnosnu xunomesu.

[Ipu xunoresa 1, 1BymOCOYHUST IPEHOC HA
MOILIHOCT 3aBUCHU TJIABHO OT HATOBApPBAHETO,
BPEMETO U CKOPOCTTa HA IPEBO3HOTO CpPEJC-
TBO.

Xunomesa 2

euoicenue na noseue om eono ETC (epyna)
8 ce2MeHm Om KOHMAKMHAMA eneKmpocHao-
oumenHama cucmema.

Bwnpocu cBbp3aHH C BEpOSITHOCTHO-CTa-
TUCTUYECKH XapaKTep Ha peXXUMHUTE Ha paboTa
OT XHIrore3a 2:

1. TI'pynara ETC ca ¢ paznuunHu pexxumu
Ha pa0oTa, KaTo €AUHUSAT KOHCYMHpaA, a JIpy-
rust pekynepupa (ETC ce nBuxar B mpoTH-
BOTIOJIOKHA ITOCOKA MJTM UMAT pa3jifKa B Ieor-
padckuTe 0COOCHOCTH Ha HACETICHOTO MSICTO);

2. TI'pymara ETC ca emHoBpeMeHHO B pe-
KHUM KOHCYMalus;

3. TI'pynara ETC ca enHoBpeMEeHHO B pe-
KHUM peKymneparus.

Du3pyeckuIT MOJIET J1aBa BB3MOXKHOCT 3a
peanu3upaHe eKCIepUMEHTATHU H3CIIeABAHUS
1 aHanu3 npu padota Ha nosede ot enqHo ETC
B JlaJIeH CETMEHT OT KOHTaKTHaTa Mpexa, Kb-
JIETO Il MOTaT Ja ce MpaBAT KOMOWHAIMU OT
Pa3IMYHUTE PEeXUMHU Ha paboTa ¢ MaKCHMaJlHa
KOPEKTHOCT B TVIAHMPAHETO Ha JIBaTa peXUMa
KOHCyMalus/ reHepanus Opu JAWHAMHYEH Xa-
pakTep Ha eNeKTPOnoTpeOiIeHne U B YCJIOBU-
ATa Ha JBYMOCOYEH MPEHOC Ha MOITHOCT.

B crotBercTBUE C AepUHUpAHUTE PEIKUMH
ca 0()OPMEHHU XUITOTE3U U BBIIPOCH 3a Ch3/a-
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BaHETO Ha MamadbupaH (QU3MUECKH MOJAET Ha
eNIEMEHTH OT €JIEKTPOCHAOIUTEIHN CUCTEMH B
naboparopau ycnosus. Ilo To3u HauuH mpo-
BE)XJAHETO Ha TAKHB THUIl €KCIICPUMEHT C /-
HAaMHYEH XapakTep Ha eJeKTponoTpedieHne u
B YCJIOBHATA HA JIBYIIOCOYCH MPEHOC Ha MOII-
HOCT B €JIEKTPOCHAOIUTEIHU CUCTEMHU € OCh-
mecTBUMO. M3cienBaHusATa IE aKIEHTHpAT
BBPXY ONHMCAHUETO HA AUHAMUYHUTE PEKUMHU
IpU TPOMSHA IMOCOKaTa, XapakTepa Ha HaTo-
BapBaHETO U aHalIM3a B KPaTKU BPEMEBU HH-
TEpBAJIH.

PA3BPABOTBAHE HA ®U3NYECKU
MOJEJI 3A ITPAKTHUYECKA
CUMYVYJIAIIUA U ITPOBEPKA HA
METOIMTE 3A AHAJIN3

W3scnenoBarenckus 1a00paTOPEH CTEHI IIIe
ObJe m3rpajsieH B naboparopra 3ama 101 kpm
Enextporexuuuecku Qaxynrer (ED) na Tex-
HUYECKH YHMBEPCUTET - BapHa.

W3riien B Maimad Ha MPOCKTUPAHUS CTEH]T ©
noka3aH Ha @urypa 2.

Maxemvm ce cocmou om mpu KOMNOHEHMA:

- IlynT 3a ynpaBnenue (Tabio ¢ komyTa-
[IMOHHATA anapaTypa U MECTHO yIpaBIICHHE);

- MammnHO oTAeneHue;

- Jlucneuepcku myaT (IUCTAHIIMOHHO
yIpaBjieHHe, OChIeCTBeHO ocpeactsom LAN
BPB3Ka).

C ormen mocTuraHe Ha W3HUCKBAaHUATA 32
0€30IacHOCT € MpPEABHUJCHO MOCTABSIHETO Ha
METAITHU MPEXKECTH OTPAKICHUS C OTBOP 4MM,
Kamo msixXHama MEemaiHa KOHCMpYKYUst € 3a3eMeHd.

o0 o0
e e
@ ®

Que. 2. Paznonodcenue Ha U3C1e008amenckus
nabopamoper cmeHo.

IIyaTsT 32 ynpaBjeHHe PEACTABIISBA Me-
TaJHO TabJIo, B KOETO € Pa3MojIoKeHa KOMyTa-
LMOHHO - 3alllUTHA amaparypa, Heo0xoauma
3a YIpaBJIEHUETO Ha MaKeTa, a Ha JINLIEBUs Ma-
HEJI ca pasMoJIOKEHH OYTOHHTE 3a MECTHO
yIpaBiieHUE, CBETIIMHHATA UHAUKAIIHS 32 ChC-
TOSSHHETO Ha MAIIMHUTE U H3MEpBATCIHHUTE
puoOpH.

3a M3MBJIHEHUETO Ha CHENM(PUYHH H3HCK-
BaHUs KbM (pU3MUeCcKH Mojiel, € u3bpaHa cuc-
temara ,Altivar Machine ATV320” mna
Schneider Electric.

Mammabupanuar ¢uzndecku Monen € 00o-
pyaBaH ¢ aBa Tpuda3zHu Kape3Hu aCHHXPOHHU
nBurareist ¢ MorHocT 5.5 kW, 3anBukBaHu ot
yectoTHu perynatopu ATV  320U55N4B
55kW u emHO peKynepaTHBHO YCTPOMCTBO
ATV RD15N4 15kW (®wurypa 3.).

Quez. 3. Yecmomen pezynamop u
peKkynepamuger 610K

CusoBata ¥ MOHT@XHa CXeMa € IOoKa3aHa
Ha (Durypa 4 u durypa 5).

LIL2 L3

1|35
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AC Motor AC Motor

5.5KW 400V 5.5KW 400V
50Hz M 50Hz M
3000 min~ \_ 3000 fmin \_ "

@uzypa 4. Cunosa cxema Ha 1abopamophus

cmeHo
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@Duz. 5. Moumasicna cxema Ha 1a60pamopHus
cmeno

MamuHHOTO OT/IeJIeHHe C€ CbCTOM OT JBa
Tpuda3HU aCHHXPOHHU JBUTATENSI ¢ MOIHOCT
5.5kW, xyrmmpanu ¢ aBa Oposi MaXxOBHKa, YH-
ATO POJIS € J1a 3amas3siT ¥ CUMYJIUpPAT MHEPIH-
OHHMSI MOMEHT HE0OXoauM 3a (popmupaHuTe
NN ¥ 3a/1a9H.

Jlucneuepcku nyaim

Komynukanuonnusar kanan RJ45, mo3so-
nsBa komyHukauus Ha ATV320 cbc chpBBp
unu  KommioThpHa cucrema. CodryepHara
nporpama SOMOVe ciyxu 3a HacTpoWKa W
KOH(UTypHpaHe Ha YCTPOMNCTBa 3a YIpaBiie-
HUE Ha eJeKTPOJBUTATEINTE, KOETO JaBa Bb3-
MOJKHOCT 3a TMPEIBAPUTEIIHO BHBEXKJAHE CIie-
HapHUH Ha BpeMeBaTa U 4YecTOTHaTa 00JIacTH 1Mo
OTHOIIICHHUE ONMCAaHHUE PEeKUMHUTE Ha EIEKTPO-
noTpebiieHne, U OIIeHKa MPUII0KUMOCTTA UM B
YCIIOBHSTA Ha JIBYIIOCOYEH NPEHOC Ha MOMI-
HOCT C OMKCBAHETO HAa TUHAMUYHHUTE PEKUMU
IpH MPOMSHA MMOCOKaTa, XapakTepa Ha HaTo-
BapBAaHETO, E€HEPTeTUYHOTO BBH3JICHCTBUE HAa
TOBapa M aHajM3a Ha HEAKTUBHUTE MOIIHOCTH.
Codryepuust npoxnykr Eco - Struxure, npezc-
taBmsiBa SCADA cucrema OT HOBO TOKOJIe-
HUE, TOCPEJCTBOM KOSITO c€ ChbOMpaT U BHU3ya-
JU3WpaT JaHHWTE Ha MAalIMHUTE B PEaTHO
BpeMe, TMOJIyuyaBaT ce YBEAOMJICHHS MPH OTK-
pUBaHE Ha AHOMAJIUHU B CHOPBHKCHUATA, TIpe-
OYMpEeKIeHUE WM JIOTHYeCKa KOMOWHAIIHS.
Upes Hest ce ch3aBaT W yIpaBJsiBaT yCTPOIic-
TBa, JO0ABAT U KOH(PHUTYpUPAT T'bBKABH W3-
IIBJIHUMH MOJIYJTH 32 KJTFOUOBH ITOKA3aTelu 3a
epextuBHocTTa (KPI), BkmtounTenHo oobma
e(eKTUBHOCT Ha 00OPYyABaHETO, KOHCYMAIIHs

Ha EHeprusi, MPOU3BOAUTEIIHOCT HA Mallu-
HUTE, Bb3MOKHOCT 3a yIpaBiisiBaHe Oa3upaHu
Ha BpeME 3a7aud MO0 NOJAPBXKKA Ha JaJieHa
MalllHA U APYTH.

EKCIIEPUMEHTAJIHA
N3CJIEJABAHUSA

Cp3paneHusaT mamabupaH (U3MYECKH MO-
JIeTl, Ype3 KOUTo e ObJe U3BbpIIBaHa (husu-
YyecKa CUMYyJIalsl Ha pa3iIMyHU PEXUMHHU ChC-
TOSIHMSI, UMa 32 11eJ1 J1a IOTBBP/IU HAlIpaBEHUTE
Yype3 M3YUCIMTENEH MOAXOJ B IPEIXOAHU
noknanu [2,3,4] aHaau3u Ha BB3MOKHOCTHUTE
32 GHEepPruiiHO IUIAHUpPAHE B €JIEKTPOCHAOM-
TEJIHUTE CUCTEMHU Ha IPaJICKUsl EJIEKTPUYECKU
TpaHCHOPT. 3a ILenTa TaOJIMYHUTE YMCICHU
CTOMHOCTH, IIOJYyYE€HU OT H3CIEBaHUATA,
TpsiOBa 1a ObJIaT npeoOpa3yBaHU BbB BUJ OT-
roBapsil Hy)KIUTe 32 paboTa Ha MakeTa.

IIpunoskenne Ha MeTOAUKA 32 MPOTHO3U-
paHe Ha eJIeKTponoTped/ieHHETO Ha TPo-
JIeHOYCHUSI TPAHCTIOPT

W3cnenBanusar oOeKT ca TposeidOycHUTe
nuHuM Ha ['paacku Tpancnopr rp. BapHa, cbe-
Tosll ce oT yetupu JIUHUU: No82, Ne83, No86 u
Ne88. 3a Bcska enHa JIMHHS € HAPAaBEHO pa3-
OMBaHEe IO y4yacTbLH, KaTO ca M3YUCIEHHU IO-
Ka3aTeJuTe 3a TPUTE Pa3IuuyHU PEXUMA.

[lopanu ronemuss o0eM Ha JaHHWUTE B Ha-
CTOAIIMS AOKJaA e ObJe MpeicTaBeHa U3Ba/l-
Ka 3a egHa OT JIMHUHUTEe — JIUHUA Ne®3. M3umnc-
JICHUSITA 3a APYTrUTe JIMHUU ca aHAJIOTMYHU. B
Tabmuua 1 ca nmoka3aHu BXOAHWUTE JaHHU, HE-
00XOIMMU 3a M3YHUCIISIBAHE Ha MaplipyTa Jiu-
Hug Ne83 ¢ oTunTaHe CTOMHOCTHTE Ha Haj-
MOpCKaTa BHUCOYMHA M W3MHHATOTO Pa3CTOf-
HHe Ha TpoJieiibyca oT cBeTodap 10 cBeTodap,
OT cBeTodap 10 CIUpKa U OT CIUPKA JI0 CBETO-
bap.

JInnusa Ne83

JIunusATa cBbp3Ba KB. BB3paxnane c xK.II.
rapa u e ¢ obma JbpDkuHa Ha Tpacero L=8.4
km., kaTo ce xapakrepusupa ChC CIyCKaHe OT
114 m ngo 2 m HaaMmopcka BHco4yMHaA. Map-
mpyThT € BusyanusupaH Ha QPurypa 6. Ilo
MPOTEXKEHHE Ha MaplipyTa ca pPas3MoJO0KEeHU
16 aBTOOYCHU CIIMPKH.

ITo mokazanara meromuka [3, 4] u ¢ mo-
MolTa Ha CO(TYyepHOTO MPHUIOXKEHHE B
MathCAD ce u3BbpiBa U3UMCICHUE HA JBU-
KEHHETO Ha Tpojeldyc B JBeTe MOCOKH Ha
MapIipyTa.
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Due. 6. Mapwpym Jlunus 83

Bapné

P

rpuiKaTa Mi

TpaceTo ce xapakTepu3upa ¢ rojasima JeHHU-
BeJaIUsl MEX/1y HavyajlHaTa U KpailHaTa TOYKa,
KOETO Tpenonpeseliss HAININETO Ha 3HAYUMU
Pa3IUKU B €JIEKTPONOTPEOICHUETO.

3a HyXaAuTe Ha MamabupaHus (PU3NIECKU
MakeT, BXOJIHUTE JJaHHU TpsOBa 1a Obaar 00-
paboTeHN © TmpeacTaBeHW 1o Qopmara Ha
BpEMEHa, ChOTBETCTBAIIIM HAa TPUTE PEKUMa Ha
pabora. B Tabnuma 2 ca mpeacTtaBeHH Bpeme-
BUTE CTOMHOCTU B JIeOUHUPAHUTE PEKUMHU Ha
Jlunus Ne83 (mpu cmyckaHe) OT TpaJICKus
€JIEKTPUYECKHU TPaHCIOPT BbB rp.BapHa.

t=t

+ tMove + 1:Brake (1)

Acc

Kvnero:

t- BpeMeTo 3a u3MHHaBaHE HA OTCEUKATa,

t_Acc- BpemMeTO 3a yCKOpEHHE IMpH IMOTer-
JISHE,

t_Move- BpemMeTO 3a paBHOMEPHO IABHXKE-
HUE (WU WHEPIUOHHO JBMXEHHUE C TMOIIbpP-
JKaHe Ha TIOCTOSIHHA CKOPOCT);

t Brake- BpemeTo 3a cnupane (pekymepa-

Tabn. 1 THUBHO CITHpaHe).

Ne | Beg[m] | End[m] | Length[m] | V [km/h]
1 114 112 600 40 Tatn. 2
2 112 113 60 40 JIunusg 83 (cmyckaHe)
3 113 117 380 40 t t_Acc t_Move t_Brake
4| 117 114 150 40 1 | 76222 | 22222 | 31.778 22.222
5 114 113 200 40 2 | 27622 | 22222 | -16.822 22.222
6 113 117 130 40 3 | 56422 | 22222 11.978 22.222
7 117 122 150 40 4 35.722 22.222 -8.722 22.222
8] 122 | 130 | 480 40 & 5s0s [ 2300 | oses | 3923
190 ﬁg iég izg jg 7 | 35722 | 22222 8.722 22.222

8 | 65422 | 22222 | 20978 22.222
11] 108 100 60 40 9 | 57322 | 22222 | 12878 22.222
12| 100 68 600 40 10 | 34822 | 22222 9.622 22.222
13 68 65 200 40 11 | 27.622 22.222 -16.822 22.222
14| 65 57 300 40 12 | 76222 | 22222 | 31.778 22.222
15| 57 55 200 40 13 | 40222 | 22222 4222 22.222
16| 55 50 400 20 14 | 49222 | 22222 4778 22.222
171 50 50 200 20 15 | 40222 | 22222 4222 22.222
18] 50 | 58 200 40 090 | ssem | azsn | 35as
;g :g gg 288 jg 18 | 40222 | 22222 4222 22.222

19 | 49222 | 22222 4778 22.222
21] 59 49 100 40 20 | 40222 | 22222 | -4.222 22.222
2] 49 44 400 40 21 | 31222 | 22222 | -13.222 22.222
23 44 37 400 40 22 | 58.222 22.222 13.778 22.222
24| 37 34 450 40 23 | 58222 | 22222 13.778 22222
25| 34 31 150 40 24 | 62722 | 22222 18.278 22.222
26| 31 2% 300 40 25 | 35.722 | 22222 8.722 22.222
A 20 100 20 26 | 49222 | 22222 4778 22.222
8 20 > 500 20 27 | 31222 | 22222 | -13.222 22.222
29 5 5 500 20 28 | 76.222 | 22222 | 31.778 22.222

29 | 76.222 | 22222 | 31.778 22.222
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tMOVE

tAC tBra ke

t t t-

@Due. 7. UsmeHnenue Ha epememo npu Haiudue Ha
mpume pexcuma Ha paboma.

AN

cc \tBrake LRI
N\

t, t

@uez. 8. Hzmenenue na pememo npu Haiuyue Ha
0ea pexcuma Ha paboma.

Kakro ce 3abens3Ba or mannurte, t_Move
MOJE J]a IPOMEHs 3Haka cu. OTpuULaTeTHUTE
CTOMHOCTH C€ IBJDKAT Ha IbJDKMHATA HA MbT-
HuAT ydacTbk (ETC HsimMa nocraThuHO Bpeme
Jla YCKOpHU JI0 3a/lafieHaTa CKOPOCT U peclek-
tuBHO cripe ) (Purypa 7 u @urypa 8). [lopaan
Ta3W MPUYHHA TPU 33/1aBaHETO HA BXOJHUTE
napaMeTpu Ha (U3UYECKUAT MOJEN, BCHUKU
OTpUIIATENTHU CTOMHOCTH IIe OBJAT MPUETH 3a
0 (ussma t_Move), a t_Acc u t_Brake mie 0baar
MPOTMOPILIMOHAIIHO PA3MpeeieHn B 3aBHUCHU-
MocT ot t.

3AK/IIOYEHUE

Pa3paboTeHO € TEXHMYECKO pelIeHue 3a
IpaKTUYeCKa CUMYJAIMs Ha eJleKTpocHaOau-
TEJIHW CHUCTEMH C JIBYIIOCOYEH IIPEHOC Ha
MOIIHOCT C JUHAMHWYEH XapakTep, Bb3IPOU3-
BCXKOaIl0 PEXKUMHHUTE CHBCTOAHHA B CETMCHT
OT KOHTAKTHAaTa Mpexka, B KOUTO MMaMe JBU-
*KeHue Ha JBa Tposeidyca. [lo To3u HaumH e
Bb3MOKHA (U3MYECKa CHUMYyJalus Ha Bb3-
MOXHUTE KOM6I/IHaHI/H/I OT PCKUMHH CBCTOS-
HUS — TBPBH TPOJIEHOYC TMOTErJs, BTOPHU
Cliipa; W JBaTra IMOTCTJIAT, W JABaTa CIUpar,
JiBaTa ca B JIBUKEHHUE IIPH Pa3IM4HO HAaTOBap-
BaHEC U T.H. CI/IMy.TIaHI/ISITa IIO3BOJIsIBA NIPpHUAO-

OmBaHe Ha peajHa OIICHKA 3a XapakTepa u
CTOMHOCTTa Ha IeHepupaHara peKylrepaThuBHA
EHeprusi Mpu CHUPAHE TPHU Pa3IMYHUTE pe-
KUMHHU cbCTOsiHUS. Pa3paboTeHOoTO TeXHU-
YECKO pEIICHUE € MPUIIOKUMO 332 HAYYHOU3C-
JeloBaTeNICKa U yueOHa JIEHHOCTH.
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ITPOEKTUPAHE U PASPABOTBAHE HA TABOPATOPEH MO/IEJI HA
CUHYCOMJAJIEH UHBEPTOP 3A KOHCYMATOPH
C MAJIKA MOIIIHOCT

Xpucro I/IﬁpI/IHII/IMOBl
! Texnuuecku yHusepcumem-I abpoo

DESIGN AND DEVELOPMENT OF A LABORATORY MODEL OF A PURE
SINE WAVE INVERTER FOR POWER SUPPLY
OF LOW POWER CONSUMERS

Hristo Ibrishimov!
! Technical University of Gabrovo

Abstract

This paper presents a laboratory model for the study of a sinusoidal inverter. The model is designed to train
students with bachelor's and master's degrees at the Technical University of Gabrovo. The developed model is based on
the board EGS002-control system and drivers for a single-phase sine wave inverter with low power and overload
current protection. Experimental results of the realized single-phase sine wave inverter are presented.

Keywords: Pure Sine Wave Inverter, SPWM, Photovoltaic.

BBBEJIEHUME

[Ipon3BOCTBOTO Ha €HEprusi NOCPEACTBOM
Bb300HOBSIEMH M3TOYHMIM 3aeMa BCe IO MIM-
pOK Asu1  OT oOOHIOTO TNPOM3BOACTBO Ha
€JIEKTPO-CHEPTUs. YBEINYCHUETO Ha JIeNa UM
€ CBBbpP3aHO U C YBEIMYaBaHE HA M3MCKBAHUATA
3a omasBaHe Ha okosHata cpenall,3].

B nocnennute roauHu (QoToBoaTaMLIUTE
(PV) ce mpeBbpHaxa B Hali-eBTUHUS U3TOYHHUK
Ha €HEprusi B PETMOHM C TOJIAM CIIbHYEB I10-
teHuuain. [Ipe3 2000 r. B TY-I"abpoBo e usrpa-
JileHa aBTOHOMHa (OTOBOJITAMYHA CHCTEMA C
o01mma uHcTanupana momHoct 360 Wp. ABTo-
HOMHaTa (OTOBOJTaMYHA CHCTEMA C€ CHhCTOU
OT CIIEJIHUTE KOMIOHEHTH: (POTO-BOITAUYHU
MOJYJIM M MEXaHWYHA KOHCTPYKLHS, COJapeH
KOHTpOJIep, aKyMyJaTOpHU Oarepuu U Tabdio
3a yrpaBJeHHE U U3MEpBaHe.

EdexTuBHOTO M3MOI3BaHE HA €HEPIUsiTa OT
(dboTOBONTAULIMTE U3UCKBA HAJIMYHE HA JIOIBJI-
HUTEJIHA YCTPOWCTBA 3a ChbXPAaHEHHE HA €HEp-

rusTa (aKkymynaTtopu) U IpeoOpaszyBaTesd 3a
OCUTYpsIBaHE Ha MapaMeTpu, ChOTBETCTBALIU
(CMHXpOHU3MpaHU) C JCHCTBUTETHUTE Ha
eJIEKTpUYeCcKaTa Mpeka WM Ha JaJeH KOHCY-
Marop (3aBUCHM / HE3aBUCHM CHHYCOWJA-JICH
UHBEPTOP).

Enun ot Haii-BaxHHTE €leMEHTH Ha (¢o-
TOBOJITAMYHUTE CUCTEMU € MHBepTOopa. OT He-
roBara €(pUKACHOCT U II€Ha 3aBHCH B rojsma
CTENEH pEHTA0MJIHOCTTa Ha WHCTaJalusATa
[2,4].

Ilen Ha HacTOAIMAT AOKJIAL € peanu3upa-
HEeTO Ha Ja0opaTOpeH MakeT Ha He3aBUCHM CH-
HyCOUJaJIeH MHBEPTOp 3a OOydyeHUe Ha CTy-
nentu B Texuuuyecku yHuepcureT ['abpoBo.

HN3JIOKEHUE

brokoBa cxema Ha HE3aBHCHM CHHYCOUZA-
JIEH UHBEPTOp Ha HANpEeXEeHHUE € MpeJICTaBeHa
Ha ¢uwr. 1.
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Akymynat CuoBa cxeM: Tlo ! Tos:
yMyIaTop > J10BA CXeMa Tpancopmarop > oBap

J .

3axpaHsar | Cucremasa
6ok yHpaBlieHHe

OG6parHa Bpb3Ka

A

Y

Biok 3a 3ammrn
M WHIMKALHS

@ue. 1. Broxosa cxema Ha 1abopamopen makem
Ha He3a8UCUM CUHYCOUOANEH UHBEPOP.

OcHoBHHTE 0JIOKOBE KOUTO ChIBpPKA ca:

Cunosa cxema - TPaH3UCTOPEH Mpeodpasy-
BaTeJ Ha HANIPEXKEHUE;

Tosuwasaw mpancgopmamop - BKIIOUYEH B
M3X0/la Ha MpeoOpa3yBaTels 3a OCUTYpsIBAaHE
Ha HalpeXeHHE ChC 3a7a/leHa aMIUINTY/1a;

Cucmema 3a ynpaenenue - U3INON3Ba CE TO-
TOBa CHCTEMa 3a YIpaBJeHHE Ha enHodazeH
HE3aBHCHM CUHYcouiasieH uHBepTop T EGS002.

Ha 6a3ara Ha pa3paboTteHara OJ0KOBa cxe-
Ma € CHHTEe3WpaHa MPUHIMIIHA cXeMa MoKa3a-
Ha Ha ¢ur. 2. CHHYCOMAATHUIT HHBEPTOp €
peanusupaH Mo KJIacuuecka MOCTOBa CXeMa, B
JMaroHaa Ha KOSATO € BKIIIOYEH MOBHIIABA-
must Tpanchopmarop[5-7]. Musepropa ce 3a-
XpaHBa OT aKyMyJaTop, BKJIIOYEH KbM (hoTo-
BOJITan4Ha 1eHTpasa ¢ mourHocT 360 Wp. O06-
XBaTa Ha peryjaupaHe Ha U3XOJHOTO HaIpexe-
Hue e B auamasona oT 110 — 260 V. BoBenena
e oOpaTHa Bpb3Ka MO HaNpeXeHHe MOocpel-
cTBOM MocTOB m3npasuren D5-D8 u R10,R11
u RT2.

BbBeneHa e MakcuMaiaHa TOKOBA 3allUTa,
CHTHaJIa Ce CHEMa MOCPEICTBOM LITYHTOBUS pe-
suctop Ro. IMocpencrBom Tpansuctopa Q5 e
NPEIBUICHO BKJIIOYBAHETO HA BEHTUJIATOP 32
oxjaxnaHe. TemnepaTrypara ce u3MepBa C J0-
I'BJIHUTEITHO BKJIIOUEH TEMIIEpaTypeH CEeH30p
NTC na Bxox 15 Ha cucTemara 3a yrpaBJieHHE.

Cucremara 3a ynpasinenne EGS002 e npaii-
BEpHa IJIaTKa, CIEeHUalIM3UpaHa 3a yIpaBiie-
HUE Ha eqHOo(da3eH CHUHyCOUIaleH HMHBEPTOP.
N3nonszsa ce ASIC EG8010 karo koHTposep u
IR2110S - npaiiBepu 3a ympaBiI€HHETO Ha
MOSFET Ttpansucropure. B cucremara 3a
yIpaBJIeHUE ca WHTErpupaHu (YHKIHUUTE Ha
3amIiTa OT HANpeXeHHe, TOK U TeMIlepaTypa,
OCUTYpsIBaHE Ha ,,MbPTBO BpeMe* Ha TpaH3H-
cTopute, cOPT CTapT, YIpaBICHHUE HA BEHTH-
nmarop u LED nipenynpeaurenHa WHAMKALKS.

EG8010 ce npunara 3a DC-DC-AC nBycre-
MIEHHAa CHCTeMa 3a MpeoOpa3yBaHE Ha MOII-
Hoctra miu DC-AC egHocTenieHHAa HHUCKOYeE-
CTOTHA YECTOTHA TpaHCHOpMaTOpHA CHCTEMa
3a MHBEpTHUpaHe Ha HampexeHueto. [locpen-
cTtBOoM m3noisBadeTo Ha EGE010 moxke ma ce
nocturue u3xoaHa uecrora 50 / 60Hz ¢ Buco-
Ka TOYHOCT, HUIChK XapMOHHYEH ChCTaB Ha TO-
Ka U HaIllpeXEHUETO U HUCKU HUBA U3KPUBSIBA-
He Ha ¢opMarTa Ha U3XOHATA CHHYCOHU/IA.

OcHOBHHUTE BB3MOXKHOCTH Ha CHCTEMAaTta 3a
VIOpaBICHUE W TEXHUAT H300p IOCPEICTBOM
JDKBMITEPH € TIpe/icTaBeH B Tabmuma 1.

Tabnuya 1. Onucanue na 6X00HO U3XOOHUME
Nnopmose Ha CUCMeMAMa 3a YRpasienue.

Ne | Mme 1/0 Onucanue

1 IFB I ToxoBa 3amura.

2 | GND |GND | Maca.

3 1LO e} JleceH MOCT HHCKa CTpaHa.

4 | GND |GND | Maca.

5 Vs1 o JleceH MOCT BHCOKa CTpaHa,
3axpaHBall0 HapEe)KEHHUE.

6 1HO 0 JleceH MOCT BHCOKa CTpaHa.

7 | GND |GND | Maca.

8 L0 e} JIsB MOCT HHUCKaA cTpaHa.

9 VS2 o JIaB MocT BUCOKa CTpaHa,
3axpaHBallO HAIPEKECHHUE.

10 2HO 0 JIsaB MOCT BUCOKA CTpaHa.

11| GND | GND | Maca.

12 12 12 | 3axpaHBallO HaIpeXEeHHE

13| GND | GND | Maca.

14 5 5 5 V onepaTHBHO HaIlpeXEHHUE.
OO6paTHa Bpb3Ka Ha

15 VFB : U3XOIHOTO HaIpeXEHHUE.
TemneparypHa oOpaTHa

16 TFB | BPB3Ka.

17 | FANCTR (0] VYnpapiieHue Ha BEHTUIATOPA.

*Usxoxn 3a LCD nucruieit

*1 5V 5V | 5V 3axpanBane vHa LCD
JUCILIEH.

*2 GND GND | Maca.

*3 | LCDDI 1/0 | LCD Serial Data.

*4 | LCDCLK | O | LCD Serial Clock.

*5 | LCDEN O LCD Chip Select.

*6 LED+ S5V | 5V 3zaxpanBane Ha LED
IOJICBETKA.

*7 LED- GND | Maca.
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Kondurypanusra Ha JpKbMIEPUTE € CIICAHATA!

- JP1 —mu3xo0mna gyecrora 60 Hz;

- JP5- u3xomua yecrora 50 Hz;

- JP2- mex cTapr;

- JP6- m3kirouBaHe HA MEKHUS CTapT;

- JP7 u JP8 — mbpTBO Bpeme 300 ns;

- JP3 u JP8 — mupTBO Bpeme 500 ns;

- JP4 u JP7 — mbpTBO Bpeme 1.0 us;

- JP3 u JP4 — mbpTBO Bpeme 1.5 US;

- JP9 —BKIiIIO4YEeHa/ M3KIIIOYEHA TTOICBETKA,
HeoOxomuMuTe NaHHM 32 HW3YMCIICHUE HA

W3XOJHUS TpaHcPopMaTop ca : IbPBUYHO Ha-

npexxenue 12 V, U3xoano Hanpexenue 230 V,

gecrota 50 Hz, momuoct 180 VA. B tabnuma

2 ca MpeJCTaBeHH M3YMCIICHUTE IMapaMeTpy Ha

W3XOJIHUS TpaHCcHOpMATOp O METOIUKA MPEJI-

craBena B [T Petrov].

Tabnuya 2. H3yucnenue napamempu Ha
U3XOOHUSL MPaAHCHOPMamop.

Tok B mppBUYHATa HAMOTKa |3, A 17,54
bpoii HaBuBKM Ha  mbpBUYHaTa | 19
HaMOTKa W,

bpoit HaBuBKM Ha  BTOpmYHaTa | 721
HaMOTKa W,

CeueHue Ha SAPOTO Scp, cm’ 13,23

Hluamersp Ha  mpoBOmHWKAa  Ha | 2,5
ObpPBUYHATA HAMOTKA U, mm?
Hduamersp Ha  mpoBogumka  Ha | 0,42
BTOPHYHATA HAMOTKA O, MM®
Tok Ha mpaseH xon |, A 0,97
IIperpsiBane Q, K 72,7

Ha ¢ur. 4 e npeacraBeH MycKoBHs Mpolec
Ha uHBepTopa ¢ Mek crapt, 300 ms. Ha ¢ur.5
€ TMPEeICTaBeHO M3XOJHOTO HAIpEeXeHHe MNpHU
Mpa3eH XOJ Ha CUHYCOWJAIHUS HHBEPTOD,
epeKTHUBHATa CTOWHOCT Ha HANpPEXKEHUETO €
232 V.

CUHYCOUOANEeH UHBEPMOP.

Ha ¢wur. 6 e npencrtaBeHo HaNpeXEHUETO B
u3xona npu toBap 60 W mosiaHUK C perynu-
pyema Temmnepatrypa. [lopanu cumucTOpHUS
peryiarop Ha TeMIleparypa B HOSJIHUKA, B U3-
XOJTHOTO HampexeHHe UMa HaIuYue Ha XapMo-
HHWYHHU CBbCTaBAIIHU.

Due. 6. H3x00H0 Hanpedsicenue npu mosap
CUMUCTOPEH pe2yramop.

Ha ¢ur.7 ca npeacraBeHn U HampeKeHHUETO
B M3X0/Ia HA UHBEPTOpPA MPHU TOBAP 3aPSIHO 32
manron 120 W.
STORAGE
Storage

forms

Waveform

s, ) EE.
|

\

\V

N~

Time 5.800ms U0,

Que. 7. U3xo0Ho Hanpesicenue u mox npu moeap
3apsaono 3a aanmon 120 W.
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Ha ¢ur. 8 e mpencraBeHa ToBapHaTa Xapak-
TEPUCTHKA Ha peaTu3upaHusl 1adopaTopeH Ma-
KET Ha CHHYCOU/IaJICH HHBEPTOP.

TopapHa xapakTepuCTHKa

234
232
230
228
226
224
222
220
218
216
214

u.v

0 0.1 02 03 04 05 0.6 07 08
LA

Due. 8. Tosapra xapaxmepucmuxa.

[Ipu ToBap 0,7 A U3XOAHOTO HANpPEKEHHUE €
216 V, Koeto oTroBapsi Ha MOCTaBEHOTO 3aJ1a-
HHE.

Due. 9. Oowy uzened na 1a60PAMOPHUSL MAKEM HA
CUHYCOUOANEH UHBEPMOP.

Ha ¢ur. 9 e moka3aH roToBUsIT MakeT C eje-
MEHTHUTE KaKTO Clie/iBa:l — TepMHUCTOp 3a TeM-
neparypHara oopaTHa Bpb3Ka; 2 — TOBHIIABAII]
tpanchopmarop 6 V Ha 245 V; 3 — BeHTHIIATO-
pH 3a OXJaxaaHe; 4 — NIYHT 3a U3MEepBaHe Ha
TOKa 3a 3alluTaTa HaCTPOEH OIHUTHO; 5 — KOH-
TaKT TUI LIYKO 32 3aXpaHBaHe Ha KOHCYMaTop;
6 — oxJylamUTeN 3a CHJIOBHTE TPAH3UCTOPH; 7 —
crabunusarop Ha +5 V 3a omepaTuBHO Harmpe-
keHwe; 8 — cuctema 3a ympaBieHwe; 9 —
oOpaTHa Bpb3Ka 110 HAPEIKEHNE

3AK/IIOYEHUE

Pa3paboren e mabopaTopeH MOJeN Ha CHHY-
COUJIAJICH MHBEPTOP 3a 0O0yUYCHHE Ha CTYACHTH
B Texuuuecku ynuepcutet -I"'abposo. N3xox-
HOTO HANpEXEHUE Ce U3MEHS B JOMyCTUMHTE
TPaHUIM C YBEJINYABaHETO HAa TOKA HA TOBapa.
C mpejacraBeHHTE OCIHIOTPaMHU C€ JIOKa3Ba
paboToCIIOCOOHOCTTA HA pa3padOTEHUsI MAKET.
MakeTbT MOE YCIICIIHO J]a ce BHEIPH B 00Y-
YEHUETO Ha CTYJCHTH 3a U3CIIeJBaHEe Ha pabo-
TaTa Ha MHBEPTOPU Ha HAIPEKCHUE.
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N3CJIIEABAHE HA HAKOU TAPAMETPHU HA EJIEKTPOMATHUTHA
CBBMECTUMOCT OT AMMUPYEMU CBETOANOJHHU JAMIIN
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INVESTIGATION OF SOME PARAMETERS OF ELECTROMAGNETIC
COMPATIBILITY FROM DIMMABLE LED BULBS

Tsvyatko Kolev Varbov, Krasimir Marinov lvanov
Technical University of Gabrovo

Abstract

The paper inhere describes a study of various types of dimmable LED bulbs which are attached to the power boards
of the electrical power supplying system. In that relation, the relevant parameters of electromagnetic compatibility are
presented. Graphically there have been presented the current curves in the phase and their harmonic composition. The
performed measurements' results show that electrical lighting loads change the harmonic composition of the current

curve, which results in increased power and energy losses.

Keywords: Electromagnetic compatibility, Harmonics current, dimmable LED bulb.

BBBEJIEHUE

OcgetrneHuero mnpejcTasisiBa okoino 15%
OT THPCEHETO Ha EJIEKTPOCHEPTHUS B CBETOBEH
Mmaiab. [Ipe3 mocneaHuTe roluHN CBETHT Ipe-
KHBSI HOBA PEBOJIIONINS B OCBETUTEIIHATA TEX-
Hojorus ¢ nossara Ha LED mamnu, kouto ce
OCHOBABaT Ha HM3IOJI3BAHETO HA CBETOIWOIHU
(LED). Cseroguognute namnu (LED nmammm)
CTaHaxa JOMUHHUPAIIN Ha Ta3apa Mopaan TeX-
HUTE XapaKTEePUCTHKH, KaTo: eHepruiiHa edek-
THUBHOCT, €KOJIOTOCHOOPAa3HOCT, TUMHPYEMOCT
(mpoMsiHa Ha SIPKOCTTA Ha CBETJIMHATA) U Bb3-
MOHOCT 3a TIPOMsIHA Ha CHEKTHp (M300p Ha
[[BeTHa Temrepatypa) [1, 2].

JlumupyemMuTe JamMmnu I03BOJIABAT Ja ce
YBEIIMYM JIOMBJIHUTEIIHO €HepruiiHata edek-
THUBHOCT ¥ JIa c€ TI0JJ0OpH OCBETEHOCTTa Ha pa-
6otHOTO MsicTo. IlpomsiHa Ha cmekTepa Ha
CBETJIMHATA TMO3BOJISBA IMO-T00Bp BH3YyalleH
KOM$OpPT, KaTo MpoMsHa Ha 0OCTaHOBKaTa OT
TBOpYECKa JI0 MOAXoAdmIa 3a oTaux. [IpoGnem
MIPH JTUMEPYEMOTO OCBETIICHHE €, Y€ JOMBIIHU-
TEJIHO Ce yBeJIMuYaBa ChCTaBa Ha XapMOHUYHH-
TE B TOKA.

['enepupanero Ha AONBIHUTEIHU XapMO-
HUYHU ChCTaBKH, MPEIU3BUKBA JOMTBIHUTEITHI
3ary0u B 3aXpaHBallaTa Mpexa U APYru Hera-
tiBHU sBieHus [3, 4, 5]. Topa 6m morio na
JIOBEJIE M /10 BJIOIIABaHE Ha MapaMeTpUTe Ha
KaueCTBOTO Ha eJIEKTpUYecKaTa €HEeprus u
€JIEKTPOMArHUTHATa ChbBMECTUMOCT, T10/IaBaHa
KbM MOTPEOUTENUTE U A0 MPOOJIEMHU TIPH €KC-
roaranusata uM. Haili-uecto ce 3a0ensa3Ba:
nperpsiBaHe u jnedexTupaHe Ha HYJEBUS MPO-
BOJHHUK Ha KaOeTHH eJIEeKTPOMPOBOAM HHUCKO
HaIpeXeHUe; TOMBJIHUTENIHU 3ary0u B CUJIOBH
TpaHcGopMaTOpy M KOHJEH3aTOpU Ha MHCTa-
JanMyd 32 KOMIIEHCHMpaHE Ha peaKTHBHATa
MOIIIHOCT; YCKOPEHO CTapeeHe Ha M30JalusTa
Ha Kabenu u Apyru.

[MpuHIMIBT Ha paboTa Ha CBETOAMOIHU
JaMIIA € CBBp3aH C MpeoOpa3yBaHE Ha TIPO-
MEHJIMBOTO HAaNpeXeHHEe Ha 3axpaHBallaTa
MpeXa B TIOCTOSHHO C JKeJlaHa CTOMHOCT 3a
CBETOJMOJIUTE Ha JlamImara. 3a HamaJlsiBaHE Ha
TeHEPUPAHETO Ha XapMOHMYHU KbM 3aXpaHBa-
mjaTa Mpexa c€ MOCTaBs JAOMBIHUTEIHO M
enekrpomarauted ¢untep (EMI  duntsp).
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[lpu nmumupyeMuTe CBETOAMOIHH JIAMIH UMa
W JONBIHUTETHO pPEryJIHpaHe Ha TOKa Tpe3
CBETOAMO/INTE.

B EBpomna OCHOBHHAT HOPMAaTHUBEH IOKY-
MEHT, perJIaMeHTHpAIl TPAHUYHUTE CTOMHOCTH
3a M3II'bUBAHUS HA XaPMOHHYHH CHCTABSIIU Ha
TOKa (BXOJICH TOK Ha YCTPOUCTBA/CHOPBKECHHS
10 1 BKIrounTenHo 16 A 3a ¢aza) e EN 61000-
3-2:2014 (IEC 61000-3-2:2014) [6] .

[enta Ha paGoTara e J1a ce M3ClieaABaT Xap-
MOHUYHUTE ,,3aMBPCSIBAHUS" B €ICKTPUYCCKHU-
Te ypenou, MpEeJAU3BUKBAHH OT W3IOJI3BAHETO
Ha JTUMHPYEMH CBETOJMOTHH JIAMITU M CBETO-
JMO/ITHU JIAMITH C TIPOMSIHA Ha CIIEKTHP B OHMTa
Y UHAYCTpHSATA.

N30 KEHHUE

Cernacao crangmapra bJIC EN 61000-3-
2:2014 TexHWYECKHTE CPEACTBA 3a EKCILI0ATa-
1us ce paszensrt Ha 4 kiaca: kiac A; kiac B;
kiac C;knac D.

I'pannvHUTE HOPMHU (CTOMHOCTH) 3@ U3THY-
BaHHUTE XapMOHHYHU CHCTABSIIU HA TOKA, KOU-
TO Morar Jia ObAaT Ch3AaqeHU OT YCTPOUCTBa-
ta kiac C ca pa3JielieHn 32 YCTPOMCTBA ¢ MOIII-
HocT 00 25 W Hag 25 W.

3a yCcTpoiCTBa ¢ aKTUBHA MOIIHOCT IMO-TO-
asma ot 25 W, rpaHUYHUTE HOPMH 32 U3JThY-
BaHHUTE XapPMOHUYHHM CBHCTABSIIM Ha TOKa ca
MoKa3aHu B Tabnmia 1.

3a ycTpoiicTBa ¢ aKTMBHA MOIIHOCT IIO-
Masika oT 25 W, rpaHu4HNTE HOPMH 32 U3THY-
BaHUTE XapMOHHUYHH CBCTaBSIIM Ha TOKa
TpsiOBa J1a ChOTBETCTBAT Ha €IHO OT M3UCKBa-
HUSATA 10 JOTY:

- CTOWHOCTHTE Ha XapMOHUYHUTE ChCTaBSI-
M Ha Toka Ha 1 W He Tpsi6Ba ga mpeBuiaBaT
HOpPMUTE TIOKa3aHU B Tabnwuia 2.

- CTOWHOCTTA Ha TPETH XapMOHHUK H3pPa3cH
B MPOLIEHTH He TpsiOBa Ja mpesuiaa 86% ot
CTOMHOCTTa Ha OCHOBHHUSI XapMOHHK, a CTOM-
HOCTTa Ha MEeTH XapMOHUK U3pa3eH B MPOIICH-
TH He TpsiOBa nma mpeBumana 61% ot croii-
HOCTTa Ha OCHOBHHUS XapMOHHK. ChIIO Taka,
¢opMaTa Ha CHUTHAJIa HA BXOJHHUS TOK TPsOBa
na ObJle TakaBa, 4ye Jla JOCTUTHE HUBO Ha TOKa
or 5% mpemn wim Ha 60°, 1a WMa MHUKOBA
CTOMHOCT Mpean Uik Ha 65 © U 1a He TajIa Moj
HUBOTO Ha Toka oT 5% mpemu 90° crpsimo
MIPEMUHABAHETO IMpe3 HyJlaTa Ha OCHOBHOTO
3aXpaHBaIlloO HAMPEKCHHUE.

Tabauya 1

Howmep na Maxkcumainto IOy CTUMHU

XapMOHHUK CTOHHOCTH  Ha  XapMOHHYHHUTE
ChCTaBsAIM Ha TOka B % OT
OCHOBHATa XapMOHHUYHA

2 2

3 30*A

5 10

7 7

9 5

11£n<39 3

(camo HeweTHH)

A- paKTOp HA MOIIHOCT

Tabauya 2
Howmep Ha MaxkcumanHo 1onycTuMu
XapMOHUK CTOMHOCTH Ha XapMOHUYHUTE
CBHCTaBSAIIM Ha TOKA 3a BaT
mA/W
3 3,4
5 1,9
7 1,0
9 0,5
11 0,35
13<n<39 3,85/n
(camo HeueTHnm)

CranpaptsT IEC 61000-3-4 onpenens rpa-
HUYHHUTE CTOWHOCTH 33 XapMOHUYHH CHCTaBs-
I Ha TOKa B HUCKOBOJITOBH €JIEKTPOpa3Ipe-
JITTUTETHU CUCTEMH 3a 000py/ABaHE ¢ HOMHUHA-
JIeH TOK, To-TojisiM oT 16A Ha ¢a3za [7]. O6mm-
Te KOe(UINEHTH Ha HEJIMHEWHHUTE (XapMOHUY-
Hute) u3kpussBanuss THD ce uszumcnsBar mo
bopmynure:

JEZH12 412412

THD, = "100,%
L (1)
U2+U24U2..+U?2
THDU:‘/2+ 2 a1 20 100,%
Y, )

Kkb1eTo lg, In ca choTBeTHO epexTrBHATA CTOM-
HOCT Ha IIbPBUS XapMOHHK Ha TOKa M Ha Xap-
MoHHuKa ¢ n>2; U1, Un — choTBeTHO e(heKTUB-
HaTa CTOWHOCT Ha MBPBUS XapMOHUK Ha Ha-
MPEKEHUETO U Ha XapMOHHKA ¢ n>2.

[TapameTpuTe Ha XapMOHHYHH CHCTaBSIIU
Ha Toka, ceritracHo IEC 61000-3-4, cipsiMo u3-
caeaBaHUsA 00CKT ca najeHu B Tabmuial.

B IEC 61000-3-4 ca BbBEIEHU U CIEIHUTE
neUHUITUN:

* Touka Ha obukHOBeHO cBBp3BaHe (PCC):
TOYKa B OOIIECTBEHATa MpEXa, KOSITO € Hai-
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OIIM30 10 CHOTBETHHUS MOTPEOUTEIN U IO KOSTO
JIpYTH MOTpeOUTEeNnn ca Wik Morar na ObaaT
CBBp3aHH.

* JacTHYHO M3MEPEHO XapMOHHYHO M3KPH-
BaBane (PWHD):

©)
Tabnuya 3
XapMOHHYEH Jomyctuma Xapmonu | [omycrtuma
HOMeEp XapMOHUYHA 4yeH XapMOHHUYHA
ChCTaBsIAa HA | HOMEP ChCTaBsIIIA Ha
n TOKa* n TOKa
In/11, % In/11, %
3 21.6 21 <09
5 10,7 23 0,9
7 7,2 25 0,8
9 3,8 27 <0,6
11 3,1 29 0,7
13 2 31 0,7
15 0,7 >33 <0.6
17 1,2
19 11

* 11 - TOK Ha OCHOBHAaTa XapMOHMYHa; In - TOK Ha N-51 XapMOHUK

Tabauya 4

Ilponenypu Ha cBbp3BaHne ceritacHo 61000-3-4
CroliHOCTH Ha eMIicHuTe ToK Iipn ETamn 2 3a eqHOodazHO,
Meskaybasao n Hebamancupano tpudasno obopyaBane

Minimal | lomyernmu JomrycTiMa XapMOHITIHA
Rsce TOTAIHI CHCTaBAINA Ha TOKa

XapMOHHYHI 3a OTAEIHITE XapMOHIYIHII

mkpuBsBanuana | [/1;

TOKa %

%

THD PWHD |I3 |I5 |I7 |19 |I11|I13
66 25 25 23 |11 | 8 6 5 4
120 29 29 25 |12 |10 |7 6 5
175 33 33 29 |14 |11 |8 7 6
250 39 39 34 |18 |12 |10 |8 7
350 46 46 40 |24 |15 |12 |9 8
450 51 51 40 |30 |20 |14 |12 |10
600 57 57 40 |30 |20 |14 |12 |10

3abemekka 1| — CpaBHUTETHATA CTOITHOCT HA USTHUTE
XapMOHHYHHI (YHKIIN He TpAOBa fa HaaBumaeat 16/n%
3abemexka 2 — JInneiiHa MHTePIONANNA MEXKIY
nocrenopareiaHn Rsce cTofiHocTIC MOnycTIMA
3abemexka 3 —B ciyuail Ha HeGanaHcHpaHO TpHda3HO
00OpyIBaHE TE3H CTONHOCTI Ca IIPIIOKIIMII3a BCsKa (asa
* 1) = HOMHHaJIeH OCHOBEH TOK; [;=XapMOHHYCH TOKOB
KOMIIOHEHT

3a ;1a ce aHAMM3HUPAT XapaKTEPUCTHKHUTE Ha
LED namnu ¢ ¢yHKius 3a aumupane, Osxa
TECTBAHM JIAMIIA C PAa3IMYHH MOIIHOCTH OT
pa3NUYHMU MPOU3BOAUTENN. BCHuku TecTBaHM
JaMITA ca TPOCKTHpPAHH Ja paboTAT MpH Ha-
npexenue 220-240 V.

ITpn mpoBek1aHe HAa U3CIIEABAHETO Ha Xap-
MOHUYHH ,,3aMbPCSIBAHUS" B €NEKTPUUECKHUTE

ypenou, mpeIu3BUKBaHU OT HM3MOJI3BAHETO Ha
JTUMUAPYEMH CBETOJMOJIHU JIaMITH, Ca H3IO0J-
3BaHM JIaMIIM HA Bojemu (UpMH Ha ObBITap-
ckus masap. M3cneaBanu ca jJjamMmu ¢ pa3jainvyHa
[BETHA TeMIIEpaTypa U C pa3auyHa MOIIHOCT.
YMuiuieHo uMeHara Ha (pUpMHTE HE Ce CIo-
MCHABaT.

3a 51a ce M3CciieABaT JIaMIIMTE 3a HaJu4dne Ha
XapMOHUYHU B TOKAa € W3MOJI3BaHA OMUTHATa
MMOCTaHOBKA MMOKa3aHa Ha ¢wur.]l OnurHara 1o-
CTaHOBKa C€ ChCTOM OT MPEKOB AHAIU3ATOP
3a kadectBo Ha 3axpanBaneTo HT GSC53N,
M3MEpBaTeIHU KIleny, ociuwiockon Hantek
DSO5102P, compga 3a  oTyMTaHe Ha
OCBETEHOCT, TecTBaHu LED nammnu u nepcona-
JIeH KOMITIOTHD 32 aHAJIU3 Ha JaHHuUTE. Jlammu-
T€ C€ M3CIEeABAT MPU pa3linyHa CTETNEH Ha JIH-
MupaHe. Jlammure, KOUTO TO3BOJISIBAT U TPO-
MsHA Ha CIIEKThpa Ca W3CJIEBAHU JOIBIHU-
TEJTHO TIPH Pa3JInyeH CIEeKThP. JJOMbIHUTEIIHO
€ W3CIEIBAHO W HAJIWYUETO Ha MYJCAlliu B
CBETJIHMHHUS IIOTOK.

Hanuuuero Ha myscaiuu B CBETJIIMHHUS T10-
TOK C€ MOKa3Ba C KOe(PUIIMEHT Ha MYJICALIUH.

KoedpunueHTsT Ha myJcanuu Ha CBETJIMH-
HUS TIOTOK CE€ H3YMCIABAT ChIJIACHO H3pa3a

(4).

max —min
k =T
MY ACAL L max +min’ (4)

KBbJACTO KOG(i)I/IHI/IeHT'I)T Ha mmyJjacanun € CbOT-
HOIICHUCTO Ha pas3jiukaTa U CymMaTa OT MaKCH-
MaJHUTEC ¥ MUHUMAJIHUTE CTOMHOCTH Ha CBET-
JIMHHHA ITOTOK.

H3MepBaTe,THH CreMaHe HA JaHHH

TectBana
Jamoa Cen}op

Mpeikos
AHATH3ATOP
HT GSC53N

Jumep
yOpaB.1eHne

@uz. 1. Onumna nocmanoska
MpexoBusaT ananuzarop HT GSC53N nasa

BB3MOKHOCT a CC U3MEPBAT BCUUKHU CIICKTPHU-
YCCKM BCINMYMHHM, KacCacllM Kade€CTBOTO Ha
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CJICKTpHUYCCKAaTa CHCPrus B 3axpaHBallaTa
MpEKa. Bceku cBeTIMHEH H3TOYHUK € n3ciaecn-
BaH CaMOCTOATCIIHO.

B Tabmuna 5 ca mokasaHW aHHUA OT W3-
cneasane Ha aumupyema LED namna ¢ nwm-
CTAaHIIMOHHO YIPABJICHUE M MPOMSHA Ha IIBE-
TOBECTE.

Tabnuya 5
W3cnensane Ha numupyema LED namma OW
Janau 3a | bsana ceernuna | YepseHa
JaMma CBETJIMHA
Makc. | MHH. | Makc. | Makc.
CT-CT | CT-CT | CT-CT | CT-CT

Hampexenue, | 238 238 238 238
\Y%
Tok, mA 58 53 13,3 5,22
MorHoct, W 8,6 0,55 1,6 0,53
COSQ 0,62 0,43 0,5 0,44
THDI,% 100 100 100 100
Toxk, 1 40,2 2,7 7,5 2,6
mA 3 32,6 2,6 6,9 2,5
Ne Ha 5 20,9 2,2 55 2,1
XapMOH | 7 11,8 1,8 4,1 1,7
UK 9 7,1 1,4 2,9 1,4

11 |53 1,1 2 1

13 | 36 1,3

15 |19
Tox,% |1 100 100 100 100
Ne Ha 3 81,3 96,2 91,7 96
XapMoH | 5 52,2 80 73,5 80
UK 7 29,6 65,8 55,5 65

9 17,7 51,2 39,3 54

11 | 13,2 41,2 26,5 40,2

13 |9 17,5

15 |49

¥ 50.0mv | CHI L 3.20mv

Due. 2 Bpemeduazpama Habmodasana npu
pabomama Ha c6emMoOUOOHA 1AMRA om mabauya
5 npu maxcumanua sprocm

NAE N

Due. 3 Bpemeouazpama Haba00asauna npu

pabomama Ha c6emMOOUOOHA TAMNA OM Mabauya
5 npu munumanna aprocm

Ha ¢urypa 2 ce Bwxaa ue, lammnara oT Ta-
Onuma 5 mpu MakcHUMallHa SIPKOCT HsIMa IyJica-
UM B CBETJMHHMS MOTOK, JOKATO MPU MHUHU-
MaJTHa SPKOCT Ha ¢urypa 3 ce MmosBsBaT IyJ-
caiuu ¢ koeduuueHT Ha nyiacauu 75%. [lpu
paboTa B YepBEH, 3€JICH M CUH LIBST HE3aBUCHU-
MO OT IpKOCTTa nyJsicauuure ca 16%.

Tabnuya 6
W3cnenpane Ha qumupyem LED madon 72W
Jlaxau 3a mamia bsna ceernuna | bsana
- MAKCUMaJITHA | CBETJIMHA -
MHHHUMAaJTHA

Hanpexxenue, V 238 238
Tok, mA 256 17,5
Momnoct, W 36 2,34
COSQ 0,6 0,56
THDI,% 100 100
Tox, mA 1 158,7 10,4
No Ha 3 140,8 7,6
XapMOHHK 5 105 6,5

7 72,1 5,6

9 47,2 4,6

11 | 29,3 3,8

13 | 20,6 2,8

15 | 18,4 2,2

17 | 10,8 1,6

19 | 7,6 15

21 1,1
Tok, % 1 100 100
Ne Ha 3 88,6 73
XapMOHHUK 5 66 63,4

7 44,8 54

9 29,9 44,4

11 | 18,5 36,5

13 | 13 26,6

15 | 11,6 21,3

17 | 6,8 15,7

19 | 4,8 15

21 11,1
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B rtabmumna 6 ca mokasaHd JaHHU OT W3-
cnenBane Ha aumupyem LED mmadon c au-
CTAaHIIMOHHO ynpaBﬂeHI/Ie nu HpOMSIHa Ha IIBCT-
Hara teMriepatypa. He Osxa oTyeTeHu mysca-
IIMN B CBCTJIMHHHUA IIOTOK HC3aBUCUMO OT
CHEKThpa U IPKOCTTA.

B Tabnuma 7 ca mokazaHu pe3yiaTaTd mpu
yIpaBJICHUE HAa JUMUPYEMa JiamIia ¢ yrpaBiie-
Hue B Kitoya. HampaBenu ca u3cienBaHus Ha
nse LED namnu Ha pa3inyHu TPOU3BOIUTEIIN.

Ha ¢urypa 4 u ¢urypa 5 ca nokasanu Bpe-
MeJMarpamMy Ha MyJCaluuTe MOJIYyYeHH B CBE-
TJAMHHUS MOTOK MPU YIpaBJIE€HUE B KIIIOYA Ha
mumupyema LED nmamma 12W(tabmuma 7).
[lyncanuuTe B CBETJIMHHUS MOTOK HA JUMU-
pyemara LED namna npu makcumanHa sipKOCT
ca 3% u nmpu MUHUMAaJIHA APKOCT ca 9%.

Tabauya 7

W3cnensane Ha aumupyemu LED nmammm ¢
yIpaBJIeHHE B KITFOYa

Janun 3a | LED gnamma | LED  namma
J1aMIIa 12w 10w

MaKC. | MHH. | Makc. | MHH.
CT-CT | CT-CT | CT-CT | CT-CT

Hanpexenne, V | 242 238 238 142

Tox, mA 57,6 17,5 47,4 23,7
MomHocT, W 10,9 2,34 10,8 3,5
cos¢ 0,79 0,56 0,96 0,61
THDI,% 33,1 100 12,5 47
Tox, mA 1 | 54,7 16,7 46,8 21,3
Ne Ha 3 |165 12 3,8 9,6
XapMOHMK | 5 | 4,7 9,9 4,2 2,7
7 |4 7,4 1,4 1,1
9 |21 5,4 - -
112 3,4 - -
131 1,7 2,7 - -
15 | - 1,7 - -
Tok, % 1 | 100 100 100 100
Ne Ha 3 1303 71,8 8,2 45
XapMOHUK | 5 | 8,7 59,1 9 12,4
7 |74 43,9 3 53

9 139 324 | - -
11 | 3,6 20,6 | - -
13|31 16,2 46,8 |213
15 | - 10,2 | 3,8 9,6

CH1 / 0.00v
Due. 4 Bpemeouacpama npu pabomama na
ceemoouoona aamna 12\W om mabauya 7 npu
MAKCUMATHA SAPKOCT

Autoset X

A ]

‘ 44.0nV

@ue. 5 Bpemeouaspama npu pabomama Ha
ceemoouoona aamna 12\ om mabauya 7 npu
MUHUMATHA SIPKOCH

Ha ¢urypa 6 e mokasana Bpemenuarpama
Ha MyJICAIIUMTE TOJIYYEHU B CBETJIMHHHS I1O-
TOK TIPY YTpaBJICHUE B KJI0Ya HA AUMHpYyeMa-
ta LED namna 10W (tabmuua 7). Ilyncarumu-
T€ B CBETJIMHHUSA ITOTOK Ha nuMmupyemara LED
JaMIia Ipyu MakcUMaiHa sipkoct ca 60%.

CHI S 112my 10 B | Cancel
@Duz. 6 Bpemeouacpama npu pabomama Ha
cgemoouoona namna 10W om mabauya 7 npu
MAKCUMATIHA APKOCM

BC 20 83 50.0mv
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Tabnuya 8

Jauaan 3a | QEMHpyema TUMHpYyeMa
JIamia LED namma | LED  mamma
12w 6,5W
CBETJIMHA CBETJIMHA
Jaaan 3a | Makc. | MHH. | MakcC. | MHH.
JamIa CT-CT | CT-CT | CT-CT | CT-CT
Hanpexenue,V | 247 247 247 247
Tok, mA 70,8 | 30,0 |40,7 |21.2
Moraoct, W 119 |04 6 0,2
COSQ 069 |005 |068 | 004
THDI,% 196 | 552 |231 |387
Toxk,mA |1 |692 |263 |40,7 |21.2
Ne Ha 2 |33 3 3,4 2,9
XapMOHHK | 3 9,3 6,5 3,7 2,9
4 |27 2,3 2,9 2,3
5 |7 9,1 4 5
6 |19 1,7 2,1 1,8
7 |47 4 3,2 -
8 |14 1,3 15 1,3
9 |27 5 3,7 3,2
10 | - - - -
11 | - 3,4 1,9 1,1
12 | - - - -
13 | - 2,2 - 1
14 | - - - -
15| - 2 1,1 1,4
Tok, % 1 | 100 100 100 100
No Ha 2 |48 115 | 8,5 13,7
xapmMoHuk | 3 | 13,6 | 24,7 |91 13,7
4 |4 8,9 7,2 11,1
5 128 34,4 |99 23,8
6 |68 6,5 5,2 8,5
7 |2 152 |90 -
8 |4 4,9 3,8 6,5
9 192 |9 15,1
10 - -
11 13 4,6 54
12 - -
13 8,6 - 5
14 - -
15 7,8 2,8 6

B Tabnuua 8 ca mokazaHu pe3ynaTaTd mpu
yIpaBJI€HUE HA JUMUPYEMH JIAMIIM C TPHAK U
JUCTAaHUMOHHO YympasieHue. Ilymcanuure B
CBETJIMHHUSA NTOTOK Ha qumupyema LED mamma
12W npu makcumaiHa sipkoct ca 14% u 26%
IIPY MUHUMAJIHA SIPKOCT.

IIpu LED namnu cBBbp3aHU KbM YIIpaBile-
HHE€ C TPHAK W YIpaBJ€HUE B KIIOYa, IyJIca-
LA B CBETJIMHHUSA IIOTOK U CTOMHOCTUTE Ha
XapMOHHWYHHTE CBHCTABSIIM HA TOKA 3aBUCAT
OCHOBHO 0T u3nomnssanara LED nammna.

Ot HampaBeHHUTe U3CcieABaHUs Oelle ycTa-
HOBeHO, 4ue npu LED namnu ¢ mMuHMManHu
IyJICALIMM B CBETJIMHHUS ITOTOK MMa yBEJIMYa-
BAHE CTOMHOCTH HAa XaPMOHUYHUTE ChCTABSIIIN

Ha TOKa M 0OpaTHO, MNP MUHUMAIHU CTOMHO-
CTU Ha XapMOHUYHUTE CBCTABALIM Ha TOKa
MMa YBEJIMYaBAaHE Ha ITyJICALMUTE B CBETIIUH-
Hus NoToK. IIpu HamansBaHe Ha SPKOCTTA Ha
JAMIIATE 4pe3 ITUMHUpaAHE, IyJICALUUTE B CBE-
TJIVMHHUA [IOTOK HAapacTBar.

3AK/IIOYEHHE

Bb3 ocHOBa Ha NMpPOBENEHO M3CIEIBAaHE Ha
JUMUPYEMH CBETOAMOJIHHU JIAMIIM U CBETOJM-
OJIHM JIaMIIM C BB3MOXHOCT 3a IPOMsHA Ha
CIIEKTBp MOraT J1a CE€ HaIpaBAT CICIHUTE W3-
BOJM:

1. Ima BUCOKM CTOMHOCTH Ha XapMOHUYHHU-
T€ ChCTABSAIIM HA TOKA IIPU CBETOAUOJHH JIaM-
T4, KOUTO HAMAT IIyJICallMU B CBETJIMHHMS I10-
TOK;

2. HamansBaHeTo Ha IyJICAalUUTE B CBET-
JUHHUS IIOTOK IPU CBETOJMOAHH JIAMIIM €
CBBP3aHO C IIOBUIIABAHE HA XapPMOHUYHOTO
3aMbpCSBaHE Ha EIEKTpUYECKaTa MPEXKa,

Ilopann MaJKuTE MOIIHOCTH IIPU CBETOIU-
OJIHU JIAMIIU CIIPSIMO OCTAHAJINTE KOHCYMaTo-
pH Ha Mpe’kaTa He ce HaOJro/1aBa OBUIIABaHE
Ha Koe(pHIMEeHTa HAa HEIMHEWHU H3KPHUBSBA-
HUS Ha HAIIPEKEHUETO.

Bucoko cpappkaHue Ha XapMOHUYHMTE
CBCTABSIIM HAa TOKAa M HAJIMYMETO Ha IIyJica-
LIMA B CBETIIMHHHS IIOTOK HE € IOKa3aHO OT
IIPOU3BOJUTEIIS.

IloBuieHnTE HMBA Ha XapMOHUYHUTE ChC-
TaBsIIY HA TOKA B HYJEBHs IIPOBOJHUK BOIAT
JI0 BUCOKM CTOMHOCTHM Ha TOKa IIpe3 HYJEBH
IPOBOJIHUK M TIOBUIIEHO HarpsiBaHe M 3aryou.
Te3u pesynraru nokaspar, 4ye NpaKTHKaTa Ha
n300p Ha MO-MaJIKU CEUEHUS 3a HYJIEBUTE MPO-
BOJHUIIM W IIMHYU IIPH 3aXpaHBAHE HA IPOMH-
LUIEHU OCBETUTENH ChC CBETOAMOHU JIAMIIH €
HEMOAXOAAIIA.
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N3CJIEABAHE BJIMSAHUETO HA PASTOSAHHUETO MEXKAY PEJOBETE
OT ®OTOBOJITAUYHU MOAYJIN ITPH ®OTOBOJITANYHHA
CUCTEMMU BbHPXY I'OAUIIHOTO MPOU3BOACTBO HA
EJJEKTPUYECKA EHEPT'USA YPE3 U3IIOJI3BAHE HA PVGIS-SARAH

Bsarko Kojsies BbpooB
Texnuuecxu ynusepcumem - I abposo

RESEARCH OF THE INFLUENCE OF THE INTER-ROW SPACING FOR
GROUND MOUNTED PV SYSTEMS ON THE ANNUAL PRODUCTION OF
ELECTRIC ENERGY USING PVGIS-SARAH

Tsvyatko Kolev Varbov
Technical University of Gabrovo

Abstract

In this paper, an approach for calculating the effect of inter-row shading on the PV power production has been
developed. This article discusses how to calculate the row spacing for PV systems mounted on flat roofs and ground.
The information system PVGIS-SARAH was used to obtain the annual electricity production at different orientation of
photovoltaic modules. Possibility for increasing the size and the annual electricity production of the photovoltaic

system on a given terrain is shown.

Keywords: PV Systems, PVGIS- SARAH, orientation of photovoltaic modules, inter-row spacing.

BBBEJIEHUE

OOwionpuero e, 4e ONTUMAIHUAT BI'bJl Ha
HAKJIOH Ha CITbHYEBHTE TMaHEINH, 3a J1a ce Io-
CTUTHE MAaKCHUMaJHO TOAMIIHO ChOMpaHe Ha
€Heprusi, € br'eJIbT Ha reorpadckara MmHUpUHA
Ha MSACTOTO. AKO JajieHa MOBBPXHOCT € Ha-
KJIOHCHA MOoA BbI'bJl, paBC€H Ha bI'bJIa HAa I'CO-
rpadckara mMpuHa, TS e Obae oObpHaTa
TOYHO KbM CIBHLETO Ha CI'BHUEBOTO IIAJIHE
(B cpenata Ha geHsi) Ha 21 mapT u 21 centem-
BpH.

3a mactue, yJoBeHaTa €Heprus He Ce Mpo-
MEHSI MHOTO JIa)K€ MPH 3HAYUTEIHU OTKJIOHE-
HUA OT OIITHUMAJIHUAT BI'bJI HAa HAKJIIOH Ha (1)0'
TOBOJITAMYHUTE TMaHeNnu (reorpadcekara mupH-
Ha Ha bearapus e okono 43°). Ta3u reBKaBOCT
JaBa BB3MOXHOCT 3a M300p Ha BI'bJ Ha Ha-
KJIOH Ha (pOTOBOJITAMUHUTE MOTYJIH ChOOpa3eH
C yBEIIMYaBaHE HAa CE30HHOTO IIPOM3BOJICTBO
Ha eJIEKTpUYecKa eHeprusi, HOCTUraHe Ha paB-

HOMEPHO TPOM3BOJICTBO WJIM yBETUYaBaHE Ha
MTPOU3BOJICTBOTO OT JaJIeHa TUTOMI.

JlocThIbT 10 NaHHU KBM Teorpadcekara ¢o-
TOBOJITAMYHA WH(POPMAIMOHHATA CHCTEMA
PVGIS naBa Bb3MOXKHOCT Ja C€ HAMEPHU OMNTH-
MaJTHHUAT HAKJIOH (POTOBOJITAUYHHUTE MOIYIIH U
Jla ce ToNy4Yd MHQOpMAIHs 3a MPOoU3BeAeHATa
SJIIEKTpUYECKa SHEPTUs NPHU Pa3InIHA OPUCH-
Tanuss Ha (OTOBONTAMYHUTE MOAYIH. YUpes
JAHHUTE TMOJIYYCHH OT WH(GOPMAIMOHHATA
cuctema PVGIS u u3uucnsBane Ha pas3cTos-
HUETO MEXIY peloBeTe OT (POTOBOJITAMIHU
MOy BHB (POTOBOJITAUYCH MAacCUB MOXKE Jia
Ce MOJIYYH FOJIUITHOTO MPOU3BOICTBO Ha €JICK-
TpUUYECKa €HEeprusi OT IUIONITa Ha TepeHa Ha
MacuBa. B qokiana ce u3ciieiBa BIUSHUETO Ha
HaKJIOHAa Ha ()OTOBOITAUYHUTE MOAYIHU BBPXY
TOJTUIITHOTO TIPOU3BOJICTBO Ha EJICKTPHUYECKA
€HEeprus 3a eIWHHUIIA IO OT TepeHa Ha (o-
TOBOJITAMYHUS MACHB 32 KOHKPETCH PaliOH OT
TeputopusTa Ha bbirapus.
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N30 KEHHUE

dotoBonTanuHaTa reorpadcka uHpopMa-
uonHa cuctema (PVGIS) naBa mndopmanus
3a CIIbHYEBATa pajauanus u reorpadcka oueH-
Ka Ha pa3NoJIOKEHHWE NpU OIpeleNsiHE Ha
eeKTUBHOCTTa Ha pabora Ha (OTOBOITAMY-
HUTE CUCTeMH. V3mon3Bar ce kapTu AaBailu
uH(popMalus 3a CIbHUEBA pajHalusi BBPXY
XOpU30HTallHA M HAKJIOHEHa MOBBPXHOCT.
Hannaute ot PVGIS-SARAH ca Ha ocHOBa Ha
catenuTHU JnaHHu OoT mepuoma 2005-2016r. u
ca B KWh/m2. Cucremara naBa nundopmanus u
3a TOTEHIMala Ha MOoJy4YeHaTa eJeKTpUuyecKa
eHeprusi reHepupaHa oT (HOTOBOJITAMYHA CHC-
tema 3a 1 KWp[4].

HamnpaBenurte u3zuncienus ca 3a KOOpAuHa-
T1: 42.875° c. m1. 25.307° u. 1., HaAM. BUCOYH-
Ha: 490 m (Kopmycl Ha TexHuuecku yHUBEp-
cuteT ['abpoBo) .

MeTonuka 3a W3CICJBAHE HA TOAMIIHOTO
IIPOM3BOJICTBO Ha EIEeKTpUYEecKa EHEPrus B 3a-
BHCHMOCT HAaKJIOHA HAa ()OTOBOJITAUYHHUTE MO-
YT ¥ Pa3CTOSHUETO MEXAY TIX Ype3 U3IO0JI-
3BaHe Ha MHQopmanmonHaTa cucrema PVGIS
u nporpamata Excel

CpOupanero Ha NaHHH OT WH(POPMAIHOH-
Hara cuctema PVGIS u oOpaboTkara Ha JaH-
Hute ¢ nporpamara Excel e B cieqnara moce-
JIOBAaTEIHOCT:

[TonyyaBane Ha uH(pOpMaIUsS 3a TOTUITHO
MIPOU3BOJICTBO Ha ENEKTPUYECKa €Heprus Mmpu
3aaIeH0 TeorpadcKo TOJOXKEHHWEe, BI'bJ Ha
HAaKJIOH ¥ a3UMYT 4pe3 M3MOoJI3BaHe Ha UH(DOp-
MannonHara cucrema PVGIS. 3anasar ce 3a-
ryoure B %, KOUTO OMxXa ce MOoJydniIu B Kabe-
JUTE U MHBEPTOpA. B KOHKPETHHAT ciydail ca
3anafenu 3aryou 6%. /lanauTte ca 3a cuiuime-
BH (POTOBOJITAUYHH MOJTYJIH.

3anuc Ha moiydeHata MHQOpMaIHs 3a To-
JUIITHO TPOWM3BOJICTBO HA EJICKTPHUYECKA CHEP-
THsl, CTIOpe] bI'bjia HA HAKJIOH U a3UMYT B Ta-
6snira Ha iporpamarta Excel.

N3uucnsBaHe Ha pa3CTOSIHUETO MEXAY pe-
noBeTe (DOTOBOJITAMYHU MOJTYJIH B 3aBUCHMOCT
OT HaKJIOHA Ha MOJTyJa.

N3uncnsiBaHe HAa TOJUTITHOTO MMPOW3BOJICTBO
Ha eJIeKTpuYecka eHeprusi oT (poToBoITAMY-
HUS MacHB 3a €JHa TOJWHA B 3aBHCHMOCT OT
HAKJIOHA Ha MOJIYJTUTE U PA3CTOSIHUETO MEXIY
penoBeTe 3a eIMHMIA TUIOI OT TepeHa. M3roT-
BSIHE TpaUKK OT JAHHUTE B TaOJIMIIATa OTYU-
Talma TOBAa TOJWITHO TPOW3BOJACTBO HAa

€JIIEKTpUYECKa SHEPrusl MPU HAKIJIOH HAa MOJY-
aute oT 0° mo 90°.

Cnbupanero Ha JAaHHU OT WH(OPMAIHMOH-
HaTta cuctema PVGIS.

3a reorpadckure xoopauHatu Ha rp. la-
OpoBo mH(popmarmonHara cucremara PVGIS
JlaBa ONTHMAJICH HAKJIIOH Ha (JOTOBOJITANTHUTE
MOaYJIM paBeH Ha 35° u azumyt 0° 3a mosyda-
BaHEC HA MAaKCHUMAJHO IEJIOTOJIUIIHO KOJIU-
YEeCTBO €JIEKTPUYECTBO OT (uKcupaHu (HoTo-
BOJITANYHU MOYITH.

B Tabmuna 1 ca moka3aHu CTOHHOCTHTE B
KWh mosrydenu 3a npousBe/icHa eleKTpudecKa
€Heprus 3a rojiMHa 3a 33JaICHOTO reorpadcko
MOJIOKCHHUE U BI'hJI HA HAKJIOH Tpu a3umyT 0°
¢ uapopmarmonnara cucrema PVGIS.

Tabnuya 1
HakKn0oOH Ha
Mooyna a

NpoU3BOACTEO HA
en. eHeprua kwh/kwp
1137
1183

10 1212
15 1255
20 1280
25 1298
30 1309
35 1313
40 1309
45 1298
50 1280
55 1254
60 1221
65 1181
70 1133
75 1078
80 1016
85 948
90 874

W3uncnsgBane Ha MESXKAYPEAOBOTO Pa3CTOsI-
HHUE IpH (HOTOBOITAUYHA CUCTEMA MOHTHpaHA
Ha IJIOCHK TOKPHB WK TEPEH

OT MexaypeaoBO pa3CcTOSTHUE 3aBUCH TTpa-
BUJTHUAT OallaHC MEeXAy MaKCHMAalHO KOJIH-
YECTBO MPOU3BEJICHA EIIEKTPUYECKa EHEPTHs
oT ($OTOBOJITANYHATA CHCTEMA U MAKCHUMAITHO
KOJINYECTBO €JIEKTPUYECKA EHEPrusi KOSITO MO-
K€M J1a MPOMU3BEIEM OT M3MOJI3BaHATa IUIOLL.
3a W3YUCIEHHE HAa MEXIYPEIOBOTO Pa3CTOsI-
HHE C€ M3MO0JI3BaT JaHHM 3a IOJIOKEHHETO Ha
CrpHUETO B 94. MpU MOJOKEHHE, Y€ CIIbHYE-
BOTO IUTaJIHE 3a 21 nekemMBpH € mo- TOYHO B 12
yaca. Pasrnexxnanusat npumep € 3a ['abposo,
KBJETO CIBHYEBOTO IUIaAHE 3a 21 nekemMBpH €
10-To4HO B 12 yaca u 16 munyru. [IspBoHa-
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YalHO TpsiOBa Ja U3YUCIU bI'bja Ha CIBHIIETO
u asumyTta Ha CIOBHIETO CIIOpEa MECTOIOJ0-
XKEeHUETo 3a 9 4 (KOHKpeTHO 3a ['abpoBO Brhiia
Ha CbpHIETO M a3umyTa Ha CiabHIETO 3a 9 u.
u 15 mun.) [5].

21 JlekeMBpH

)
5>
Q‘q
>
- d —

CrpHie fOr
{:% Ou. T
21 pexemepyn |
\ |
" |

\
\ |
\ |
f 4
- :
I
|
dp

@ue. 1 I'paghuxu 3a nonoscenue na Crvnyemo 6
9u. na 21 Jlexemspu.

W3mon3Banu ca CICIHATE O3HAYCHHUS CIIO-
pen purypa 1 mpu XOpU30HTAIHH TEPEHH:

- HaKJIOH Ha ()OTOBOJTAUYHHUS MOIYJ CIpS-
MO XOPHU30HTa — O

- BUCOYMHA Ha (HOTOBOJITAMYHHS MOIYN Ha
ropHara ceBepHa CTpaHa CrpsMo Tepena — h

- IbJDKUHA Ha (POTOBONITAMYHUSA MO — L

- pa3CTOsSTHUE MEXTy penoBe - d

- pascTosiHUE 10 (POTOBOITAMIHUS MOJYIT
—dy

- pascrostHUe 3a] (HOTOBOJITAMYHUS MOJIYI
(mpTeka) —d;

- pa3CTOsIHUE Ha 3aceH4BaHe 3aJ] (OTOBOJ-
TauyHUs MOIYN (CHopes] HadaaHus Jac — 94.)
- dsh

- bI'bJ1 Ha CABHLETO (CIIOpe]] HaYalHUs yac
—-94.)-B

- CJIbHYEB a3UMYT (CHOpE] HAYaIHUS dac—
Ou.)- o

breasT Ha CbHIETO U A3UMYTHT Ha CITbH-
LIETO MoraT Ja ce MoJy4yaTr OT CiIbHuYeBaTa
nuarpama Ha mbTs Ha CI'BHIETO WU OT Tal-
nudHY 1aHam [6]. Ha durypa 2 u tabiuma 2 ca
MMOKa3aHU KOHKPETHUTE JaHHU 32 KOOPAMHATH:
42.875° c. m. 25.307°

SunEarthTools.com - 217067202

700 T 2 Jun solstice

21 Pag-Jul

21 Fpr-fug

21 ar—Sep equinex
oot | AN 21 Feb-tct

B . T [ 21 Janrtiow
T Ty TR 20 Dee solstice

dl ot AR et et ezt @t e el meh RN m g

§=42°
Due. 2 CrvHuesama ouazpama Ha nbms Ha

Cnvruyemo
Tabauya 2

Hara: 21/12/2020 |
KOOpAMHATH: 42.8755317, 25.3072214
Mectononoxenue: 42.87553170,25.30722140
qac ‘bron Ha A3UMyT  Ha

CrrpHIIE CrrpHIIE
9:00:00 9.69° 135.16°
9:15:00 11.57° 138.09°
12:15:00 23.69° 179.48°
15:00:00 13.83° 218.05°
15:15:00 12.08° 221.09°

Ot Tabnuua 2 3a 9 4. u 15 MuH. ca npueru
cToitHOCTH 32 BI'bd Ha CipHeTo B = 12° un
a3uMyT @ =42° U3MOI3BaHU MPU U3YHCICHHS-
Ta.

W3znon3Banu ca ciegHute GopMyiu:

N3uncnssane Ha BUcounHara h:

h=sina.L 1)
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N3uucnsiBane Ha pa3CTOSIHMETO HA 3aCEHY-
BaHe dsp:

h

d. =
=h tan (2)

WzuucnsBane Ha pazcrosHue moj (o-
TOBOJITAMYHHS MOYJI:

di=cosa.L (3)

W3uncnsaBane Ha pa3cTosiHUE 3371 (POTOBOI-
Tau4HUSI MOAYI (IIBTEKA):

d, =d_, .cosg 4)

WN3uucnsgsane Ha MCKAYPEAOBO Ppa3CTOA-
HUC:

d=d;+d, (5)

Koedurmentu cebp3anu ¢ paborara Ha do-
TOBOJITAMYHATA CUCTEMA

3a ananu3 Ha paboraTta Ha (HOTOBOJITAMYHA-
Ta CHUCTeMa Ce TpaBHU CpaBHEHHE Ha (HOTOBOJI-
TaugHaTa CUCTEMA NP Pa3]INIHU HAKIOHHW Ha
(hOTOBONTAUYHUTE MOJYJU CIPSIMO XOPU30H-
TaJHO PA3MOJIOKEHHE HA MOJTYJIUTE.

Koedurmentst K1 oTunTa edekruBHOCTTA
Ha paboTa Ha (poTOBOJIITANYHATA CHCTEMA CIIO-
pea HaKIIOHA HAa MOJIYJIUTE CIPSIMO XOPH30H-
TaTHO pasnojiokeHue Ha Moxyinurte. Koedu-
uueHTsT K1 e oTHolIeHne Ha Mpou3BeaeHaTa
€JI. CHepTHs MPU KOHKPETEH BI'hJI HA HAKIOH
Ha (OTOBONTAUYHUTE MOAYJIH CIPSMO TMPOU3-
BEJICHATA €JI. CHEPTHUs MIPU XOPU3OHTATHO pa3-
MOJIOKEHHEe Ha Moaynure. MaKcHUMamTHOTO
MIPOU3BOJICTBO HA €J1. EHEPTUSI 32 KOHKPETHUTE
KOOpJMHATH € TIPU ONTUMAJIeH BI'bJ OT 35°.

K1=E,/E, (5)

K2=d/L (6)

Koepunuentsr K2 oTunTta HapacTBaHe Ha
IJIONITa 3aeMaHa oT (OTOBOJIITANYHATA CHCTE-
Ma CIOpe]l HaKJIOHA Ha MOAYJIUTE CIPSIMO XO-
PU30HTAIHO PAa3MNOJIOKEHUE Ha MOJIYJIUTE.
Koedummentst K2 € oTHOIMEHNE HA MEXAYype-
JIOBOTO pa3cTosiHue d mpu KOHKPETEH BI'bJI Ha
HAaKJIOH Ha (POTOBONTAMYHUTE MOIYIH CIIPSMO
ObIDKUHATa Ha ¢GoToBONTAaWYHMUS Momyn L.

[Inomra HapacTBa mopaayd MNO-TOJISIMOTO 3a-
CEHYBAHE IIPH MTO-TOJISIM HAKJIOH Ha MOJYJIUTE.

Koeduumentn: K1 - otumnTall ebeKTUBHOCTTA Ha
paboTa Ha doToBONTanYHaTa cucTema u K2 -
OTUMTALL, HAPACTBAHE Ha NJOLLTA BbPXY KOATO €
paz3noJioXHa CMCTeMaTa CNope/, Hak/1oHa

-

— Kl - —-K2

@uez. 3 Koepuyuenmu cevpsanu ¢ pabomama na
gomosormauynama cucmema

Ha ¢urypa 3 e mokasan koepunueHTsT K1
oTuuTall e(EeKTUBHOCTTA Ha paboTa Ha PoTO-
BOJITAMYHATA CUCTEMa CIOPE HAaKJIOHA HA MO-
JYJMTE CIPSIMO XOPU30HTAIHO Pa3MOJIOKCHHE
Ha MoaynuTe. ChIo Taka Ha urypa 3 e moka-
3aH U KoepuueHTbT K2 oTunTam HapacTBaHe
Ha IJIONITA Ha KOSATO € Pa3IoyIokeHa (POTOBOI-
TaMYHATa CUCTEMa CIIOpPE/l HAKJIOHA HA MOJIY-
JMTE CTIPSIMO XOPH30HTAITHO PA3MOI0KEHUE HA
MO/TYJIUTE.

Ha ¢urypa 4 e moxazaHo mpou3BOJCTBO Ha
€JI. CHePTUs MIPH Pa3IMYHH BIIM HA HAKIIOH Ha
MoayiauTe. MakCHMaTHOTO TPOU3BOICTBO Ha
€. eHeprus 3a KOHKPETHHTE KOOPIWHATH €
npu ontuMaineH brea ot 35°. Ha durypa 4 e
MOKa3aHO M TIPOU3BOJCTBO Ha €J. CHeprus
CTOpe]] HAKJIIOHA Ha MOJYJIUTE CIPSMO TUIOII-
Ta OMpejielieHa OT XOPU30HTATHO Pa3IoNIoKe-
HHe Ha Mmoxaynute. [Ipom3BomcTBOTO Ha eIl
€Heprusi HaMajsBa MPHU HapacTBaHE Ha BI'bJa
3apaay TO-TOJISIMOTO MEXIypPEeIOBO Pa3CTOs-
HUE.

Mpown3soacTso Ha en. eHeprua 8 kWh/kWp

I S

MpOM3BOACTBO Ha £N. EHEPTHA OT POTOBONTEHYHATE CHCTEMA CNopeg,
HakaoHa kWh/kWp

= = = [[POHIECACTEC HA £, EHEPMUA OT NNOLLTE ONPESNEHE OTNOBbPXHOCTTE Hat
MOOYAMTE CNOPEN MEHYPENOED PE3CTORHHE ONPEOSNEHD OT HAKNOHE
kWh/kWp
Due. 4 Ilpouzeoocmeo Ha ell. enepeus cnopeo

HAKIIOH U MeIHCOYPeO080 PA3CMOSHUE
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Ha ¢urypa 5 e mokazaHo npous3BOJCTBO Ha
el eHeprust or 1 m’ OT IUIomTa HA TepeHa
BBPXY KOWTO € pa3mnosokeHa (hoToBoITanYHA-
Ta CUCTEMA CIIOPE]l HAaKJIOHAa Ha MOAYJIMUTE. 3a
KOHKPETHUS MIPUMEP Cca M3MOI3BaHHU (OTOBOJI-
TaW4yHU MOJYJIU OT NOJIMKPUCTAJIEH CUJIMLUN
(Hali-MacoBO IPOU3BEXKJIAHUTE) C MOIIHOCT
280Wp pasmepu 1650/990mm. Ilnomrra Ha
Moxyna e 1,63m% O6mara miomt Ha (OTOBOI-
TanyHa cucreMa ¢ momHocT 1kWp e 5,88 m>.
[Ipon3BOACTBOTO Ha €l1. €Heprus HamaisiBa
IIPY HapacTBaHE Ha bI'bJa 3apaju MO-TOJISIMO-
TO MEXAYPEIOBO Pa3CTOSIHUE.

MpowuasoacTeo Ha en. eHeprua 8 kWh ot 1 m2 ot
TepeHa BbpXy KOWTO e Pa3no/oHKeHa
HOTOBONTAMYHATA CUCTEMA CMIOPE/], HAKOHA

0 20 40 60 80 100

@Due. 5 [Ipouzsodcmeo Ha en. enepeus om 1 m2 om
naowWma Ha mepena cnopeo HakaoH.

Tabauya 3

HaKNOH Ha E&—I‘IpDHSEID,ﬂ,CFED HDEdJHLLHEHT HDEd}HLLHEHT NpoKH3B0ACTBO OT
Mogyna o Haen. eHeprua k1 k2 EOMHMLE N0,
¢ kwh/kwp - - kwh/m2
0 1137 ! 1 1934
5 1183 1,04 130 1546
10 1212 1,07 1,59 1295
15 1255 L10 187 1141
20 1280 L1 214 1019
25 1298 L4 238 92,6
30 1309 LIs 2,61 85,2
35 1313 1,16 282 79,1
a0 1309 LIs 3,01 73,3
45 1298 L4 3,18 69,4
50 1280 1,13 332 655
55 1254 1,06 344 596
60 1221 101 3,53 55,2
65 1181 0,94 3,59 50,7
70 133 0,88 3,63 472
75 1078 0,83 3,64 442
80 1016 0,78 3,62 415
85 948 0,72 357 39,1
90 874 0,67 3,50 369

Ha tabnuma 3 ca moka3zaHu 4acT OoT pe3yd-
TaTUTE MOJYYCHH MPU U3UUCIICHUATA

[Tnomrra Ha QoTOBONTAMYHATA CUCTEMA MIPU
HakioH 0° (XOPU30HTAITHO Pa3MOJIOKECHUE) €
1137kWh 3a roguna. I[lnomra Ha doToBONTA-
WYyHaTa CUCTEMa MPU ONTUMAJIEH BI'bA OT 35°
€ HapacHaia Ha 16,58 m? (2,82 mbH CIIPSIMO
XOPU30HTAJIHO PA3IOJIOKEHNUE) U TPOU3BOJI-
CTBOTO Ha €Jl. €HEpPrus € HapacHalo [0
1313kWh 3a roxuna (1,155 mbptH cpsimo xo-
pHU30HTANHO pasnonoxenue). [Inomra Ha ¢do-
TOBOJITAMYHATA CUCTEMA TP bI'bJ OT 15° € Ha-
pacnana #a 11 m? (1,87 IBTH CIIPAMO XOpH-
30HTAJIHO PA3MOJIOKEHHE) U MPOU3BOJCTBOTO
Ha eJ. eHeprusi € HapacHaio Ha 1255kWh 3a
roguHa (1,1 TbTH cIpsIMO XOPU30HTAIHO pa3-
nosioxxeHue). HamansiBaHeTo Ha HakjoOHa Ha
(hoTOBONTAUYHUTE MOAYJIM OT ONTHMAaJEH Ha
HaKJIOH 15° € Hamanuiio MPOM3BOJCTBOTO HA
en. eneprus ¢ 4,4%, HO CHILIEBPEMEHHO € Ha-
MaJisila ¥ IUIOIITA BBPXY KOSATO € Pa3oiloiKe-
Ha ¢oToBonTanyHara cuctema c 33,6%. Hama-
JSIBAHETO HA HAKJIOHA Ha MOJYyJIuTE Ha (OTO-
BOJITAMYHATA CHCTEMa BOJU JI0 YYBCTBUTEIHO
HaMaJIIBaHE Ha IUIOLITA 3a€MaHa OT cucTeMaTa
Ipy MUHUMAJIHO TOHWXaBaHEe Ha IPOU3BeEJIe-
HaTa EHeprusl.

Bopxy miong 3aemana ot (oToBoaTaUHATA
CUCTEMA IMpPU ONTHUMAJIEH BI'bJI MOXE Ja ce
Pa3MoJIOKU MO-TOIsIMa MO MOIIHOCT (hOTOBOJI-
Tau4yHa CUCTEMA U JIa CEe MPOU3BE/IE MIOBEYE €Jl.
€Heprusi MpU MUHUMAJIHO TOHHXKEHHE Ha
e(eKTUBHOCTTa Ha cucremaTta. Bbpxy Moy
ot 16,58 m? (mour Ha (hoTOBOATAMYHATA CHC-
tema 1 kWp npu ontumanes bru ot 35°) Mo-
KEM J1a pasnoiiokuM (OTOBOJITAUYHATA CHC-
tema 1,5 kWp npu bI'bJl Ha HaKJIIOH Ha MOJY-
aute oT 15°, KosATO 1a MMa MPOU3BOACTBOTO HA
en. eneprus ot 1882,5kWh. IlpousBoactBoto
e HapacHaio 43,4%, T.e. ©UMa MHOTO 10-100pO
M3IM0JI3BaHE Ha TepeHa 3a MPOU3BOJACTBO Ha €ll.
eHeprusi. B tabnuna 3 e mokasaHoO TOJUIIHO
TIPOM3BOJCTBO Ha el eneprusi ¢ 79,1 kWh/m?
IIpYU ONTHUMAJIEH BI'bJl HA HAKIOH Ha (OTOBOJI-
TaMYHUTE MOIYJIH, TOKATO MpPU BI'bJ Ha Ha-
KJIOH 15 ° rogumHoTO MpPOM3BOJCTBO Ha €.
eHeprus € HapactHaio 1o 114,1 kWh/m?.

[Ipu mo-Manbk HAKJIOH Ha POTOBOJITANYHU-
T€ MOZyJK OT 15° MOke 1a Ma TTpoOIEMHU ChC
MO-TOJISIMO 3aMpaliBaHe HA MOAYJIHTE.

3AK/IIOYEHHUE

3a paifoHa Ha rpaa ['abpoBo MakCHMaiIHO
IIPOU3BOJICTBO HA EJIEKTPUUYECKA E€HEprust oT
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¢doToBONTAaNYHA CUCTEMA € TPH ONTHUMATHHSI
HaKJIOH Ha ()OTOBONTAMYHUTE MOIYIH 35 rpa-
nyca u HyJna rpaayca a3umyt. Ot Tabnuma 1 ce
BIDKZA, Y€ Mpu 15 rpagyca HaKJIOH HA MOJY-
JUTE U a3UMYT HyJja Tpajayca, POU3BOACTBO
Ha eJIeKTpUYecKa eHeprus € Hamaysuio ¢ 4,4%.
CpI1eBpeMEHHO IIIOIITA Ha KOSITO € pa3loio-
*KeHa (oToBoNTaMYHATA CHCTEMa € Hamals C
33,6%.

[Ipu HakmoH ot 15 rpamyca Ha goToBoaTa-
WYHUTE MOAYJIM MMaMe IMO-A00pO U3MOJI3BAHE
Ha TEPEHUTE, Ha KOUTO € pa3moiiockeHa (HoTo-
BOJITAaMYHATA CHCTEMa, MOpagd MO-MaJIKOTO
MEXIYpeIOoBO Pa3CTOSHUE BBbB (POTOBOJITANY-
HUSI MACHB.

Hakion ot 15 rpamyca Ha ¢poTOBOJITaWYHU-
T€ MOAYJIM BOJHU JI0 Bb3MOXHOCT 3a HapacTBa-
HE Ha MHCTaJUpaHaTa MOIIHOCT Ha (OTOBOJI-
TanyHata W HapacTBaHe ¢ 43,4% Ha npowus-
BOJICTBOTO Ha €NEKTPUYECKa €HEePrus OT KOH-
KPETEeH TEepPEeH, MPU MUHUMAITHO TOHMKaBaHE
Ha e(eKTUBHOCTTA Ha paboTa Ha (OTOBOJITA-
nYHaTa cuctema. ToBa € 0COOCHO aKTyaiHO
TaM KBJAETO MJIOIITA 32 pasNoiokeHue Ha ¢o-
TOBOJITAMYHHM CUCTEMHU € OrpaHUYeHa WUJIU Iie-
HaTa Ha TEPEHUTE € BUCOKA.

REFERENCE

[1] Ts. Varbov, Research of the influence of the
orientation of the pv modules on the annual
production of electric energy in PV systems
using PVGIS-CMSAF, International scientific
conference Unitech’17 17-18 November 2017,
Gabrovo

[2] Ts. Varbov, K. Ivanov, Engineering method for
estimates of the economic efficiency of PV
systems connected to electricity distribution
network, Scientific conference with
international participation "Stara Zagora 2004"
June 3-4, 2004.

[3] Ts. Varbov, K. lvanov, Grid parity for PV
systems, International scientific conference
Unitech’15, T'abposo, 20-23. November.2015

[4] http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

[5] http://esunsolar.in/how-to-calculate-inter-row-
spacing-on-ground-or-flat-roof-top-solar-plant/

[6]https://www.sunearthtools.com/dp/tools/pos_su
n.php?lang=en

[7] Y. Stefanov, K. Ivanov, P. Petrov, A  study
for an optimization of a hybrid renewable
energy system as a part of decentralized power
supply International Jurnal Smart Grid
and Clean Energy, Vol.6, Nr3, July 2017, ISSN
2315-4462, p.141-149

[8] K. Ivanov, G.Velev,P. Petrov, Study of a PV
plant connected to a side 20 kv, International
scientific conference Unitech’19, I'abpogo, 15-
16 November 2019, ISSN 1313-230X, p. i130—i135.

77

Meocoynapoona nayuna xongepenyus “YHUTEX 20" — I'abposo


http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php

UNITECH.2%,

INTERNATIONAL SCIENTIFIC CONFERENCE
20 — 21 November 2020, GABROVO

INFLUENCE OF INDIVIDUAL STANDARD UNCERTAINTIES ON TOTAL
UNCERTAINTY OF ENERGY EFFICIENCY OF A THREE-PHASE
INDUCTION MOTOR

Branko Koprivica®, Alenka Milovanovié¢!, Srdan Divac , Marko Suéurovié®
University of Kragujevac, Faculty of Technical Sciences Cacak Svetog Save 65, 32000 Cacak, Serbia
!Department of Electrical and Electronic Engineering, 2Department of Power Engineering,
“PhD Scholarship of the Ministry of Education, Science and Technological Development of Serbia

Abstract

The aim of this paper is to present an analysis of the influence of individual standard measurement uncertainties on
the total measurement uncertainty of energy efficiency of electrical machines. Energy efficiency has been measured by
direct method in accordance to international standard IEC 60034-2-1 and its model has been determined. Measurement
uncertainties of all electrical and mechanical quantities have been varied within practical limits and used for
calculation of combined and extended measurement uncertainty according to the model. A variation of total uncertainty
with each individual uncertainty has been presented and analysed. The paper contains the results of calculation of
measurement uncertainty, as well as a discussion of all the results presented.

Keywords: measurement uncertainty, energy efficiency, electrical machines.

INTRODUCTION

Laboratory setup for direct method of
measurement of energy efficiency of induction
motor, as well as appropriate mathematical
model of the efficiency was presented in [1].
Measurements were made in accordance with
IEC standards [2, 3]. Based on the
measurements and mathematical model
expanded uncertainty budget was formed
according to JCGM [4]. It was found that, at
rated power, relative uncertainty of energy
efficiency of the tested motor was much lower
than the one proposed by standard [2].

Based on the standard IEC 60034-2-1 [5],
recommended accuracy parameters for each
device used in efficiency measurement are: the
accuracy class of measuring instruments for
electrical quantities should be 0.2, the errors of
the instrument transformers are not greater
than +0.5% or +0.3% (depending on the used
measuring method), the torque measurements
should have accuracy of +0.2% of full scale
and the speed measurement should be accurate
within 0,1% or 1 revolution per minute
whichever gives the least error. However, the
accuracy class of the available instrumentation

can often vary from these values. This can
have significant influence on reported energy
efficiency.

This paper presents the results for expanded
uncertainty of energy efficiency of induction
motor under variable standard uncertainty of
used measurement equipment. Also, analysis
and appropriate discussion of the results
obtained are given in the paper.

MATHEMATICAL MODEL OF ENERGY
EFFICIENCY AND ITS UNCERTAINTY
As presented in [1], mathematical model of
energy efficiency of the motor can be
presented as:
2nk.U; p
Kerk, At(Ul +U, 1, +U 1 )cos

n= 100 [%]. (1)

Mathematical expression for combined
standard uncertainty is:

U, = Z(Ciu(xi))z ’ )

where ¢i=on/ox;, X; are input (influential)
guantities in the mathematical model (1) and
u(x;) are their standard uncertainties.
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Standard uncertainties and ranges of used
measurement equipment are given by the
manufacturers under the assumption of
rectangular distribution of the results, so that:

u(U,)= G;BU, 1‘8“6u j/f [V], i=123,

~ =425[V],
u(ly)= (100 1(%'"‘“}/*/_ ] =123,
o~ =1.07[A],
u(u»{% o | B V]
100 100
Us e =104 [V], (3)

u(Ker )= (18?) KCTJ/\@ [AA],
u(k;) —(ﬂ?ok j/\/’ [Nm/V],

u(p):J—g [imp].

Parameters Sy, Sujys Olirs Oty Ourr and
dury, 1IN (3) represent Gain Error and Offset
Error of acquisition systems, while k., and
Oy represent accuracy classes of current
transformers and torque sensor sensitivity,
respectively. Parameter Ap, corresponds to the
resolution of the encoder.

These parameters are known for the used
equipment. For the purpose of the analysis
presented in this paper the parameters are
taken to be variable in order to investigate
their influence on expanded uncertainty.

The influence of individual accuracy
parameter on expanded uncertainty with the
coverage factor of k=2 is analysed in the
following section.

CALCULATION RESULTS AND
DISCUSSION

Table 1 presents rated data for the tested
induction motor. It was chosen for testing

because the efficiency class was unknown.

Table 1
Rated data of tested motor

U, I fq Ny Py Ns
V1| [Al | [HZ] | [rpm] | [KW] | [rpm] | ©*°7

220 6 50 920 1.1 | 1000 | 0.7

Table 2 presents data for rated ratio of
current transformers Kcr, rated sensitivities of
the torque and speed sensors (kr and kp), as
well as time interval between measurements At.

Table 2
Data for current transformers, sensors and
acquisition interval

Ker ky & At
[A/A] | [Nm/V] | [imp/rot] [s]
2 2 360 1

Table 3 presents measured values of all
quantities obtained during the determination of
energy efficiency.

Table 3
Measurement results

Input % Input %
quantity ' guantity '
U, [V] | 220.28 I, [A] 3.42
U, [V] | 216.33 15 [A] 3.41
Us[V] | 21741 U;[V] 5.63

11 [A] 3.49 p [imp] 5598

Tables 4 to 7 show results of calculation of
expanded uncertainty of energy efficiency
obtained for variable accuracy parameters dy;g,
8UiM’ 8|iR’ 8|iM’ 8UTR, SUTM’ SKCT’ SkT and Ap.
Calculations have been performed so that only
one parameter has been varied while other

parameters were constant having actual values
given by manufacturers (bold numbers).

Results of variation of the expanded
measurement uncertainty of energy efficiency
with the accuracy parameters of voltage,
current and torque acquisition system are
presented in Tables 4, 5 and 6, respectively.
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Table 4
Variation of expanded measurement uncertainty
with accuracy parameters of voltage acquisition

ku ku

8UiM 6UiR [%C] 8UiR 6UiM [%C]
0.005 | 0.2730 0.001 0.2739
0.01 | 0.2731 0.002 0.2740
0.02 | 0.2734 0.005 0.2743
0.05 | 0.2746 0.008 0.2746
0.1 0.2782 0.02 0.2760
0.008 0.2 0.2909 0.05 0.05 0.2815
0.5 0.3641 0.1 0.2961
1 0.5477 0.2 0.3421
2.5 1.2075 0.5 0.5529
5 2.3611 1 0.9773

Table 5

Variation of expanded measurement uncertainty
with accuracy parameters of current acquisition

6'iM 6'iR ;;:i 6'iR 6liM [lzzc]
0.01 | 0.2552 0.005 | 0.2412
0.02 | 0.2571 0.01 | 0.2436
0.05 | 0.2632 0.02 | 0.2495
0.1 | 0.2746 0.05 | 0.2746

0.05| 02 | 0301601 01 0.3348
0.5 | 0.4047 0.2 0.4907
1 0.6105 0.5 1.0345
2.5 | 1.2866 1 1.9822
5 | 2.4453 25 | 4.8563

Table 6

Variation of expanded measurement uncertainty

with accuracy parameters of torgue acquisition
ku, Kuc
8UTM 8UTR [%6] 8UTR 8UTM [96]

0.002 | 0.2730 0.002 | 0.2727

0.005 | 0.2732 0.005 | 0.2731

0.01 | 0.2736 0.01 | 0.2738

0.02 | 0.2746 0.014 | 0.2746

0.05 | 0.2789 0.02 | 0.2759

0.014 0.1 | 0.2905 0.02 0.05 | 0.2869

0.2 | 0.3278 0.1 |0.3186

0.5 | 0.5053 0.2 |0.4165

1 0.8742 0.5 | 0.8111

2.5 | 2.0635 1 1.5363

Results of variation of the expanded
measurement uncertainty of energy efficiency
with the accuracy parameters of current
transformers, torque sensor and speed sensor
are presented in Table 7.

Table 7
Variation of expanded measurement uncertainty
with accuracy parameters of current transformers,
torque sensor and speed sensor

ku, kug kug

e g | %] e | 2P| )
0.05| 0.2254 | 0.05 | 0.2254 | 0.05 0.2742
0.1 {02361 0.1 |0.2361| 0.1 0.2742
0.2 | 0.2746 | 0.2 | 0.2746 | 0.2 0.2742
05 | 04616 | 05 | 0.4616 | 0.5 0.2743
1 0.8396 1 0.8396 1 0.2746
2 1.6348 2 1.6348 2 0.2757
25 120367 | 25 | 20367 | 25 0.2766
5 4.0552 5 4.,0552 5 0.2836

According to the results presented in Tables
4 to 7, decreasing of the accuracy parameters
bellow actual values for used equipment has a
slight influence on the value of expanded
uncertainty of energy efficiency of the
induction motor. Also, their increase up to five
times slightly influences the expanded
uncertainty. However, their increase more than
five times can have significant influence and
can rise the expanded uncertainty more than
five times, as can be expected.

Further increase of the measurement
uncertainty can be obtained if two or more
accuracy parameters increase simultaneously.

According to standard IEC 60034-1 [2],
relative uncertainty of the measured efficiency
should not be higher than 4.5% of its value,
meaning, for estimated efficiency of 70.13%
[1], highest acceptable value of uncertainty is
70.13-4.5/100=3.16%. This condition has been
met in almost all analysed cases which are
related to variation of individual accuracy
parameters. However, usage of two or more
measuring instruments with lower accuracy
than recommended by the standard IEC
60034-2-1 can lead to significant increase of
the measurement uncertainty above acceptable
value. Therefore, an attention should be paid
to the selection of measuring equipment.

CONCLUSION

This paper presents the analysis of
influence of individual standard measurement
uncertainties on the expanded measurement
uncertainty of energy efficiency of induction
motor.
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Expanded measurement uncertainty has
been calculated according to the mathematical
model of energy efficiency. Variation of
standard uncertainties was performed by
variation of accuracy parameters of each
measuring device separately, over the range of
realistic and standardised values.

It has been found that the decrease or slight
increase of the accuracy parameters bellow
values recommended by IEC standard has no
significant influence on the expanded
uncertainty. However, increase of accuracy
parameters more than five times have
significant influence on the calculated
uncertainty. The worst case would be
simultaneous increase of two or more accuracy
parameters.
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DYNAMIC TEMPERATURE MODELING OF INDUSTRIAL LED
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Abstract

In this paper dynamic temperature modeling of industrial LED luminaire with nominal power 120 W are presented.
Results for the temperature distribution at different electrical power of the luminaire and different ambient (operating)
temperature were obtained. The results were verified by thermal imaging.

Keywords: 3D model of industrial luminaire, Comsol Multiphysics, dynamic temperature model.

BBBEJIEHME

B mocnegnure rOOWHU TEXHOJIOTHHUTE IIO-
3BOJINXA CBH3JaBaHETO HA CBETOAUOINA C TOJII-
Ma equHUYHA MOoIIHOCT SW, rojisiM cBeTIMHEH
noous B muamaszona 130-150 Im/W u gwaro
excrutoaTarmoHHo Bpeme 10 50 000 waca.
OCHOBHHSAT (pakTOp BIUSEIl HA EKCIJIOATaIlN-
OHHOTO BpeMe € paboTHara TeMIleparypa Ha
KpHUCTaJIa ¥ OKOJIHATA cpea B OJIM30CT J0 CBe-
toauona[l,2]. Tosa dopmysaupa emHa OT oOc-
HOBHUTE HHXKCHEPHH 3aJ1a49M TIPU KOHCTPYHpa-
Heto Ha LED ocBeTuTenn - oxjaaxxmaHeTo Ha
cBeronuoaute. HemoOpoTo oxiiaxjaaHe BIUsie
MPSIKO HE CaMO Ha BPEMETO 3a eKCILIoaTalus,
HO W Ha CBETJIMHHHS JOOWB W MPHU HEA00pO
OXJaXKJIaHe BOOU JO TperpsBaHe U AedeKTH-
paHe Ha cBeToauoauTe. [IpaBriIHUAT N300p Ha
OXJIaXKJaHe Ha OCBETUTENS M3MCKBA MHOIO JI0-
Opo To3HaBaHEe HA MPOICCUTE Ha MPe/IaBaHe |
OTJlaBaHe Ha TOIIMHHA eHeprus. [Ipu ocBeTu-
TEJIM ChC CIIO’KHA TEOMETPHS Ha OXJIaXK/IaIiara
CUCTEMa WJIU CJIO)KHA T€OMETPHS Ha Pa3moio-
KCHHETO Ha CBETOJMOJWTEC HAMHPAHETO Ha
aHAJIMTUYHO pElIeHHe Ha TeMIlepaTrypara € 3a-
TPYJIHEHO W B TE3W CIy4aW Ce M3IOJI3BAT MO-
Iesi Ha Oa3aTa Ha YHCIEHH METOIM.

OcCHOBHMTE NpPEAUMCTBA Ha YUCIECHUTE Me-
TOJM Mpea aHaauTHaauTe ca[3]:

» CTpyKTypaTa Ha MoOJiella ChOTBETCTBA Ha
CTPYKTypara Ha (u3nudecKara 3a/1a4a;

» He ca OrpaHWYEeHH OT CIIOKHOCTTa Ha
reoMeTpHsTa Ha TSJIOTO WM HEJTUHeH-
HOCTTa Ha 33/1a4aTa,

» He ca OrpaHWYeHU OT (PM3UYHHUTE BEIH-
YUHU U TAXHOTO U3MEHEHHUE;

» HeE ca OTpaHMYCHH OT KOOPJIWHATHTE.

Ien Ha HACTOAIUAT IOKJIAJ € Ch3/laBaHe Ha

3D nunamuueH monen Ha uHIycTpuaneHn LED
OCBETHTEJ, MO3BOJISABAL U3CIIEABAHE HA HETO-
BaTa €()EeKTHUBHOCT 1O OTHOIICHHE Ha pa3cei-
BAHETO Ha OT/IeJIeHaTa TOIJIMHA Mpu paboTara
My, NIpU Pa3JIMYHU TEMIIEpaTypu Ha OKOJIHATa
cpena.

N3J0KEHHUE

3a cp3gaBane Ha 3D mojen Ha mHAyCTpHA-
neH LED ocBeruten ce u3noi3Ba nporpaMHu-
ar npoaykr Comsol Multiphysics, 6asupan Ha
MeToJla Ha KpaitHuTe enemeHTd. Ilpu cheraBs-
HE Ha MOJieNia Ce MpPaBH JIOMyCKaHeTo, 4e (u-
3WYHUTE BEIWYHMHU - KOS(UIMEHT Ha TOILIO-

IMPOBOOHOCT, cr[eun(bnqu TOIINIMHCH Kallallnu-
82

International Scientific Conference “UNITECH 2020 — Gabrovo



TET Ha MaTepUaAIUTEe B ChCTaBa Ha MOJENa Ce
npueMar 3a KOHCTaHTH, TOBA € MPOJUKTYBaHO
OT CPaBHUTEITHO HUCKUTE PaOOTHU TEMIIEpaTy-
pu;

B rtabmuma 1 ca mpencraBeHH OCHOBHHTE
napaMeTpu HeoOXOIMMH 332 MOJACIUPAHETO Ha
oceturelsi[4-6].

Taonuya 1. Heobxooumu napamempu

Anymunuu
KoeduimeHT Ha TOIIIONPOBOIHOCT A, 200
W/m.K
Crnernuduuen TormHeH kanaureT C,
900
J/kg.K
I[sTHOCT p, Kg/M® 2700
Ileuamna nnamka (FR4)
KoeduimeHT Ha TOIIOMPOBOTHOCT A, 03
W/m.K '
Crnenuduuen rorummHeH kananuteT C, 1369
J/kg.K
[IsTHOCT p, kg/m® 1900
Meo
KoedunueHT Ha TOIUIONPOBOAHOCT A, 400
W/m.K
Crnernuduuen TormHeH kanaureT C,
385
J/kg.K
I[LsTHOCT p, kg/m® 8600
Bv30yx
KoeduimeHT Ha TOIIIONPOBOIHOCT A,
W/m.K 0.024
Cneuuduuen rorummneH kananuteT C, 1000
J/kg.K
IlnsTHOCT p, kg/m® 1.25
Konmaxmna mepmonposoouma nacma
KoedwuruenT Ha TOTUIONPOBOHOCT A, 130
W/m.K
Koeguyuenm na usnvusane € 0.81
Koepuyuenm na ecmecmeena 12
xonsexyus h, W/m.K
Axmusna mownocm na ouoo P, W 0.43
Mowmnocm na oceéemumern 120
bpoii ouoou 216
Bpeme t, s 3600

W3nonsBa ce moxyna Heat Transfer in
Solid. 3a onucanust Ha KOHTAKTHOTO CHIIPOTH-
BJICHUE Ha IUIaTKaTa KbM pajuaropa ce ch3ja-
BaT jiBa ciosi- mez (0.15mm) u KoHTaKTHA ma-
cra (0.1 mm), HeoOXoaMMHUTE TapaMeTpu Ha
KOWTO ca mpejcraBenn B Tabnuia 1. Te ce pas-
mojaraT Ha JOJHaTa CTpaHa Ha IeyaTHaTa

I1aTka KbM paguaropa. CBeroguomure ca

OIIPOBOJICHU OT rOpHATa CTpaHa Ha IUIaTKaTa.
Ha ¢wur. 1 e npencraBen 3D monen Ha un-

nyctpuaiieH oceruten Ha pupma ATPA 120 W.

@ue. 1. 3D mooden na undycmpuanen oceemumen.

TormmnaHaTta 3amada ce Qopmynupa mo-
CPEICTBOM MOIIHOCTTAa Ha TUOAMTE, KaTo 3a
BCEKH €JIMH JIMOJ C€ 3aJlaBa pa3celiBaHa MOII-
HOCT.

H3cnedsane na makcumaninama memnepamypa
Ha Kopnyca Ha oceemumens Om memnepamy-
pama Ha OKoIHama cpeoa.

Ha ¢ur.2-¢ur.5 ca npencraBenu pesynratu
OT MOJETHMpaHe Ha TeMIIepaTypara Ha OCBETH-
TEJIA MO OTHOIIEGHWE Ha TeMIleparypara Ha
OKOJIHATa CpeJia MpHY TMOCTOSTHHA MOIIIHOCT.

@uz. 2. Pasnpedenenue na memnepamypama npu
120 W u memnepamypa na oxoanama cpeda 10 °C.

@uz. 3. Pasnpedenenue na memnepamypama npd
120 W u memnepamypa na oxoanama cpeda 20 °C.
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MaxkcuManHata TeMieparypa Ha OCBETUTEIS
npu TemnepaTrypa Ha okoiHata cpena 10 °C e
40.6 °C, mpu 20 °C - 46.1 °C, 30 °C -50.3 °C,
35 °C-55.94 °C. Ot ¢urypure ce BWKIa, 4e
TeMIIepaTypara € HEPaBHOMEPHO pasIpejere-
Ha B KOpIyca Ha ocBeTHTeNs. B kpaiinuTe ua-
cTH T He HaaBuiasa 25 °C.

3a olleHKa Ha pa3MNpeesieHUeTo Ha TeMIle-
paTypara B oOema Ha Koprnyca V Ha OCBETHUTe-
JIs ce M3M0JI3Ba MHTErpaiHa Temmeparypal7]:

T= 1 j Tdv.
\

()
W)
O6mroTo koamyecTBo TommmHA AQ, Koero

MOCTHIIBA B OCBETUTEJIS 3a BpeMe AT MOXe Ja
ObJIe OIpeIesICHO TIOCPEICTBOM:

1 1. -
AQ=cpV VJ)TZ ~T,dv,=cpV \7(T2 -T), @

KBJIETO C-Crielu(UUICH TeMIIepaTypeH Karalm-
TET, p -IIBTHOCT, T7 - T1 — € pasnukara B UH-
TErpajHUTE TEMIEpPaTypu NPU HArpsIBAHETO
To>T;.

@ue. 4. Pasnpedenenue na memnepamypama npu

120 W u memnepamypa na oxonnama cpeoa 30 °C.

@uez. 5. Pasnpedenenue na memnepamypama npu
120 W u memnepamypa na oxoanama cpeda 35 °C.

H3scnedsane na makcumaniama memnepamypa
Ha KOpnyca Ha 0oC6emumeins om MOWHOCHMA
Ha oceemumens .

Ha ¢ur. 6 - ¢ur. 9 ca npencraBenu pe-
3yJITaTH OT MOJICIMPAHE Ha TeMIepaTypara Ha
KOpIlyca Ha OCBETHTENs OT elleKTpuyecKara
motrHocT mpu 40 %, 60%, 80% u 100% ot HO-

50

MuHanHata MomHoct 120 W npu mocrosiHHa
TeMmnepaTypa Ha okosHaTa cpeaa 20 °C.

@uz. 6. Pasnpedenenue Ha memnepamypama 6
Kopnyca Ha oceemumeins npu 48 W
u Ha oxoanama cpeda 20 °C.

@ue. 7. Pasnpedenenue na memnepamypama 6
Kopnyca Ha oceemumeins npu 12 W
u Ha oxoanama cpeda 20 °C.

@ue. 8. Pasnpedenenue Ha memnepamypama 6
kopnyca Ha oceemumeins npu 96 W
u Ha oxoanama cpeda 20 °C.

@uez. 9. Pasnpedenenue na memnepamypama 6
xopnyca Ha oceemumeins npu 120 W
u Ha okonnama cpeoa 20 °C.
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Ot mpencraBeHUTE PE3YNTATH CE BIXKIA, Y€
TeMIlepaTypara HapacTBa INOYTH JIMHEWHO, C
JIMHEWHOTO YBEIWYaBaHE Ha MOIIHOCTTA Ha
OCBETHUTEJIS.

Bepuguyuparne na mooena.

3a Bepu¢uKanus Ha Mojeia Ce HM3IMO0J3Ba
TEPMOBHM3HMOHHO H3CII€[BaHE MOCPEACTBOM
tepmoBu3nonHa kamepa Flir E6. Ha ¢ur. 10 e
MIPEJICTAaBEHO TEPMOBU3MOHHO H3CIIEJIBAaHE Ha
WHJyCTpUAJIEH OCBETUTEN IpH TeMmmeparypa
Ha okostHaTa cpena 20 °C u MOILIHOCT Ha OCBe-
tutena 120 W. M3mepBaHero ce u3BbpLIBA
npe3 10 min g0 jocTuraHe Ha yCTaHOBEHATa
TeMIeparypa.

max 46.0 °C £0.83

@Due. 10. TepmosuszuouHo uzciedgane Ha
unoycmpuaner LED oceemumen npu
memnepamypa Ha oxkoanama cpeoa 20 °C u
mownocm 120W..

Ha ¢ur. 11 e npeacraBeHa MHTerpajiHaTa
TeMIeparypa Ha OCBETHTEIS TNPH MOIIHOCT
80-120 W. BpemeTo 3a ycTaHOBSIBaHE HA TEM-
nepatyparta € 2800 s.

CpeﬂHO 3Ha4yeHue Ha Temnepatypara B ocBeTurens

35

Temperature (degC)
8
™

1

N
o

80w

—— 90w

100 W

10W

-120W

0 500 1000 1500 2000 2500 3000 3600
Time (s)

@uz. 11. Cpeono 3nauenue na memnepamypama
Ha oceemumesns NPU paziuina elekmpuyecka
MowgHocm u memnepamypa va oxornama cpeoa 20 °C.

20

3AKJIOYEHUE

Pa3paboten e quHAMHUYEH TEMITEpaTypeH Mo-
nen Ha uaaycrpuasieH LED ocseruren. Pesynra-
THTE OT MOJIENIa Ca ChIIOCTABEHU C TEPMOBU3H-
oHHO m3cneaBaHe. OT HANPaBeHOTO BepUHIIH-
paHe Ha MOjIeNa ce MOTBbPIKIaBa HeoO0Xoaumara
3a MpakTHKaTa TOYHOCT, Karo TpeIIKaTa Ipu
pa3IM4HUTE U3CIeIBaHNs He Ha/(BUILaBa 7%.

Karo obekr Ha Obnema pabora Morar ja ce
1ocovYaT JBE HANpaBJICHUS HA Pa3BUTHETO Ha
MoJena:
1. Hanrpaxnmane Ha Mojena 3a M3CIIC/IBaHE Ha
CBETOTEXHUYECKUTE XapPAKTEPUCTHKH Ha OCBeE-
THUTEIS U TAXHOTO M3MEHEHHE OT paboTHaTa My
TeMIIeparypa;
2. Mznon3BaHe Ha Mojiefia 3a ONTUMHU3AIMS Ha
OXJIQXK/TAHETO HA CBETOIHO/IUTE.

REFERENCE

[1] Vasilev, H., V. Georgiev, G. Ganchev. Diffuse
LED luminaire. International  Scientific
Conference Unitech’09, 20-21.11.2009,
Gabrovo, Vol. I, pp 87-93

[2] Tsankov, P., M. Yovchev. Thermal imaging
study of the process of heating up to steady
state of LED luminaires, International Scientific
Conference Unitech 2015, 20-21.11.20009,
Gabrovo, Vol. I, pp 78-83

[3] Yachev, L., I. Marinova. Numerical methods for
modeling chains and fields Part I. S., Publishing
House of Technical University Sofia, 2011,
ISBN 978-954-438-652-8.

[4] W. H. A. Schilders and S. Lungten, "Model
order reduction for dynamic thermal models of
LED packages,” 2018 IEEE MTT-S
International ~ Conference on  Numerical
Electromagnetic and Multiphysics Modeling
and Optimization (NEMO), Reykjavik, 2018,
pp. 1-3, doi: 10.1109/NEM0.2018.8503163.

[5] B. Shieh, F. Zeng, S. W. Ricky Lee and G.
Yang, "Measurement of Dynamic Junction
Temperature for LED Flash Units of Camera,"
2018 19th International Conference on
Electronic Packaging Technology (ICEPT),
Shanghai, 2018, pp. 1692-1695, doi:
10.1109/ICEPT.2018.8480831.

[6] Xiaobo Jiang, Jianfei Dong, Cheng Guo and
Guogi Zhang, "Building dynamic models of
LED lamps by system identification methods,"
2013 10th China International Forum on Solid
State Lighting (ChinaSSL), Beijing, 2013, pp.
56-60, doi: 10.1109/SSLCHINA.2013.7177313.

[7] Lykov, A., V. Heat Conduction Theory.
Moskow, 1967, pp.30-32.

85

International Scientific Conference “UNITECH 2020 — Gabrovo



UNITECH.2%,

INTERNATIONAL SCIENTIFIC CONFERENCE
20-21 November 2020, GABROVO

MOJAEJIMPAHE HA INTAHAPEH TPAHC®OPMATOP 3A DC DC
HHPEOBPA3YBATEJI

Xpucro U6pumumon’
YTexnuuecku yHugepcumem-1abposo

MODELING OF PLANAR TRANSFORMER FOR DC DC CONVERTER

Hristo Ibrishimov!
! Technical University of Gabrovo

Abstract

This paper presents to the modeling of a planar high frequency pulse transformer for a DC / DC converter. Results
for electromagnetic induction with and without an air gap are presented. To verify the results, simulation of the mode of
operation of the bridge is converted using a specialized product LT Spice.

Keywords: planar transformer; modeling, bridge converter.

BBBEJIEHUE

OCHOBEH KOMITOHEHT B CHJIOBHTE €JICKTPOH-
HU YCTPOICTBa ca MAarHUTHHUTE EIEMEHTH —
TpaHcdopMmaropu u apocenu. B marepuanure,
KOHUTO C€ M3MOJ3BaT 3a HAalpaBa Ha MarHUTHH-
T€ €JIEMEHTH, 3aBHCUMOCTTa HAa MarHUTHAaTa
WHIYKIUS OT UHTEH3UTETa Ha MarHUTHOTO T10-
Je e HeJIMHeWHa U HeeJHO3HAaYHa MOpaau Xu-
crepesucHute siieHusi[1]. ToBa cwiecTBeHO
YCIIOXKHSBA NMPOEKTUPAHETO UM U HE MO3BOJIS-
Ba pa3pabOTBaHETO HA YHUBEPCATHH PELICHUS
Ha MarHUTHU €JIEMEHTH.

BucokouecroTHusiT Tpanchopmarop € oc-
HOBEH KOMIIOHEHT Ha TaJBaHUYHO pa3/ieseHH-
T€ WUMIYJICHU MpeoOpa3yBaTeiu, onpeaessHe-
TO Ha €KBHUBAJIECHTHUTE MYy IapaMeTpu € oc-
HOBHA MHXCHEPHA 3a/1a4a MPH MPOCKTUPAHETO
uM. Moxe 1a ce Kaxe, ye epeKTUBHOCTTA Ha
UMITYJICHUSL TpeoOpa3yBaTen 10 rojsiMa cre-
TIEH ce OIpe/eNs OT MpaBUIHKS U300p Ha Opost
Ha HaBUBKHTE, IUTBTHOCTTA HA TOKA, MaTepHua-
Jla Ha MarHUTOINPOBOJIA, BB3AYIIHATA MEXIU-
Ha, CEYCHUETO Ha HAMOTKUTE W JIPYTH KOH-
CTPYKTMBHU TNapaMeTpu Ha TpaHcopmaropa.
[Topann HeemHO3HAYHOCTTA M HENMHEHHUS Xa-
paKTep Ha XapaKTEpUCTUKUTE W HMITYJICHHUS
pEeKUM Ha paboTa, ONpeeNTHETO Ha Tapame-

TpUTEe Ha TpaHchoOpMaTopa IO aHAJIUTHYCH
BT € YCIOKHEHO.

[Tnanapuute Tpanchopmaropu ce H3IOJ-
3BaT IIUPOKO B WMITYJICHHTE MpeoOpa3yBare-
au. YectorHusat um ooxsar e ot 20 kHz 1o us-
KoJIKO Meraxepra u mourHocT ot 10 W o 10
KW. Te cbueraBar B ceOe CH HAKOJIKO OCHOB-
HU TIPETUMCTBA!

- U3OBJIHEHWETO HA HAMOTKHTE B MHOIO-
CJIOMHA MeYyaTHA IUIaTKa € MO0-JIECHO, OTKOJIKO-
TO HaBUBAHETO MM OKOJO SIPOTO C JIMTIICH-
Jpar;

- MO-KOMTIAKTHH Pa3MepH;

- MO-7100pO OXJIAK/IAHE;

- IO-HUCKA CEOCCTONHOCT.

OCHOBHHTE HEIOCTATHIM HA IIAaHAPHUTE
TpaHchopMaTopu ca:

- TOJIIM COOCTBEH KaIlalliTEeT Ha HaAMOTKH-
T, MOpaau ONM3KOTO Pa3CTOSTHUE MEXKIY M-
CTHUTE,

- 3aTpylHEHA TOBTOPSIEMOCT Ha Mapame-
TpPHUTE, TIOPAJH CIIOXKHOTO CIVIOOsIBAaHE Ha
Tpancdopmaropa;

- HaMaJIcH KOe(HUITMEHT Ha W3IO0JI3BaHE Ha
Mpo30pera Ha MAarHUTONPOBO/IA.

B mocnemHWTe TONMHU MOJACITUPAHETO W
ONTUMM3ALMATA HAa MArHUTHHUTE EJIEMEHTH C
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MIOMOIITa HAa YHCICHH METO/HU, C€ HaJ0XKHXa
KaTO OCHOBEH MOAXOJ IPH MPOEKTHPAHETO UM.

Llen Ha HACTOSIIUAT JOKJIAN € ChCTaBsSHE
Ha 3D Mozen Ha BHCOKOYECTOTEH IUIaHAPEH
tpancdopmarop 3a DC/DC npeobpasysaren u
omnpeJeNisiHe HA TapaMeTpuTe My, HeO0OXOIH-
MH 32 U34YHCIIIBaHE HA IIpeodpa3yBaTens.

HN3J10KEHUE

Cw30asane Ha ceomempuier MOOel.

[TnanapuusaT Tpancopmatop 0OEKT Ha Ha-
CTOSIIIOTO MOJICIMPAHe BIM3a B ChCTaBa Ha
BHCOKOYECTOTCH UMIYJCEH TaJIBaHUYHO pa3-
JeNeH  mpeoOpasyBarel ¢ [apaMeTpu:
Ugmax=330 V, U,;,=48 V, 1,,=50 A, =100
kHz, xg > 94 %, koehHIMEHT Ha IMyJIcalluu
Ha u3xoaHoTo Hampexenue <1%. [lopamgu ot-
HOCHUTEIIHO BHCOKAaTa U3XOJHa MOIIHOCT € Iie-
7ech00pa3Ho J1a ce U3IMOJI3Ba MOCTOBA CXeMa U
IUTAHAPEH TPaHCPOPMATOP C MATHUTOIIPOBOJI C
E o6pazno ceuenue, Bug E32/6/20.

Tabnuya 1. Pezyimamu om nvp8oHa4aino
U3YUCAEHUe HA MOCTNOBUSL NPeobpa3yeamen u
NJIaHAPHUSL MPancpopmamop

DC/DC mocTtoB npeobpasyBaTen
EdekTuBHa CTOMHOCT HA TOKA 11
npe3 Tpanzucropure |, A
HamaruurBaia uHIyKTUBHOCT L, 17
mH '
HeoOxonuMm xoeduimeHt Ha 4
Tpanchopmarus N
Maxkcumainet u3xoAeH TOK |, A 55
Koedunuent Ha 3anbnaBane, D 0,4
[Tnanapen Tpancdopmarop
bpo# HaBUBKHM Ha IbpPBUYHATA 12
HaMOTKa
bpo#t HaBUBKY Ha BTOpUYHATA 3
HaMOTKa
PaGotHa unaykuus B, T 0,25

[Ipu Taka 3agaeHUTE MapaMeTpu Ce U3IO0JI-
3Ba METOJMKA 33 ITbPBOHAYAIIHO HW3YHCICHHE
Ha MOCTOB BHCOKOYECTOTEH IpeoOpa3yBares
npezacraseHa B [2]. [lnanapHusT Tpancdopma-
TOp C€ M3YHCIsABA MOCPEICTBOM METOJIUKHUTE
npeacraBeHu B [3,4]. OcHOBHUTE pe3yaTaTH
OT W3YHUCIIEHUATA ca MpeACTaBeHU B Tabiauua
1.

3a MoJenMpaHeTO Ha IUIAHAPHUAT TpaH-
copmarop ce U3Moa3Ba IPOrPaMHUS IPOAYKT

Comsol Multiphysics. CbcraBenusT momen e
rokasad Ha ¢wur.1.

Duez. 1. 'eomempuuen mooen 3a mooerupane Ha
niaHapen mpancgopmamop.

[Ipu chcTaBsHETO HA MoOJENa ca TMPHETH
CIIETHUTE OINPOCTSIBAHMS: HE C€ MOAeIupa
TEMIIEpaTypHUsi peXuM Ha paboTa Ha TpaH-
chopmartopa, He ce MoAenupar CoOCTBEHUTE
KalauTeTd MEXAY HAMOTKHTE, HAMOTKaTa €
npenacraBeHa noj (opmara Ha MPABOBIBIHUK
C TIpeIBapUTEITHO 3a7a€HU OpOil HABUBKH.

3a MoaenupaHe Ha HETMHEWHUTE MarHUTHU
CBOWCTBA Ha MaTepHalla HAa MAarHUTOIIPOBOA U
OTYUTAHETO HA HACHILIAHETO, C€ W3IMOI3BaT
e(peKTUBHUTE CTOWHOCTH HAa MarHUTHATa HH-
nykuus B, nHTeH3uTEeTa HA MarHUTHOTO IOJIE
H n marunTHara naayknus py. M3uncinsBanero
Ha e(eKTUBHATAa CTOMHOCT Ha MarHUTHAaTa UH-
TYKIWS TIPH CPETHA EHEPTHsl C€ M3BBPIIBA I10-
CPEJICTBOM CJIeHHUTE 3aBUCUMOCTH[4,5]:

T
16 4| H@)
= =T

0| H(0)

B(H)dH |dt, (1)

KbJeTo H-MHTEH3UTET Ha MarHUTHOTO MOJIE,
T-nepuon, t-Bpeme. EdexTrBHaTa CTOMHOCT Ha
MHTEH3UTETa HA MarHUTHOTO TI0JIE CE MOJIyda-
Ba nocpeacteom[4,5]:
H=f, (|B|)E. ()
8]

Ha ¢ur. 2 e npencraBena edexTuBHaTa
B(H) xpuBa Ha HOpMHpaHaTa CTOWHOCT HA UH-
TEH3UTETa HA MATHUTHOTO TOJIE.
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Magnetic flux density vs Magnetic field norm; B(H) curve
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@Due. 2. B(H) echexmusna xpusa.

Ha ¢wur. 3 e mpexcraBeHa 3aBHCHMOCTTa
Ha MarHUTHAaTa MPOHHUIIAEMOCT OT HOPMHpaHa-
Ta CTOMHOCT HAa MHTEH3WTETAa Ha MarHUTHOTO
nose.

Relative permesability vs Magnetic field norm; j (H) curve
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Due. 3. 3asucumocm Ha MazHUMHAMA
NPOHUYAEMOCH O CIMOUHOCIING HA
UHMeH3umema Ha Ma2HUMHOMO noJe.

Pezynmamu om mooenupanemo.

Ha ¢ur. 4 ca npencraBeHu pe3ynraTUTe OT
HaIpaBeHOTO MOJIENIMpaHe 3a KapTUHA U IUp-
KyJanusiTa Ha MarHWTHaTa MHIYKIKS B obeMa
Ha MarHWTONPOBO/Ia B JIOTApUTMUYEH Maao.

@ue. 4. Kapmuna u yupKyiayus Ha MazHUmMHama
UHOYKYUS 8 MACHUMONPOBOOA.

Ot ¢urypara ce BIXJa, Y€ CTOMHOCTTa HA
MarHuTHarta € rossiMa 6 T, Ta3u UHAYKIUS €
MHOI'O MO-TOJISIMA OT 3aJ0’KE€HAaTa MpU MPOEK-
TUPAHETO Ha TpaHc(hopMmaTopa U CHIICCTBEHO
e YBEJIMYM MArHUTHUTE 3aryOW B MarHUTO-
MPOBO/a. 3a PEIICHUETO Ha TO3H MPOodIeM ce
Mojenupa TpancdopMaTopa ¢ Bb3AYIIHA MEXK-
JMHa 1pu paznuyHu crorHoctu 0,1 mm go 2
mm. KapTtuna Ha MarHuTHaTa WHAYKLIUS TPH
BB3/yIIHA MeKIMHA | MM e nokazana Ha ¢wr. 5.

Q@ue. 5. Kapmuna u yupkynayus Ha MazHumHama
UHOYKYUS 8 MACHUMONPOBOOA NPU 830V UIHA
medrcouna 1 mm.

Ot durypara ce BUKJa, 4e MArHUTHATA HH-
JYKIHS € CPaBHUTEIIHO XOMOTEHHA C HM3KIIO-
YeHHE Ha KpalHUTE 00JacTH B KOUTO HMa
KpaeBH €(PEKTH.

IMocpencTBOM  3amaceHaTa  MarHMTHaTa
SHEeprusi Cce M3YHCIABAT MHIYKTUBHOCTHTE Ha
'bPBUYHATA M BTOpUYHATA HamMoTKa. CTOWHO-
ctutre ca ciuemaute: L1=44,6523 uH,
L2=14,4364 pH.

Bepugurayus na moodena.
3a Bepu(uKanus Ha MOIy4YEHUTE PE3YITaTH
Ha TpaHc(hopMaTopa ce U3IM0JI3Ba CUMYJIallUs
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Ha eJICKTPOHHATa CXeMa Ha MOCTOBHS MPE0O-
pasyBaren B mporpamuus npoaykt LT Spice —
¢wur. 6.
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@ue. 6. Cumynayus na mocmos DC/DC
npeobpasysamei.

BpemenuarpaMuTe ModXy4eHU TpU CUMYJIa-
LUsTa ca MpeAcTaBeHu Ha ¢wur. 7 - ¢wur. 9.

Ot ¢urypara moxe nga ObAaT OTUYETEHU
MaKCUMaJHUTE CTOMHOCTH Ha TOKa IMpe3 Mbp-
BuuHata HaMoTKa 35 A. IlocpeactBom uuciie-
HO MHTETpUpaHE ce Mojy4yaBa HeroBaTa edekx-
TuBHa cToiHocT 12,79 A. Ilony4yenara croii-
HOCT € OJM3Ka JI0 MbPBOHAUYAIHO IMOJIydYeHaTa
epexTuBHa cToifHOCT. Ha ¢ur. 8§ e mokazano
HaMpeKeHUEeTo BPXY KoHaeH3aTop or RC

Vin0U6)

rpyrnara Ha TpaH3UCTOpa.

Ha ¢wur. 9 ca mpeacraBenn Toka U Harpe-
xKeHueto Ha ToBapa. OT durypara ce BUKIA,
Ye M3XO0JHOTO HAIPEKCHUE U TOKa ca C TJIajKa
¢dbopma. MakCHUMaTHUATE MYyJICAIIMA B U3XOIHO-
To Hanpexenue ca 0,34 V, koero oTroBaps Ha
IIOCTAaBCHUTE B 3aJaHMCTO. MakcuMaliHaTa
CTOMHOCT Ha HM3XOJAHHS TOK HE HaJBHIIABa
57,9 A. YcraHoBeHaTa CTOMHOCT Ha M3XOJHO-
TO HAINPSKEHUE CIIe] MPEXOIHHS IPOIEC €
48,2 V.

Ot npejcTaBeHaTa cuMyJalus Ha padoTaTa
HMMITYJICHUSIT MOCTOB IpeoOpa3yBaren ¢ mapa-
METPHTE TOJYYCHH OT MOJCIUPAHETO CE BHIK-
1la, 9 C Taka MOJTYYCHHUTE MapaMeTpH Ha Tuia-
HapHHsS TpaHcpopMmaTop, pekHMa Ha padora
Ha MOCTOBHUSI TIpeoOpa3yBaTell € CTaOWIICH U HE
ce HaOJI0JaBaT NpPONaJaHWs U CMYIICHUS B
HANPEKCHUETO U TOKa. M3XOAHUAT TOK M Ha-
MPSKEHUE OTTOBApPAT HA MOCTABCHUTE B 3aj1a-
Hueto. Ha 0a3a Ha mosydyeHUTE MaKCHUMaIHU
CTOMHOCTH Ha TOKa M HAIPEKCHUETO MOXKE Ja
Ce HaIpaBH MOJ00p HA CIIEMEHTUTE B CXeMaTa
Ha MOCTOBHSI IIpeoOpaszyBaTel.

()]

@ue. 7. Hanpeoicenue u moxk npe3 nopeuyHama Hamomka Ha mpaucpopmamopa.
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3AK/IIOYEHUE

B nacTosimara my6nukanus € chb3aaaeH Mo-
JIeNl Ha MJIaHapeH TpaHnchopmarop u € mpesio-
K€H NPaKTHYECKH MOAXOJ 3a ONPEACIISTHETO
Ha IapaMeTpuTe My MOCPEICTBOM MOJAEIHpa-
HE Ha EJIEKTPOMArHUT-HOTO IMOJIE€ 4Ype3 CIie-
nuanusupan copryep. [Ipunoxen e moaxox 3a
MOJIETIMPAaHE HA HEJIMHEWHUTE MarHUTHU CBOW-
CTBAa HAa MAarHUTONpPOBOJAa C €(EKTUBHUTE
CTOMHOCTH Ha MarHuTHaTta MHAyKiusA. [lomy-
YeHHUTE PEe3yNTaTH ca BepuduiupaHu mocpen-
CTBOM CHMYJIMpaHE€ Ha paboTaTa Ha MOCTOB
npeoOpaszyBaren C MiaHapeH TpaHchopMaTop.
PesynraTture oT cuMynupaHeTo Mmokas3Bar, 4ye ¢
Taka MOJISIUpaHUTE MapaMeTpH Ha TpaHChOop-
MaTopa Ce€ IMOCTHUra KEJIaHUTE CTOMHOCTH Ha
TOKa U HaIllpeKEHUETO Ha TOBapa.

Kato oGekrt Ha Obema pabora Morart Ja ce
nocouar Jiga erana: [IspBuAT € cCBbp3aH ¢ pea-
JU3UPAHETO Ha MOCTOBHS TpeoOpasyBaTen u
IUTAHApHUSL TpaHCHOpMATOpP MU MPAKTHUECKO
Bepuduipane Ha pesyaratute. Bropust eramn
€ HaJArpaXkJaHe Ha MojeJa 3a OTYMTAaHE Ha

CTOMHOCTATE Ha COOCTBEHHUTE KalalluTEeTH
MEXJy HABUBKUTE U ONTHMH3UpPAHE HA TLIA-
HapHUs TpaHchopmaTop.
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Abstract

This paper presents a procedure for measurement of surface temperature of a low-voltage single-core power cable
with PVC insulation. Measurements were performed with the cable set into horizontal or vertical orientation, freely in
the air. Three values of loading current of cable were used for measurements made in laboratory conditions. The
current and the temperatures were measured during experiment. Measured cable temperatures were used for
calculation of loading current of the cable and the result obtained was compared with the measured load current. The
paper presents results obtained and appropriate discussion.

Keywords: power cable; heat transfer; convection, temperature measurement.

INTRODUCTION

Current-carrying capacity (or ampacity) of
the cable depends on the cable construction
and ambient conditions [1]. The current load
of the cable that is installed in an air
environment depends also on the type of
material and the number of loaded conductors,
insulation and sheath material, ambient
temperature, number of cables installed in the
group, the intensity of solar radiation, wind
speed and other. The method for determining
the current load and loss of the cable is defined
by the standard IEC 60287 [1].

In the case of heat transfer, the power cable
can be considered as long cylinder [2,3]. The
heat that is generated in a conductor is
transferred to the outer surface of cable sheath
by conduction, and then from the cable surface
to the environment by convection and
radiation [2,3]. To calculate the value of cable
current based on known cable surface
temperatures, it is necessary to calculate the
corresponding coefficient of convection. Some
examples of the calculation and application of
the convection coefficients are shown in [2]

for horizontal and [3] for vertical orientation
of the cable.

In this paper, temperature values for the
horizontal and vertical orientation of the cable
are obtained experimentally. Then, the cable
current is calculated according to the
correlation equations and compared with the
measured current. A cable of simple
construction was used in this paper, i.e. a
single-core cable, with copper conductor and
PVC insulation.

The following sections of the paper contain:
the equations used in the calculations,
description of the used measuring equipment
and the measurement procedure and the results
of the measurements with a discussion.

HEAT TRANSFER OF HORIZONTALLY
AND VERTICALLY PLACED CABLE
Low-voltage single core cable with copper
conductor and PVC insulation is used as the
test sample in the performed experiments. It
can be considered as a long cylinder. The

amount of the heat that can be transferred by
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convection and radiation from the cable
surface to the surrounding space, can be
calculated using the expression [4]:

qtot =qconv +qrad =

=haD(T,-T,)+enDo (T, - T,

) 1)
where h — convection coefficient; D — cable
diameter; 7 — cable surface temperature; 7, —
ambient air temperature; € — cable surface
emissivitg/; o — Stefan-Boltzmann constant
(5.67-10° W/m?K*):; Te — ambient surface
temperature.

The convection coefficient
based on the equation [4,5]:

is determined

h=E Nu, (2
X

where k — air thermal conductivity under
certain conditions, Nux — Nusselt’s number,
and x — specific dimension (i.e. diameter D or
length L for horizontal or vertical cable,
respectively).

The Nusselt number can be determined
using correlation equations. For the horizontal
cable orientation, a equation for horizontal
cylinder can be applied [4]:

0.387-Ra,"”*
o716 78/

{1%0.559} }

Pr

where Pr — Prandtl number. This equation is
valid for Rayleigh number in the range of Rap
< 10" In the case of a vertical cable
(modeling with cylinder), a correlation

equation for a vertical plate can be applied [5]:
2

Nu, =40.6+ (©)

0.387-Ra,“*

0.492 "
1+( ' j }
{ Pr
The equation (4) is valid for Rayleigh number
in the range of 10! < Ra_ < 10%. Rayleigh

number Ray in expression (3) and (4) can be
calculated as follows [4]:

Nu, =10.825+ 4)

Ra, = P —T )X 5)
Vo

where g — acceleration of gravity; f —
volumetric thermal expansion coefficient; v —
momentum diffusivity; o — thermal diffusivity;
and x — specific dimension i.e. diameter D or
length L for expressions (3) and (4),
respectively. Air parameters are taken from the
corresponding tables (appendix A from [6]).

The expression (4) can be used to calculate
the Nusselt number for a vertical cylinder only
if the following condition is met [5,6]:

D_ 35
- >

L Gr" ©
where Gr_ — Grashof number is calculated as
the ratio of the Rayleigh and Prandtl numbers
(Gr_ =Ra/Pr).

Given that the above condition is not
feasible for thin cylinders, the convection
coefficient h from (1) can be multiplied with
the correction factor F [5]:

F =1.3{—(L/D)} +1. (7)

Gry

When the steady state is achieved (constant
cable surface temperature) total heat generated
in a conductor transfers through cable
insulation and sheath and is transferred to
environment by convection and radiation.
Since the PVC insulation and sheath are
cylindrical, the total heat that is conducted
through these two layers can be calculated by
the following equation [6]:

T -T
Qo == ®)
In2
2nk. o T,

where T, and Ts — are conductor and surface
(sheath) temperatures, respectively; Kins —
thermal conductivity of insulation and sheath
which is 1/6 W/mK for PVC; r; and r, — inner
and outer radius of insulation with sheath,
respectively.

Based on the measured cable surface
temperature and the calculated value of total
heat per unit length, the conductor surface
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temperature T, can be determined by the
equation (9):

, 1 I
Tc :Ts+qtot [mln?]1 (9)

after which the electrical resistance of a
conductor R(T,) can be calculated as:

R(T,) =R, [1+ (T, —20)], (10)

where Ry — electrical resistance at 20 °C; a —
the temperature coefficient (o, = 0.00393 K™).
Knowing the electrical resistance, the current
through conductor can be calculated using the
equation (11):

Icalc :\/ Qtot :\/qltot'L, (11)
- \VR(™)  \R(T)

where Qo — total heat power; L — cable length.

Calculated value of current is compared
with the measured value and a relative
deviation has been expressed.

EQUIPMENT USED FOR
MEASUREMENT

A single-core cable heating experiment was
realized at the Faculty of Technical Sciences
Cacak (Laboratory for electrical installations).
The test sample is cable PP00 1x25 mm? with
the length of 2.1 m. A total number of six
measurements  were performed: three
measurements with different currents for each
orientation of the cable (horizontal and
vertical). The experimental setup is shown in
Figure 1.

Cable has been set to short circuit operation
through the step-down transformer (toroid)
and autotransformer connected to the power
network. The desired value of current through
the cable is set using autotransformer. Cable
current was measured using Benning CM3
type current clamp. For the horizontal
orientation, the cable is placed on thin wooden
supports to achieve a natural air flow around

the cable (Fig. 1a). In the case of vertical
orientation, one end of the cable was attached
to the ceiling while other end hangs freely
(Fig. 1b).

Type J thermocouples were used for
measurement of surface temperature of the
cable. Data acquisition equipment consists of:
NI cDAQ-9174 with NI 9219 card and custom
application created in LabVIEW software. A
total of four thermocouples were installed:
three for measuring of the cable surface
temperature and one for measuring the
ambient air temperature. Three thermocouples
were attached to the cable surface with metal
clamps, while the fourth thermocouple, that
measures ambient temperature, was distanced
from the cable.

Fig. 1. Laboratory setup for (a) horizontal and (b)
vertical cable

Before clamping the thermocouples to the
cable surface, temperature deviation between
thermocouples was checked and it did not
exceed the value of 1 °C. Before the start of
each measurement, the room conditions of free
air flow around the cable were met: making
sure that door and windows in the room were
closed and the air conditioning was turned off.
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NI cDAQ-9174 with NI 9219

PC with
LabVIEW

‘ Cho‘ Chl‘ ch2 ‘ chs‘ T3

Ta

2 g5 8

AutoTR Step down

Thermocouples

Tested power cable

TR

Fig. 2. Scheme of a laboratory setup equipment with cable test sample in two orientation

After switching on the power supply and
setting the desired value of the current, the
increase in temperature was causing a change
in the electrical resistance of the conductor. A
stable value of current was achieved by
adjusting of autotransformer. The change in
temperature and current was significant in the
first part of the measurement, after which the
effect of temperature change on resistance
decreased, which is the result of the
exponential stabilization of temperature. Also,
changes in the supply voltage affect the value
of the cable current due to the high turns ratio
of step-down transformer.

MEASUREMENT AND CALCULATION
RESULTS

In order to compare values of the current
obtained by measurements and calculations,
three measurements were performed for both
cable orientations. These measurements were
realized with three different current values:
130, 150 and 170 A. Each measurement lasted
for an approximate period of 60 min. The
displayed temperature Ts (Fig. 4 and Fig. 5) is
the mean temperature of three measured points
on cable surface, i.e. T=(T1+T,+T3)/3.

Figure 3 shows the results of the surface
cable and the environment (ambient air)
temperature measurement in the case of a
horizontally oriented cable. All three
measurements were realized in approximately
equal ambient temperatures, and in the steady
state the ambient and cable surface
temperatures were: 22.8 °C and 47.3 °C (for
the current value of 130 A); 23.3 °C and 54.2

°C (150 A); 22.3 °C and 61 °C (170 A),
respectively.

! 1 1 Il Il Il ! |
|

T for 170 A

T, for 150 A

60

50 + |
T for 130 A

T (degC)
8
L

30 4
T, for 150 A

» '
=T for130 A
~

20 4 !
T, for170 A

T T T T T T T 1
0 10 20 30 40 50 60 70
t (min)

Fig. 3. Cable surface and ambient air
temperatures for horizontaly oriented cable

Figure 4 shows the results of the surface
cable and the environment temperature
measurement in the case of a vertically placed
cable. As with the horizontal cable orientation,
the expected exponential increase of
temperature was obtained.

Unlike the previous case (horizontal
orientation), two measurements for vertical
orientation were realized in equal ambient
temperatures (for current values of 130 and
150 A). The third measurement (170 A) was
performed at an ambient temperature of
approximately 4 °C higher. Therefore the
value of the temperature of the cable is higher
at a current of 170 A. In the steady state the
ambient and cable temperatures were: 20.7 °C
and 44.3 °C (for the current value of 130 A);
20.7 °C and 51.3 °C (150 A); 25 °C and 63.1
°C (170 A).
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Fig. 4. Cable surface and ambient air
temperatures for vertically oriented cable

Figure 5 shows the values of temperature
differences between the cable surface and
ambient air for all six measurements.
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0 10 20 40 50 60 70

ta?min)
Fig. 5. Temperature differences for all current
values and orientations of the cable

After the realized experiments of three
values of currents for two orientations of the
cable, stationary values of cable and ambient
temperatures were obtained. These values
were used to calculate the parameters of all
three types of heat transfer and the value of the
current through a conductor. The expressions
(1)-(11) were used to calculate the value of
current l¢qc through a conductor. After that, the
calculation of deviation from a measured value
of current was calculated using the equation:

5l =—le_me.100[%]. (12)

meas.

where Imeas — measured current.

Data obtained by calculation for a
horizontally and vertically oriented cable for
all three values of current is shown in tables 1
and 2.

Tab. 1. Data obtained by calculation for a
horizontally oriented cable

Calculated Measured current value [A]
parameters 130 150 170
h [W/m“K] 7.804 | 8222 | 8631
q'tor [W/m] 12.383 | 16.342 | 21.301
| [A] 125.5 141.9 160.5
3l [%] -3.5% | 5.4% |-5.6%

Tab. 2. Data obtained by calculation for a
vertically oriented cable

Calculated Measured current value [A]
parameters 130 150 170
h [W/m°K] 6.24 6.594 6.916
Qo [W/m] | 10474 | 1421 | 18.841
I TA] 116.3 | 133.3 149.7
31 [%] ~10.5% | -11.1% | —11.9%

It can be noted that the difference between
the measured and calculated currents in a
horizontally oriented cable ranges from —3.5 to
—5.6%, which can be considered a satisfactory
result. In addition, the calculated results for the
vertical oriented cable have approximately
twice the difference compared to the
horizontal orientation of the cable, i.e. from —
10.5 to -11.9%. A larger deviation, in this
case, may have been occurred due to the error
introduced by the correlation equation and the
correction coefficient. Furthermore, it should
be noted that the small amount of heat was
dissipated at the cable ends (connections),
which was neglected in this calculation.

CONCLUSION

The paper presents results of measurements
of cable current and temperatures, as well as the
method for calculation of cable current under
certain conditions (cable orientations and surface
and ambient temperatures) and the results
obtained.The heat transfer equations for a
horizontal and vertical cylinder are used in
calculations to model the cable. The obtained
results have an average percentage difference of
about 5% and 11% for horizontal and vertical
cable orientation, respectively.
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Future research should focus on the study of
reducing the deviation of a current value of a
vertically oriented cable by researching other
correlation equations. In addition, the value of
heat dissipation at the connecting ends of the
cable should be analyzed.
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LUMINAIRES
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Abstract

The paper presents the results of laboratory measurements of electrical quality parameters of smart LED luminaires
under different degrees of dimming and color modes of their operation. An analysis and comparison of the obtained
results with the current standards requirements have been made.

Keywords: electrical quality parameters, power quality analyser, LED luminaires, harmonic distortion, crest factor.

BBBEJIEHME

B mociieqauTe roiMHU OTYTIPOBOTHUKOBA-
Ta TEXHOJIOTMS HEMPEKbCHATO C€ pa3BHUBA H
pasmmpsiBa CBOEeTO npuioxenue. CBeTOaHO-
Hoto (LED) ocBetnenme, karo yact OoT Ta3u
TEXHOJIOTHUS, HAMHPaA BCE TMO-ITUPOKO TPHIIO-
KEHHE BbB BHTPEIIHOTO U BHHIITHOTO OCBETJIE-
HUE, W3MECTBAaKH KOHBCHIIMOHAIHUTE CBET-
nuHHA u3TouHunu. LED ocBerurenute ce ot-
JIUYaBaT ¢ BUCOK U MOCTOSHHO yBETUYABaIl Ce
CBETJIMHEH NOOWB, BUCOK HWHIEKC Ha IIBETO-
npenaBane — Ra>80 1 cpaBHUTEIHO ABIBI KU-
BoT [1]. JIOMbIHUTEIHN TPEIUMCTBA Ca Bb3-
MOKHOCTTA 32 PETyJUPaHe Ha CBETIMHHHUS T10-
TOK M Ha IIBETHATa TeMmIepaTypa, KaKTo U 3a
KOMOMHHMPAHO W3JTbYBAHE Ha JIBETEC TEXHOJIO-
TMd — ,,CHH CBeToAuon + mymuHOpOp™ U
,,RGB, B 001110 OCBETHUTEIHO TSIO.

HeoOxomuMuTe mapameTpu, oOe3nedaBaniu
HOPMaJTHHUTE PEKUMHU Ha paboTa Ha CBETOMU-
OJIHUTE W3TOYHHIIH, C€ OCUTYpsSBaT dYpe3
eJIEKTPOHHHUTE TpeolOpasyBaTenu (IpaiiBepH),
Brpagenn B LED ocserurennure tema [2,3].
W3non3Banero Ha aApaiiBepu 0Oe3 cHenuaiHu
GWITpU B TAX € NMPUYMHA 332 TEHEpHpaHe Ha
BHCIITM XapMOHHUIIM HAa TOKa, KOUTO € Heo0Xo-

IUMO Ja ObJaT chOOpa3eHW C TPAHHUYHHUTE
CTOHHOCTH 3a TEHEPHUpAHHU OT YCTPOWCTBa 3a
ocsetienue, cbrinacio bJIC EN 61000-3-2 [4].

B noknana ce u3BbpIIBa U3CIEABaHE HA T10-
Ka3aTelIuTe 3a KadyecTBO Ha eJleKTphyecKara
eHeprust Ha uHTenureHTHU (Smart) LED ocse-
TUTEJHN C PETyIUpaHe HA CBETIIMHHUS MOTOK U
BB3MPOU3BEKIaHE HA PA3TUYHU IIBETOBHU pe-
KMMH, BKIIIOYCHH KBM PETYIUpYyeM 3axpaH-
BAlll U3TOYHUK, OCUTYPSIBAIl HOMUHAIHUTE T1a-
paMeTpH Ha OCBETHTEIIHTE.

N3J0KEHUE

Brummaunar Bun Ha wuscaensanute LED
OCBETHUTENN, HAa KOUTO C€ peryiupa CBETIHH-
HUSl TIOTOK M IIBETOBHTE PEXHMH, € TOKa3aH
Ha ¢ur. 1. B Tabn. 1 ca npeactaBeHH OCHOB-
HUTE UM TE€XHUYECKH XapaKTePUCTHUKU — Jua-
Ma30H Ha 3aXpaHBalOTO HampexeHue U, Mak-
CHMaJIHa aKTUBHA MOILIHOCT P, CBETJIIMHEH MO-
TOK @ W KOpelupaHa IBeTHA TeMIieparypa ¢
IpU TEXHOJIOTUSATA ,,CHH CBETOJIUOJ + JIyMH-
HOodop* ¢ u3apuBaHe Ha Osa (W) cBerimHa,
KaKTO U C LBETHH PEKUMH Ha CBETOJUOHTE
ot TexHonorusta 4yepseH (R), 3enen (G) u cun
(B) LED [5]. Ot uscnensanure LED ocBetn-
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TEJH, JBET€ TEXHOJIOTUU ca KOMOWHUpaHH B
o0mo Ts10 3a ocseturenu Nel+4 u 8, LED
OCBETHUTEIIM C HOMepa 6 1 7 ca ¢ TEXHOJOTHUsTa
RGB, a LED ocBetuten No5 — ¢ TexHoJ0rusTa
,,CUH CBETOAHO/ + JIyMHHODOP*.

LED Me/+3 LED Nﬂ4 LED Me5 LED Me6

LED Ne7

LED MNe8
®Duz. 1. Bvruwen 6uo na uscieosanume LED
oceemumenu

Taoa. 1. Texnuuecku xapakmepucmuxu Ha
uzcireosanume LED oceemumenu

LED U,V P,W| @, Im T, K

Nel | 220+240 6 470 RGB+3000
Ne2 | 220+240 6 470 RBG+4000
Ne3 | 220+240 6 470 RBG+6400
Ned | 170+265 | 18 | 1350 | RGB+2700+6500
Ne5 | 220+240 | 12 | 1055 2700

Ne6 230 - - RBG

Ne7 | 110+220 | 18 - RBG

Ne8 | 110+240 - - RGB+2700+6500

[Ipu w3cnenBane Ha TapaMmeTpUTe 3a Ka-
4ecTBO Ha enekTpuuyeckara eseprusi, LED
OCBETUTEIIUTE CE€ 3aXPaHBAT ChC CTAOMIHM3H-
paH CUHYCOHWJaJEeH MPOMEHINBO-TOKOB U3TOY-
HUK Ha HampexeHnue, mozaen Pure Sine Wave
AC Power Source - LSP-500VAR, noka3an Ha

¢wur. 2

Due. 2. CmabunuzupaH Cunycouodien

NPOMEHIUBOMOKO8 USMOUHUK HA HANpedlceHue
LSP-500VAR

Crabunu3upaHusIT CUHYCOUIANICH MPOMEH-
JMBOTOKOB M3TOYHHMK HA HANPEKEHUE OCHUTY-
psiBa OO0 XapMOHUYHO M3KPHBSIBAHE IO Ha-
npexenue THDy<0.6%, koeTo ymoBiaeTBOpsiBa
M3HCKBAHUATA 32 3aXPaHBALIO CHHYCOUIAITHO
Hanpexenue ¢ THDy<1% npu uszmepBane Ha
XapMOHUYHHUTE CHhCTABSIIN HA TOKA Ha OCBETH-
Tenu, chriaacHo [4,6]. TexHuueckuTe Xxapakre-
pUCTHKH, KaTo Hanpexenue U, yecrora f, mak-
cuMasieH paboreH Tok |, aktuBHa MomHOCT P
u (akropa Ha MoIIHOCTTa Kp Ha MPOMEHIINBO-
tokoBusi perynarop LSP-500VAR, ca mpen-
craBeHu B Tao0u. 2 [7,8].

Taéa. 2. TexnuuecKku XapaKkmepucmuku Ha
npomernaugomoros pezyramop LSP-500VAR
U,V f, Hz I, A P, W Kp

0+300 40+70 5 600 0+1

[Tokazarenure 3a Ka4ecTBO Ha €IEKTpHYC-
CKaTa CGHEprus MpU peryjiipaHe Ha CBETJIHH-
HUS MOTOK M HACTPOWKA Ha Pa3IMYHU I[BETHU
pexxumu Ha LED ocBetuTenute ce u3pbpiiBa ¢
enekTpoeHeprueH aHanmsarop LS2010, nume-
BUST TTaHEN HA KOWTO € TI0Ka3aH Ha dwur. 3.

@Due. 3. Enexmpoenepeuen ananuzamop LS2010

O61I0TO XapMOHUYHO U3KPHUBSIBAHE TIO TOK,
M3MEpBaHO C EJIEKTPOCHEPTUITHUS aHaTNu3aTop
LS2010, ce m3umcnsBa ChriIacHO U3pasa:

KbJeTo |1 e edekTHBHATA CTOWHOCT HA OCHOB-
HaTa ChCTaBsAlla Ha Toka, I e edexkrTuBHaTa
CTOWHOCT Ha cymMara OT XapMOHHYHHUTE ChCTa-
BAIIM Ha TOKa ¢ mopsabk ot h(2) 1o h(50). Ot
mpa3z (1) ce Bwxkma, 4e aHAIM3ATOPBHT YAO-
BIIETBOPSIBA M3MCKBAHETO HA CTaHJApTa 3a OT-
YUTaHE HA XapPMOHUYHHUTE CHCTABSIIM MHHH-
MyM 110 40-T1 opsabK [4,6].
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KoedunmenTsr Ha aMIUIMTyAaTa Ha TOKA
Kief ce HM3YmciasiBA OT aHAIM3aTOpa IMOCPE-
CTBOM H3pa3a:

__p
kIcf - I ! (2)

rms
KbJeTo lp € ammmuryHara (IMKoBa) CTOMHOCT

Ha eJIeKTpuuecKus Tok [9].

C nomomira Ha €JIEKTPOSCHEPruiHUs aHa-
nuzarop LS2010 u cnenmanusupanus codrye-
pen nponykr LS2010 Digital Power Meter ce
U3BBpIIBA M3MEpBaHe Ha eeKTUBHATA CTOM-
HOCT Ha HaIIPEKEHUETO U TOKA |rms, aMIUIUTYI-
HaTa CTOMHOCT Ha Toka lp, koedpuuueHTa Ha

aMIUTUTy/IaTa Ha TOKa K, aKTMBHATa MOII-
Hoct P, dakrtopa Ha momHoctTa Kp (Kamaru-
TUBCH “c” M MHIYKTHUBEH ““|” Xapakrtep), 00-
IIOTO XapMOHUYHO M3KPUBSBAHE HA HANpEkKe-
nuero THDy u Toxa THD, u otnennu xapmo-
HUYHU CBCTaBANIM Ha TOKa |y, mpeacTaBeHU
KaTo MPOIEHT OT OCHOBHUSI XapMOHHK, 32 W3-
ciensanure LED ocseturenu.

N3mepBanusTa ce WM3BBPIIBAT MpPU pPas-
JUYHUTE HUBA HA PETYIUPAHE HA CBETIIMHHUS
MOTOK @ W Pa3IMYHU LIBETHU PEXKUMH C TOpPE-
ormucaHuTe aBe TexHojormu — ¢ Osma (W)
CBETJIMHA TIPU pa3lInyHa I[BETHA TEMIIEpaTypa,
u nuseroBere RGB — 1abi. 3.

Taén. 3. Pesyrimamu om usmepsanus na enexmpuyecku napamempu na LED oceemumenu c pecynupane na ceemnunnus nomox u

yeemuume pescumu

LED Pexxum nipu XapMOHWYHH ChCTaBSAIIN HE?: TOKa U
osuta D, lims: I, I, P, Ke |THD,, MaKCUMAaJIHO AOMYCTHMa CTOMHOCT, %o
08¢ | cacrmama | % | [Al | A | - | MW | - | % [ b | hs [ by | be | bur | b
(W) u RGB 30.PF | 10 7 5 3 3
100 | 0.050 | 0.183 | 3.63 | 5.88 [0.506| 164.0 | 94.1 | 83.1 | 68.7 | 52.8 | 37.6 | 25.6
Nl W-3000K 50 [0.022(0.099 | 4.44 | 2.15 |0.417.|215.8 | 97.6 | 93.1 | 86.5 | 78.3 | 68.8 | 58.7
100 | 0.018 | 0.084 | 4.74 | 1.61 [0.395¢|229.4 | 97.9 | 94.4 | 88.6 | 82.3 | 74.0 | 65.9
R.B.G 60 |0.011[0.059 | 5.37 | 0.89 |0.355¢|257.7 | 97.3 | 95.6 | 89.8 | 89.8 | 82.0 | 78.2
W-4000K 100 | 0.050 | 0.184 | 3.37 | 5.87 [0.507| 163.8| 93.4 | 82.9 | 685 | 52.2 | 37.3| 25.1
50 |0.023[0.099 | 432 | 2.21 |0.416|215.7 | 98.7 | 959 | 86.2 | 79.9 | 68.4 | 57.8
N RB.G 100 | 0.017 | 0.082 | 4.73 | 1.59 [0.391|229.3| 97.9 | 93.8 | 88.7 | 825 | 73.8 | 64.5
60 |0.011|0.059 | 5.37 | 0.89 |0.356|257.8| 97.4 | 95.7 | 89.6 | 89.4 | 823 | 78.3
W.6400K 100 | 0.050 | 0.186 | 3.70 | 5.87 [0.508|163.1| 92.7 | 82.1 | 68.4 | 52.2 | 37.3 | 24.9
50 |0.023[0.099 | 432 | 2.20 |0.415.|215.6 | 98.6 | 95.8 | 86.0 | 79.8 | 68.7 | 58.0
o3 100 | 0.018 | 0.084 | 4.74 | 1.60 [0.396|229.1| 97.6 | 94.1 | 88.3 | 82.1 | 73.9 | 64.1
R.B.G 60 |0.012|0.063| 5.31 | 0.91 |0.357|257.1| 97.2 | 95.2 | 89.6 | 89.3 | 82.7 | 785
W-2700K 100 | 0.109 | 0.364 | 3.51 | 14.80 |0.560¢| 134.2 | 85.2 | 70.2 | 52.2 | 35.2 | 25.3 | 21.4
50 |0.063[0.223 | 352 | 8.2 |0.530|145.3| 84.1 | 73.9 | 59.5 | 47.9 | 32.8 | 21.1
W-4000K 100 | 0.109 | 0.364 | 3.51 | 14.50 |0.560¢| 134.2 | 85.2 | 70.2 | 52.2 | 35.2 | 25.3 | 21.4
Ned 50 |0.063|0.223 | 352 | 8.3 |0.530|144.9| 83.8 | 735 | 58.9 | 47.4 |32.1| 21.2
W.6500K 100 | 0.110 | 0.364 | 3.51 |14.51 [0.561|134.5| 84.4 | 71.5 | 54.6 | 34.7 | 24.1| 21.9
50 |0.063|0.221| 352 | 8.3 |0.530|144.9 | 83.8 | 73.5 | 59.0 | 47.6 | 32.3 | 20.9
R,G,B | 100 [0.023(0.018 | 3.79 | 3.1 |0.450(|145.1 | 60.1 | 60.4 | 58.1 | 53.4 | 46.6 | 40.4

s | Wo2700K 100 | 0.066 | 0.137 | 2.10 | 12.34(0.818, | 56.1 | 50.7 | 165 | 8.8 | 122 | 80 | 3.0
50 |0.038|0.059| 1.52 | 417 |0.985,| 11.2 | 82 | 65 | 27 | 11 | 01 | 07
Ne6 | RGB=W | 100 | 0.033 | 0.168 | 5.08 | 3.31 |0.454|188.9 | 89.8 | 82.5 | 74.9 | 63.6 | 52.0 | 40.6
R+B 100 | 0.061 | 0.283 | 4.64 | 6.06 |0.452|190.4 | 954 | 87.2 | 755 | 62.4 | 49.1 | 37.3
Ne7 | R+G 100 | 0.063 | 0.285 | 4.52 | 6.31 [0.454|189.0 | 95.4 | 86.9 | 75.4 | 62.2 | 48.8 | 36.9
B+G 100 | 0.066 | 0.295 | 4.47 | 6.78 |0.467|179.9 | 94.8 | 852 | 72.2 | 57.7 | 43.7 | 325
8 W-4000K | 50 |0.152|0.754 | 4.96 | 13.32|0.381¢|232.1 | 98.4 | 94.2 | 889 | 83.1 | 74.2 | 64.8
“BG flag” | 100 | 0.190 | 0.906 | 4.76 | 17.2 |0.392|227.8 | 97.1 | 93.8 | 88.1 | 82.7 | 73.3 | 62.2
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N3mepBanusTa ce W3BBPIIBAT MPHU OOIIO
XapMOHUYHO W3KPUBSBAHE T10 HAIMpPEKCHHE
THDy < 0.3%, ocurypeHo oT peryiaTopa
LSP-500VAR [7]. Pesynrature oT HM3MepBa-
HUATA ca MPEACTaBeHH B Ta0d. 3, B KOSATO ca
MOKa3aHM ITbPBUTE IIECT HEYCTHU XapPMOHUY-
HU CHCTABSIIU HA TOKA.

Ha ¢ur. 4+9 ca nokazanu rpadgudnu pe3yi-
TaTH OT pe3yiATaHTHAaTa GopMa Ha HAMpexe-
HUETO U TOKA, KAKTO U XaPMOHUYHUS CIIEKTHP
Ha HAIPEKEHUETO U TOKA 32 YacT OT U3CJIe/IBa-
nute LED ocBeturenu.

Voltage & Curvent waveForm

Voltage Spectrum

Ushd: 0.2%

Current Spectrum

Whd: 160.2%

‘|Il|llll|1.....

@uz. 4. LED Nel - 6W, 6s1a ceemauna-3000K,
D=100%

50

Valtage & Curent WaveForm

Voltage Spectrum

Uth: 0.2

Currant Spectrum

the: 215.8%

@ue. 5. LED Nel - 6W, 6sa1a ceemauna-3000K,
D=50%

veitage Spectrum

Uthd: 0.2%

Current Spectrum

Whd: 229.4%

“"||||ll|lllll|x.

@ue. 6. LED Nel - 6W, pearcum RGB, @=100%

Voltage & Current WaveFom

Voltage Spectrum

Uthd: 0.2%

Current Spectrum

Ithd: 145.5%

.!||||Il|.,

@uz. 7. LED Ne4 -18W, 6ana ceemauna-65 OOK,.
@=100%

Voltage & Cumrent WaveForm

voitage Spectrum

Uthd: 0.1%

|current spectrum

Whel: 56.1%

@ue. 8. LED No5 -12W, 6ana ceemauna-27 00[(,‘
©=100%

Valtaga Spactrum

Uthd: 0.2%

1 50
Currant Spectrum

Ithd: 11.2%

@uz. 9. LED N5 -12W, 6ana ceemauna-2700K,
D=50%

AHAJIN3 " 3AKJIIOYEHHUE

OT u3MepeHuTe nmokas3aTesy 3a Ka4ecTBO Ha
EIIEKTpHUYECKaTa CHEpPrusi Ha W3CICABAHNUTE
LED ocBerurenu mpu peryiMpaHe Ha CBET-
JWHHUS TIOTOK ¥ Ch3JlaBaHE Ha PA3IUYHA
LIBETHH PEKUMH, CE YCTAHOBSIBA CIIETHOTO:

- CTOMHOCTHTE Ha XapMOHHYHUTE CHCTaBS-
M Ha TOKa 3HAYUTETHO HAJBHILIABAT MaKCH-
MAJIHO JOMyCTUMHTE, TOCOUYEHH B CTaHAAPTa,
C M3KJIIOUYEHHUE Ha OJYepTaHuTe CTOMHOCTH 32

100

Mesicoynapoona nayuna kongepenyus “VHUTEX 20" — I'abposo



LED ocseruren NeS5 npu 50% HamaneH cBet-
JUHEH TOTOK (Tab. 3);

- IPY HAaMAJISIBAaHE HA CBETIUHHUS TIOTOK OT
100% na 50% na LED ocBerutenu Nel+4 ¢
KarauTUBEH (akTOp HA MOIIHOCTTA, OOIIOTO
XapMOHMYHO W3KpuBsBaHe 1Mo ToK THD; u
KOC(HUIIMEHTHT Ha aMIUTUTY/1aTa Ha TOKa Kicf ce
yBenuvaBaT, a Kp HamansBa (tabn. 3, ¢wur.
4+5);

- peryJupaHeTo Ha IIBeTHATa TeMIieparypa
Ha LED oceruten Ne5 mpu d=const ve mpo-
MEHs MOKa3aTeNuTe 3a Ka4yecTBO Ha EJEeKTpH-
yecKaTa €Heprus, JOKATo C MPEBKIIOYBAHETO
OT TEXHOJIOTHUSATA ,,CUH CBETOJUOJ + JIyMHHO-
dop”“ xbM RGB (LED ocBerurenu Nel+4),
MoIHOCTTa HamansaBa, Ho THD, u Ky ce yBe-
JUYaBar.

[Tonydyenure pe3yaTaTu OT U3BBPIICHUTE
M3MEpBaHUs Ha MOKA3aTEIMTE 32 KAa4eCTBO Ha
eJIeKTpUYecKaTa EHEprus Ha H3CIEeIBAHUTE
LED ocBerutenu noka3Bar HeEoOXOIMMOCTTa
OT MO-CTPOTO0 KOHTPOJUpPAHE Ha EJIEKTpoMar-
HUTHaTa chBMecTUMOCT Ha Smart LED ocse-
TUTENHUTE 10 OTHOIICHHE Ha HUBAaTa Ha BHC-
[T XapPMOHUYHH HA TOKA U MOTAT Jia TIOCIy-
’KaT 3a YCHBBPIUICHCTBAHE HAa EJIEKTPOTEXHH-
yeckaTta yacT Ha LED npaiiBepute um 3a Ha-
MaJIsIBAaHETO UM JI0 JOMYCTHMHTE TPAHHUIM OT
CTaHJIapTa.
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REMOTE CONTROL AND MANAGEMENT SYSTEM FOR AIR-
CONDITIONING INSTALLATION

Emiliya Dimitrova’, Vasil Dimitrov*
! Todor Kableshkov University of Transport — Sofia

Abstract

Building automation is a centralized system for remote control of heating, cooling, ventilation, humidity and aims to
maintain the microclimate in the building according to the requirements. The paper presents a system for remote
control and management of air conditioning, discusses the principles of construction and selection of different modules.

A study of the cooling effect was performed.

Keywords: air conditioning system; energy efficiency.

BBbBEJIEHUE

B nocneano Bpeme Bce MO-IIUPOKO MPUIIO-
KEHHE HAMUPAT PAa3TNIHN HHPOPMa-IIHOHHO —
yIIpaBJIABAIIM CUCTEMHU 3a CrpajiHa aBTOMaTH-
3auus. OT enHa cTpaHa, TOBa Ce Hajara ot I0-
BUIICHUTE W3UCKBAaHUS, NpEASBSIBAaHU 1O OT-
HOIIICHWE Ha MUKPOKIUMAaTa B IPOMHILICHH-
T, aJMUHHCTPATUBHUTE U OCOOEHO B HSKOU
cnenmanHu crpanu [1-3]. Ot gpyra crpaHna,
CHCTEMHUTE 33 MOHUTOPHHI M YIIpaBlIEHHE Ha
€JIEKTpO-€HepruiiHaTa KOHCyMalus B Ou3Hec-
crpaid M oQuC LEHTPOBE NPEAOCTABIT Bb3-
MO>KHOCT 3a IIPEIOTBpATsABaHE Ha ONPEIEIICHU
chOUTHS Ype3 aHanu3 U 00paboTKa HA JTaHHU-
T€ W rapaHTHpaHe Ha ONTUMH3UpPaHa €KCIUIoa-
TallUs Ha eJIeKTpUYecKaTa Mpeka, OBHIIaBa-
HE Ha eHepruiiHaTa e()eKTUBHOCT M CIIECTSIBA-
He Ha GuHaHCOBHU cpeacTa. Cucrtemure 3a OT-
JanedeH MOHUTOPHHT M YIpPaBJICHHE Ca ChB-
KYITHOCT OT TE€XHHYECKH, MPOTPaMHU U JIPYTU
CpEICTBa 3a OCBHIIECTBSIBAaHE HA KOHTPOJI U
yIIpaBJIEHUE OT Pa3CTOSIHUE HAa TEXHOJOTUYHU
OOEKTH W TIPOIIECH B CTpajiaTa M MpHIIeKAIINs
U paiion. Heobxoaumo e HenmpekbCcHATO Ja ce
oOMeHs1 nH(pOpMaLIUs MEKIY KOHTPOJIUPAHUTE

00EKTH, OT e]lHa CTpaHa, U CUCTEMHUTE U OIle-
paTopa B LIEHTHPA 3a yIpaBJICHHE.

B noknana e pazpaboreHa cuctema 3a M-
CTaHIIMOHEH KOHTPOJ W YIpPaBICHHE Ha KIIU-
MaTH4YHa MHCTAJIAIMsl, pa3riielaHu ca MPUHIIH-
MUTE Ha M3rpaxkJlaHe U u300pa Ha pa3IMuHUTE
monyiu. IIpoBeneHo e mpoyuBaHe 3a edekra
Ha OXJIaKJaHe.

CTPYKTYPA HA CUCTEMATA

EnHO OT CBHBpEMEHHHUTE TPEITIOKEHHS 3a
peanuzanus e SmartStruxure Solution [3] —
WHTETPUPAHO CUCTEMHO PEIICHHE 3a YIpaBlie-
HHE Ha CTrpajid, KOETO BKJIIOYBA TOJIIMO Pa3Ho-
o0pa3ue OT XapAyepHU KOHTPOJIEPH, BXOJIHO-
u3xoauu (I/O) moaynu u codpryepHH MpOayK-
ti. Crcremara Moske J1a ObJie TIepCOHATH3Hpa-
Ha 32 TPUJIOKEHUS 3a yNpaBJIeHHE KaKTO Ha
Maika ouc crpaga, Taka U Ha OU3HEC IIEHTHP,
YUWIINILIE UM UHAYCTpuaiHa cpeaa. CrueraBa
KOHTPOJI Ha MHKpPOKJIMMaTa, MOHHTOPWHT/H3-
MEpBaHE U YIpaBleHHE Ha KOHCyMalusATa Ha
€Heprus, yIpaBJIeHUEe Ha allapMH, CUTYPHOCT,
W3rOTBSIHE HA OTYETHU U JIP.
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B ocnoBara Ha Smart Struxure Solution e
CBPBBPHO ycTpoiicTBO — AS-P  koHTposep
(SmartX Controller). AS-P u3nbiHsiBa KJ1t040-
BU (DYHKIIMOHATHOCTH (KaTO HAIPUMED JOTHKa
3a ympaBJeHHE, PETUCTpUpaHE Ha TEHJICHIUU
Y HaOJII0JICHUE Ha ajlapMK) U MOIbPKa KOMY-
HUKalUg ¥ CBBp3aHocT KbM /O ycTpoiicTBa
Ha TOJIeBUTE IIMHU. Pa3npenenenara uHTENU-
reHTHoCT Ha SmartStruxure Solution ocuryps-
Ba OTKa30-yCTOMYMBOCT B CUCTEMATa U MpeJio-
CTaBsl HAIIBJIHO (DYHKIIMOHAJIEH IOTPEOUTEIN-
cku uHTepdeic upe3 paboTHA CTaHIMS U yeO
craamusi. AS-P € MOIIHO YCTpOHCTBO, KOETO
MOXKE J]a JIeWCTBa B Majka WMHCTAJALUs KaTo
CaMOCTOSITENIEH CbPBBP, MOHTHpPAH ChC CBOU-
te I/O monynu. B ronemu mHcrananuu GyHk-
[IMOHAIHOCTTA € pa3lpe/iesieHa Ha MHOYKECTBO
CHPBBPHH YCTPOICTBA, KOUTO KOMYHUKHUPAT
npe3 TCP/IP.

AS-P Moxe na koopauHupa Tpaduka, aa
JOCTaBs JaHHHW, Ja W3MBJIHIBA MHOXECTBO
mporpamMu, Ja ynpasisBa jokanHu 1/O, amap-
MU ¥ TIOTPEOUTEIHN, 2 U3BBPIIIBA INITAHUPAHE U
peruCTpUpaHe W Ja KOMyHHKHUPA, H3IMOJI3Baii-
KM pa3nu4Hu npotokonu. [lopagu ToBa moBe-
4YeTo 4YacTh Ha cucremara (yHKIHOHHPAT
ABTOHOMHO W TIPOJBJKABAT Jla pabOTAT KAaTo
S0, TOPU aKO KOMYHUKAIMSTA C€ MPOBAIU
WIM OTIENHU CHPBBPU WIH YCTPOHCTBA
SmartStruxure nznusar odaiia.

AS-P pasmnonara cbc clieHUTE TIOPTOBE:

- JIBa Ethernet mopra 10/ 100BASE-TX
(RJ45);

- J1Ba RS-485 mopra;

- Epun nopt LonWorks TP/FT-10;
- Epun Brpanen nopt I/O mmHa,

- Enun USB xoct nopr;

- Enun nopr 3a USB ycTpoiicTBo.

JlBata Ethernet mopra ca cBBp3aHU KbM
BrpazeH Ethernet nmpesxmouBaten. Exun mopr
TpsOBa na ObAe cBbp3aH KbM Mpexara. [lpy-
THST TOPT MOXKE J1a C€ M3IT0JI3BA 32 CBBP3BAHE
KbM paboTHa wiau yeO cranims, BACnet/IP
ycrpoiictBo, Modbus TPC Moayn, HO HE KbM
apyr SmartStruxure cbpBbD.

[TopteT 32 USB ycTpoiicTBO 1TO3BOJISABA Ha-
cTpoiika ® B3ammojelictBue Ha AS-P upe3
Device Administratior. USB xoct mopTt mMoxe
7la ce M3TO0JI3Ba 32 OCUTYpsIBaHE Ha 3aXpaHBaHE
n KoMyHHKanuu. AS-P Moxe na u3moi3Ba
TPUTE Hali-TIONMYJISIPHU CTAHAAPTHU 3a CTPAIH:
BACnet, Modbus u LonWorks.

[IpouecopsT € nBysiapen ARM Cortex —A9,
gectoTa — 500 MHz, uma 512 MB SDRAM, u
4 GB eMMC (MultiMediaCard) kapra mamer.

N3non3Bar ce crieqHuTe JOMbIHUTEITHU MO-
nymu: /O moxyn DI-16 (16 kananen mudpoB
BXOJl — MOHUTOPUHT Ha CHhCTOSHUETO Ha 000-
pYIBaHETO WM alapMeH MOHHTOPHHT; MpH
KOHUTrypHupaHe Kato Oposiud MoraT Ja ce u3-
MOJI3BAT MpPH M3MepBaHe Ha eHeprus), [/O mo-
nyau DO-FC-8 u DO-FC-8-H (8-kananen 1u-
¢poB usxon), /0 moxyn Ul-16 (16-kananex
YHHMBEpCAJIeH BXOJl: BCEKHM KaHal MOXeE Jia
MOIbpPKA MUPPOBU WM AHAJIOTOBU BXOJOBE
3a KOHTPOJI Ha TeMIIeparypa, HalisraHe, 10Ut
U JIp.), MOy 3a 3axpanBane PS-24 V (ua cbp-
Bbpa u Ha I/O Moayin).

3a u3MepBaHe Ha TeMIeparypaTa ce H3IoJI-
3BaT garuunu Siemens Pt 1000 ¢ yyBcTBHTE-
JeH eneMeHT (cbe chrpotuBienure 1000 Q npu
0 °0C).

HACTPOUKA U OCUT'YPSIBAHE HA
BE3OITIACHA PABOTA

Cucremara 3a KOHTPOJ U YHPABICHHE HA
KJIMMaTUYHaTa HWHCTaJauus B Majika oguc
crpana (¢ur. 1) m3BppmBa cregHuTe QYyHK-
1N

v KoHTpois Ha TemIeparypara Ha HarHe-
TSABAHUS BB3/AyX Ha HHCTAJIAIUATA 32 00padboT-
Ka Ha BB3IyXa (Cleau ce TeMmiieparypara Ha
HarHeTsBaHUs BB3AYX U CE€ PETyIupa CHpsIMO
Ja7ieHa KOHCTAaHTHA CTOMHOCT):

OromuMTenHa CeKUus — 3a 3arpsBaHe Ha
IIPECHUSI BXOJAII BB3yX CE MU3MOJI3BAa HArpe-
BaTes C TOIJIa BOJAa ¢ HUCKO Hajisrane. Harpe-
BaTeJAT € BKJIIOYEH B yIpaBisBallara Mocie-
JIOBATEJIHOCT Ha TeMIepaTrypara Ha U3CMYKBa-
HUSI BB3AYX U MOJYYEHUAT YIPaBIISBAIl U3XO0-
JIeH CUTHaJl JeiicTBa KaTo yIpasisBalla KO-
MaHJa 3a chOTBeTHUS BeHTWI =Y301 Ha Ha-
rpeBaTeis.

OxyaguTenHa CeKIMs — OXJIAJUTENeH TO-
10-0OMEHHHK 3a BB3AyX (Ha CTyJIeHa BOJA),
BKIIIOUEH € B OOIIOTO yIpaBlieHHWE HA TEMIIe-
paTypara, Kato yNpaBJsBalIUsAT H3XOJEH CH-
THaJI peryjaupa rno3uiusaTa Ha BeHTwia =Y 401
Ha OXJIaIMTETHUS TOTNIOOOMEHHHUK.

3amura oT 3aMpbh3BaHE Ha MHCTAJIALIUSTA CE
peanu3upa Ha HUBO KJIIMMaTU4HA KaMepa. AKO
CEH30pBT 3a 3alllUTa OT 3aMPb3BAaHE OTUETE
TeMIlepaTypa Ha CTyJeHaTa MHUTa MO-HUCKa OT
5¢ C, TO TOM CHTHaJIM3Wpa 32 OMACHOCT OT
3aMpb3BaHE.
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v' KoHTtponepst
oTepaLuu:

- ABapuiiHO criMpaHe HAa HATHETATCTHUS U
CMYKaTeJIHH BEHTWJATOpPM Ha  Kamepara
(=M501, =M521);

- 3aTBapsiHE Ha TMOJBWXHUTE >KATY3UIHU
pelIeTKH Ha KaMeparta, CHaOJeHH ChC 3aBUXK-
ka (Y001);

- ABapuiiHO OTBapsiHE Ha TOIUIMS BEHTHII
(=Y321);

- AKTHBHpPAHETO Ha 3allUTa OT 3aMpPb3BaHE
ce MHIUIMpa Ha omeparopckara cTaHuus. Ts
OCTaBa aKTHBHA JI0 HYJIHPAHETO Ha ajapMmara
OT oreparopa.

v' CurHajusandd Ha WHCTaJalMATa 32
00paboTKa Ha Bb3/IyXa:

- 3ambpceH QUITBHP — CTENEHTa Ha 3aMbp-
ce”oct (F101) ce ycraHoBsiBa upe3 npecocrar,
MPEeBKJIIOYBAI OT AU(EPEHIIUAIHOTO Hajsra-
He. Hanuuuero Ha 3ambpceH GuiaTbp ce cu-
THAJIM3Mpa Ha ONepaTopCKaTa CTaHIIUS;

- Habnrogenune Ha nBUraTenuTe Ha BEHTHU-
JATOpPUTE — 4Ype3 HYECTOTHUTE perysiaTopH,
KOUTO OCUTYpPSBAaT IUIABHO pETyJIHpaHe Ha
obopoTuTe Ha ckopoctra. HarHeraremHUST
(=M501) u cmykarennust (=M521) BenTuna-
TOpPU MMAT CaMOCTOSITEIHU YECTOTHHU peryJa-
topu. Ilpu HanBUIIaBaHE HA TOKA HAJ HOMH-
HAJHO JOTYCTHUMHUSI TOK Ha ChOTBETHHS JABHUTA-
TEJ WU IpU Ipyra HEHOPMaJHa CUTYyalus 4e-
CTOTHHST PETyJIaTop TeHepupa ajapMma U CIIH-
pa paborarta Ha BeHTHWIaTopa. Ta3u aBapus ce
WHALUPA Ha eJ1. TabJIo, ONepaTOPCKUs TEPMHU-
HaJ U Ha OllepaTopcKaTa CTaHIIHUs.

v' Be3aymHa paboTHA €IMHUIA - H3I0JI-
3BaHU ca CJIEeIHUTE BH3MOXKHOCTH 32 HACTPOIi-
Ka Ha arapaTrypara Ha KIMMaTHYHaTa Kamepa:

U3BLpHIBa  CICOHUTE

Bxooose:
- S98151 — aBroMaTHUYCH PEXKUM (BKII./H3KIL.);
- M501A1 — anapma Ha BeHTUJIaTOpa Ha MOAA-
BaHe;
- M521A1 — anapma Ha BEHTHUJIATOP M3CMYK-
BaHe;
- M301A1 — anapma Ha mommna 3a OTOIJICHUE;
- M401A1 — amapma Ha mom1a 3a OXJIaXKJIaHe,
- F101A1 — amapma Ha GUITHD 3a MPECEH Bb3-
yX,
- F301A1 — anapma 3a 3aMpBb3BaHe;
- Fire_Alarm — anapma 3a noxap;
- F801A1 — anmapma Ha punTHp Ha TIOaBaHe,
- F821A1 — amapma Ha QUITHp 32 U3CMYKBa-
HE;
- BMS_reset — mynupane Ha ajgapMma,
- B801W1 — temmeparypa Ha mojaBaHHs Bb3-

AyX,

- B821W1 — craiina temneparypa (M3cMyKBa-
He);

- BOO1IW1 — temnepaTypa Ha BBHIIHHS Bb3-
AYX,

- B421W1 - rtemmeparypa Ha oXJIaKjamiara
BOJIA;

- B321W1 - temneparypa Ha OTOILTMTEIHATA
BOJIA;

- HCS — cenektop 3a oTorieHue / oxXJIaxaaHe
(Heating / Cooling Selector);

- Setpoint temperature — 3amaseHa Temmnepary-
pa,

-VSD_Speed — 3aaBmwkBaHE C MPOMEHIINBA
CKOPOCT.

Uszxoou:
- Y301Y1 — xnanan Ha OTOIUICHUE;
- Y401Y1 — xnanan Ha OXJIaKIaHe;
- M301C1 — crapT Ha momria 3a OTOIUICHHE,
- M401C1 — crapT Ha momria 3a OXJak/1aHe;
- M521Y1 — 3agaBaHe CKOpOCT Ha MOTOpa Ha
U3CMYKBaHe,
- M501Y1 — 3agaBane CKOpOCT Ha MOTOpa Ha
10/IaBaHe;
- M521C1 — craptupane MOTOpa 3a H3CMYKBa-
HE;
- M501C1- craprtupane Ha MOTOpa 3a Moja-
BaHe;
- YO01Y1- mpeceH (CBeX) BB3IYX;
- YO21Y1- otpaboTeH (3aMbpCeH) BB3AYX.

N3CJEABAHUA U PE3YJITATH

3a 51a ce olleHU eHepruiiHaTa e(peKTUBHOCT,
ce M3IO0J3BaT U3MEpPBaHUATA OT CHUCTeMaTa 3a
KOHTPOJI U YIpaBJIeHHE Ha KIMMaTUYHATA MH-
crananusa. PedepeHTHUSAT nepuoa Ha U3CIea-
BaHero e npe3 2019 r. — ot 1 roHu 1o 31 aB-
ryct 3a o010 92 nuu u 25296 npobu OT JaHHU
3a BCSIKa OT M3MOJI3BAaHUTE TOYKH 3a M3MEpBa-
He (pexxuM Ha oxuyaxnane). Thil kato m3cie-
JloBaTelicKaTa JEeWHOCT Oelle Haco4eHa KbM
UKOHOMMSI Ha BEHTWJIALMOHHATa €Heprus Ha
oxJaxnamara HaMmotka DX Ha pekynepatopa,
CMECUTEIIHAaTa KyTUsl Oelle H3KIIoUeHa I10
BpeMe Ha 3amuc Ha JnaHHd. [lapamerpute 3a
00paboTKa Ha BB3/yXa, MOJIYyYeHU OT TOJIEBO-
TO MPOYUYBAHE 3a U3CJIEJBAHETO, Ca WIIIOCTPH-
panu Ha ¢ur. 2 u 3 ¢ meceueH rpaduk. Toi
KaTo TemIeparypara Ha aTMOC(HEpHUS Bb3AyX
Oeme Haii-BHCOKa Npe3 IOHU 3a LENUsl CE30H
Ha OXJaXJaHe, TO3W Mecel Oemie u30paH 3a
MOJIX OISO TIPENICTABSIHE HA M3BA/IKA OT H3Me-
peHnre naHHu. VMalikm npenBuj Hail-rope-
IIMTE TEepUOIU Tpe3 Ce30Ha Ha OXJaXIaHe,
TeMIeparypata Ha aTMOC(EepHHUS BB3IyX Ha-
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MajsiBa ¢ okojio 4-5 °C mopamu edekra Ha
MPEIBAPUTEIIHOTO OXJIAXKIaHEe HA PeKyleparo-
pa u ¢ gonbaaurenaure 18-20 °C, ocurypenu
4ype3 BB3AYIIHO oxJaxkaane Ha DX OoOuHara;
CBOTBETHO — CHEPIHATa Ha OKOJIHUS BB3IYX
HamassiBa ¢ okoJio 8-10 klJ/kg mopanu edexra
Ha TIPEJABAPUTEITHO OXJIAXIaHe Ha peKyrepa-
topa u ¢ nonwaauTenHu 30-35 kl/kg, ocurype-
HU 4pe3 BB3YIIHO OXJIaXKJIaHe Ha HaMOTKAaTa
DX.

Karo ce nma npensua GakTsT, ye ce peasu-
3upa OayaHcUpaHa BEHTWIANHUs, €PEKTUBHOCT-
Ta £ Ha peKyrneparopa (TOIUIOOOMEHHUK, Ype3
KONTO Ce M3BBPIIBA pereHeparus Ha TOIUTMHA
WM Ha CTyJ BbB BEHTWIAI[MOHHATA CHUCTEMA)
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ce ompenens 4pe3 MU3MEPEHUTE CTOWHOCTH Ha

TeMIlepaTypaTa Ha Bp3ayxa [4]:
__ (tgws)

¢ =
(tawse)

1)

KBJETO &5 € peaHaTa e(peKTUBHOCT Ha pe-
Kylieparopa,

thws - Temmeparypa Ha Bb3[yXa B CEKLUATA
Ha U3X0Ja ClIe]l peKyIeparopa,

tHwse - TeMIeparypa Ha Bb3[yXa B y4acCTb-
Ka Ha BXOJAIIMS OTBOP KbM peKyleparopa
(TemMmeparypaTta Ha OKOJHHUS BB3IYX, KOSATO €
paBHa Ha TeMIlepaTypara Ha Bb3JyXa B CEK-
[UsTA 32 TOJABaHE).

Ilonyuyenure pesynraTd ca IIOKa3aHU Ha
¢wur. 4.

t DX — — t HHIWE

Due. 2. Cmoiinocmu Ha memnepamypama Ha 6b30yxXa 6 npoyecume Ha 06pabomka.
memnepamypa Ha 8bHWHUA 8b30YX (10), Ha 6b30yXa 8 ceKyuume 3a n00A8aHe HA U3X00Ad HA PeKynepamopa
(thws), 8 DX namomka (tpy) u 6 cekyusima 3a 6x00 Ha ompabomenume 2az08e Ha PeKynepamopa (tywe)
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Que. 3. Cmotinocmu Ha enepausma Ha 8b30yXa 8 npoyecume Ha 06paboOmKa.

enepeus Ha 8vHUIHUSA 630Yx (Ny), Ha 6b30yXxa 6 cexyuume 3a nooasane Ha uzxooa Ha pexynepamopa (Nuws),
6 DX namomra (hpy) u 6 cexyusama 3a 6x00 na ompabomenume 2azoee na pexynepamopa (Npwe)
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Que. 4. E¢pexmusnocm Ha pexynepamopa kamo QyHKYus Ha memnepamypama Ha 6bHUIHUSL 86b30VX

Bb3 ocHOoBa Ha pe3ynTaTHTe, CpeaHaTa
e(peKTUBHOCT Ha peKylepaTopa 3a LejHs ce-
30H Ha oxJjaxaaHe € 79,6 %, kato e perucTpu-
paHa MakcuMaiiHa ctoiHocT 97,6 %.

EneprocrecrsiBaneTro Ha  pekymepaTopa
QHw saved TIO OTHOILICHUE HA KOHCyMalusATa Ha
oXJIaKJalara eHeprus Ha HamoTkara DX c
paborara Ha pexynepatopa (Qpx_Hw) 1 0e3 pa-
0oTaTa Ha peKyrneparopa, KOraro HaMOTKaTa
DX nupekTHO oXJiaXK/Ja ropelus BbHIICH Bb3-
1yx (Qpx wo_Hw) € oKa3aHo Ha ¢wur. 5.

12000 4
9926
10000

7434

2491

QHWﬁsa ved QD X_HW

Qox_wo_Hw D

uz. 5. Bvacmanosnsane Ha eHepeusi u
Cnomazamenna KOHCyMayus Ha OXaanicoaud
enepeusl 3a 6eHMuNayus

3AKVIIOYEHUE

B noknana e pazpaboreHa cuctema 3a M-
CTaHIIMOHEH KOHTPOJI U YIpaBieHHE Ha KIIU-
MaTu4Ha nHcTanauus. IlposeneHo e npoyusa-
He Ha e(eKTHUBHOCTTA MpPH OXJaKJaHe Ha pa-
OoTela BEeHTHJIAIIMOHHA CHCTeMa NpH paboTa

Mesicoynapoona nayuna xonpepenyus

Ha POTAIMOHEH PEKYIepaTop Bb3AyX-Bb3IyX U
oxJaxkJama HaMoTKa. Pesynrarure morar na
ce 00O0O0IIST 1O CIICAHMS HAYMH:

1. PabGorata Ha pekymeparopa BOAHU IO
3HAYUTEIIHA MKOHOMUS Ha OXJIaXJama eHep-
TUs CIIPSMO KOHCYMallMsITa Ha €J. €Heprus Ha
BBHITHOTO Tsu10. CpaBHSBAWKK H3MEpBaHATA
BEHTWJIALIMOHHA CUCTEMa C KIUMaTHK 0e3 pe-
KyIleparop, KOHCyMalusTa Ha OXJIaXKIalla
eneprus e 25,1 % mo-Bucoka.

2. EdextuBHOCTTA Ha pekymeparopa ¢
79,6%, kato e ¢ 4,7% no-BUCOKa OT ITOCOYEHA-
Ta B TeXHUYeckara crerudukamnus (74,9 %).

CucremuTte 3a crpajiHa aBTOMaTHU3AIMs 110-
3BOJISIBAT BHCOKOC(EKTUBHO YIIPABJICHHE Ha
CrpajiHuTe pecypcu. ToBa OT CBOS CTpaHa BO-
M JTO TIOJJ00psiBaHE HA MUKPOKJIMMATA C TIOBH-
[IaBaHe Ha eHepruiiHata eQeKTUBHOCT, yIe-
CHSIBaHE HA JIMarHOCTUKATa M HaMallsBaHE Ha
paszxonuTe 3a OOCITyXBaHE M Ha BpEMETO 3a
peaxius pu Bb3HUKBAHE HA aBapyH.
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BBBEXIAHE B EKCINVIOATALIIMA HA TOHUO®OTOMETHP "
NHTEI'PUPAIIIA CO®EPA CbC CIIEKTPOPAIJUOMETDHP B HOBA
CBETJIOTEXHHUYECKA JJABOPATOPUSA B TEXHUYECKHN YHUBEPCUTET -
I'ABPOBO

Ilnamen HaHKOBl

1
Texnuuecxu ynueepcumem — I abposo

COMMISSIONING OF A GONIOPHOTOMETER AND AN INTEGRATING
SPHERE WITH SPECTRORADIOMETER IN A NEW LIGHTING LABORATORY
AT THE TECHNICAL UNIVERSITY OF GABROVO

Plamen Tsankov!

Technical University of Gabrovo

Abstract

The paper presents the construction and commissioning of a goniophotometer and an integrating sphere with a
spectroradiometer in a new lighting laboratory at the Technical University of Gabrovo. A short description of the
laboratory and the specifics of this type of measurements, the positioning of the instruments according to the geometric
configuration of the laboratory, the electrical and information connection of the individual measuring modules, the
software system configuration of the measuring instruments by specialized software and the calibration features with
the reference light sources. Diagrams, photos and initial results of measurements in the new lighting laboratory are

shown.

Keywords: goniophotometer, integrating sphere, spectroradiometer, reference light sources, lighting laboratory.

BBBEJIEHHME

IIpe3 2018 r. B TexHUuUeCKH YHUBEPCUTET —
I"abpoBo craptupa nmpoekT LlenTsp 3a kKomme-
TEHTHOCT ,, ITHTETMTeHTHA MEeXaTPOHHH, KO- U
€HEeProcrecTsBallld CUCTEMH U TEXHOJIOTUU C
O10KeT Ha cToHOCT 23 569 719 nepa. Ilenra
Ha MPOEKTa € Ch3/1aBaHE Ha Hal-ChbBpPEMEHHA
HayyHa WHQpacTpyKTypa KaTo KOMIUIEKC OT
Hay4HO 00OpyJBaHe, pa3oyIOKEHO B PEKOH-
CTpyUpaH M MOJIEPHHU3UPAH CrpajeH (QOH],
npuaoOMBaHe U HATPyNBaHE HA BbPXOBA TEX-
HOJIOTUYHA €eKCIIepTH3a W HMHOBAIMOHEH I0-
TEHIIMAaJ, KOUTO Jia TOTPUHECaT 3a Pa3BUTHUETO
Ha Bpb3KaTa HayKa-OM3HEC 3a YKpenBaHEe KOH-
KypeHTocrocoOHocTTa HKOHOMUKarta. B Llen-
Thpa 332 KOMIETEHTHOCT CE Ch3/1aBa CIIeUaIH-

3upana naboparopusi ,,ExonoruyHu, eHepro-
CIIECTSBAILA U €JIEKTPOMAarHUTHO ChbBMECTUMU
ceerinorexanuecku, LED u BEM xomMmounenTn
Y TEXHOJIOTUHU .

OcHoBHUTE ACHHOCTU B JlaboparopusiTa ca
CBBP3aHU C U3MEPBAHE HA €JIEKTPOCHEPIUITHH,
(hOTOMETPpUYHU U I[BETOBU XaAPAKTEPUCTUKH U
rapaMeTpl Ha CBETJIMHHU U3TOYHUIU U OCBE-
TUTEJTHU TeJla, BKIIOYUTEITHO U Ha CBETOUOI-
Hu (LED) ocBerurtenu, U3noyi3BaHU 3a BbHHIII-
HO ¥ BBTPEITHO MPUIIOKEHHE, KAKTO U U3CIIE/I-
BaHUS B 00jacTTa Ha (POTOBOATAMYHUTE CHC-
TEMHU.

B noknana ce onucBaT reoMeTpuyHaTa KOH-
(urypanusi Ha HOBaTa CBETIOTEXHHUYECKA Jia-
Ooparopusi, crieliu(UIHITE 0OCOOEHOCTH Ha U3-
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MEpBaHUATA, TMO3ULMOHUPAHETO U TEXHHYE-
CKHTE BB3MOXKHOCTH Ha BBBEKIAHUTE B E€KC-
IJI0aTausi TOHHOPOTOMETHP M HHTETpUpaIla
cdepa cbC CIEKTPOPATUOMETHD.

N30 KEHHUE

T'EOMETPUYHA KOHOUT'YPALIUA HA
CBET/IOTEXHUYECKATA JIABOPATOPHA

ApXUTEKTypHaTa OCHOBAa Ha CBETJIO-TCXHU-
geckaTa J1a00opaTopuss ¥ MECTOIOIOXKEHHETO
Ha TOHHO(OTOMETHPA M MHTErpUpaIiara cde-
pa KbM CHEKTPO-PaJIMOMETHpa, ca IMOKa3aHH
Ha ¢ur. 1. Obmara mion Ha JabopaTopusTa €
82,44 m? ¢ abmKuHA 17,43 m, mupounna 4,73
M u Bucoynna — 2,60 m.

DoTo-
NETEETOp @

QDue. 1. ApxumexkmypHa 0cHO8a HA
ceemaomexHuyeckama 1aoopamopus ¢
Pasnonodicenue Ha usMepeamenHume ypeou

Jlaboparopusra ce pa3aens yCIOBHO Ha JIBE
paboTHH 30HU — 30Ha | u 30Ha 2 (¢dur. 1). B
30Ha 1 ce pa3monarat uHTerpupamara chepa u
U3MepBaTeliHaTa amaparypa CbC CIEKTpOpa-
JUOMETBPA, PpaA3NOIOKEHH B HU3MEpBaTeleH
koMriekT Mi. Ilnomra Ha 30Ha 1 e 22,61 m?
CbC CTpaHM: IbJDKMHA 4,78 m M IIMpOYMHA
4,73 m. B 30Ha 2 ce pasmnonarat roHHOGOTO-
METBD, Ja3eP 3a ONTUYHO LIEHTpUpPAHE U (HOTO-
nerekrop. Ilnomra Ha 30Ha 2 € 22,61 m” cbe
CTpaHu: IbDKMHA 9 m ¥ mupoynHa 3,78 m. B
Ta3M 30HA Ce€ U3rPaXKAAT U JBE ONTHYHU OJeH-
mu. W3mepBarenHara anapaTypa KbM T'OHHO-
(dboToMeTbpa € pa3noyiokeHa B M3MEpBaTeleH
komiuiekT U, B mikad (mokaszan Ha ¢wur. 1), mo-
3ULMOHUPAH W3BBH H3MepBaTeiaHaTa 30Ha 2
MEXJIy TOHHO(POTOMETHhpa M (DOTOIETEKTOPA,
OTJIeJIeHa C IOIBJIHUTENIHA YepHa IIperpaja.

Pa3mepute Ha BbBEEHUTE B €KCILJIOATALUS
roHHO(GOTOMETHpP M MHTErpupamia cdepa che
CHEKTPOPaJUOMETBp C€a ChOOPA3EHU C TOpe-
olnucaHaTa TeOMETpUYHA KOH(HUTrypamus Ha
nabopaTopusra.

l'onnodoroMeTspbT, MpenHa3HaueH 3a U3-
MEpBaHE Ha CBETJIOpa3lpeleIUTEeIHU KPUBU
(CPK) Ha CBETNMHHU HM3TOYHUIM, HU3BBPIIBA
(dhoTOMETpHYHU U BIIIOBH U3MepBaHus. [Ipens-
BSIBAT C€ CTPOTY U3UCKBAHUS KbM TO3H BU]I U3-
MEpBaHMsl, CbIJIACHO YTBBPACHUTE CBETIOTEX-
Hu4ecku crangaptu [1,2,3]. U3mepBanusra c
rOHHO(GOTOMETHpA CE€ U3BBPUIBAT MPU U3KIIIO-
YeHO OOI0 OCBETJIEHWE, IUTBTHO 3aTbMHEHU
MPO30PIIH, 3aTBOPEHU U YIUTBTHEHHU BPATH U C
JOMBIHUTETHO U3TPaJIeHN ONTUYHU OJEHIU U
Iperpaza 3a OTAeNIIHE Ha OCTaHAJIUTE O0EKTU
(B cnenuanno obocobenara 3oua 2) [4]. Cre-
HUTE, TaBaHa M MOJa ca TPETUPAHH C YEPHO
MaTHUPaHO CcJIad0 OTpa3siBalllo TOKpUTHE, C
KOETO C€ MOCTUra MUHHMAJIHO OTpa)kK€HUE Ha
MOBBPXHOCTUTE — C KOCPUIIMEHT Ha OTpake-
Hue p<10% [5,6]. UsrpajgeHute ONTHUYHH
ONeHN peayupar 10 MUHUMYM OTPa3eHUs OT
OKOJIHUTE OOCKTHU CBETJIMHEH IMOTOK KbM (o-
TOAETEKTOpPA U B HETO MOMajia AUPEKTHUS, U3-
JBUYCH OT CBETJIMHHHUS M3TOYHHK, CBETIMHEH
MOTOK. Pa3cTossHueTo Mex 1y TOHHO(POTOMETb-
pa u ¢oroaerekTopa € 8§ m, ¢ KOETO ce yJo-
BJIETBOPSIBA U3UCKBAHETO 32 PA3CTOSIHUE, S Mb-
TH MO-TOJISIMO OT Hal-TOJIEMHUS JIMHEEH pa3Mep
Ha CBETJIMHHUS W3TOYHHK, U OCHTYpsIBa HE0O0-
XOIUMaTa TOYHOCT Ha (DOTOMETPUYHHUTE H3-
MEepBaHUSI.
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B Tabn. 1 ca mpenctaBeHH MaKCHMAalHUTE
pa3Mepy Ha HM3CJIEABaHUTE CBETIMHHHU H3TOY-
HUIU 32 JIBE OTJCIIHA CUCTEMH 32 (OTOMETPHU-
paHe MpH U3MEPBaHUsI C TOHHO(POTOMETHPa —
TE ca ChOOPa3eHU C TeOMETpUYHATa KOHPUTY-
paiisi Ha J1abopaTopHsTa.

Taéa. 1. Maxcumannu pasmepu Ha cGeMAUHHUNE
USMOYHUYU U OCBeMUMENU, USMEPBAHU C
20HUOhomomemvpa

MakcumarneH pa3mep Ha OCBETUTEIIs
Monen (mrameTsp X IpI00YMHA), MM
Cucrema 3a hoTOMETpHpaHe
) Cry B-p
LSG-1700B 1600 x 550 700 x 600

W3BBpIICHO € Mpenu3HO IMO3UIMOHUPAHE
Ha (OTONETEKTOpa CHPSMO ONTHYHATA OC Ha
TOHHO(POTOMETHpPA C TIOMOIITa HAa MOHTHpAH
Ha CTpaHMYHATAa CTCHA Jla3epHA CUCTEMa C
ABTOMATH3MPAHO CAMOXOPU3OHTUpPaHE (wur.
1). UsBbpuieHa e mocienBaiia MpoBepKa Ha
OTpa3eHus Jla3epeH JibY U (PuKcupane Ha ¢o-
TOJIETEKTOpPAa KBbM T0JI0BaTa MOBBPXHOCT IIO-
CpeICcTBOM aHKep-OonroBe. duHATAa HACTPOUA-
Ka Ha OTPA3CHUs Ja3epeH JIbY Ce TIOCTHra Ype3
dbukcupam  TOMYUUIMHAPUYHA  OONTOBE,
MOHTUPAHU B OCHOBATa Ha CTOMKaTa Ha (HoTo-
nerektopa. C 1€l KOpUTUpaHE Ha TeMIepa-
TypHaTa Tpelikara npu (OTOMETPUUHUTE W3-
MEpBaHUS CEe M3I0JI3Ba AaBTOMATHYHA TEMIIEpa-
TypHa KOPEKIUs BbB (POTOAETEKTOPA.

N3mepBanusaTa Ha IBETOBUTE U EJICKTPO-
E€HeprUiTHUTE XapaKTePUCTUKU HA CBETIMHHU-
T€ W3TOYHUIM CE M3BBHPIIBAT B MHTETPHUpAIIA
cdepa ¢ nuamersp d=2 m, KOATO € TUTBTHO 3a-
TBOpeHa. [lo Bpeme Ha W3MepBaHUATA HIMA
JIOCTHII Ha BHHIIIHA CBETJIMHA B cepara U He €
HE0O0XoauMoO fa ObJie MPEeKBbCHAT JIOCThIA JI0
OKOJTHA CBETJIMHA B 30Ha 1 B ;iabopaTopusiTa,
KBACTO € pa3MoyiokeHa cdepata W HU3MepBa-
TenHus KomruiekT W;. BbTpemnara moBbpx-
HOCT Ha cdepata € nmokpurta ¢ O6apues cyndar
(BaS0y), koiiTo ocurypsiBa HEOOXOIMMHUS 3a
TO3W THIT U3MEPBAHUS BUCOK KOS(HUIIMEHT Ha
nudysHo oTpakenue p>96% [5,6].

HHCTAJIALIMA U KAJINBPUPAHE HA
TOHUOD®OTOMETHPA

Ha ¢ur. 2 e mnoka3aH BBbHIIHMA BHUJA Ha
aBTOMATH3UPAHUS TOHHO(POTOMETBD, MOJIEI
LSG-1700B, BpBeneH B nabopatopusra. Toii e
npeaHa3zHaueH na w3MepBa CPK nHa ronemm

ocBeTUTeNH (YITHYHH, TIPOMHUIIICHH U OPUCHU
— ¢ur. 2-a)) u Manku ocBetutenu (¢ur. 2-0)).

I'onnodoromersp LSG-1700B ce cBbp3Ba
KbM H3MepBarelieH KomIuiekT (mkad M —
¢wur. 3) gape3 enekTpo3axpaHBamy U nHHopMa-
IIUOHHU KaOCJIHU JINHUH.

a) 0)

Due. 2. Koughueypayus na 2onuogomomemupa 3a
cucmemu Ha pomomempupane C-y (a) u B-f (6)

Goniophotometer System

@ LISUN GROUP

www.Lisungroup.com

QDue. 3. Uzmepsamenen KOMRIEKM KbM
2oHUohomomemupa

B mikada Ha M3MepBaTENHUS KOMIUIEKT ca
Pa3MoOJIOKECHN: JIBYKAHAJICH MYJITH(OTOMETHD
PM400; uudppos ypen LS2012 3a m3mepBaHe
Ha HaNpeXEHUE, YeCTOTa, TOK, aKTUBHA MOIII-
HOCT ¥ (paKTOp Ha MOUIIHOCTTA; MOCTOSTHHOTO-
KOB IIU(POB peryiarop Ha HAMPEKEHUE U TOK
DC30V10A-CC&CV; M3TOYHHK Ha CTaOWIN-
3MpaHo MPOMEHIMBOTOKOBO €JIEKTPO3axpaHBa-
He ¢ Hanpexenwe 230 V/50 Hz — Power
Series-LSP-500VAS.  Enektpuyeckutre u
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MH()OPMALIMOHHHUTE BPB3KU OT U3MEPBATEITHUS
komruiekT (Mz) kbM roHnodotomeTbpa U (ho-
TOJETEKTOpa ca mpeacrtaBeHu Ha ¢ur. 4. Ot
myntudoromerspa PM400 ce ochiecTBsBa
Bpb3Ka ¢ (OTOAETEKTOPA, PA3ONIOKEH Ha 8 m
0T FTOHHO(OTOMETHPA.

B Tabn. 2 ca mpeactaBeHW OCHOBHUTE TEX-
HUYECKU XapaKTEPUCTUKU Ha TOHMO(POTOMETHPA.

Taon. 2. Texnuuecku Xapaxmepucmury Ha
asmomamuszuparusi conuogpomomemvp LSG-1700B

Xapakrepuctuka Ha ronnoporomersp | CroitHoct/
LSG-1700B KaTeropus
doTomeTpuueH Ki1ac, ChIIIACHO

9 ; Knac A
neiicramusg DIN 5032-Yacr 7: ¢
Bun Ha u3mMepBaTenHUTE ONTHYHU A-o, B-B,

cuctemu 1o CIE: C-y
Jlnana3zoH Ha U3MEHEHUE Ha

usMepBarennus broi npu cucrema CIE | y=+£180°

3a cucremara 3a C-y:

TouHOCT Ha 3a1aBaHe Ha <0.5°

HM3MEPBATEIHHS bI'bJI: r=0

ABTOMaTHYHO COPTYEpHO yIpaBICHHE .
¢ryepro ymp *1dt u *.ies

U rerepupase Ha ¢aitnosu ¢opmaru:

Signal Cable of Conslant Temperature Delecior

PM400 cnpar s | Ausle g
.é:_‘a .’T." RS-485 Cabia
o
|
T
p i
" g
[ [rr———————
0%’
[AC o Sorcetaes |
R -y
?
Remdl
[s]
LSG-1T00]
~230V Deiacey
i
)
S
/J'
—— LSG-1700B
(B3
Socst Ty O
- /
0T n |
| I— |
e
Due. 4. /luacpama na cevp3sane Ha
20HUOGhomomemvpa

W3BbpiBa ce HMHCTaTUpaHe M CHUCTEMHA
KOH(pUTYyparis Ha CIenualu3upan codryep
LSG-1700B Lisun Goniophotometer, ¢ koiiTo
Ce W3BBPIIBAT TMPOILECUTE Ha YIpaBICHUE

(BprJIOBU TpeMeCTBaHUS), KaduOpUpaHe U W3-
MepBaHE Ha TOHHO(POTOMETHPA.

KbM m3MepBaTenHHS KOMILIEKT Ha TOHHO-
(dboToMeTbpa € JocTaBeHa U CTaHJapTHa KaJu-
Opupama nammna, mogen SLS-150W, ¢ mapa-
MeTpu: moctossHHO Hanpexkenne 30 V, Tok
6,11 A, ceBetiimHeH motok ®=4353,7 Ilm, un-
TEH3UTET Ha cBeTimHaTa [=379,6 cd u xopenu-
pana 1BetHa Temnepatrypa T = 3195 K, noco-
4yeHu B cepTtudukar 3a xkamubpupane. B mpo-
IbibKeHne Ha 20 MUHYTH C€ U3BBPILIBA TEMIIE-
pupaHe Ha KanuOpupamiara jamina U yCTaHO-
BSIBAHEC Ha CBETIMHHUSA MOTOK. CIies ycTaHo-
BSBAaHE Ha CBETJIMHHHS MOTOK B codTyepa ce
3a/1aBaT mapaMeTPHUTE Ha JIaMIlaTa, [IOCOYEHU B
ceptudukara 3a kanubpupaHe, U ce U3BbPIIBA
MPOLIECHT HA KATMOpUpaHe.

W3Bbpiienn ca HaualnHU TeCTOBU (hoTOMe-
TPUYHU W3MEPBAHUS HA CBETIMHHA W3TOYHH-
uu. Ha ¢ur. 5 e mokasan eran oT mpolieca Ha
n3MepBane ¢ roHuoporomeTbpa. DoTome-
TPUYHU PE3YNTaTH OT H3MEPEHO CBETIOpa3-
npezeseHre Ha oceBo cumerpuyHa LED nam-
ma c pasceiiBaren ca nokasanu Ha ¢wur. 6. I[lo-
JTy4eHUTe (POTOMETPUYHHU PE3YyITaTH CHOTBET-
CTBaT Ha OOSIBEHUTE.

Due. 5. Usmepsane c conuopomomemvp
LSG-1700B

<<<<<<

iranes Efectie Foire
o @aose | ETaee
Show A
=

I Showal
T =

120 ciz
150855 i SRy
135 135 cazs cizs
120, 120 )
15, w05 casg,

o0 0 czr

=
0 217, 0 can0

a5 E = cats
o 5. )

5 =
—<ocien —conceno ntied || —o1 unit o

aa¢|
E
12

a5

0

Due. 6. Pesynmamu om usmepeane na CPK na
LED namna
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HHCTAJIALNA U KAJIMBPUPAHE
CIIEKTPOPA/TUOMETHPA

WNuTerpupamara cdepa ce cBbp3Ba C H3-
MepBareneH KomiuiekT Mj;. B kommuekra ca
Pa3MOJIOKEHH  TPOMEHIIMBOTOKOB  ITU(POB
enexkrpoeHepruen ananuzarop LS2010 3a uz-
MEpBaHE Ha HampexeHue, Tok (1o 20 A),
aKTMBHA MOIIHOCT, (pakTOp Ha MOUIHOCTTa U
XapMOHHWYHU CBHCTABSIIM HA TOK U HaIpeKe-
HUE HAa U3CIEABAHMS CBETJIMHEH HU3TOYHHK U
uMa coOCTBEH codTyep; CHEKTPOPATUOMETHP
LMS-9000B; 1mudpoB MOCTOSIHHOTOKOB pEry-
natop Ha Hampexxkenne u Tok DC30VO5A-
CC&CV; u3TOYHHMK Ha CTaOWIM3UPAHO IIPO-
MEHJIMBOTOKOBO €JICKTPO-3aXpaHBaHE C HAIpe-
xenue 230 V/50 Hz — Pure Sine Wave AC
Power Source-LSP-500VAR.

Enextpuueckute #u  HHPOPMAIMOHHUTE
BPB3KH MEKIY M3MEPBATEITHUS KOMIUICKT ChC
cunekrpopazuoMerspa LMS-9000B u unrerpu-
pamara cdepa ca mokasanu Ha Qur. 7, a Ha
¢ur. 8 e mokazaH BHHIIHMS BUJ Ha U3MEpBa-
TETHHUS KOMIUIGKT W HWHTerpupamara cdepa,
MO3UIMOHUPAHH B 1Ta0OpaTOpHITa.

OT u3MepBaTeIHUS KOMIUICKT KBbM HHTE-
rpupamara cdepa ce CBbpP3BaT ONTHYEH Ka-
6ex, momenr SMA905, ¢ gpmxuna 1,5 m, TeM-
nepaTypeH ceH30p U HOTOAETEKTOP.

Red Terminal

Rs-232-C . o

. Black Terminal

CEC-YIMN

|
i
I

> COMPUTER

DC*** cchev
DC Power Supply

All instruments
< are powered by

oa this power strip.
KRR
I &
LQ;?' do— &

Messured losd:Connect

Conneet with standard

Que. 7. Jluacpama na cevp3sane Ha
efleKmpo3axpansawume u UHGOpMayuoHHume
KabenHu IUHUU Ha CReKmpopaouomemvpa u
unmezpupawama cepa

A ~
Due. 8. BvHwen ud na usmepsamennus
KOMNIIeKm U uHmezpupawama cghepa,
NO3UYUOHUPAHU 8 1abopamopusma

OCHOBHHTE XAPAKTCPUCTHKU I10 OTHOLIC-
HHUE HAa TOYHOCTTA U 00XBaTa Ha U3MEPBaHE Ha
CIIEKTPOPaAMOMETHpa ca IpeACTaBeHu B Ta0I. 3.

Taon. 3. Xapaxmepucmuxu Ha cnekmpopaouomenspa

XapakTepHucTHKA Ha

cnekrpopannomersp LMS-9000B Croiirocr
CrekrpaineH AMAIa3oH Ha 3=380-800
u3MepBaHe, B nim:

CrekTpaiHa TOYHOCT B IIOCOYCHHS 103

BBJIHOB O6XBaT, B nm:

OrtHocurenHa rpemika 3a BpaHoBust | < 0,015 (600 nm)
o0xBart, B % < 0,030 (435 nm)

TouHOCT Ha M3MepBaHEe Ha
P _ +0,002
L[BETOBHUTE KOOPIUHATH (AX, AY):

Jlnamna3oH Ha U3MepBaHe Ha
KOpeU-paHara [IBeTHa
temneparypa T, B K:

1500+100000

Jlnana3oH Ha U3MepBaHe Ha

. 0+100
MHJIEKCa Ha LBeTonpenaBaHe Ry:

BpeMme Ha uHTErpUpaHne Ha

0,1 ms+20s
HU3MEPBAHETO:

K®M criekTpopanmoMeTspa ca MmpeaocTaBe-
HU JIBe KanuOpupauy jamnu, mozxen SLS-
100W, cbc ceprudukar 3a xanmmOpupane. B
Taba. 4 ca MOCOYEHH TEXHUYECKUTE XapakTe-
PUCTHKH Ha JIAMITHTE.

Taon. 4. Xapaxmepucmuxu na kaiubpupawume 1amnu

Jlamna U, V(dc)| Tox, A | @, Im T, K
SLS100W-1 30,0 3,9138 | 1272,6 2856
SLS100W-2 30,0 3,9852 | 1368,8 2856

C nomomra Ha Jla3epHa CUCTEMa C€ H3-
BBpILBA LIEHTPUPAHE HA CTaHJApTHATA JIaMIla
Y W3CIIEIBAHUTE CBETIMHHU U3TOYHHULIMU B 1I€H-
Thp Ha MHTErpHupamiarta cdepa, MokazaHo Ha
¢wur. 9.
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Duez. 9. [Jenmpupane na céemauHHU USMOYHUYU 8
cghepama

W3BbpiiBa ce WHCTAIMPAHE M CHUCTEMHA
KoH(UTypalms Ha crenuanu3upan codryep
LMS-9000B Lisun Spectroradiometer, ¢ KoiTO
ce HM3BBpINBA KaIHMOpUpaHe W W3MEpBaHE Ha
eﬂeKTpOeHepFHﬁHHTe M IBECTOBUTC XapPaKTCPH-
CTUKU Ha CBETJIMHHUTE M3TOYHHIIH.

B npoapmxenne Ha 40 MUHYTH ce U3BBpII-
Ba TEMIICpUpAHE Ha KaluOpHUpalnara jaMia u
YCTAaHOBSIBAHE Ha CBETIMHHUS MMOTOK. Clien
YCTAHOBSIBAHE HA CBETJIMHHHUS MOTOK CE W3-
BBPIIIBA KAIMOPHPAHE IO OTHOIICHHE Ha CIIeK-
TPAJHUA ChCTAB U CBETIUHHUS MOTOK HA KaJIu-
Opupalara craHapTHa JiaMIa.

|fault> @ @G 29 3 th en @uanceow

g. Time(ms)[ 415.4 =] & r [0  m i

Wavelength:609nm Relative Spectrum:1.000

1.0

0.8

0.6

0.4

02l -

0.0

po prm
@Due. 10. H3mepsane na cnexmuvp Ha uzciedsana LED
aamna

e 56.2%

‘ L1 e
‘ T = e

Due. 11. Dopma u xapmonuueH cbCmas Ha MoKa HA
uscneoeanama LED namna

W3mepBaHusATa ce W3BBLPIIBAT Ype3 HHTE-
rpupaHe Ha GOTOMETPUYHUTE U IIBETOBUTE Xa-
PAKTEPUCTHKH HA CBETIWHHHWTE WU3TOYHWIIA B
cdepata. Ha ¢ur. 10 ca nmoka3aHu TeCTOBH pe-
3yJITaTH OT U3MEPBAHE Ha CIIEKTPATHHS ChCTaB
Ha LED mammna, tum E27, 12 W, 1055 Im, 2700

K. IlomyuyeHure pesynratd CbOTBETCTBAT Ha
00sIBEHUTE NTapaMeTPH OT IPOU3BOAUTEIIS.

C nomomra Ha codTyepeH MPOAYKT
LS2020 Digital Power Meter ca mokazanu pe-
3ynTaTH 3a GopMara ¥ XapMOHUYHHS CHCTaB
Ha TOKa Ha u3cienBanata jamma (¢ur. 11).

3AK/IIOYEHUE

KoHcTpykTHBHUTE mapamMeTpu Ha BbBEJE-
HUTE B eKcIUioaranus (pUpMeHd TOHHO(OTO-
METBHp M MHTErpupaiia chepa cbCc CIeKTpopa-
JTUOMETHpP Cca ChOOpa3eHu C IeOMETpUATa Ha
CBETJIOTEXHHUYECKATa JabopaTopus M CIEIHu-
(UYHUTE N3UCKBAHUS KbM H3MEPBAHHUS C TAX.

M3Bwpimienara codryepHa KOHGUTypaIys
o0e3reyaBa aBTOMAaTU3UPAHOTO YIIPABJICHUE U
u3MepBaHe ¢ ypeaure. DoromeTpuyHaTa TOY-
HOCT Ha JIETEKTOPUTE OTrOBapsT Ha IOBHIIIE-
HUTE U3UCKBAHMS HA YTBBPACHUTE MEXKIYyHa-
POJIHM CTaHJIapPTH.

[lonyuyenure pe3ynratu OT H3BBPIICHUTE
€JICKTPOCHEPTUHU, (POTOMETPUYHH U LIBETO-
BU u3MepBaHus Ha LED ocBeTurtenu ¢ roHHo-
(dhoToMeThpa U CHEKTPOPATUOMETHPA JIOKA3BAT
paboTOCIIOCOOHOCTTa U TOYHOCTTA HA BHEApE-
HOTO 00OpyIBaHe.
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CBb3JABAHE HA MO/IEJI HA YIIPABJIAEMH TOKOU3ITIPABUTEJIN B
SIMULINK 3A OBYUYEHHUE HA CTYJAEHTU
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CREATING A MODEL OF PHASE-CONTROLLED BRIDGE RECTIFIERS
IN SIMULINK FOR STUDENT TRAINING

Hristo Ibrishimov!
! Technical University of Gabrovo

Abstract

In this paper interactive simulation models of controllable single-phase and three-phase bridge rectifiers are made.
The models allow a detailed examination of the principle of operation of rectifiers, study of the harmonic composition
of current and voltage at different characteristics of the load - active, active-inductive, preparation of the control
characteristic. The developed models are intended for students in the specialty "Electric Power Distribution and
Electrical Equipment"” Bachelor's and Master's degree at the Technical University of Gabrovo.

Keywords: Matlab Simulink, Single phase full controlled bridge rectifiers, Three phase full controlled bridge rectifiers.

BBBEJIEHME

B mociieiHATE TOMHN UHTEPAKTUBHHUTE ME-
TOIM 3a OOy4YeHHEe ce NMpPEeBbpPHAXa B OCHOBECH
METOJNYECKH TIOAX0J B OOYYEHHETO B roJie-
MHUTE YHUBEPCUTETH 1O cBeTa. CUMYIIAIHSTA €
BUJI HHTEPAKTHBHO O0YYEHHE M € OCHOBEH U3-
MOJI3BaH MOJXOJ, Hapel C KIACHYECKOTO 3a
00y4eHHe Ha CTYIEHTH B HH)KEHEPHHTE CIie-
[UAJTHOCTH.

Pa3BuTHETO Ha KOMITIOTHPHATA TEXHUKA 1103~
BOJIM B ITIOCJEIHHATE TOJMHU J1a CE€ Ch3JaBaT
BCE 110 YCHBBPINEHCTBAHN COMTYEPH 3a CUMY-
narms. TakuBa ca Matlab, Comsol Multiphysics,
Ansys, Orcad PSpice, LT Spice, Multisim, PSim,
Scilab u ap. TTocpencTBOM TSIX € BB3MOKHO Ja
Ce Ch3/aJie MOJIEN C MPOU3BOJIHA CIIOKHOCT Ha
CHCTEMa, YCTPOMCTBO, CXeMa U T.H.

[esr Ha HACTOAINMAT JOKJIAJ € Ch3JlaBaHe Ha
WHTEPAKTUBHM CTUMYJIAIHOHHA MOJENN 3a
o0yJeHHe Ha CTYJEHTH Ha eAHO(A3eH U TPHU-
(baseH MOCTOB YIpaBJIIeM TOKOW3IPABUTEN B
Matlab Simulink.

N30 KEHHUE

B mpakTHkara 4ecTo ce Haiara Jia ce pery-
JMpa CTOMHOCTTA Ha M3IPAaBEHOTO Halpexe-

Hue. Haii-uecto u3non3Banure cnocodu ca:

- Perynupane Ha CTOMHOCTTa Ha MPEXOBO-
TO HAIIPEKEHNE HAa BXOJ]a HA TOKOU3IIPABUTESA
(TH);

- Perynupane Ha U3MpaBeHOTO HANpPEKEHHUE
Ha u3xoja Ha TH;

- Perynupane upe3 u3non3BaHe Ha yrpa-
Bisiemu TH[1-6].

[Ilupoko npuiaokeHUe 3a peryaupaHe Ha
U3IIPaBEHOTO HAIIPEIKEHHUE Ca MOJIYYUIIN yIIpa-
Bisiemute TU, ¢ ympasnsiemu npuOopu-TUpU-
cTOpH. PerynupaHeTo ce oChIIECTBSIBA KATO CE
W3MEHSI MOMEHTA Ha OTIIyIIBaHE Ha Mpubdbopa
10 OTHOLICHHE HAa MOMEHTa Ha €CTECTBEHaTa
My KomyTanusi. To3u crnocod mo3BoJisiBa MJiaB-
HO Jla C€ peryjimpa cpeiHaTta CTOWHOCT Ha U3-
npaBeHoOTO Hanpexenue[1-3].

1.Eonoghazen  mocmos ynpasusiem  moxo-
usnpasume.

Haii-yecTto u3non3BaHara cxema OT €IHO-
¢dazaure ympaBasiemu THU e Ha MocToBara-
¢wur. 1 [2,7]. [IpeauMcTBOTO U TIpe cxeMaTa
ChC Cpe/ieH M3BOJ Ha TpaHchopmaropa € Io-
MaJIkaTa THIOBa MOIIHOCT Ha TpaHChopMaro-
pa U BB3MOXKHOCTTA 3a 0e3TpaHCHOPMATOPHO
cBbp3BaHe. [[prHIMNA Ha nelicTBHE HA cXeMa-
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Ta € CJICJHHS CHCTeMaTa 3a yrpaBlieHHe 10o/a-
Ba YNPaBIISABAIIM WMIYJICH KBbM JIBETE ABOHKH
tupuctopu VS1, VS3 u VS2, VS4 - ¢ur. 2.
[Tpu mocTarbhbuHO TONMSIMA CTOMHOCT HA MHAYK-
TUBHOCTTA B TOBapa, TOKBT MPe3 TUPUCTOPHUTE

ce mosy4aBa moja ¢opMara Ha IPaBOBI'BIHU
TOKOBU UMITYJICH.

VsS4 /VS3
/ /]

.

R+
~U Do

i dﬂT Tiuo

VS1YV/

=

V' VS2

@ue. 1. Cxema Ha eOHoghazen MoCmoe ynpasnsem
MOKOU3Npagumer

HanpexceHI/IeTo BBpPXY TOBapa €€ OIpeacs
OT 3aBUCHUMOCTTA:

U,, =U,cosa,

1)

KBACTO O € bI'bJia HA PEryJIUpaHEe.

U“ W
A 2n/F~ Y, .
. N, (BTN ]
2
e B2 >g4 >g4
Usit T T
U i §
>
A
i | | oy
EERE RN
|v51“
lvs 9
loo 4| ] §
e

Due. 2.Bpemeduazpamu.

Cw30asane na mooden 6 Simulink.

3a cp3maBaHe Ha MoJieN Ha eqHO(pazeH Mo-
CTOB YIIpaBIJISIEM TOKOM3IPABUTEN CE M3MOI3Ba
o6ubimorekara Simscape. EnemenTute Ha cxe-
MaTa Cc€ W3BHKBAT IIOCIENOBATEIHO OT OH-
omuorexkute Foundation library/ Electrical
/Specialized power system/ Electrical sources,
Elements u Measurement. Hauepranara cxema

Ha efHO(a3eH MOCTOB YIIPaBisieM TOKOU3IIpa-
BUTEII € NT0Ka3aHa Ha ¢ur. 3.

Mesicoynapoona nayuna kongepenyus “

T
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Fig. 3. Vnpasnsem mocmos morkousnpasumen
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Fig. 4. Cumynupanu epemeouazpamu na
eoHogazen MoCmog ynpasisem moKousnpasumen

3anaBaHe Ha IMapaMEeTpu Ha CJICMCHTUTE Ha
cxemara:
» AC Source-Peak amplitude (V): 330 V,
Frequency (Hz): 50 Hz.

» Pulse generator-Amplitude (V):10 V,
Period (secs): 0.02, Pulse Width (% of
period): 20, Phase delay (secs):
0.02*(0+60=60/360) 3a T; wuTs,
0.02*(240/360) 3a T, u T4 Ilocpen-
crBoM Phase delay ce 3agaBa broja Ha
perynupane o. B mokazanusi mpumep e
60° en.

» RL-Resistance (Ohms):5 Q, Inductance
(H): 0,5 H.

» Powergui 010k cxemara ce mpeoopasy-
Ba KaTO ypaBHEHUS B MPOCTPAHCTBOTO
Ha CBCTOAHUsATA U CE€ I/I36I/Ipa THUII Ha
CHUMYJIallUsATa-JUCKPETHA, HEMIPEKbCHa-
ta. [locpencTBoM BrpasieHUTE UHCTPY-
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MEHTH B OJIOKa MOXke Ja ObJIe Hampa-
BEH XapMOHHMYEH aHAJIW3 Ha H3MepBa-
HUTE BEIMIMHH.

Ha ¢wur. 4 ca pesyararu ot HampaBeHaTa CH-
Mylanus Ha eaHodaszeH MOCTOB YIpaBisieM
TOKOHM3IPABUTEI.

2. Tpughaszen  mocmos MoKo-
usnpasumer.

Ha ¢wur. 5 e npeacraBena cxemara Ha TpH-
(azeH MOCTOB yIpaBisieM TOKOM3IPABUTEN, a
Ha (ur. 6 BpeMeauarpamMu HIIOCTPUPALTH pa-
oorara My.

ynpaensaem
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>
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Due. 5. Cxema na mpugazen MOCMO8 YNpasisiem
mo;<0u3npa6umeﬂ

Tpuda3HUAT MOCTOB TOKOU3MPABUTEN €
CHhCTAaBEH OT JIBa €HOIOIYTICPUOHH TpH(a3-
HU W3MPaBUTENS] CBBP3aHH TOCIEIOBATEIIHO
[0 OTHOIIICHUE HA TOBapa. YTPABISEMUST TO-
kousnpaButen VSi, VSs, VSs usnpass mosio-
KUTCITHUTE TONTYBBIHA Ha HAMPEKCHHUETO, a
M3MpaBUTENS ChbcTaBeH OT VSy, VS, u VSg 0T-
pUIIATEITHUTE TIOJIYBBIHN HA (Da3sHHUTE HaIpe-
KEeHUs. YTIpaBISIBAIIUTE UMITYJICH ca OTMeCTe-
HU Ha BI'BJ 0O COPSIMO IpeceyHaTa TOYKa Ha
ChOTBETHUTE (ha3HU HaIpekeHus. Tupucropu-
T€ C€ BKJIIOYBAT IIOCJIEI0BATEIHO, KOraTo0 Ch-
OTBETHOTO UM (ha3HO HaNpekKeHHe € Hal-To-
JIOKUTENHO 32 KaToJHATa Tpymna WU Hai-0T-
pHUIIATEITHO 32 THPUCTOPUTE OT aHOJHATA TPY-
na. Taka Ha mpakTuka ce mony4yaBa 6 (asHa

cucremal2,7]. Iyncanuure Ha HAMPEKEHUETO
U TOKa ca mecT kpaTHu. CpeaHaTa CTOMHOCT
Ha M3MPABEHOTO HAIPESKEHUE CE MOTy4aBa 11o-
cpeactBom m3pas (1).

A
U 2a
NEN O
o4 89
& @
lc1A
lc2A d
le3a 9
lcsa 9
|65‘£| 9=
lce A v
A 3=
Ud
9:

@ue. 6. Bpemeduazpamu na mpugpasen Mocmos
ynpaesnsaem moKousnpagumer

Ha ¢ur. 7 e npeacraBen mMozen Ha Tpuda-
3eH MocToB u3npasuten B Simulink. 3a cbera-
BSHE Ha MoOJeNa Cle/iBa Ja ce OTueTe, ye OT-
nenauTe ¢asu ca nedazupann Ha 120° u 240°.

Que. 7. Tpugpasen mocmos ynpagnsem
MOKOU3NPAGUMen

Ha ¢ur. 8 ca mpencraBenu pesynratu OT CH-
MyJHpaHeTo Ha paboTaTa Ha Tpu(a3eH MOCTOB
yIpaBisieM TOKOM3IPABUTEN MPU BI'bJI HA pe-
rynupane 45 ° e
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Due. 8. Cumynupanu epemeduazpamu Ha
mpugpasen Mocmos ynpaeisiem moKousnpagumen

3. Xapmonuuen cvcmas na moka u Hanpeoice-
HUemo npu ynpasisemume moKousnpagumenu

[Ipy TOKOM3MPABUTEIUTE H3MPABEHOTO Ha-
IPEKEHHE ChIBPKA JIBE CHCTABSIIN: TIOCTOSNH-
Ha Uy ¥ IPOMEHJIMBA - CyMa OT BUCIIH XapMO-
HHIM, KOSTO MOXE [la Ce Pas3ioXu B pel Ha
®ypue[7]. UecroraTa Ha OTACITHUTE XaPMOHU-
1 € CBbp3aHa C YecToTaTa Ha 3axpaHBallaTa
mpexa f p, 1 ce ompenens ot u3pasa:

f,=omf_, (2)

Kpaero: v = 1, 2, 3...(HOMep Ha XapMOHHKA);
M-Opoii Ha da3ute (3a eqHOPA3HU ABYIIOTYIIE-
puoaan TU m=2 nipu Tpudazen MocToB m=>6).

AMIUIMTYIaTa Ha OTACTHUTEC XapPMOHUIU
Ugum OTHECEHA KBM CpEJIHATa CTOHHOCT Ha M3-
MPAaBEHOTO HANpEeXeHUe (3a yIpaBJIIeMH TO-
KOU3IPABUTENIN) CE HAMUPA OT ChOTHOIICHHE-

10[7,8]:
U

2
Zdom — = cosaqfl+v’mitgie. 3
U N g 3)

v'm” —

IIpu ynpasigemure TU KOoHCyMupaHusaT oT
Mpekara TOK 11 U HETOBUAT ITbPBU XapMOHHK
I1(1) ca nedasupaHu Ha BI'BI 0L OT HAIIPEXKEHUE-
TO Ha MpeXara Uj. AKO TOKBT Ha eIHO(a3HUTE
TH ce paznoxu B pen Ha Dypue 11e ce Mory-
uu[7]:

4l sin l9+%sin 3.9+%sin 53+
i (9)=—2 : 4)
...+ =sin(v9)
1%

kbaeTo Id e cpemHata CTOWHOCT Ha M3MpaBe-
HUST TOK.

XapMOHUYHUSAT ChCTaB Ha TOKa Ha Tpudas-
HHs MOcTOB TH ce monydaBa mocpeacTBOM HU3-
paza[7]:

. 1. 1.
sin$—=sin53—=sin79+
Z\EId 5 7 (5)
+isin1119...
11

i1 ('9) =

T

Ot (5) ce Bmwxkna, ye npu TpudasHus Mo-
croB TU HsAMa TpeTH XapMOHUK U KPaTHUTE Ha
HEro.

[Ipu pasrienanure 3aBUCUMOCTH HE CE OT-
YUTa BI'BIABT HA KOMYTAlUs Y Ha KIIOYOBUTE
npubOpH U KOMyTallMOHHUTE miporiecu B THU.

Ha ¢ur.9 e npencraBen xapMOHWYEH aHa-
JU3 HA TOKAa Ha 3axpaHBallUAT M3TOYHHK 3a
ennoaszen MoctoB ympasisgeM TU , mpu brbi
Ha oTIymiBane 65 °© ei.

Fundamental (50Hz) = 12.78 , THD= 13.13%

Mag (% of

]

S

| I I I I l e
0 200 300 400 600 60 700 80 W0 1000
Frequency #z) oncny cone

Duz. 9. Xapmonuyer cbcmas Ha MoKa Ha
eonogaszen ynpasnsem TH

Ot ¢urypara € BUIHO, Y€ B XapMOHUYHUSAT
ChCTaB Ha TOKa Ha eAHO(a3eH MOCTOB yIpa-
BisieM T nma camo HEYETHHU XapMOHHULIU.

3AK/IFOYEHUE

B HacTosmmar mokian ca ChCTaBEHU HMHTE-
PaKTHBHU CHMYJIAIIMOHHU MOJEIM Ha emHoda-
3¢H MOCTOB M Tpu(a3eH MOCTOB YIIPABISEMU
TOKOMBIIPABUTENH 32 00y4YEeHUE HA CTYICHTU OT
OKC “bakanaBbp®. Monenure no3BosisBar jae-
MOHCTPUPAHETO Ha MPUHIUIA HA JCHUCTBUE Ha
TU, cHemaHe Ha peryaupoBbUHA XapaKTEPUCTH-
Ka ¥ W3CJIeBaHE HA XapMOHWYHMS CHCTaB Ha
HanpexeHneTo U Toka. OT noinydeHure rpadud-
HU 3aBUCHUMOCTH C€ BIDKZIa PabOTOCIIOCOOHOCT-
Ta Ha CUMYJIAIIMOHHUTE MOJICTIH.
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AHAJIN3 HA JSAJTOBOTO YYACTHUE HA EJIEKTPUYECKUSA TPAHC-

HNOPT B EHEPTUHHUA MUKC HA EHEPTOIIOTPEBJEHUETO B Ch-

OTBETCTBHUE CbC 3AJIOKEHUTE ITIOKA3ATEJIA B CTPATEI'USA 3A

YCTOMYMUBO EHEPTUIHO PA3BUTHUE HA I'P. BAPHA 3A IIEPUOJIA
2014-2020 T

BanenTun I'opos
Texnuuecku ynusepcumem-Bapna, kam. ,, Enekmpocnabosnsane u enekmpoobsasescoarne”

ANALYSIS OF THE PARTICIPATION OF ELECTRIC TRANSPORT IN
THE TOTAL ENERGY MIX IN ACCORDANCE WITH THE PLANNED
INDICATORS IN THE STRATEGY FOR SUSTAINABLE ENERGY
DEVELOPMENT OF VARNA FOR THE PERIOD 2014-2020

Valentin Gyurov
Technical University of Varna, Department of Electric Power Supply and Equipment

Abstract

The study presents the participation of electric transport in the overall energy mix for the base period and the plan-

ning period 2014-2020. The presented data include a comparative analysis between the different branch of transport
for the city - automobile and electric, as well as a comparison with other sectors - domestic, industrial, municipal build-
ings and services. The results of the survey allow analysis of the change of the planned indicators and they can be
served as a basis for drawing up adequate strategies for the next monitoring period.

Keywords: Electric Transport, Trolleybus transport, Energy Efficiency, Energy Strategies.

BBBEJIEHUME

CrpeMexbT 3a HamMalsiBaHE Ha E€HEProro-
TpeOJIEHUETO M OTACNSHUTE MAapHUKOBH €MHU-
CHM € eIHa OT OCHOBHUTE IICJIH, 3aJIerHaju
MpeJ CTPaHUTE WICHKU Ha EBpomneiickus chro3.
B Ttasm Bpw3ka EBpomneiickara MHMIMATHBA
,ClopazyMeHrne Ha KMETOBEeTe HWHUIUUpa
pa3pabOTBaHETO HAa MECTHU CTPATETUU 3a yC-
TOMYMBO EHEPIHIlHO pa3BUTHE, LEJSAIIM I10-
CTUTAHETO Ha OMPEJIEICHN MHANKATOPU 3a Ja-
JeH nporpaMmeH nepuon. CropazyMeHHETO Ha
KwmeToBeTe € OCHOBHOTO €BpOINEHCKO JIBUKE-
HUE€ C Y4aCTHETO Ha MECTHUTE M PErMOHAIHU
OpraHu 3a yINpaBlieHWe, aHTAXUPAIA CE JI0-
OpOBOJTHO C TMOBUIIIABAHETO HA EHEpruiiHaTa
€(EeKTUBHOCT U M3II0JI3BAHETO HA BH30OHOBSsIE-
MU €HEPrUiiHU U3TOYHUIM HA TEXHUTE TEpU-
TOpHH.

Konkperaute mapamerpu Ha Cropasyme-
HUETO Cca HaMaJlsiBaHe Ha €HepronoTpedeHue-
To ¢ 20% wu HamansBaHe Ha emucunute Ha CO2
¢ 20%, crnpsMO I'bpPBOHAYAIHO OIPENEICHUS
6asuceHn nepuoa. B Tazu Bpw3ka O0mmHa Bap-
Ha, KaTo 4YacT oT umHMumMatuBara oT 2008 .,
BB3JIOKHU pa3paboTBaHeTo U yTBBpAN CTpare-
TUsl 32 YCTOMYMBO €HEPIUITHO pa3BUTHE 3a Iie-
puona 2012-2020 r. CpuiecTBeHa 4YacT OT
CTpaTerusTa € U3MbJIHCHUETO Ha 3abJKEHUE-
TO 3a YCTAaHOBSIBaHE KOJWYECTBEHUTE U
KaueCTBEHUTE CBHOTHOILICHUS Ha EHEepromnoT-
peOJICHNETO B €HEPTUWHUS MHUKC Ha TEPUTO-
pusita Ha OOIIMHATA, © HHUBOTO HA EMHCHHTE
Ha CO2. CemieBpeMeHHO ¢ pa3paboTeH 3a-
nbpokuTenHus 1lnan 3a neicTeue 3a ycTon4u-
Ba eHeprus (IIZIVE), xoiito ce sBsiBa mpeno-
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pBUMTEIHA CTpATEeTHs 3a U3IBIHEHHUE 32 TMOC-
turane ueiaute Ha CriopasyMeHHUeTo.

B cnotBerctBUEe cbec Cnopazymenue Ha
KMETOBETE, KaTo 0a3uceH ce Mpuema MmbpBUs
MPEAXOJEH METrOIUIIEH MEePUo CIpsIMO pa3-
paboTBaHaTa CTpaTerus, 3a KOMTO MOXeE Ja
ObJle ChCTaBEHA ITbJIHA KApTHHA Ha €HEPromo-
TpeOJECHUETO U U3BBPILIEHA OLIEHKA 3a €KOJIO-
TUYHOTO BB3ACHCTBUE. B KOHKpETHUS Ciryyal
e 3amaneH 6asucen mepuoz 2005-2010 u pas-
paboren IIJIVE 3a mepmony 2013-2020 r.
EnexTpudeckusT TpaHCIOPT € MPEACTaBEeH Ka-
TO 4acT OT CEKTop ,,[pancropt” 3a oOiiuHa
Bapna, BxitouBai o01ecTBeHus, TOBApHUS U
ABTOMOOWIIHUS TPAHCIIOPT.

AHAJIM3 HA JSIJIOBOTO YUYACTHUE
HA EJEKTPUYECKMS TPAHCIIOPT B
EHEPTUITHUSI MAKC 3A BASUCHUS
MEPHUO] 2005-2010

3a olleHKa Ha MOTPEOJEHUETO Ha EHeprus
[0 CEKTOpPH ca W3IOJ3BaHU JeHUHUPAHUTE B
HOpMaTHBHaTa 0a3a moOKa3aTeld M IO-KOH-
KpeTHO (u3MyHaTa BEJIWYMHA ,,[I'bPBUYHA
eHeprus’. M3mon3BaHeTo Ha BEIMYMHATA IIbP-
BUYHA €HEPIHs J1aBa Bb3MOXHOCT 3a aJIeKBaT-
Ha OLICHKAa M CPAaBHEHUE MEX]y OTICIIHUTE BU-
JIOBE U3II0JI3BAaHU €HEPruu (eJIeKTpuieckKa, To-
IUIMHHA, €HEprus OT IPUPOJIEH Ia3, TBbPAU U
teunu ropusa) [2], [3], [4]. [To To3u HauuH ce
OCBILECTBSBA KOJIUYECTBEHA CHIIOCTABUMOCT
MEXIy U3CIEIBAHUTE BEIMYMHHU U CE OCBILE-
CTBSIBa JOCTOBEPHA OLIEHKA 32 NHIUBUIYaJIHO-
TO UM BB3JICHCTBUE BBpPXY OOIIMA pa3xoi Ha
EHeprus.

EHepruiiHaTa XapakTepHCTHKa KaTO Ibp-
BUYHA €HEeprus ce onpeaens upe3 popmynara:

EP=Q=)Q ,€ [kwh] (1)
i=1

KbJeT0: Q — KONMYECTBO MBbPBUYHA CHEPIHUS
[kWh]; Qi — xommuecTBO moTpeOeHa eHeprus
¢ i-us enepronocuten [kWh]; e — xoedunu-
€HT, OTUHUTAIll 3aryouTe 3a JOOUB/ MPOU3BOJIC-
TBO W TIPEHOC HA i-TaTa ChCTaBAIIA Ha MOTpPE-
OeHaTa eHeprusi.

Taobnuua 1. Koepuyuenmu €; 3a pasiuyHume 2opusa

Bun enepruen pecypc/eneprus Ci
ITpomunuteH ra3p01, IETPOJT U THU3eI 1.1
[Ipuponesr raz 1.1
[Iponan-OyTan 1.1
Enexrpoeneprus 3

[Ipn ananu3a Ha KOHCyMalMsITa Ha TEYHU
ropuBa € ChOJIOaBaHO € CHOTHOIICHUETO: |
kcal mepBuuna eneprust = 0,001162 kWh mbp-
BUYHA CHEPIHsl, MIPH MoKazareauTe mno Tadmu-
na 2.

Taonuya 2. Kanopuunocm na copusama

Topuso Kanopuunocm

[pupozex ras 8500 kcal/m®

En. eneprus 860 kcal/kwh

[ponan-0yTan 11950 kcal/kg

Jl13en0B0 TOPHBO 9000 kcal/kg

bensun A98 10200 kcal/kg

[IrpTHOCT Ha TOpUBaTa: NPUPOJAEH Tra3
xamM3=1000 HOpMaIHM KyOWMYHU MeTpa; OCH-
3MH - OTHOCHTENHa IUTbTHOCT mipu 15C:
720+770 kg/m3; nu3enoBO rOPUBO — OTHOCH-
tesiHa mrbTHOCT Ipu 15C: 820850 kg/m3

W3non3Banu ca JaHHW OT pa3iMyHHUTE 00-
IMMHCKH CcITy)0u n ot Haumonannus craruc-
TUYECKH WHCTUTYT 3a pEalHd NpPOAAICHU WU
KOHCYMHUPAHH KOJINYECTBA TOPHBA.

3a orjeHKa Ha MPOIEHTHOTO YBEIWYCHUE Ha
I'bpBUYHATA €HEeprus 3a Oa3uCHUS TEepHoi €
usnoi3Bana Benrnuunara AEP [%].

AEP = EP2010 — EP2005 100[%] )
EP>005

JlaHHUTE 3a E€HepronoTpeOIEHUETO B CEK-
TOp ,, I paHcnopT” ca nmokazanu B Tabmuma 3.

I'panckust tpancnopt B O0munHa Bapha ce
OCBUIECTBSIBA OCHOBHO OT JIBAa TOJIEMHU IIPEBO3-
BauM — ,,I'paacku tpancnoptr” EAJl — Bapna u
» I panctpuymd Xonauur”’ AJl. 3a nenute Ha
peanu3anusTa Ha NpoekT ,,JIHTerpupan rpajic-
k1 TpaHcnopt’, ,,I'paacku Tpancnopt’ EAJI
npuaoduBa COOCTBEHOCT BBPXY ,, | paHCTpH-
ymp Xommuur”. ,,Tpanctpuymdp Xomauur”
A/l BxirouBa mapk ot 188 6post aBToOycCH.
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@Due. 1. Hzmenenue na I1E 6 cekmop ,, Tpanc-

nopm”’

Tabnuya 3. Cvomuowenue Ha pasxooa Ha NvbPEUYHA enepaus 8 cekmop ,, Tpancnopm”

Cektop ,,Tpancnopr” 2005 2006 | 2007 2008 2009 2010
EnextpudecTBo — TpoIeHOyCeH TPAaHCIOPT GWh | 11576 | 11.291 | 12.001 | 10.474 | 10.852 | 10.832
J¥3emoBo TOPUBO — TPAJCKH TPAHCIOPT GWh | 31.380 | 33.879 | 34.733 | 34.114 | 29.755 | 28.474
[Ipupoaer ra3 — rpaJcKi TPAHCIIOPT GWh | 3.762 3.762 3.762 3.762 3.762 4.391
l'opuBa aBTOMOOMIICH M TOBApPEH TPAHCIIOPT GWh | 241.756 | 242.723 | 243.206 | 245.624 | 293.532 | 341.438
O61mo GWh | 288.475 | 291.656 | 293.703 | 293.974 | 337.901 | 385.137
EnextpudectBo — TpoIeHOyCeH TPAaHCIOPT % 4.01 3.87 4.09 3.56 3.21 2.81
J¥3emoBo TOpUBO — TPaJCKH TPAHCIOPT % 10.88 11.62 11.83 11.6 8.81 7.39
[Ipupoaer ra3 — rpacKul TPAHCIIOPT % 1.3 1.29 1.28 1.28 1.11 1.14
l'opruBa aBTOMOOMIICH M TOBApPEH TPAHCIIOPT % 83.8 83.22 82.81 83.55 86.87 88.65
O61mo % 100 100 100 100 100 100

OOUMHCKHUAT MPeBO3Bay ,,I pajcKu TpaHC-
nopt” EAJl — Bapna, pa3znosiara cbC ClieIHUS
MOJBMXKEH cbhcTaB: 41 Opos Tposen Scoda
14Tr u Scoda 15Tr c enekTpuuecka MOIIHOCT
100 u 2X100 kW; 149 ©Op. aBroOycu 3a
rpajcku TpaHcnopt. 3a nepuoga 2014-2017 r.
ca noctaBenu 30 Op. HOBH MOHO TpoJierOyca
Skoda 26Tr, mputexaBamy peKyrnepaTHBHH
(GyHKINH, KOUTO 3aMEHHXA IMO-ToJIsiMaTa 4acT
OT ChLIECTBYBAILUS TPOJIEHOYCEH ChCTaB.

B EnektpuyecTBo, TponerByceH
TPaHCMopT

B v3en080 rOpUED, rPpaacku
TRAHCMOPT
MpUpogEH ras, rpagckl
TRAHCMOpT

B TOPWES OT rPamaaHm u
TOBAPEH TPAHCMOPT

@Due. 2. Enepeuen muxc na cexmop ,, Tpancnopm”
3a 2005 2.

M EnekTpuyecTeo, Tponenbycen
TRAHCNOPT

B [lWzen0BE0 rOPMED, FPBACKH
TpaHCNopT

MpHPOAEH ras, rpaacku
TpaHCnopT

B [DpUEE OT FPAMAEHH W
TOBAPEH TRAHCNOPT

Due. 3. Enepeuen muxc na cekmop ,, Tpancnopm”™
3a 2010 2.

B nporec Ha MoAroToBKa € MPOEKT 3a 3aKy-
nyBaHe Ha HOBU 77 Op. enexktpobyca u 10 Op.
Tposieiibyca, Karo MO TO3M Ha4yMH 1ie Objae
MoJIMEHEeH TpouielioycHust cberaB Ha 100%, a
21% ot ceramHus aBTOOYCEH ChCTaB ILIe Ob-
JaT TIOJMEHEHU C eNeKTpoOycu. 3a mepuoja
2014-2017 r. Osixa 3akyneHu 85 Op. HOBHU
aBToOycH, 22 Op. OT TSIX M3MOJ3BAIlld METaH.
O06m1o0 ce obcmyxBar 32 Op. BbTPEUIHOTPA-
cku Mapipyta (28 6p. aBToOycHH U 4 Op. Tpo-
neibycHu) ¢ obma ApKUHA Ha Tpaceto (674
KM. aBTOOyCHU U 81 KM. TposieiOycHHM).
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BposiT ekBUBaNICHTHH JIEKH aBTOMOOUIN
(EJIK) na 1000 gymu ce e yBenmmuun ot 320
op. ipe3 2005 r. g0 429 6p. ipe3 2010 r., koe-
TO O3Ha4yaBa, 4¢ ABTOMOOWJIHHSAT TPAHCIOPT
Ha TPaKIAaHU U TOBApH ILE € ONpeNeil] 3a
KpPaifHOTO €HEePromnoTpeOIcHHE.

DeltaEP%=+33.54%
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MNameHeHne %

0,00
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-20,00

M EnekTpudecTso, TpoaebByceH
TREHCNOPT

B J13EN0B0 TOPHED, MP3ACKH
TpaHCnopT

MNpupogeH ras, rpaackn

16,73
TpaHCnopT

MTopWEa OT rPaMaaHN M TOBapEH
TpaHCMopT

Due. 4. Illpoyenmno usmenenue na EII 3a 2005-
2010 a.

41,23

Delta EP = + 99 662 [MWh]
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AbconoTHo usmeHeHue [MWh]

-20000,00

2010

W EnekTpUYECTED, TRONERBYCEH

TpaHcnopT [MWh] 744,41

M I13eN0B0 FOPHED, MREACKK

TpaHcnopT [MWh] -2905,36

MpupogeH ras, rpaackn

TpaHcnopT [MWh] 629,50

B Topusa OT rpamaaHi 1
TOE3PEH TpaHcnopT [MWh]

Duz. 4. Abconromno usmenenue na EIT 3a 2005-
2010 2.

99682,73

YBenuuenueto e ¢ 6mm3o 35% mpu ecrect-
BEH mpupact Ha HaceneHuero +0.45% 3a o0-
muHata. OTyutaiiku 6post aBBTOMOOMIIN, KOUTO
ce mpenrosara, 4e ca ¢ Imo-Majika HU3I0JI3Bac-
MocT oT cpenHoctaructuueckusi EJIK, moxe
Jla ce OYaKBa, 4e YBEIMYCHHUETO Ha CHEPro-
notpebieHneTo 1e e B rpanunure 33-35%.
[Ipu rpanackusi TPaHCHOPT, YBEIUYCHUETO Ha
yrnoTtpebara Ha npupojeH ras e ¢ +16.73%, a
HaMaJIsIBAaHETO Ha yroTpedara Ha JIHU3EII0BO
ropuBo e — 9.26%. Ot rienHa Touka Ha edek-
TUBHOCT, CHYJICHEHUTE aBTOOYCH H3TOI3BAHH

BB Tp. Bapna wumar pasxox 5.03-5.35
kWh/km, a como aBrobycure 3,57 mo 4,09
KWh/km. TpomneiiOycute umar pazxoi OKOJIO
1.5 KW/Km, a cbBpeMeHHHTE ITOKOJICHHS C Ye-
CTOTHO YIpaBJICHUE U PEKYIEpaIlusi UMaT pas-
xox okono 1.1 kKW/Km u otnenHa Bb3MOXKHOCT
3a pekynepanus. I[locieaHarta Bb3MOKHOCT
HsAMA Kak Ja ObJie U3M0JI3BaHa [IPH HACTOSIIA-
Ta MHPPACTPYKTypa — TpaHCPOPMATOPHH TOA-
CTaHIIMU C HEYNPaBIAEMH H3IPABUTECIN THII
JlaproOHOB, T.€. TP BbBEXK/IaHE HA HOBH ITOKO-
JIEHHsI €IIEKTPOBO3CH CHCTaB, Ca HEOOXOIMMHU
U MPOMEHH B TpPaHC(HOPMATOPHHUTE IMOJCTaH-
mun. Tyk mpobiieMa ¢ HaMmajsIBAHETO Ha I10-
TpeOJaeHneTo Ha enekrpuyectBo ¢ — 6.43%
MOX€E 1a ObJe I0-3aIbJI00YEHO H3CIIENBaH,
ThI KaTO MOYXE J1a C€ ABJDKH Ha MHOTO (haKTo-
PH, BIMACIIN B CbBKYITHOCT — IPEKAJICHO OCTa-
pelu TOJBM)KHH CBhCTaBH, JUCKOMMOpPT Ha
OBTHUALUTE, HEAOCTATHYHO ONTHMHU3HPAHU
TpaceTa U pa3luCaHus U JIp.

IVIAH 3A JJEMCTBUE 3A YCTONYHUBA
EHEPT'US B CEKTOP TPAHCIIOPT 3A
IEPHOJA 2014-2020 T.

Cexrop ,,Tpancniopt” e ¢ msm ot 7.3% or
0o0moTo eHepromnorpediaeHue 3a OOmMHA
Bapna. [Iporno3ara 3a eHepruiiHUTE JOCTABKU
U moTpebsieHHe U TpeAsiaraHuTe MEpPKU 3a
MOCTUTAaHE Ha CTpaTerusra ca IOKa3aHu B
Tabnuna 4. IIpu nacenenue ot 348 xui. ay-
i, Opos peructpupanu MIIC B aBmxeHue e
120 xun., wim no 1 Ha Bceku 2.9 aymm, ¢
BKJIIOYBAHE Ha JIelaTa U TPaXJTaHUTE B HETPY-
nocroco0Ha Be3pacT. CuuTta ce, 4e ca JOCTHT-
HaTU HUBA OJIU3KO /10 BB3MOXKHUSI MAaKCUMYM,
MpPEeBU]l OTPaHUYEHHUs] TPAHCIIOPTEH Karaiu-
TeT Ha WH(]pacTpykTypaTta M THapKOMecTaTa.
He ce ouakBa yBennueHue Ha TO3U [T TOBEYE
OT ECTECTBEHMsI TPHUPACT Ha HACEJIECHHUETO,
MpeABU] TOCTUTHATO BUCOKO ChOTHOILIEHUE Ha
nputexaBal 6poit MIIC kM Opoii rpaxaaHy.

[Ipu cbcTaBsiHE Ha eHepruiiHaTa MpPOrHo3a
ca 3aJ0O)KCHHW TPOIEHTH Ha YBEIMYCHHE Ha
KOHCyMallUiTa Ha EHEPruiiHU CYpPOBUHHU 3a
ronuHa AEP.

HuBara nHa AEP 3a enekrpudecTtBo ca
=1.7% wu ca ochIeCTBUMH ¢ OOHOBSIBAHETO Ha
TposeiOycHus mapk. B ciydast ToBa meponpu-
ATHE Ce SIBSABAa OCHOBHO, THU KaTo criopen J(u-
pextuBa 2009/28/EO e 3a10keHO 3aTbIIKU-
TenHo ycioBue 3a 10% s Ha moTpebieHneTo

121

Mesicoynapoona nayuna kongepenyus “VHUTEX 20" — I'abposo



ot BEU B Tpancmopra, a Tponeiidycure ca en-
Ha OT Hail-ChIIECTBEHUTE Bb3MOXKHOCTH 3a pe-
anu3UpaHeTo M. PecrnekTMBHO B JHM3EI0BOTO
TOpUBO € 3allokeH crnaj ¢ - 2%, Thi KaTto TO
me ObJe MOBJIUSHO €AHOBPEMEHHO KAaKTO OT
yBeJIMYaBaHE H3I0JI3BAHETO Ha TpoJieOyceH
TPaHCHOPT, TaKka U OT yBEJIMYABAHE HU3IOJI3BA-
HETO Ha MPHUPOJIEH ra3 B TPaHCIOpPTa. 3a PBCT
Ha npupoHus ra3 e 3anoxen +0.5%, a 3a ro-
puBa ot rpaxaanu +0.25%.

Karo ¢akropu Bimsiemy 3a HaMallIBaHETO
Ha €HEPromnoTpeOIeHUETO OT KOHBEHLIMOHAJICH
XapakTep € 3aJ]0KEHO YBEIMYaBAaHETO Ha
eHepruiiHata e(eKTUBHOCT B 0OIecTBEeHaTa
yciyra ,,elieKTpocHadasBane” ¢ 10 3% u yBe-
JUYaBaHE Ha TOJI3BAHETO Ha TPaJCKU TPaHC-
nopt 3a cmetka Ha MIIC cbuio ¢ 3%. Ilocnen-
HOTO TpsiOBa a ObJe pe3ynTaT OT KOMILIEKC-
HUs €eKT IPH OCHIIECTBIBAHETO HA TPOCKTA
3a ,,JuTerpupan rpaacku tpancnopt’. Cbllo
Taka, 3aJ0KEHOTO pa3BUTHE Ha aJITEPHATHUB-
HUS TPAHCIIOPT — MOAO0OpsBaHE YCIOBUATA HA
BEJIOCUTIEAUCTH W TEIIEXO/H, C€ OYakBa Ja

noBenat a0 eHeprueH edekr  oxomo 1%.
OO6mata TeHACHIMS B CEKTOpa 3a IMOKavYBaHE
Ha AEP e pgocra texxka — no +35% wu ToBa
MpaByd MHOTO TPYJIHH M3WCKBAHUATA 3a JISUT Ha
BEU u enepruiina e)eKTUBHOCT Ha CEKTOpA.
B T0O3m acnekT ce mpejyiara €HO HETPATUIIH-
OHHO pEIICHHE — CHhbBMECTHO M3I0JI3BAaHE Ha
BEW u BB3MOXHOCTUTE Ha TpaHCHOpPTA B
KOMIUICKCEH BUA. [IbpBUAT dakTop € Moaep-
HU3AIMATa Ha TPOJEHOYCHUS MapK Ja c€ OCh-
LIECTBU C HOBO IOKOJIEHHUE TPOJIEHOyCH C pe-
KyrnepaTuBeH pexuM. [1o To3u HaumH cnipay-
HaTa €Heprus Mo peKyrnepaTuBeH MPHUHIUI Ce
oT/aBa 0OpaTHO B MpekaTa 4upe3 reHepupaHe
Ha €Heprus 3a CMETKa Ha MHEPIUMOHHUTE CUIIN
Ha 3aJBHKEHOTO Ts10. Ta3u BB3MOXKHOCT IIH-
POKO ce M3II0JI3Ba B CBETA, KaTO BCHUYKH ChB-
PEMEHHU EICKTPUYECKH TPAHCIIOPTHU CPEJICT-
Ba 3a OOIIECTBEH TPAHCIOPT ca TakuBa. Bb3-
MoOxHa € reHepanus Ha 20% moJsie3Ha eNeKT-
pUYEeCKa €Heprus, KosiTo o0bpHATa KbM Ibp-
BUYHA CJIE/IBa J]a CE YTPOHU.

Taonuya 3. Coomnouienue Ha pazxoda Ha NbpeUUHa eHepausi 8 cekmop ,, Tpancnopm”™

Basuc TIporuo3a enepronorpedienne dEP
Enepruen Hocureax
2005 2010 2013 2014 2015 2016 2017 2018 2019 2020 %
EnektpuuectBo, TponeitbyceH TpaHCIOPT GWh 11,58 10,83 11,02 11,20 11,39 11,59 11,78 11,99 12,19 12,40 1,7
JIn3e510B0 rOPHBO, 'PAJCKH TPAHCIIOPT GWh 31,38 28,47 27,91 27,35 26,80 26,26 25,74 25,22 24,72 24,23 -2
IIpuposieH ra3, rpaJIcki TPaHCIIOPT GWh 3,76 4,39 4,41 4,44 4,46 4,48 4,50 4,53 4,55 4,57 0,5
TopuBa OT rpaykKAaHH U TOBAPEH TPAHCIIOPT GWh 241,76 341,44 342,29 343,15 344,01 344,87 345,73 346,59 347,46 348,33 0,25
OGO CeKTOP TPaHCHOPT GWh 288,47 385,14 385,63 | 386,13 | 386,66 | 387,20 | 387,75 | 388,33 | 388,91 | 389,52 35,03
pe:;a::zz::ir:;rz]:)z/; 20 q;ZIn]chip 2013 2014 | 2015 2016 2017 | 2018 2019 2020 | WK [%]
VB. noiss. Ha I'T 3a cMeTka miic 3% UITE GWh I'T 11,57 11,58 11,60 11,62 11,63 11,65 11,67 11,69 4,05
Or EE B Enepro ITpo 10 3% GWh EHEPT'O-TTPO EAJZT 0,00 0,11 0,17 0,23 0,24 0,24 0,24 0,37 4,01
O061110 KOHBEHIIHOHAITHH MEPKH GWh 11,57 11,70 11,77 11,85 11,87 11,89 11,91 12,06 4,18
AntepraTuBHM Tp. cpeacTBa 10 1% 3,86 3,86 3,87 3,87 3,88 3,88 3,89 3,90
Pexynepauus tponeibycu GWh REC 0,00 0,56 1,14 2,32 3,54 3,60 3,66 3,72 1,26
Enexrpomo6umu 3% 0T rpakaaHu u T.T. GWh PV 0,00 0,00 0,00 2,07 4,15 6,24 7,30 31,35 10,62
Bapesxaane Enexrpomo6uin or BEU GWh 0,00 0,00 0,00 2,07 4,15 6,24 7,30 31,35 10,62
BEW nokpusu Ha nera u TUC 4MWp GWh 1,00 2,00 4,00 6,00 12,00 4,07
KOHCYMAIMSI HA TIE C MEPKU GWh 370,20 | 370,02 | 369,88 | 364,02 | 358,18 | 352,48 | 348,86 295,15
OBILIA UKOHOMUS C EMC GWh 15,43 16,12 16,78 23,18 29,58 35,85 40,05 94,37
TIporeHT OT eHepruiinus MUKC 3a 2020 % 295,15 26,57
HWxonomus Ha ITE cripsivo 2010 % -23,37
Mxonomust Ha I1E cupsimo 2020 % -24,23
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3a oTAaBaHETO 1 HA TOPHO HUBO B CHCTEMA-
Ta € HEOOXOIMMO PEKOHCTPYKLIHS Ha TOKOU3-
[IPaBUTEIHUTE CTAHLMU OT HEYIPABIIEMU Ha
yhpaBisieMu, 3a Ja ObjAe npojaBaHa oOpaTHO
Ha KOMIIaHUATA JOCTAaBUYMK Ha €JI. €HEprusl.
be3 Tazu peKOHCTpyKIus, €HEeprusita CbhILIo
MOe 12 ObJie yCBOSIBaHA — OT APYT MOTETJISIL
TpOJEeOyC B ChIIMS y4acThK, T.€. TaKaBa Msp-
Ka € OCBIIECTBMUMA HA €Tall MOJMSHA Ha TPO-
nenOycaus mapk. Kem Hactosimara 2020 T.
MOJIEpHU3aLMATa HAa TPOJIEHOyCHUSA NapK Mo-
e Jla Ce CUMTa 3a OCBHIIECTBEHa, HO MOpPaaU
TOBA Y€ HE € W3BBPILIBAHA MOJECPHU3ALMS Ha
TOKO3UIIPABUTEIIHUTE CTaHLMU, e(deKTa He e
MaKCHMaJIEH.

Bropust KOMIIOHEHT OT KOMILJIEKCHOTO
pemenne 3a BEW e ocurypsBaneTo Ha HH(}-
pacTpykTypa 3a MO-MamaOHO BBBEXKIAHE Ha
eJIEKTPOMOOIIIN 3a Tpaacku ycioBus. Herpa-
JUIMOHHUAT MOJXOJ BKIIIOUBA U3TPAKIAHETO
Ha (OTOBONTAWYHM HMHCTATALUU C MOIIHOCT
AMWDp, pa3nooKeHU HaJ MapKUHTH, TOKpPHU-
BH, JI€TIa U JIp. IUIOUIH, B JOTUCTUYHU YAOOHU
30HU (HampUMep Haj Jernara Ha TPOJEUTe) U
U3rpajieHn 3apsiiHU CTAHIUHU 32 EJIEKTPOMO-
ounu. [lopu u B MOMeHTa, 0€3 HaTUYUETO Ha
TakaBa MHQPPACTPYKTYpa, € HAIUIE HHTEpEC
KbM BBBEXKIAHETO Ha €IEKTPOMOOMIIU, HO Ta-
KbB I10/IX0Jl MO€E J1aJie PSA3bK TIAchbK Ha CEK-
TOpa, J1a TapaHTHUpa OCHUIECTBUMOCT Ha LIEJIH-
T€ Ha CTpaTerusiTa U ChIIEBPEMEHHO Ja € U3-
TOYHHK Ha cpeJcTBa 3a oOmuHaTa. [Ipennona-
raeM HadaJieH KJIMEHT ca roJIeMUTEe TaKCUMET-
pOBM KOMIIAHUHU, KOMTO MOraT Ja OCUTYpST
rojisiMa Opolika HaBeAHBXK. [0 TO3M HauuH e
BB3MOXKHO MPEJIaraHeTO Ha TPU B3aUMOCBBP-
3aHM MEpKH, C KOUTO MOXE Ja C€ MOCTUTHE
epext 10% BEU B TpaHcmopTa u aa ce mnoj-
MOMOTHE IIsIocTHaTa crparerus 3a 20% s
Ha BEW, a umenno: BEU ¢ortoBonranyen tum
BbPXY MOKPUBHU W/WJIM HEU3MOJI3BAEMHU ILIO-
um kbM “T'pancku Tpancnopt EAJ"— 4 MWp;
Hsn wva enextpomobunute 3% umm 4200 Op.
mpe3 2020 r.; 3apsa Ha eNeKTPOMOOHIIUTE OT
BEUN. OOumsaT peanusupaH MPOIEHT UKOHO-
mus crpsimo 2010 r. e 23.37%, a nenst BEU
B TpaHcnopTta — 26.57%.

450
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250 s ET] -eCTECTEEHE
TeHAeHuua [GWh]
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QDue. 5. Uamenenue na EIl 3a 2013-2020 2 npu
npuiaeane Ha MepKu 3a eHepeulina egheKmusHoCcm
u BEU.

A1 HA CEKTOP TPAHCIIOPT B Ob-
A EHEPTUEH MUKC HA OBIIIMHA
BAPHA

JlenmbT Ha eHeromoTpeOJICHUETO Ha CEKTOP
,» I parcropt” 3a 6aszucHara 2005 r, mpuera 3a
,HyseBa” npu cbeTaBsineTo Ha [IJIVE e 7.28%
nad B abcomotHu croiHoctn 288.47 GWh.
JlenbT Ha eIEKTPUUYCCKUS TPAHCTIOPT B CEKTOP
TpaHcnopt Bb3m3a Ha 4.01%.

Taonuya 4. Coomnowenus 6 cekmop ,, Tpancnopm”

Enepronorpe6ienue mo cekropu 3a 2005 r. GWh %
Cexkrop "OGmm-icxu cq:anu,ycnym u 329,698 8.31
JeHHOCTH
Buros cextop 2062'13 52.18
Cexkrop "IIpomunieHocT" 12757 82 32.23
Cexrop "Tpancnopt" 288.474 7.28
061110 eHepronoTpedaeHue 396; 13 108 0

M Cextop "OGWHHCKM CrPaaN,YCAYTW M AeiiocTu” B BWTOE CExTOp

Cexrop "MpomuwaeHoer”

E Cektop ‘TpaHcnopt'

@ue. 6. [Ipoyenmno cvomuouleHue Ha eHeputi-
HAmMa KOHCYMAayus no cekmopu
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VYcTaHOBSIBAHETO HA HACTOSIIUS ST Ha
CEKTOp ,, I paHcTiOpT” B OOIIMS €HEPTHUEH MUKC
U PECHEKTUBHO [SJIOBOTO  y4yacTUe Ha
CJIIEKTPUYECKUSI TPAHCIOPT, € MpeIMeT Ha
cienBamiara CrpaTerus 3a YCTOWYMBO €HEp-

TUIHO pa3BuTHE Ha oOmmHa BapHa 3a nepuoj
2020-2025r.

3AKVIIOYEHUE

Bwnpeku TBBpAe amMOMIMO3HATa 3a7aya 3a
[IOCTUTaHE Ha UKOHOMUSI Ha €HepromnoTpedsie-
HUE B CEKTOD ,,[pancnopt” B pazmep Ha 10%,
U JINIICATa Ha BB3MOXKHOCT 33 NMPSKO Bb3JEH-
CTBHE BBPXY peauna (hakTopu, BIUSCIIA BbP-
Xy CEKTOpa, MOXe Jia ce 0TOeJexH, Ye peauna
OT 3QJI0)KEHUTE MEPCKU ca M3IbJIHEHU. M31-
710 € 0OHOBEH TPOJIeHOyCHUS mapK MOJACUTYPS-
Balll B I'bJIEH KalalMTET TpaclopTHaTa yciy-
ra. Be3craHoBeHa e efHa TposeiOycHa JTUHUS
(JTunust Ne86, nmbipkuHa 8.6 KM), mopaay 3ama-
3eHaTa il mpe3 TOAMHHUTE TeXHUYecka MH]pa-
CTPYKTYpa, CBbp3Ballla KBapTaja AcrapyxoBo ¢
kB. [lounBka. B xox e mpoueaypa 3a 3akyny-
BaHe Ha 77 HOBM enekTpodOyca. [lonHoBeHu ca
85 aBToOyca ¢ HOBO MOKOJIEHHE C IMO-HUCKO
€KOJIOTMYHO Bb3jelicTBre. B HanpenHana dasa
€ pa3pabOTBAHETO Ha MPOEKT 3a 3apsAHU CTaH-
uuu 3a enekrpomobmin. O6ckxaa ce uaedra
3a pa3paboTBaHE Ha IMPOEKT 3a IPaJCKa E€JIeKT-
puuecka jkeie3HHIa. Beopeku ToBa, oOmIMs
KpaeH e(eKT e U30cTaBalll M0 OTHOILIEHUE MO-
JEpHU3AlNs HAa TOKOU3NPABUTEIIHUTE CTAaHLIUU
3a Tposie0yceH TpaHCIOPT, BHEApsSBaHE Ha
BEU B tpancnopra u mo-eheKTUBHO HM3MOJ-
3BaHe Ha peKylnepaTUBHATa €HEprusi OT TPo-

nebycHusi TpaHcnopT. Bee ome HEe € 00Bp-
HATO JOCTaThbYHO BHHMaHHE BBPXY e(eKTHB-
HOTO M3MOJ3BaHEe HAa (POTOBOJIOTAUYHM €JICKT-
POLICHTpAIM B TPAACKH YCIOBUS C H3IIOJ-
3BaHETO IUIOIIMTE Ha Jenara U KOMOWHHpa-
HaTa UM ynoTtpeda ChC 3apsAHU CTAHIMU 32
eJleKkTpoMoOmIn. Beipeku npuerute odiexye-
HUS 32 JIOCTBII 0 CHHU 30HU, JINIBT HA EJICKT-
POMOOMIIM € MO-HUCHK OT HEOOXOAUMHUS, KaTo
KEJTaHUTE MHIUKATOPH CE TOAIOMaraTr eauH-
CTBEHO OT 3HAUYMMUsSI OpOW aBTOMOOWIH C XH-
OpHIIHO 3a/IBUKBAHE.
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Abstract

Soiling of the solar modules can significantly diminish quantity of solar energy which solar modules absorb. This
paper presents the results of the influence of calcium carbonate and soil on the power of horizontally mounted solar
module. The power of the solar modules upon soiling with 3 g of calcium carbonate (CaCQs3) decreased by 12.04% in
relation to the clean solar module, and upon soiling with 2.5 g of soil it decreased by 9.13% in relation to the clean
solar module. It can be concluded that calcium carbonate exerts a little bit greater influence on reducing the power of

horizontal solar module than soil soiling.

Keywords: soiling, solar module, power, CaCQOs, soil.

INTRODUCTION

Since the big energy crisis in 1973,
renewable energy sources (Sun, wind,
geothermal energy, etc.) are being used
increasingly. The most significant renewable
source of energy is the Sun. For the production
of solar generated electricity, photovoltaic
(PV) systems are used. PV technology has
been widely used over recent years because of
its sustainability and cleanliness. The increase
of solar modules installation in the world led
to an increase in the investigation of the
phenomena that may cause adverse effects on
the performance of solar modules, such as
soiling [1-4].

The performance of the solar modules
is influenced by various factors such as the
material the module is manufactured of, solar
module angle of inclination (angle at which it
is set - tilt angle), the intensity of the solar
radiation reaching the surface of the module,
soiling of the module surface, module
temperature, etc. Soiling is a term used to
describe the deposition of dust (dirt) on the
solar modules, which reduces the amount of
solar radiation reaching the solar cells [2, 5-
11].

EXPERIMENT

To determine the power of horizontally
installed solar module, depending on its
soiling by calcium carbonate and soil
deposition, solar system shown in Fig. 1. was
used. The solar system is located on the roof of
the Academy of Sciences and Arts of the
Republic of Srpska (ASARS) in Banja Luka,
representing a part of the ASARS Solar
Energy Laboratory.

Fig. 1. Solar system composed of five identical
solar modules

For this purpose, horizontally mounted
polycrystalline silicon solar module power of
50 Wp (SOLE SL-50P, Germany) was used.
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Characteristics of the SOLE SL-50P solar
module are given in Table 1.

Table 1. Characteristics of SOLE SL-50P solar module

RESULTS

Power values of clean, with CaCO3 and
soil soiled horizontal solar module, as well as
reduction of its power due to soiling on

Dimensions (size) 669 x 508 x 35 mm : :

Weight 57 kg 19.02.2020 are given in Table 2.

Cell type Si polycrystalline

Power of solar module | 50 Wp Table 2. Power of clean, with CaCO; and soil

Optimum operating | 2.78 A soiled horizontal solar module and reduction of its

current power due to soiling on 19.02.2020

Optimum  operating | 18 V Date Clean 3g CaCO;| 25g soil

voltage P P AP P AP

_ _ W) | W) | %) | W) | (%)

On 19.02.2020 in the period from 12.00 to 19.02.2020 | 24.32 | 21.39 | 12.04 | 22.10 | 9.13

13.00, the influence of different masses of
CaCO0a3 and soil on the power of the horizontal
solar module was investigated. On the day of
measurement, the horizontal solar module was
first cleaned to remove dirt, and the power of
the clean module was measured. After that,
solar module was soiled with CaCO3; and its
power was measured. The solar module was
then cleaned, then soiled with soil, and the
power measurement of the horizontal solar
module soiled with soil was performed.

A stationary PV-KLA device (Ingenieurburo
Mencke & Tegtmeyer, Germany) was used to
measure the power of the horizontal solar
module.

Fig. 2. PV-KLA device

The  SolarUsbSW  switch  with
accompanying software SolarControlM v0.1.1
(Metering solutions, B&H) was used for
automatic control of solar module power
measurement and archiving of measured data.

.
> AV
SolarUsbsw @

*AsHeVepece

ST e S
VHB. BPOJ 1528 @ .

.
o 09220060208 _

Fig. 3. SolarUshSW switch

Power [W]

T
clean 3gCaCo3 2.5 g soil

Fig. 4. Power of clean and soiled horizontal solar
module with CaCO; and soil

Power reduction [%)]
@

T
3gCaCO3 2.5 g soil

Fig. 5. Comparison of the impact of CaCO; and
soil on the power reduction of horizontal solar
module

Due to soiling with 3 g of CaCOs, the
power of the horizontal solar module
decreased by 12.04%. Due to soiling with 2.5
g of soil, the power of the horizontal module
decreased by 9.13%.

Based on the data in Tab. 2. and Fig. 5. it
can be seen that the power of the horizontal
solar module decreases a little bit more due to
soiling with CaCOg than with soil.
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CONCLUSION

Solar modules have been widely used
over recent years in the world, which led to an
increase in the investigation of the phenomena
that may cause adverse effects on the
performance of solar modules, such as soiling.

The performances of solar modules are
influenced by various factors. One of the
factors that is increasingly being examined is
also soiling of solar modules which reduces
the amount of solar radiation reaching the
solar cells.

Due to soiling with 3 g of CaCQOs,
power of horizontal solar module decreased by
12.04%, and due to soiling with 2.5 g of soil
by 9.13%.

The obtained results can be used to
plan and design installation of solar modules,
to conduct their maintenance, and to increase
use of solar energy in the Republic of Srpska
and worldwide as well.
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Abstract

In this article one new kind of FIR (Finite Impulse Response) digital filter is described. The filter is intended for the
filtering of pulse periods. The filter is designed using special kind of the Frequency Locked Loop (FLL) of the fifth
order, which is based on the measurement and processing of the input periods only. The FLL is described by the
difference equations. Z transform approach was used for the system analysis. The procedure and methodology of the
digital filter design is described in details. The design is performed using Mat-lab tools, dedicated to the design of the
FIR digital filter. Analyzes of the filter were performed in the time and frequency domains. Computer simulation of the
system in time domain is made to enable precise insight into the system functioning and to proof the correctness of the

mathematical analyzes.

Keywords: Digital circuits, Digital filters, PLL, FLL, Pulse circuits.

INTRODUCTION

The idea of generating new types of PLLs
and FLLs by processing the input and output
signal periods and the time differences
between them, has fully met expectations. Let
us call these new systems, in short, the period
FLL and the period PLL. In the papers [1] to
[11], the period PLLs and FLLs were applied
in the field of frequency averaging, phase
shifting, time shifting, phase control, tracking,
predicting, frequency synthesizers, noise
rejection, frequency multipliers and the others.
These works have shown that the field of PLLs
and FLLs application has significantly
increased, compared to the classical PLLs and
FLLs.

This article discovered one new special
property of the period FLL. For the
appropriate choice of the system parameters,
the period FLL can function as FIR digital
filter intended for the filtering of pulse signal
periods. That was possible due to the fact that
the difference equations of the period FLLs is
structurally very similar to FIR digital filter
equations. This article demonstrates how we
can adapt the transfer function of the fifth
order period FLL and choose its system

parameters using FIR digital filter theory, in
order to function as the desired digital filter,
intended for the filtering of pulse periods. To
do that it was necessary first to define the
difference equations of the period FLL of the
fifth order and to find out its appropriate
transfer functions.

The rest of articles and books [12] to [17]
in the references, are used as the theoretical
base for the different fields which are used in
these analyzes, for electronics
implementations and for the development
necessities.

TRANSFER FUNCTIONS OF FLL

Let us first consider Fig. 1, which
represents a general case of an input signal Sin
and an output signal Sop of the period FLL of
the fifth order. The periods Tlx and TOy, as
well as the time difference 1y, occur at discrete
times ty, tur1, tke2, tkes, tkes, ties..., which are
defined by the falling edges of the pulses of
Sop in Fig. 1. In the real time applications of
the period FLL, any output period can be
calculated only using the previous input
periods of the lower order. Taking this fact in
account, the general difference equation which
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describes period FLL of the fifth order,
intended for the real time applications, is
presented in eq. (1), where by, by, bs, by and bs
are the system parameters. Because of
simplicity, all expressions for periods TO and
Tl in eq. (1), instead of discrete times in
brackets e.g. TO(k+4), they wuse the
corresponding index TOy.4. Because of
necessity for the precise recognition of the
FLL state at any discrete time, one additional
difference equation, describing the time
difference 1, is presented in eq. (2). It comes
out as the natural relation between the
variables in Fig. 1. To determine the transfer
functions of the period FLL, the Z transform
of egs. (1) and (2) are presented in egs. (3) and
(4), respectively, where TOq, Tly, in eq. (3)
and 1o in eq. (4) represent the initial conditions
of variables TOy, Tlx and t. Because of
simplicity, expressions TO(z) and TI(z) are
denoted by TO; and TI; in eq. (3). Since the
process start at t=ty, all values of variables,
before t=ty, are equal to zeros. Therefore,
according to eq. (1), TO3=bsTly,
TOzzbl'T|1+b2'T|0' T03:b1'T|2+ b2'T|1+b3'T|o
and TO4=b1-Tlz+by Tly+bs Ty +bs Tl
Entering TO, TO,, TO3 and TO4 into eq. (3),
TO(z) is calculated and shown in eq. (5).

=TT =+ Tt 1= Tt 2 7 Tt 3+ Tl A Tkt 5
Sin]
P+ TO% it TORH—oe TOkt 22 Ot 3t Oy dree Ot 5
sop ]

LN I L | S DI SR

Y Y ) Y N Y B [

T Tt Tz Tes Trwa T Tige

Fig. 1. The time relations between the input and
output variables of period FLL.

TO,,; =bTl,,, +b,Tl . +bTl _, +b,TI

5 Ths +05Th, +b,Th , + BT (1)

Tiq = T +TO, =TI 2

5. 5. 4 3 2
210, -2'T0, -z 10, -2’10, -z TO, -zTO, =

b, (2*T1, - 2*T1, = 2°T1, - 2°T1, —2T1,) + b, (2°T1, -

®)
3. 2 2 2
2Tl - 2Tl - 2TL) + by (27Tl - 27Tl - 2Tl) +
+b, (2T, - 2T1,) +b,TI,
27(2) — 2ty = 7(2) + TO(2) - Tl (2) 4)
2 +2°b, + 2%b, + zb, + b
TO(z) =TI(2) : +T70,  (5)
z

It is now necessary to investigate under which
conditions the circuit described possesses the
properties of a FLL. To do that, let us suppose
that the step input is TI(k) = Tl = constant.
Substituting the Z transform of TI(k) i.e. TI(z)
= TI- z/(z-1) into eq. (5) and using the final
value theorem, it is possible to find the final
value of the output period TO,,, which the FLL
reaches in stable state. We can calculate TO,, =
lim TO(K) if k—>oo, using TO(z). This is shown
in eq. (6). It comes out from eq. (6), that
TO.=TI if eq. (7) is satisfied. This means that
the system described possesses the properties
either of a FLL or a PLL. To make decision, it
is necessary to determine the behaviour of
time difference “1”. Entering TO(z) from eq.
(5), into eq. (4) and taking in account eq. (7),
1(z) is calculated and presented in eq. (8).
Substituting now TI(z) = T1-z/(z-1) into eq. (8)
and using the final value theorem, it is possible
to find the final value of the time difference 1.,
= lim (k) if k—>oo, using t(z), given by eq. 8.
Taking in account, according to eq. (7), that -
bs=b4+ bs+bo+b;-1, 1., was found and shown in
eq. (9). Equation (9) also confirms that the
described system possesses the properties of a
FLL, since 1, depends on the initial
conditions. It comes out that the system does
not possess the properties of a PLL.

T0_=lim[(z-1)T0(2) | _=Tl(b,+b,+b +b, +b) (6)

b +b, +b, +b, +b, =1 ©)
w(2) =TI(2) [~z +2° (b, 1) + 2° (b, + b, —1) +

®)
2(b, +b, +b, ~1)—b,]/ 2° + (TO, + 27,) [ (z 1)

7, =lim |:(Z —1) T(Z)l% =

=TI(4b, +3b, +2b, +b, —5) +TO, + 7,

©)

There are two transfer functions which
describe this period FLL. These are
Hto(2)=TO(2)/TI(z) and H.(2)=t(2)/TI(z)
shown in egs. (10) and (11). They originate
from egs. (5) and (8).

TO(z) z'b +2°b, +2%b, + 2b, +b,

TI(2) 2°

(10)

@) -y
TI(2) (11)

2°(b, +b, —1) + (b, +b, +b 1) -b.]/ 2

H.(2) =
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design of digital filter

There are important differences between the
FIR digital filter and the described FLL. First,
the FIR digital filter processes the digitized
amplitudes and the FLL processes the digitized
periods. Second, the sampling of the input
signal is performed at constant time intervals,
while the processing of the period may be non-
uniform, when the input period is not constant.
Since the periods of the input and output
signals are time variables, they are distributed
in time and they overlap each other, disabling
the calculation of the output period with the
input period of the same order. Note that the
periods of the same order represent the periods
defined by the same discrete time. FIR digital
filters do not have this phenomenon. Because
of this appearance it was necessary to
introduce in math of the period FLL new
variable, time difference between the input and
output, due to which we could control the
overlapping and determine the relation
between the output and input precisely, as it
was shown in the previous chapter. However,
there are also very important similarities
between these two systems. Both systems are
described by difference equations. This FLL,
as said, processes only the periods of the input
signal and FIR digital filters process only input
samples. The difference equations of FLL
have a structural form that is very similar to
the structural form of the difference equation
of the FIR digital filter. The only difference in
their equations stems from the already
mentioned fact that only lower order input
periods can be used in the calculation of the
output period, which is not the case with the
FIR digital filter. But even so, theory and
Mat-lab tools of FIR digital filter can be
used effectively to design FIR digital
filters based on FLL, which are intended
for digital filtering of pulse signal
periods.

To demonstrate the adaptation of the period
FLL in order to work as the digital filter for
the pulse periods, let us first design low pass
FIR digital filter of the forth order (N=4), with
the sampling frequency fs=10000 Hz and
cutoff frequency fg=1600 Hz. If we use
triangle windowing and Mat-lab command
"firl", we can get vector "b" of the filter
coefficients as b=firl(N, fn, triang(N+1)),

where the normalized cutoff frequency
fn=fg/(fs/2). This command gives the next
coefficients for FIR digital filters: boy=0.0620,
b14=0.2314, byy= 0.4132, b33=0.2314 and
b4g=0.0620 where suffix "d" signifies that
these coefficients belong to the digital filter.
The corresponding transfer function, for the
digital filter described, is Hq(z) = bog+biaz™
+hy0.272 +b3923+haez*, or it can be given as in
eq. (12). If we compare the transfer function
Hro(z) of FLL, given by eq. (10), and eq. (12),
we can notice that both of them possess five
coefficients or parameters. If we define the
parameters of the FLL as: bj=bog, bo=byq,
bs3=b,g, bs=b3q and bs=bsy, we will get a new
expression for Hro, given in eq. (13). Note that
the sum of the chosen parameters of FLL
bogtb1gtbogtbag+bag=1, satisfies eq. (7). It
means that the period FLL is the stable system
and that it possesses the same zeros as digital
filter. The difference between Hy(z) and
Hro(z), shown in egs. (12) and (13), is in theirs
denominators. Namely, their relation can be
expressed as Hro(z)= Hq(z) z*. This means
that the frequency responses of Hro(z) and
Hg(z) will be almost the same. More precisely,
theirs magnitudes will be the same, but the
period FLL

TO(z) z4bOd + szld + zzbZd + by, +D,,
Hy(2) = = 4
TI(z) z

(12)

T0(2) _ 20y, + 20, + 270, +12b,, +b,,

H =
r0(?) TI(2) 2°

(13)

will introduce additional delay of -r [rad] at
the output signal, in comparison with the phase
at the output of digital filter. In accordance
with the Mat-lab definitions, the vectors of
coefficients by and parameters bro, which
correspond to the transfer functions Hgy(z) and
Hro(z), are shown in eq. (14). These vectors
will be used in commands, devoted to the
design of FIR digital filters. According to the
Mat-lab vector definitions, the relation
between them can be expressed as bro=[0 bg].

b,, b

2d 4d ]

b =[00b b, by b, b]=[0 by, by

3d
14
b ]()

4d

b,, b

2d “3d
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Using commands "freqz (bro, 1, 1024, fs)"
and "freqz (bg, 1, 1024, fs)", the frequency
responses of Hyo(z) and Hgy(z) are determined
and presented in Fig. 2, for the half of the
sample rate. It can be seen that the magnitudes
of the digital filter and the FLL are identical
with the cutoff frequencies of 1600 Hz, and
that the phases which two systems introduced
into the output signals differ for expected -
180°. Both of them are linear, but for the half
of the sample rate, the phase of the FLL is -
540° and the phase of the digital filter is -360°.

Using simulation, let us now present the
effects of the FLL filtering in time domain.
The simulation in time domain is to enable
better insight into the procedure and physical
meaning of the variables described. All
discrete values in simulation were merged to
form continuous curves. Note that all variables
in the following diagram are presented in time
units. The time

o 0 i ey

= m}.?dB Hrofz)

£ 0 Hz

B o ~—__bros0 n0E20 02314 04132 02314 00620]

% ;/5409 Hrolz)

£ 500 Hz

m O B

= Hy(z)

£ -0 ~— Hz

= 0= —__ba=[00620 02314 04132 02314 00620]

=] B

w200 = =

@ -360

£ soge—t’ e e H
o 1400 2000 3000 4000 L0og

Fig. 2. Magnitudes and phases of the frequency
responses of Hro(z) and Hy(2).

unit can be, usec, msec or any other, but
assuming the same time units for all input and
output time variables. It was more suitable to
use just “time unit” or abbreviated “t.u.” in the
text. It was more convenient to omit the
indication ,,t.u.“ in diagram. For this purpose
the input period TI(k+1)=10+S;(k)+S2(Kk) [t.u.]
was fed into the input of the FLL, where:
S1(k)=5-sin[2n/fs-f1-k], Sa(k)=5-sin[2n/fs-12°k].
The frequency f;=1000 Hz and the frequency
f,=3000 Hz. Since f;=10000 Hz, it means that
S; is sampled by 10000 Hz/1000 Hz = 10

samples/period, what is acceptable resolution
for this presentation, Fig. 3a. Signal S, is
sampled with 10000 Hz/3000 Hz ~ 3.33
samples/period. This small number of samples
does not provide good presentation of S,.
Because of that, S, appeared in form of
needles at the input of the FLL, Fig. 3b. The
input and output signals TI(k) and TO(k) are
shown in Fig. 3c and separated TO(K) is
shown in Fig. 3d. The initial conditions are
TOe=0 t.u., 7%=0 tu. and Tlp=10 tu. The
described processing of the FLL is shown for
the 80 steps in Fig. 3. It can be seen that the
FLL filtered and mainly preserved the shape of
input signal S;, whose frequency f;=1000 Hz is
less than cutoff frequency f.=1600 Hz, but
signal S, disappeared at the output, shown in
Fig. 3d, because f, =3000 Hz belongs to the
stop band of the FLL.

The impression about the same processing
will be completed if we present it in the
frequency domain. Using commands "fft" and
"stem", frequency spectrums of Tl and TO
are presented in the whole sample rate, in Fig.
4. We see in Fig. 4 that the frequency at 3000
Hz, corresponding to S, is suppressed, what is

"slk
5[ | 4 =i | \ |
M I '| |. Il N ,"\ ,’3’ I |~' |f| I ﬁ, |’. I 1.'\ |'|| f
b) (] — \I‘H 1\“' \)"l1l|"Htl“'Il'oHIll'll\"tl"l
I U | 1 1|
R 1 8 e e e S B
200 S2k Tli=10+S1x+52k
Fidie Al T | T T
I\ Iﬂ | 1\( l'|> (l 1?\ ‘IQ ﬁt I :*.l ." I 'i‘ }I

c) 1 [ 1
| N
5 1Ir 'I‘ MI ‘l
| a
u TOg
15[
10
9 ATAvAVATATA
3 TO
T0p=0 Tp=0 TIp=10
0 L k
0 20 40 60 80

Fig. 3. Presentations of the initial conditions and
signals in time domain: a. S;(k), b. Sy(k), c. TO(K)
and TI(k), d. TO(k) and the initial conditions.
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Fig. 4. Frequency spectrums of the input Tl and
the output TO

agreement with Fig. 3d. Namely, the output of
FLL, shown in Fig. 3d, changed slightly the
form in comparison to S;, shown in Fig. 3a,
but signal S, is mainly suppressed. According
to the results of the computer listing, shown in
Fig. 4, the frequency component at 1000 Hz,
corresponding to S;, is attenuated for 20 log
(TOflooo/T|f1000) =20 |Og (20663/25000):-165
[db]. The similar result we can see at the
magnitude frequency response of Hro(z) in
Fig. 2. Namely, if we magnify Fig. 2, using the
proportionality, it could be determined
roughly, that the attenuation at 1000 Hz is
about -1.7 [db], what is close to -1.65 [dB].

CONCLUSION

This article discovered how we can design
FIR digital filter for the periods of semi-digital
signals, based on the period FLL. For this
purpose we use the FIR digital filter theory,
the appropriate Mat-lab tools and the theory of
the period FLL. The design consists of two
steps. In the first step we design a desired FIR
digital filter to meet the appropriate
requirements and in the second step we
generate the transfer function of the period
FLL, which is able to cover the zeros of the
digital filter. If a digital filter is of the n"
order, such kind of adaptation is possible, if
the period FLL is of the (n+1)™ order.

Digital filters, based on the period FLL, do
not require A/D and D/A converters. They are
based on the measurement of time instead of
amplitude, and therefore they provide better
accuracy of measurements and simpler and

cheaper electronic solutions. Periodic and non-
periodic pulse signals are widely present in
electronics, in telecommunications, as well as
in control and measurement applications.
Therefore, there is an obvious need to filter
them in many of these applications.

The results of this article represent the base
for the further possible applications of the
period FLL in many fields. However, the most
likely and wuseful next steps are the
development of the higher order FIR digital
filters, as well as the development of the IIR
digital filters, based on the period FLL.
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Abstract

Common Rail systems have the main application in modern cars. The condition of the fuel injectors is of
particular importance for monitoring the correct operation of the engine. The main standard for their proper operation
is the amount of excess fuel. It was decided to develop a device for monitoring the operation of the nozzles in real time

because of the lack of a such.

A device has been created, which consists of a transmitting and receiving module, which work with
autonomous power supply with Li-Yon rechargeable batteries, which are charged contactless. The measured amount of
excess fuel in real time in all modes of engine operation and the communication between the modules is non-contact.

There was a slight deviation of the results in the practical experiments, because of the difference in the
temperature of the fuel measured by the device, which does not significantly affect the final result.

The realized device for measuring the excess fuel fully satisfies the set requirements and can be used in all
modern diesel engines. Due to their small size, lack of power cables and communication cables between the two
modules, proper nozzle diagnostics and engine operation are observed.

Keywords: Common Rail, Contactless Power Transmission (WPT), Sensor, Bluetooth.

INTRODUCTION

Different types of methods are used to
diagnose the correct operation of the nozzles
in Common Rail systems. Specialists in this
field mainly use the indications from the
sensors to draw the appropriate conclusions
and on their basis to decide on the repair or
replacement of a nozzle. The amount of excess
fuel is one of the main indicators of its proper
operation. With a larger amount of excess fuel,
the mechanical wear is more. The existing way
of measuring the excess fuel in practice is
reduced to a purely mechanical method -
measuring with the help of measuring flasks
the fuel separated from each nozzle in cubic
centimeters per unit time.

In this regard, it was decided to

develop a device with an electronic flow
sensor to read the amount of excess fuel and
visualize the results in real time using a
contactless method for loading and
transmitting the received information.
The developed device shows slight deviations
depending on the temperature of the excess
fuel, but they do not significantly affect the
readings.

The development aims to quickly and
adequately diagnose the condition of the
nozzles in Common Rail systems.

EXPOSITION
1. DEVICES AND METHODS

Wireless remote data transmission
systems have evolved and become very
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common. The information that can be
transmitted with them has increased many
times and energy consumption has decreased
significantly. This helped with a single charge
of the batteries they last a long time in active
mode of transmission and eavesdropping.
Their main advantage is the lack of power
cables.

Through the sensors in Common Rail
systems, the electronic engine control unit
(ECU) collects information about the
individual operating parameters of the engine
and prepares control signals for the individual
actuators involved directly in its operation.
Information is obtained about the current state
of the engine, the state of the environment,
which also affects the operation of the engine,
the quality of the exhaust gases of the engine
and ets. [1], [2].

Wireless remote data transmission
systems have evolved and become very
common. The information that can be
transmitted with them per unit time has
increased many times over. The power
consumption of these devices is also
significantly reduced, which helped with a
single charge of their batteries (if used) to
endure several days, even weeks when used
continuously in active transmission mode or in
eavesdropping mode.

Last but not least, the advantage of
these systems is the lack of wires between the
individual devices, which facilitates their use.
According to the frequency range of
electromagnetic radiation, the methods of
energy transmission can be divided into five
main groups: inductive, inductive-resonant,
capacitive, microwave and laser.

Wireless data devices are those using
Wi-Fi technology, ZigBee technology, Nano
NET technology, Z-Wave and Bluetooth
technology.

Contactless power transmission
systems (WPT) have also undergone great
development - in particular contactless
charging systems for small mobile devices
operating at low voltages (up to 12V) and
using nickel-metal hydride, nickel-cadmium,
lithium-ion, lithium-polymer or nickel-iron
rechargeable batteries. The last three of the
listed batteries have very good indicators in
terms of mass capacity and low tendency to

self-discharge.

Different methods are used in the
diagnosis of nozzles to judge their condition.
Specialists in this field mainly use the readings
from the sensors of the Common Rail system
to draw the appropriate conclusions and on
their basis decide whether to repair or replace
a nozzle. One of the main criteria for whether
a nozzle is working properly is the amount of
excess fuel that comes out of it. The greater
the amount of excess fuel, the greater the
mechanical wear of the nozzle.

The existing way of measuring the
excess fuel in practice is reduced to a purely
mechanical method - measuring with the help
of measuring flasks the fuel separated from
each nozzle per unit time.

Therefore, it was decided to develop a
device with an electronic flow sensor to read
the amount of excess fuel and to visualize the
results in real time.

2. LABORATORY MODEL

The created device for measuring
excess fuel is divided into two separate
modules. The first module combines the
housing of the sensor element and the body.
The body also has an analog circuit for signal
processing from the sensor element assembled
in a plastic box in a common structural unit. It
is responsible for processing data from the
four flow sensors simultaneously. The device
performs subsequent digital processing of their
signals by calculating the instantaneous value
of the amount of excess fuel from each sensor,
the total amount of fuel from each sensor from
the Dbeginning of the measurement and
transmits the results obtained from the sensors
via Bluetooth to the second module.

The second module combines in one
common structural unit the scheme for
processing the data from the sensor with a
single-chip  microcontroller  and their
visualization on an LCD display in digital
form and the scheme for real-time data
visualization. It receives the information from
the first module using a Bluetooth device and
visualizes the measurement data on a display
for the four sensors simultaneously. A
touchscreen device built into the display can
be used to control and display, at the operator's
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request, the current or average value of the
amount of excess oil on the display.

The Bluetooth device can be programmed and
operated in two modes - as a master and slave
device. This allows the same type of Bluetooth
device to realize the transmitting and receiving
part of the model. Its operating voltage is from
3.3V to 6V, which allows it to be powered
either by the battery of the model or by the
stabilized voltage of the Arduino module
(which is 3.3V). The data transmission speed
can be varied and matched to the baud rate of
the Arduino module used to implement the
layout.

The power supply of the two modules -
receiving and transmitting module is done with
a lithium-ion rechargeable battery with a
capacity of 2200 mAh. Measurement of the
current consumed by the modules was made
after creating working prototypes of the two
modules. It is at a maximum consumption of
40 A-3 for the transmitting module and 80 A-3
for the receiving module, respectively.

The device can work for 8 hours at maximum
load in one working day. In this case the
current consumed by the battery (3.1) is:

lgh=Imea . 1, (3.1)

where: lg, - current consumed by the module
for eight hours of working day (maximum load
of the device), Ineq - average consumption of
the receiving module for one hour, h - number
of working hours.

The higher current consumption is from
the receiving module. It determines the
duration of operation of the entire device:

Ish =80.8

lgn =640 A (640 mA)

This allows a lithium-ion battery with a
capacity of 2200 mAh to be sufficient to
ensure trouble-free operation of the device for
three working days.

Standard 1, adopted in 2009, is used
for the transmission of small powers up to 5
W, at a distance of up to 4 cm (1.6 inches), and
energy transfer up to 5 mm can be easily
performed. In this standard, the charging
station is divided into two parts (Fig. 1).

Mobile D
ssssssss
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ouper
==
s
Power Pick-up Communication:
Unit & Control Unit
—
B
o Power R
L
\ srmary Power Transmitter Power T tt
7 e ™
Power Communications Power Communications
| |
Conversion Unit & Control Unit Conversion unit |~ & Control Unit
> N ;) R
= —
I = i I J{
System Unit
Base Station

Fig. 1. Schematic diagram of a station for
charging small portable devices.

The first part consists of a separate
module (Base Station) which combines a
system for monitoring the parameters of the
charging station (System Unit). From there
passes the entire flow of electricity for the
mobile device, which is charged as well as a
system for transferring energy between the
base station and the mobile device.

In this way, a single base station
ensures the charging of many different
devices, both sequentially during and
simultaneously (Fig. 1). It has two separate
power transfer systems and allows
simultaneous charging of two devices. The
number of charged devices can be increased
by adding more power transfer systems.

The second part (Power Receiver) is
usually integrated into the device that is
currently charging or operating and serves to
receive the electromagnetic energy emitted by
the base station. The basic principle of
operation consists in the transfer of
electromagnetic energy between the base
station and the receiving device by means of
planar windings (Fig. 2). Then the same
energy is converted into electricity.

Fig. 2. Planar winding of the base station of the
designed device.
137

International Scientific Conference “UNITECH 2020 — Gabrovo



The energy transfer system by means
of the transfer winding of (Fig. 2) generates an
alternating electromagnetic field. The mobile
device in which the energy receiver is located
contains a receiving coil (Fig. 3). The closer
the two windings are to each other, the more
efficient the energy transfer.

Fig. 3. Power receiving coil.

Depending on the distance between the
transmitting and receiving windings, as well as
depending on their axial location, the
frequency at which the transmitting winding is
transmitted can be changed with the help of
electronics. This achieves a resonance between
the two windings within certain distances and
a mismatch between them. This is done by
changing the voltage that is fed through the
bridge circuit to an oscillating circuit between
the transmitting winding and a capacitor
connected in series with it. Thus a resonance
of about 140 kHz is achieved. Another method
for achieving resonance between the
transmitting and receiving coils is by changing
the value of the capacitors that are connected
in series to the transmitting coil. In this way,
resonance can be achieved in a relatively wide
range of emission frequencies - from 105 kHz
to 205 kHz. For this purpose, electronics are
built into the base station and the mobile
device to monitor the individual indicators and
to regulate the parameters to achieve the
optimal resonant frequency.

The device for contactless charging of
the modules is made on the basis of a basic
device and a receiver according to Standard 1,
as the transmitted power of 5W (2.1) is
sufficient to charge the battery of each of the
modules for an acceptable period of time -
approximately 2 hours (2.2).

Pnom =Unom - lzar ( 2.1 )

where: Wyom - power of the transferred energy
according to Standard 1 in W, Unom - Voltage

of the charged battery in V, I, - charge
current in A.

zar — Pnom /Unom

lay=5/7/4.2
ar =119 A

The capacity of the selected battery is
2200 mAh which is 2.2 Ah, and the device
according to Standard 1 provides 1.19 A
current, which is 1.19 Ah.

Ahbat = Izar . t ( 22 )

where: Ahyy - battery capacity in Ah, Iz -
device charging current according to Standard
1, t - battery charging time in h.

t = Ahpat / lzar

t=2,2/1,19

t=1,848 h=1h, 51 min

The laboratory model (Fig. 4) is a
working device that can be used directly to
measure the amount of excess fuel on a four-
cylinder diesel engine. The model is divided
into three separate modules - charging station,
transmitter module and receiver module.

Fig. 4. Laboratory model of the device. 1 -
charging station, 2 - first (transmitting) module; 3
- second (receiving) module; 4 - transformer 220V
/ 5V; 5 - three-core conductors.

The block diagram of the developed
laboratory model is presented on (Fig. 5).
It contains a measuring part consisting of the
"5V power supply”, "primary converter” and
"primary signal processing™ units, a real-time
signal processing part consisting of the "8V
power supply" units, a " real-time signal
processing circuit” and "LED indication”, a
part for digital signal processing, consisting of
blocks "digital signal processing scheme™ and
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"LCD display".

Power regulation and
transmission module

PIC Receiving module

Bluetooth "
module [ 777 module TR dizpfey:

Fig. 5. Block diagram layout

3. EXPERIMENTAL RESEARCH

The most important feature of the
laboratory model is the values calculated by
the transmitter module based on the analog
signals from the four sensors and the built-in
schemes for initial signal processing, and their
subsequent sending via the communication
channel to the Bluetooth module (Fig. 6.).

Fig. 6. Model in real working conditions

It clearly shows the current and
average values of the calculated amount of
excess fuel from the four cylinders of the car.
The second row shows the average value for
the second cylinder.

CONCLUSION

The implemented flow sensor fully met
the requirements. Can be used on all types of
Common Rail systems. Its compact size, low
dependence of its readings on the temperature
of excess fuel and its autonomous operation,
give great freedom in performing the
procedure for diagnosing diesel nozzles. The
great freedom in performing the diagnostic
procedure of the diesel nozzles is given by its
compact size, the low dependence of its
readings on the temperature of the excess fuel
and its autonomous operation. The model
realized in this way enables independently
perform the entire of the whole procedure for
testing the nozzles. The division of the device
into two separate modules, the wireless
communication and the autonomous power
supply without connecting wires determines
the fast and correct testing of the operation of
the nozzles even during road tests. In the
future, the stand for measuring excess fuel can
be further developed and based on it to create
a device for measuring six or eight diesel
nozzles at the same time, as well as to
introduce a temperature adjustment of the
measured fuel for even greater accuracy.
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DETERMINING THE MODEL PARAMETERS OF A TWO-COLLECTOR
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Abstract

An approach for application of the smallest squares method is proposed to determine the parameters of a static
PSpice based behavioral model of a two-collector magnetotransistor. The approach is based on a developed algorithm
for processing information from experimentally obtained volt-ampere and magnetoelectric characteristics. In order to
repeatedly use of the same analytical dependences to determine different model parameters, it is offered operation with
symbolic variables, as well as formation of solutions for polynomial coefficients in symbolic form. With the proposed
approach, values of the model parameters of a sample of a two-collector magnetotransistor, type 2T1MP1 are obtained.
For verification of the obtained values a simulation of volt-ampere and conversion characteristics is realized. An

evaluation of the results is performed..

Keywords: smallest squares method, behavioral model, magnetotransistor, PSpice.

BBBEJIEHUE

Pa3Butnero Ha ChBpeMEHHAaTa MarHHUTO-
CIIEKTPOHUKA € TACHO CBBP3aHO C MPUIIONKE-
HUETO Ha TOJSIMO pa3HOOOpa3ue OT rajJBaHO-
MarHuTHH efeMeHTH. C MPHOPUTETEH HHTEPEC
cpen TAX ca OWMNOJSAPHUTE JBYKOJCKTOPHHU
maraurorpansuctropu (JIMT) [2, 6, 7, 15, 22],
KOHWTO C€ OTJIMYaBaT OT OCTaHAJIMTE BUIOBE
MarHMTOTpaH3ucTopu 2, 4, 5, 7, 9, 20] ¢ Haii-
BHCOKA TOKOBA MarHUTOYYBCTBUTEITHOCT U JIH-
HEHHM XapaKTePUCTUKHA B IIMPOK 0OXBAaT Ha
M3MEHEHUE HAa MAarHUTHOTO II0JIE.

W nokaro mo OTHOIIEHHE HA (DU3HUYCCKHUTE
MPOIECH, XapaKTEPUCTUKU M TapaMeTpH Ha
JAMT chbiiecTByBa TOJSIMO KOJWYECTBO HH-

dbopmarnus [4, 6, 7, 9], ToO HenOCTaThYHA € UH-
(dbopmarusTa 3a TEXHUTE EJICKTPUUYECKUA U Ma-
THUTOEJIEKTPUUECKH XapaKTEPUCTUKH U Iapa-
METpH, KOWTO ca HEOOXOJMMH 3a aHallU3 Ha
(yHKIIMOHMpAHETO, U300p Ha ONTHMAJIEH pe-
KUM Ha paboTa M OlleHKa Ha Bb3MOXKHOCTUTE
3a peajHO MPAKTUYECKO MPUIIOKEHUE Ha TO3U
BHJI e€JleMeHTH. ToBa € OOEKTHMBHA IIPEIo-
CTaBKa 3a M3CJIEJBaHE HA XAPAKTEPUCTUKUTE
WM TIpY Pa3IudHM YCIOBHUS Ha (DYHKIIMOHHUpA-
HE, KOETO MO’XKE€ Ja C€ OCBHIIECTBH KaTo ce
NPUIOKK Wi ekcnepumentaien [1, 11, 19],
i cuMmynamnuones [3, 12, 15, 21] noaxoa. C
pasButuero Ha PSpice 6a3upanu HHTETpUPAHU
CpeaM 3a aBTOMATU3UPAHO MPOEKTUpPAHE B
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eneKTpoHukara, karo MicroSim Design Lab
[16], OrCAD [18], Cadence, NI Multisim u
1p., CAMYJIAQIIHOHHUAT TOAXO]] CE MPEeBbpHA B
JOMUHHUpAI KaKTO MO0 OTHOILIEHUE HA CXEMH U
YCTPOMCTBa, Taka U 1O OTHOIIEHUE HA I'PaJHB-
HUTE €NIEMEHTH.

Oco0OeHo akTyanHa B 00JacTTa Ha aBTOMa-
TU3UPAHOTO TPOEKTUPAHE B MArHUTOTpPaH3U-
CTOpHAaTa €JIEKTPOHUKA M HepelleHa B JI0CTa-
ThYHA CTEIICH € 3a/layara, CBbp3aHa C oInpeje-
JITHE Ha YMCJICHUTE CTOWHOCTH Ha Habopa ot
MojienHu napametpu Ha JIMT npu paznuyunu
pexumu Ha pabora. ToBa OT cBOs CcTpaHa
M3HMCKBA MpUJIaraHeTo Ha MOJXOMSIl METOJ 3a
o0paboTka Ha JaHHU 32 BOJIT-AMIICPHH,
MarHUTOEJNEKTPUYECKH, BONT-(hapaHu U Bpe-
MeBu xapakrtepuctuku 3a JIMT. IMonxonsum
3a LeJTa ca YUCICHUTE METO/IU, KaTO METO/1 Ha
l'ayc, meTox Ha XOpauTe, METOJA HA TPUTE U
MeTTe OPAMHATH, HEJIMHEHHU UTEPATUBHU Me-
TOIW, METOJ Ha HalW-MalKUTe KBaJpaTH
(MHMK) [14, 17] u np.

W360pbT HAa METOA ce Ompeaeys OT pa3Inyd-
HU (PaKTOpH, KaTo: OTPaHUYEHUS IO OTHOIIIE-
Hue Ha BUJ (TabJu4eH Wik rpaguueH) U KoJu-
YecTBO HA JAHHUTE 32 MarHUTOTPAH3UCTOPA,
KOUTO TOJJIeKaT Ha 00paboTKa, TOYHOCT Ha
Mojenupane, Obp30/1eiCTBUE U T.H.

Ienta Ha HacTosmara paboTa € onpeaens-
HE Ha YHCJIEHUTE CTOMHOCTH Ha Habopa OT ma-
paMeTpH, KOUTO XapaKTepPH3UpaT TPeIIoKe-
Hus B [13] cratuuen PSpice 6a3upan moBeaeH-
yecku mojaen Ha JIMT, kato ce wu3moia3Ba
MHMK.

Aprymenrture 3a u3dbopa Ha MHMK ca npe-
JUMCTBaTa My Ipeja OCTaHaJIUTe METOAH, a
MMEHHO: BUCOKA TOYHOCT Ha Pe3yJITaTHTE, Thi
KaTo €JMHCTBEHO INpPH HEro ce MUHUMH3HUpA
CpeIHOKBaJpaTHYHATA TPEIIka MEXIy eKcIie-
pUMEHTATHU ¥ MOJEIHU XapaKTEPUCTUKH,
YHHUBEPCAITHOCT Ha IMPHJIOKEHHE, HE3aBHCUMO
OT BUAa M Opos Ha JaHHUTE 3a 00paboTKa,
BB3MOKHOCT 32 aJITOPUTMHU3AIUS U IIPOTpaMHa
peanu3anys ¢ M3MOJI3BaHE Ha CUMBOJHH MPO-
MEHIIMBU U M3BEXKJAHE Ha PE3YyJITaTUTE KAKTO
B CUMBOJICH, TaKa U B YUCJIEH BUI.

N3JI0’)KEHUE

CovwHocm Ha Mmemooa HA HAU-MAIKume
Keaopamu

MeroabT Ha Hal-MaJKWATE KBaJApaTH, IPH
KOITO OposAT Ha 0OpabOTBAaHUTE MJAHHU, €

MHOTO IO-TOJISIM OT Oposi Ha HEM3BECTHUTE, €
LIMPOKO HPUIIOKHM B 00JaCTTa Ha EKCIepH-
MEHTaTHOTO Monenupane. OcobeHo edexTH-
BEH MOJe Jia ObJie TO3U METO[ 3a OIpe/elIsiHe
Ha monennute napamerpu Ha IAMT npu xom-
OMHUPAH [OX0J Ha MOAEIUPAaHE — AHATUTUY-
HO U excnepuMeHTanHo. [Ipu Hero ocHOBHUTE
CTaTUYHU WM JUHAMMYHU XapaKTEPUCTUKU Ha
MarHMTOTPAaH3UCTOPa, OT €IHAa CTpaHa, ce
IIPEJCTaBAT YPE3 AHAJTUTUYHU 3aBUCUMOCTH, B
KOUTO (pUTypHpaT HEU3BECTHUTE MOJEIHH Ta-
pameTpHu, a OT pyra — 4pe3 eKCIIEPUMEHTAIIHO
MOJIyueHU AaHHU. 3a npwiarane Ha MHMK
BCSIKA €JHA OT M3I0JI3BAHUTE XapaKTEPUCTHKA
CE almpOKCUMHpa 4Ype3 MOJUHOM OT N-Ta CTe-
IIEH CIIPSIMO NPOMEHJINBATA X:

P (X)=ay +a;x+a,x? +...+4a,x"
(1)

* * * *
HOIH/IHOMBT, Koe(bI/HH/IGHTI/ITC a01 al, az,...,an

Ha KOWTO MUHMMHU3UPAT QYHKIHATA

N 2
O(ag, ay,..,) = Z[yi —(ao FaXgapXs +ota X +anxi”)]

i=1
)

ce sBsBa IMOJIMHOM Ha Hail-moOporo mpubiu-
xenue no MHMK.
* * * *
Koedunuenrture A9, 81, 82,-8n ¢
pellleHre Ha JIMHEeHaTa ajareOpuyHa cucteMa
ypaBHEHHS OT BUJIA:

N

a,=37,

i=1

} ¥ N ~
Na, :-[Z.\; a, +-‘ >t lc-’_\ *-.‘.-0-[ x/
=
R
|‘ gx, '

\ i=1 / \ i=1 \ i=]

/[ N N
L n+l _ .
ay+ot| 2, Ja” =2 %36 )
L=l 1

i=!

(N \

L2 .3
ay | 27 o+ 2,
\ =l / /

\ i=1 /

[ N \ (N \ [N { N N

n _nél | i _n+2 _2n _ w_
| E X, |u‘J E A et E X, ]er+...+[ E X; la{i = 2 XV,
\ =l / L=t / \ i=l / - '

KBJETO:

N — Opoil Touku OT XapaKTepUCTHUKa-
Ta, KOSITO CE allpOKCUMUPA;

Xi, Yi - eKCIepUMEHTAIIHH CTONHO-
CTH Ha apryMeHTa U QpyHKIusATa (KOOPAUHATH)

3a |-ta Touka or XapakTepucTuKara;
N - CrerneH Ha annpOKCUMHUpAIIUS 110~
JIMHOM.
Yact oT KoepUIMEHTHTE, KOUTO CE M0JIy4a-
Bar cien npwiarane Ha MHMK copsimo koH-
KpETHAa XapaKTEpPUCTHKAa Ha MAarHUTOTPaH3HU-
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CTOpa, ca JUPEKTHO MOJEIHHU MapaMeTpH, a
JpYTUTE ce U3IO0JI3BAT 3a ONpeeliiHe Ha OCTa-
HaJUTE MapaMeTpH, CBbP3aHU C Ta3W XapakKTe-
PUCTHKA.

[Ipouenypa U anropurbM 3a NPUIIOKECHHE
Ha MHMK 3a omnpenensHe Ha MOJICTTHUTE Ta-
pamerpu Ha JIMT

C ornex ompenensHe Ha alPOKCUMHUPALIUTE
KOe(DUIIMEeHTH, HE3aBUCHMO OT CTEICHTa Ha
HojavHOMa W 0e3 Ia € HeoOXOOUMO MHOIO-
KPaTHOTO MOBTOPEHHUE HA €JHU U CHIIH Olepa-
MU, TYK Ce MIpeJiara mnpoueaypa, npu Kosito
C€ M3MOJ3BaT CUMBOJIHU IIPOMEHIIUBH U CE I10-
JyyaBaT pEIICHHUS CbHIIO B CHUMBOJICH BUJ.
[Iponienypara 3a ompeneiissHe Ha MOJIETHUTE
napaMeTpH € rnpeiHazHaueHa 3a oopaboTka Ha
excrnepuMeHTaIHl  AaHHu  4pe3 MHMK u
npeanosara peanusanus B Matlab cpena [16].
Tst BKJIFOUBA CIIETHUTE OCHOBHU CTBIIKHU:
Crbnka 1: [lebunupar ce U3M0I3BaHUTE CUM-
BOJIHU TIPOMEHJIUBH.

Crbnka 2: 3agaBa ce Opodr NA 2 arpo-
KCUMallUUTE, KOUTO /1a C€ U3BBPILIAT.

Crbnka 3: 3anaBar ce upe3 BEKTOPU CTOMHO-
ctute Ha koopauHatute ([x], [y]) Ha ToukuTe,
Yype3 KOUTO Ce allpOKCHUMHpa ChbOTBETHATa Xa-
pakTepucTUKa.

Crenka 4: 3amaBa ce creneHra N Ha i-TUA
anpOKCHUMUpAIL TOJTUHOM.

Crbnka 5: M3BbpiBa ce mpoBepKa Jalu BeYe
€ M3BBpILIBAaHA APOKCUMAIUs C MOJUHOM OT
chlllaTa CTeMeH (MISHTUPUIMpPA ce upe3 Mpo-
MEHJIMBATA M, KOSATO MPHUEMa CTOMHOCT 1, KO-
raro I yyacTsa ¢ Tekymara cToiHOCT 3a B~
BH ITbT). AKO TaKbB TMOJUHOM BEYE € H3IMOJI-
3BaH, CJI€/IBAIlIUTE 2 CTBHIIKU CE€ MPOITYCKar, a B
MIPOTUBEH CIIy4ail, ce€ W3MbJIHSABAa IOpEeAHAaTa
CTBIIKA.

Crbnka 6: 3agaBar ce B CUMBOJICH BUJ] YpaB-
HeHus oT Buja (3), karo OPOAT UM 3aBUCH OT
CTENEeHTa Ha almpOKCHMHUpAaIlUs MOJIMHOM (3a
nomuHoM or [-ta crenen Gposr Ha ypaBHe-
nusara e N+1).

Crpnka 7: Pemasa ce neduHupaHara cucrte-
Ma ypaBHEHHUs upe3 u3Moi3BaHe Ha Matlab ko-
MaHjaTa solve, B pe3yiaTaT Ha KOETO C€ IOJIy-
YaBaT AampOKCHUMHUPAIINTEe KOCHUIIMEHTH B
CUMBOJIEH BU/I.

Crbnka 8: Onpenens ce OpoAT Ha TOUKUTE OT
anpoKCUMHUpaHaTa XapaKTePUCTHKA, 32 KOUTO
ce oopabotBar manuute (N=length[x]).

Crbnka 9: Upes gannute 3a X, Y;j u N ce
MPECMATAT HEOOXOIUMHUTE CyMH TIpen Koedu-
uueHTuTe B nepuHupanara B Cterka 6 cucre-
Ma JIMHEWHU ypaBHEHUA (B YpaBHEHMSTA TE€3U
CYMH Ca B CUMBOJIEH BUJ).

Crbnka 10: [IpecmsTaT ce MOJETHUTE Tapa-
metpu (MII), xouTo ca cBBp3aHU C ANPOKCHU-
MUpaHaTa XapaKTEePUCTHKA.

Crbnka 11: IloBrapsr ce onepauunre, 3amod-
Baiiku oT Crbhnka 3, AOKaTO Cc€ H3MBIHAT
BCHYKH allpOKCUMAIIUH.

Crbnka 12: M3BexaaT ce pe3yiaTaTUTe 3a MO-
JIEJIHUTE TIapaMeTPH.

B nocnenoBarenHocTTa OT Onepanuu upes
Crbnku 6 + 9 ce peanuzupa MHMK.

Ha ¢ur. 1 e nokazana 61ok-cxema Ha 0000-
IIEH aJropuThM, pa3paboTeH Ha 0Oazara Ha
IIpeIoKeHaTa MpoLeaypa 3a ONpEeNeNsiHE Ha
MojieiHuTe nnapameTpu Ha JIMT B cuMBOlIIeH u
YHCIIEH BUJL.

Hadano

CumeanHmn
NpOMEHTTMEH

FelweHue &
CHMECQNEH BNG

O—

N=length{x)
i=1 :

CymMu

" i=i+1 [ l

- CToNHOOTH
L, vl EoedaUMEHTI

l

MogenHm na-
PEMETEH

YpEEHEHWR B
CHMEONEH EMO

@ue. 1. Brox-cxema Ha aneopumspm 3a onpeoesime
Ha mooennu napamempu va JIMT upez MHMK
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OmnpenensiHe Ha MapaMETPUTE HA CTATUYCH
PSpice 6azupan moBeneHUECKH MOJEN Ha JIBY-
KOJICKTOPEH MarHUTOTPAH3UCTOP

[TapameTrpuTe, KOHMTO  XapaKTEpHU3HPAT
npennoxenus: B [13] cratuuen PSpice 6azu-
paH IMOBEJCHYCCKH MOJIC] Ha JBYKOJEKTOPEH
MarHuTOTPAH3UCTOD, Ca:

Rgg' - 00eMHO ChIpoTUBJICHUE Ha Oa-
30BaTa 00J1acT;
Icis, Ios, les- TOKOBe Ha HacuIaHe Ha JBaTa
KOJICKTOPHU ¥ Ha EMUTEPHUS MIPEXOI;
Mc1, Mc2, Mg- emucnoHHM Koe(HUIIMEHTH Ha
KOJICKTOPHUTE U EMUTEPHHUS IPEXOT;

LN, O
N1'®N2 - goeduiuent Ha npepaBaHe 110
TOK 3a cxema obma 6a3a (OB) B HOpManeH
aKTHBEH PEKUM Ha paboTa;

Q1,02 - KOC(DMIIMEHTH Ha MpeIaBaHe 1Mo TOK

3a cxema OB B uHBepceH pexuM Ha padoTa;

S11:512 - roxosn MarHUTOYYBCTBUTEIHOCTH.
B HsiKOM citydaun, BMECTO 3a [[BaTa KOJIEKTO-

AN
pa, ce u3noisBat napamerpure lcs, Mc, u

(04

| cipsiMo cymapHust H3MepUTENEH KOJIEKTOP
C (pexxuM Ha HaKBCO CBBbp3aHH KosnekTopu Cl
u C2).

Nudopmanusara OTHOCHO BHJIOBETE Xapak-
TEPUCTHKH M CTEICHUTE N Ha alpOKCHMHpa-
IUTE MOJWHOMH, KOATO € HeoOxoauma 3a
ompejieNisiHE Ha TMapaMeTpUTe Ha CTAaTUYHUS
mozen Ha JIMT, e o6o0miena B Tadm. 1.

I-Iapane'rhp HapaxTepReTHEA Crenen
}'IE. IEE- IB = f[LBE' l OpHE MATEH 1
Reg (Reg) | Iz =/ (Uge) mom romma | 3

IC = fI'KUCE J.;l —
Clyg AXTHESH PEEHM HA Pa0OTa; 1
le=fiUge)
Mec Igs Ut =S 1z) :
Oy
S11.512 Ale = f(B) !
Tao. 1.

3a mpecMsiTaHe Ha MOJEIHHUTE NapameTpu
Ha JIMT, tun 2TIMIII [10], ca u3mon3BaHu
eKCIIepUMEHTaTHU JaHHU oT [19], kakTo u Te-
3H, PEJICTAaBEHU B Ta0IUIM 2 + 4.

Ugg,V |[ 045 | 05 |o0s5| 06 [065| 07 | 075

IB,mA 0 001]1004]012| 03 J063] 1,28

Tabnuua 2. Excnepumenmannu Oanuu 3a
xapakmepucmuxama lg= f(Ugg)

Uge.V || 055 ] 06 | 065 07 | 075 0.8 | 0.85

001 | 0,03
3 3

_C:ﬂl_:l_

012 04 | 10| 22| 40

Tabénuya 3. Excnepumenmannu OaHHU 30
xapakmepucmura 'c = f(Uge )

Ic.mA 005010203 (04(0506|0,7(08(09| 1011

UCEsat.mV 80 (186 | 81 |8 | 80 |80 (80 |80 |81 828384

Taonuuya 4. Excnepumenmannu 0annu 3a
Ucesat = ¢ IC)

nmokoee

xapakmepucmuxkama npu majixku

3a CTaTUYHUTE MOJCIHU MapaMeTpu Ha
JAMT ce nonydaBar CIeJHUTE CTOMHOCTH:
Me=1,724, les=2,284E-11A,

Reg=127.124Q, *N=0719, %*Ni= 0378,

ON2= 0378, Mc=2,236, Me=2,134,
Meo=2,142, 1cs=1,027E-10A, loys =2,093E-

9A, less =2,286E-9A, 1=0,462, %11=0,231,
A2 = 0,231, SI1:290,063 nA/ T

Si2 =289,251 A/ T.

Bepugukayus na mooennume napamempu

C uen ycTaHOBsIBaHE Ha IOCTOBEPHOCTTA Ha
CTOMHOCTHUTE Ha NTapaMETPUTE HA MOZEIA € U3-
BBpILIEHA CUMYJIAllMsl Ha CTATUYHU XapaKTepu-
CTHKU KaKTO Ha MarHUTOTPAaH3UCTOpa, Taka U
Ha TaJBaHOMAarHUTEH IpeoOpa3yBaren Ha JIn-
HEHHO npeMecTBane, peanmsupad ¢ IMT. U B
J[BaTa ciyd4as 3a MarHUTOTPaH3UCTOpa € W3-
MOJI3BaH MpEUIOKEHUAT B [13] moBeneHueckn
MoJIeT.

Ha ¢ur. 2 e nokazana cumynupasara mnpo-
xo/Ha xapakrepuctuka Ha [IMT, a Ha ¢wur. 3 —
M3XO0J/IHaTa XapaKTePUCTUKA B PEKUM Ha HAaCH-
[aHe MNpud Malku TokoBe. CHUMYIHpaHUTE
BONT-aMIepHU Xapakrepuctukun (BAX) Ha
MarHMTOTPAH3UCTOPA HAIBJIHO YAOBIETBOPS-
BarT JepuHUpaHuTe oT mnpousBoautens [10]
M3UCKBaHUA U orpaHuueHusi. OT cpaBHUTENHA-
Ta OIIEHKa Ha MOJIEJIHUTE U EKCIIEpUMEHTAJI-
HUTE XapaKTePUCTUKU (EKCIIePUMEHTAIHUTE
JTAaHHU ca OTPA3€HU C TOYKU BbPXY rpapUuHU-
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Te M300paKeHUs) CIe/IBa, Y€ CPEIHOKBAIpa-
THUYHATAa Tpellika He HaaBumasa 1,25%.

5.0

= mMogen

451 ® ekcnepumeHT

4.0
35
30

25

IC, mA

20

L L L

0.0
550 600 650 700 750 800 850
UBE, mV

@Due. 2. Ilpoxoona xapakmepucmuxa na JIMT

0.090

— Ic=1'2|a

o= g
0.085 |- O ekcnepuMeHT | -

0.080 -

CEsat’

0.075 [ (c] 1

0.070 - © © q

0.065 I 1 L | .
0 0.2 0.4 0.6 0.8 1.0 1.2

IC, mA

@Due. 3. Xapakmepucmuka Ha Hacuwane npu
MAIKU moKoge

C mnonydyeHWTEe MOJEJIHHM TNapaMeTpU Ha
JAMT e u3BBpIIEHO CUMYIAMOHHO U3CIIEBA-
HE U Ha raJBaHOMAarHuTeH npeoOpa3yBaTesn Ha
JTUHEWHO TipemecTBaHe [8], OoKoBaTa cxema
Ha KOWTO e mpejcTaBeHa Ha ¢ur. 4.

OYHKIIMOHATHUTE OJIOKOBE B CTPYKTypara
Ha npeobpazyBares Ha ¢ur. 4 ca:

N — S — MarauTHa cucteMa (B CiIydast MocTos-
HEH MarHur);

JAMT — nBYKOJIEKTOpPEH MarHUTOTPaH3HCTOP
(raTBaHOMAarHUTEH €JIEMEHT)

VY — ycunBaten Ha €1eKTPUYECKU CUTHal (U3-
I10JI3Ba c€ oNepaluoHeH ycunsaren - OY).
brnoxosere /IMT u YV gopmupar ranBanomar-
uutHUs cerzop (I'MC).

[TpuHIMOBT Ha (PYHKIMOHHpPAHE HA CXeMa-
Ta ce Oasmpa Ha mpeoOpazyBaHe Ha M3MEpBa-
HOTO JIMHEIHO mpeMecTBaHe L Ha mocTOsIHHUSA
Mar"Hurt (MpeMecTBAaHETO € B HampaBlieHue X,
NEPIEeHAUKYIIIPHO Ha TMOBBPXHOCTTa HA CEH-
30pa) B M3MEHEHUE Ha MHIyKnusTa B Ha ma-

THUTHOTO Toje, kosto JIMT mpeoOpasyBa B
€KBHMBAJICHTEH €JIEKTPUYECKHU cUrHAI. TBi Ka-
TO CHUTHAJIBT € CPaBHUTEIHO cllad, € HeoOXo-
JMMO TOH J1a ObJie yCHIIEH.

X —_—— — — — — —
— TMC ]
| | Ue
N o s| | aMT | YV 4
- — — _ ]
L

L 4
'

@Due. 4. broxosa cxema Ha 2an8AHOMASHUMEH
npeobpazysamen Ha JTUHENHO NpeMecmeane

3a CEH30pHOTO YCTPOMCTBO OT ¢ur. 4 € cu-
MyJHpaHa TpeoOpasyBaTelHaTa XapaKTEpH-
cruka Ug=F(L), kosiTo 0Tpa3siBa N3MCHEHHETO
Ha U3XOAHOTO HampexeHue Uy B 3aBHCHMOCT
ot npemectBaneTo L. Ot rpaduanute n3odpa-
KCHHUsS Ha T[IOJIydeHaTa XapaKTepUCTHUKA
Uo=F(L) Ha ¢wur. 5 npu Tpu MOCTOSIHHOTOKOBH
pexxuma Ha padota Ha JIMT (paznuyHu TOKOBE
Ic Ha cymapHHS H3MEpHUTEICH KOJIEKTOp) €
oueBuaHO, ye 3aBucumoctTa Ug=F(L) ¢ Henm-
HelHa, kaTo npu L>1 mm, u3meHeHueTo Ha
U3XOJHOTO HAINPESKEHHE € HE3HAYUTEIHO.,
0COOEHO MpU MaJKU CTOMHOCT Ha Toka lc. Pe-
3yJITAaTUTE IOKa3BaT OIlle, Y€ C YBEIUYaBaHE
Ha CTOMHOCTTAa Ha KOJEKTOPHHUS TOK, U3XOTHO-
TO HalpeXeHue, KaKTO Ce OYaKBa, ChIIO Ce
yBEIIN4aBa, HO CHIIEBPEMEHHO M XapaKTepH-
crukata Up=F(L) craBa nmo-uenuneitna. Cumy-
JMpaHara (G yHKIIMOHATHA 3aBHCUMOCT
Uo=F(L) 3a ceH30pHOTO YCTPOWCTBO CHOTBET-
CTBa Ha 0COOEHOCTUTE Ha MpeoOpa3zyBaTeHU-
T€ XapaKTePHCTUKU Ha TO3HM BHJ TaJBaHOMa-
THUTHU TIpeo0paszyBaTeiln Ha HEEJICKTPUICCKU
senmunnm [8, 20].

10.0

_Ic:1mA
_IC:BmA

8.0 lg=5mA| 4

L, mm
Due. 5. Ilpeobpasysamenna cmamuina
Xapaxmepucmuxa
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3AK/IIOYEHUE:

AHaIIU3BT HA MOJTYYEHUTE PE3YyITaTH BOAU
710 CJI€THUTE MO-ChIIECTBEHU U3BOIU:

1. Ilpennoxenara mpouenypa 3a Hpu-
noxxeare Ha MHMK ce siBsiBa eekTrBEH 1101-
XO0Jl 3a ONpeJieIsiHE Ha MMapaMeTpUTe Ha CTa-
TUYHUS TOBEJCHUYECKU MOJie] Ha o0pa3iu Ha
JIMT.

2. [lpouenypaTta He U3KMCKBa HallW4He-
TO Ha TpaUUHU 3aBUCUMOCTH 3a 00paboTBa-
HUTE XapaKTEPUCTUKH, KOETO 32 MarHUTOYYB-
CTBUTEJTHUTE €JIEMEHTH € ChILECTBEHO, Thil Ka-
TO WH(pOpPMaLUATA 32 TEXHUTE XapaKTEPUCTH-
KM C€ MOoJIy4aBa €KCIEPUMEHTAIHO B UYUCIEH
BU]I.

3. MojenHuTe mapameTpu ce IMmoixyda-
BaT KakTO B CUMBOJICH, TaKa U B YHCJICH BUJ U
CHhOTBETCTBAT HA M3HCKBaHUsTa Ha PSpice Oa-
3UpaHUTE CUMYIATOPH, KOETO € MPEeAroCcCTaBKa
3a ch3JaBaHe Ha OMOIMOTEeYHU (ailyioBe C 1aH-
HU ¥ TOJI3BAHETO MM 32 CHMYIJIALMOHHO W3-
cneasane Ha JIMT.

4. Tlomy4yeHuTe CTOMHOCTH Ha MOJE-
HUATE IapamMeTpu 3a KOoHKpetHus JIMT
(2T1IMIIl) ca HamBJIHO KOPEKTHH, KOETO CE
MOTBBPK/IaBa OT CHUMYJHUPAHUTE C TIX BOJIT-
aMIIEpHU XapaKTePUCTUKH HA €JIeMEHTa U Ha
npeoOpa3yBaTeiHaTa XapaKTePUCTHKA HAa CEH-
30pHO YCTPOICTBO, peaniu3upaHo C TO3U Ma-
THUTOTPAH3HUCTOP.

5. [IpennoxxeHUAT  MOAXOA  MOXKE
YCIHEIIHO J1a C€ M3MO0J3Ba 3a ONpejessHe U Ha
MOJIETTHUTE MapaMeTpH, CBbpP3aHu ¢ OapuepHU-
Te kanauuteTn Ha PN npexoaure Ha MarHuTo-
TpaH3HUCTOpA.
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Abstract

This paper represents an improved solution of the loT energy meter described in [1]. Besides to greater
measurement accuracy and measurement resolution, the improved solution has the additional ability to measure
frequency and power factor with respect to [1]. All of quoted advantages have been achieved by replacement the
PZEMO0O04 multifunctional energy meter module with a new compact PZEM-016 module as well as by innovation the
digital dashboard interface of the Blynk cloud server. So, real time monitoring of important local electrical network
parameters was extended to the real time monitoring of ambient parameters as temperature, relative air humidity, and

atmospheric pressure.

The proposed new solution offers the possibility of collecting data relating to the electrical quantities and the

ambient physical parameters in the real time.

Keywords: 10T, active energy, power factor, smart building, cloud server, WiFi, BME280.

INTRODUCTION

A modern concept of increasing the
efficiency of electrical energy consumption in
residential units, based on loT (Internet of
Things), was described in the article [1]. It is
shown that when the consumer is aware of the
consumption, he then strives to save energy,
which is the interest of both the user and the
manufacturer/distributor. The 10T system
designed for these purposes [1], [2], [7] uses
sensors and built-in systems for electricity
consumption monitoring and control.

This paper represents one improvement of
the solution described in article [1]. Increased
accuracy and resolution of measurements, a
greater number of monitored and controlled
electrical parameters of the network, as well as
monitoring of ambient living and working
conditions are significant improvements of the
proposed solution compared to [1].

SYSTEM COMPONENTS

Proposed system is designed to create the
qualitatively better user friendly interface for
interacting with real world devices. The
information from the device to the user and
commands from the user to the device is
carried out in following steps:

- Collecting data of the electronic device and
transmitting it over the Internet to the cloud
server using NodeMCU WiFi module [6].

- Storing of data into the cloud server to
maintain the record of data.

- Representing the transmitted data using the
cloud server’s interface.

- Controlling the appliances from same
interface.

The complete system consists of two key
subsystems: system hardware and Blynk cloud
server [3]. On the other hand, the system
hardware contains three key units: NodeMCU
WiFi development platform [5], BME280
module [6] and newest PZEM-016 AC
power/energy meter module [4] with data read
through RS485 interface.

NodeMCU [5] is one of the many open
source loT platforms, based on the well-
known ESP8266EX WiFi SoC (System on
Chip), the product of Espressif Systems [5],
Figure 1. This platform integrates 32-bit
microcontroller (MCU) Tensilica’s L106
Diamond with low power consumption and
maximum clock frequency of 160MHz, WiFi
interface with hardware TCP/IP stack and
more serial communication interfaces.
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Fig. 1. The NodeMCU loT development platform

The ESP8266EX SoC can hosts an
application, when "boots up" from the fast
external flash memory. SoC 's integrated fast
cache is then of direct help to increase system
performance and optimize system memory [6].
The ESP8266EX SoC contains integrated
50kB SRAM (Static  Random-Access
Memory) and ROM (Read-Only Memory)
units as well as a memory controller. The 17
GPIO lines of SoC can be used as an interface
with external sensors and other devices.

BME280 module [6] is well known Bosch's
combined digital humidity, pressure and
temperature sensor, Figure 2. The BME280
achieves high performance in all applications
requiring temperature, humidity and pressure

measurement.
(‘l f’l W

BME.,BMP280
T

Z.D_l
pong i LY )
> 6 9 o

CECACKE

Fig. 2. Combined digital sensor module -
BME280

The humidity sensor provides an extremely
fast response time for fast applications and
high overall accuracy over a wide temperature
range.

The sensor provides both SPI and I*C
interfaces and can be supplied using 1.71 to
3.6V for the sensor supply Vpp and 1.2 to
3.6V for the interface supply Vbppio.
Measurements can be triggered by the host or
performed in regular intervals. When the
sensor is disabled, current consumption drops
to 0.1 uA. BME280 can be operated in three
power modes: sleep mode, normal mode and
forced mode.

PZEM-016 AC power/energy meter module
is mainly used for measuring AC voltage,
current, active power, frequency, power factor
and active energy [4]. Except the power factor,
all of electrical quantities are measured with
measurement accuracy of 0.5%. Measurement
accuracy of power factor is some less and
amounts 1%. Also, except the greater
measurement accuracy, this module differs to
the PZEMO00O4 module because it hold
differential, opto-isolated RS485  serial
communication interface. Figure 3 shows the
enclosure of PZEM-016 module intended to be
connected with a split current transformer as a
current sensor.

AC COMMUNICATION MODULE

-—AC in

|
- 2|

Ccere 2
MODEL:PZEM-016

RANGE:U ACB0-260V/50/60Hz L&)
1| 0-100A peace

s o §

i

Fig. 3. PZEM-016 single phase modbus energy
meter

Two ports, one for communication and
second one for AC power supply are available
on the opposite sides of the module. AC
voltage provides 5V DC voltage to RS485
communication circuit and external circuits.
To connect the module with a microcontroller
operating at 3.3V it is necessary use the
MAX485 transceiver as interface. Because of
voltages  incompatibility,  insignificantly
modification of transceiver interface was
needed by adding a Schotky diode on the
receiver output (RO) pin of MAX485. Figure 4
shows complete system hardware.

148

International Scientific Conference “UNITECH 2020 — Gabrovo



g
> 2 4x10K
MAX485

20K 2

-
- 2

C( TH [ !
AC POWER
BME/BMP280 @ SUPPLY i Y]
©
& O
@ E 53 s B
s E 3E RS485 O =
w
CT r_@ § E gg INTERFACE] g
S < v °
< ) g GND)
2l CURRENT
1 . AC SIGNAL PZEM-016
2 meg S IN LOAD i
(¢ e
n S [+4
-2 40| B
& Dl

2120
z

Z20K

Fig. 4. System hardware of the improved 10T energy meter

BLYNK CLOUD SERVER - DIGITAL
DASHBOARD

Blynk was designed for develop IloT
applications that can control remote hardware
via the Internet [3]. Showing data from
sensors, data storage, visualization and many
other features are enabled by Blynk
applications that support more than 400
hardware development systems as NodeMCU.
There are three main components of the Blynk

A A
5 Smart LiBroMax

Uoltages
rit &

264.2 w
L}

»»»»»»

c0s(p=086 (¢=307° .
7 % MMER

platform:
Blynk application that allows creation of
user-oriented graphical interface using

different, ready-made graphic objects
(widgets).

e Blynk server, responsible for
communicating  mobile  device and

hardware. It can even be installed on a PC
or Raspberry Pi system, and thus create a
private, local cloud server.

“ A
) Smart LiBroMax

- A
I} Smart LiBraMax

___|ENERG. RESET

Fig. 5. First part of digital dashboard of improved 10T energy meter on the Blynk cloud server

Blynk libraries available for the most
popular hardware development systems
that allow communication with the server
and the processing of incoming and
outgoing commands.

The Blynk application should be installed
on iOS or Android platforms such as a smart
phone or tablet. Upon installation, the user
creates a new account for keeping and
accessing the project from multiple devices
and from anywhere.
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Fig. 6. Second part of digital dashboard of improved I0oT energy meter on the Blynk cloud server

At the same time, the account also
represents a security measure for the
protection of user projects.

Arduino IDE, dedicated Blynk libraries for
ESP8266 as well modbus library were used for
NodeMCU platform programming.

The digital dashboard where we built a
graphic interface for our project is shown in
Figures 5 and 6.

As can be seen in Figure 5, all of above
mentioned electrical quantities are reported in
real time on the tab ‘Monitoring’. The
exception is the reactive power obtained by
computation.

The tab 'Load Control' gives possibility of
energy consumption control by turn-on or off
individual loads.

The "Terminal' tab serves to set the limit of
the active power. In case of exceeding the
limit power, the user receives an audible and
textual warning about the date and time of the
overrun, as well as the current limit power.
The message text remains permanently written
in the terminal window, see Figure 5.

‘Graph_EI’ tab depicts the waveforms of
voltage, current, active power and energy
consumption in the long time of monitoring.
The discrete values of the waveforms of
electrical quantities are stored on the Blynk

cloud server and can be downloaded to the
user’s email as CSV files.

Figure 6 represents a continuation of the
digital dashboard with additional three tabs.
‘Costs’ tab contains information of consumed
energy and the total price of consumption
including higher and lower tariff.

‘Ambient’ tab presents the real ambient
conditions  of  residential space like
temperature, humidity, atmospheric pressure
and pressure altitude in the real time, while the

‘Graph_Amb’ collects and plots the
waveforms of the first three physical
quantities.

The application created on a mobile device
provides a constant insight into the actual
values of electrical and ambient physical
quantities of importance for the electricity and
comfort in a residential or business facility.
The negligible self-consumption of the
improved system does not have a significant
impact on increasing the cost of managing and
using the system.

CONCLUSION

The main goals of the proposed improved
loT energy meter were increase the number of
electrical quantities to monitoring, increase the
measurement accuracy and the monitoring
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expansion to the living and working conditions
in residential or business spaces. By
appropriate choice of the system components
these goals were reached.

Proposed system is intended to be installed
in single phase network environments. It was
installed and tested in a residential unit.
Thanks to it, the monthly electricity
consumption was reduced and the stay comfort
was increased.

The installation of the system requires only
minor  modifications of the electrical
infrastructure on the installation panel with
fuses or outside, due to the interruption of
consumer circuits controlled by relay switches.
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Abstract

The lack and the high price of fossil fuels imposes the need to use renewable energy sources. The advantages of using wind
energy to convert it into electricity are primarily in the inexhaustible amount of energy that is environmentally friendly, as well as in
economic justification, which results in the fact that the European Union is experiencing rapid growth of wind farms [1], [2]. This
paper presents the results of the analysis of the impact of a wind generator located in the area of Tutin, Republic of Serbia, on the
parameters of electricity quality at the point of connection to the distribution network. The results of measurements on a wind
generator were used in this paper. Cases of operation at start and stop of wind generators in low wind conditions, as well as at

steady - state operating modes were analyzed.

Keywords: Wind generator, electricity quality, measurements, distribution network

INTRODUCTION

The negative effects of fossil fuels have
forced researchers finding new and renewable
energy sources that are both environmentally
more suitable and renewable. Wind energy is a
renewable energy sources and has shown very
fast development in the whole World. The
issue of electric power security and stability,
conditions the economic, industrial and social
development of a country, so that obtaining
electricity from renewable energy sources
represents a development interest related to
increasing the share in electricity production.
The functionality of the electricity system is
based on technical rules that must be met by
electricity producers, by consumers connected
to the electricity network and by companies
that operate the network. In that sense, the
rules for the operation of electric power
systems prescribe technical rules for the
connection of wind generators (Grid Code)
[3]. Constant changes in wind speed, despite
modern wind turbine designs, result in the fact
that installation, activation and operation of
wind turbines can have a significant impact on
the quality of electricity, as well as on the
stability of the power system.
Considering the different technical
constructions of mechanical and electrical

wind generator assemblies [4], the paper
describes the solution of the analyzed wind
generator with  multi-pole  synchronous
generator [5] and turbine without mechanical
multiplier  (transmission mechanism), is
attractive due to lower price, weight and
significantly lower maintenance costs, with
reference to two characteristic operating
modes, in order to considerate possible
problems that arise in practice.

CONCEPT OF WIND GENERATOR
CONNECTED TO THE NETWORK

The development of wind turbine
technology goes in the direction of finding
new solutions for the most efficient use of
wind energy by increasing the rotor diameters
of the generator, as well as increasing the
conversion efficiency through the growing role
of energy electronic converters as an interface
between the generator and the network [6].
Thus, in this case, a two-way voltage converter
was used to connect wind generator to the
network.

The construction of a two-way voltage
converter consists of two identical converters
connected in a "back-to-back™ topology, with a
capacitive filter in a direct intermediate circuit
as a kind of interface [7]. The converter circuit
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can have different solutions, it is usually a
configuration with IGBT switches, where the
power of the converter can be increased by a
parallel connection of the IGBT module. Such
a configuration provides maximum wind
energy utilization, the ability to inject reactive
power into the network, and compensate for
reactive power in the event of a “weak grid” or
system failures. A transformer can also be
connected towards the network, depending on
the voltage level.

By wusing a multi-pole synchronous
generator, it is possible to avoid the use of
reducers, which is a great advantage of this
concept over the others. In this case, a
generator ENERCON type E-40, power 500
kW was used [8]. In addition, since the entire
power passes through the energy converter,
this solution is excellent during disturbances in
the network, limiting transient currents to a
minimum.

The management of active and reactive
power flows has also been improved, which
makes this solution more favorable for
network operators. The block diagram of the
wind generator is presented in Figure 1.

GENERATOR

o
o

—

HH

CONVERTER

o
)

Q) nerwork

Fig. 1. Wind generator block diagram

Although many working conditions affect the
operation of wind turbines, this paper primarily

focuses on the impact on the quality of
electricity. The analysis of electricity quality
studies various phenomena that occur in power
systems such as supply voltage variations,
system asymmetries, harmonic distortions, and
others. When we talk about the high quality of
electricity, it mainly refers to the supply
voltage quality with a precisely defined
amplitude and frequency to the nonlinear
nature of operation of modern electronic
energy converters, higher harmonics of current
and voltage are generated in the connection
network, which result in the appearance of
various negative effects of wind turbine
operation were performed at the point of
connection to the distribution network at
voltage level 10kV and generated power of 0 ~
85 kW, in order to emphasize the most
unfavorable case of wind generator operation,
as well as at steady-state operating modes,
which means that, in this case, we selected the
operating mode in which the generated power
is in the interval of 100 ~ 170kW, in
accordance with the standards and technical
recommendations.

The best known standards in this field are
IEC standards (61000, 2009) [9] and EN
50160 [10].

The measuring instrument on the basis of
which the quality of electricity is determined
according to the valid world standards is the
analyzer of the quality of electricity.Electricity
quality analyzers manufactured by Chauvin
Arnoux [11], with a corresponding set of
current sensors, were used for testing. The test
obtained all relevant parameters (Effective
voltage  values, Effective values of
intermediate voltages, Effective values of
currents, THD of intermediate voltages, THD
of currents, Active power, Reactive power,
Power factor, Voltage harmonics and Current
harmonics). The measuring equipment is
connected directly to the low voltage side of
the 0.4 / 10 kV transformer, which connects
the wind generator to the 10 kV distribution
network.

The summary test results are shown in
Figures 2,3,4 for the first case of measurement,
while for the second case they are shown in
Figures 5,6,7.
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Ifig. 2. Generator active power at 0 ~ 85 kW
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RESULT OF MEASUREMENT AND
ANALYSIS

The results obtained by measurements on
the transformer through which the wind
generator is connected to the 10 kV
distribution network, showed the following:

- all recorded maximum mean values of
higher voltage harmonics are within the
prescribed standards, both in case of
starting and stopping of wind generators at
low wind speeds with generated power of O
~ 85 KW, and under steady-state operating
conditions with generated power of 100 ~
170 KW.

- some of the values of the recorded
maximum mean values of higher current
harmonics were above the limits prescribed
by the valid standards in cases of start and
stop, as well as at low wind speeds, at
generated power of 0 ~ 85 KW, while at
operating conditions at generated power of
100 ~ 170 KW, the values of the currents of
the current harmonics were within the
permitted limits.

CONCLUSION

Generated power from wind energy system
is always fluctuating due to the fluctuations
in the wind. Although wind turbine
manufacturers in the technical
documentation, among other things,
provide data related to the quality of
delivered electricity, it is still necessary to
measure the parameters of electricity
quality at the point of connection of wind
turbines to the transmission network in
order to assess compliance with the relevant
regulations defined in the network rules of
the transmission system operator.

In addition to the results of the analysis of
the impact of a particular wind turbine on
the quality of electricity on the transmission
network, this paper aims to indicate the way

the wind turbine works, in order to set
technical recommendations which are given
when connecting wind turbines to the
distribution network.
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Abstract

The paper considers the possibility of measuring the fat content of food products by estimating the level of reflected
microwave radiation from the product. The functional scheme of the device is offered, the algorithm of its work and
process of measurement of parameter of fat content is described.

It is shown that with the use of the described measurement algorithm the influence on the measurement result of the
parameters of the measuring path elements is significantly reduced. This, in turn, increases the accuracy of
measurements from 0.05% to 0.2% when changing the fat content of products in the range up to 12%.

Keywords: food product, fat content, microwave radiation, electromagnetic waves.

INTRODUCTION

In the production of food products based on
milk, sauces, nutrient mixtures and other
products, it is often necessary to assess the fat
content in them [1]. For this purpose,
laboratory analysis devices are used, such as
the device for determining the fat content SER
148, automatic fat content meters ANKOM
XT15 and XT10, infrared analyzer Inframatic
9500 and others [2]. They provide high
measurement accuracy, but can only be used in
the laboratory and involve sampling the
mixture and placing it in the cell of the
instrument.  However, food production
processes are for the most part continuous and
require real-time results. In addition,
intervention in the process chain and sampling
is not always possible and appropriate.

PROBLEM STATEMENT

In such conditions, the use of microwave
methods for determining the fat content in
food is promising. These methods are non-
contact and do not require intervention in the
technological process. The fundamental
possibility of using electromagnetic radiation
(EMR) of the microwave range to measure fat
content is based on a significant difference in
the dielectric constant of fats and water that

are part of the product. Thus, the dielectric
constant of fats is in the range of 1,2...2 units,
and water - 75...78 depending on the selected
frequency range. The relationship between the
dielectric constant of a mixture and the
percentage of its components is described by
known relations, for example, the Odelevsky
formula [3].

Thus, the dielectric properties of the food
mixture are determined by the ratio of fat and
water. Increasing the amount of fat in the food
mixture from 0.1% to 10% changes the
dielectric constant of the mixture, reducing it
to 55...60 units.

When probing microwave radiation of food
product, which is on the conveyor belt or in
the dielectric product line, at the boundary of
its distribution is reflected. This is due to the
difference between the dielectric constant of
air and the test product. The highest level of
reflection is observed in the absence of fat in
the product. Increasing the amount of fat in the
product reduces the level of the reflected
signal due to changes in dielectric constant.
This allows you to determine the fat content of
food by measuring the reflection coefficient of
EMR from the test product.

A similar method is used in the fat meter
described in [4]. The meter consists of a
microwave generator, an adjustable attenuator,
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two directional couplers, a comparison unit
and a primary converter. The primary
transducer is a waveguide tee, one arm of
which is insulated with a Teflon cap. The
liquid test product is passed through the other
two arms. The measurement compares the
signals taken from the directional couplers
using ultra-high  frequency (microwave)
detectors. One channel in which the adjustable
attenuator is installed is used as a model. The
second, connected to the waveguide tee, is a
measuring one. The difference signal from the
comparison unit is amplified and sent to the
meter. The problems with the use of such a
meter are due to the fact that the studied
product is in contact with the elements of the
waveguide path. In addition, the need for
adjustment in the measurement process of the
two attenuators significantly complicates the
measurement process, and the instability of the
characteristics of microwave detectors causes
significant errors.

These shortcomings are partially eliminated
in the fat meter proposed in [5]. According to
the structure of construction, this meter is
single-channel. It includes a microwave
generator, an adjustable attenuator and a
double waveguide bridge. A transceiver
antenna, a microwave detector and a recording
device are connected to one of the arms of the
bridge. A feature of the meter is the
reciprocating movement of the antenna,
formed by the crank mechanism. Due to the
periodic movement of the antenna relative to
the product line from the detector removes the
voltage modulated by the frequency of
movement of the antenna. The depth of
voltage modulation is inversely proportional to
the fat content of the product. The
disadvantages of this device include the low
accuracy of measurement due to the
nonlinearity of the static characteristic, which
is especially evident at low values of fat
content. In addition, the presence of
mechanical elements in the design of the fat
meter significantly reduces its reliability.

The authors propose a food fat meter,
which eliminates the shortcomings inherent in
the above meters.

MICROWAVE FOOD FAT METER

In fig. 1 shows a functional diagram of the
device developed by the authors, which
improves the accuracy of measuring the fat
content of food products.

.

13

17 18 19 20

Fig 1. Functional diagram of the food fat meter.

Designations on the functional scheme of
the meter of fat content of foodstuff: 1 -
microwave generator; 2 - attenuator with
adjustable gear ratio; 3, 5 - directional
couplers; 4 - microwave switch; 6 - transceiver
antenna; 7 - product pipeline; 8 - double
waveguide bridge; 9 - agreed load; 10 -
microwave detector; 11 - generator of
rectangular pulses; - 12 adjustable attenuator;
13 low pass filter; 14 - differential amplifier;
15 - reference voltage source; 16 - integrator;
17 - high-pass filter; 18 - amplifier; 19 -
synchronous detector; 20 - measuring device.

The food fat meter works as follows. The
ultra-high frequency signal from the generator
1 through a series-connected adjustable
microwave attenuator 2, a directional coupler
3, a public microwave switch 4 and a
directional coupler 5 are fed to the transceiver
antenna 6. The microwave oscillations emitted
by the antenna are partially absorbed through
the product. product line 7, and partially
reflected from it. The reflected microwave
oscillations are received by the antenna 7 and
through the directional coupler 5 are fed to one
of the inputs of the double waveguide bridge
8. Part of the oscillations is absorbed by the
agreed load 9, and part is fed to the microwave
detector 10.

The output voltage of the detector 10 can be
represented as
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U, =5, K,KsKq (po —Ap) R
where: of the
generator 1;

0, - reflection coefficient from the defatted
product;

Ap- change in the reflection coefficient,
proportional to the amount of fat in the
product;

K, - transmission ratio of the adjustable

attenuator 2;

K- the transmission
directional coupler 5;

K, - the transmission factor of the double
waveguide bridge 8;

S,,- the sensitivity of the microwave
detector 10.

P,- microwave power

factor of the

The operation of the microwave key 4,
made, for example, on the pin diode, is
controlled by the rectangular voltage of the
generator 11. Positive and negative pulses of
the alternating voltage of the generator 11
open or close the pin diode of the microwave
key 4. When the microwave diode is open
When the microwave diode is closed, the
oscillations are completely reflected from it
and through the directional coupler 3 enter the
adjustable microwave attenuator 12 and then
fall on the other input of the double waveguide
bridge 8.

The output voltage of the microwave
detector 10 thus takes the value

Uz = S10K8K12K3K2F)0 ’

where: K,, - the transfer factor of the

adjustable microwave attenuator 12;
K,- the transfer factor of the directional

coupler 3.

When periodically opening and closing the
key 4 with a low frequency at the output of the
microwave detector 10, a sequence of video
pulses with amplitudes U; and U, is formed.
The constant component of the sequence of
video pulses is described by the expression:

U +U, _

2 .
1
:ESlOKZKg[K5 (po —AP)+ K12K3:|

U, =

(1)

@)

©)

The generated voltage (3) is released by the
low-pass filter 13 and is fed to one of the
inputs of the differential amplifier 14. The
other input of the differential amplifier
receives the reference voltage from the source
15. The differential voltage of the differential
amplifier 14 charges the integrator 16. The
process of automatic adjustment of the
transmission factor K, continues until the
voltages at the inputs of the differential
amplifier are equalized. In the established

mode

1
U, :EsloKszKls[Ks (Po =)+ KK, ]=Uq, (4)

where: U,- DC voltage of the reference
voltage source 15;
K,; - the transfer factor of the filter 13 low

frequencies.

From the obtained equation (4) it follows
that the transmission coefficient of the
microwave attenuator 2 takes the value

2U,

K, = .
’ S10K9K13|:K5 (Uo _AP)_ K12K3]

Q)

The variable component of the sequence of
video pulses is described by the expression:

_Ul_UZ _

U
4 2

: (6)
1
:EsloKz [Ks (po —Ap)— K12K3]

The generated voltage (6) is emitted by the
high-pass filter 17, amplified by the amplifier
18 and rectified by a synchronous detector 19,
controlled by the rectangular pulses of the
generator 11. As a result, we obtain:

U5 = K17 K18U4' (7

where: K, - the transmission factor of the

filter 17 lower frequencies;
Kg- the gain of the low frequency

amplifier 18.

The variable component (7) U, taking into

account the value of the transmission factor of
the microwave attenuator 2 takes the form
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_ 25,,Kg [K5 (po —Ap)— K12K3]Uo _
) 250K, [Ks (,00 —Ap)+ Ky Ks] _

_ Ky (,00 —Ap)— KK, Uy
Ks (po —Ap)+ KpK; Ky

The scheme of the fat meter uses the same
type of directional couplers of reflected
oscillations 3 and 5. Therefore, we can assume

that. The transmission K, =K, rate of the

microwave attenuator 12 is set in the process
of calibration for the defatted product and the
absence of a variable component (U, = 0).

This corresponds to the ratio K, = p,.
Given the latter, the voltage measured
Ap U,

U =K, Ky —/——m—WM——.
5 17718 2(/)0—A,0) Ky,

If you choose filters 13 and 17 with the
same transfer coefficients (K,;=K;), then

when the fat content of the product, for
example, milk up to 10...12%, you can write:

Ap U,

Uy =-K,;, ——. (10)

Py 2

Thus, the output voltage (10) U, registered
by the device 20 is proportional to the relative
change of the reflection coefficient Ap of
microwave oscillations from the milk line. The
registered voltage:

- does not depend on the level of
microwave power generated (FP,), the
sensitivity of the microwave detector (S;;) and
the parameters of the measuring circuit (K,,
K3’ KS’ K8)1

- the effect of the thickness of the walls of
the product line p, is taken into account when
calibrating the meter with a corresponding
change in the transmission rate of the
microwave attenuator 12;

- the measurement result is determined not
by the absolute change of the reflection

coefficient p, but by its relative value, A%
0

therefore the influence of temperature changes
and other factors on the measurement results is
significantly reduced.

CONCLUSION

1. The fat content of a product is estimated
by the ratio of the amount of fat to the volume
of the product and is a relative value.
Therefore, the relative change in the reflection

coefficient A% is associated with a linear
0

relationship with the fat content of the product
as a relative value. The zero readings of the
measuring device correspond to the zero fat
content of the product.

2. Experimental studies conducted with
foods of different fat content (0,1...12%) at a
microwave frequency of 10 GHz and a
switching frequency of 1 kHz showed the
following:

- linear dependence occurs in the range
from 0,1 to 3% fat with an absolute
measurement error of not more than 0,05%;

- in the range of 3...6% the error becomes
slightly increased but does not exceed 0,1%;

- in the range of 6 ... 12% the methodical
error from influence Ap on p, in a

denominator of expression (10) for tension U,
the error increases to 0,2% is shown.

Changing the measurement limits in the
considered scheme when measuring the fat
content of other types of products is carried

out by changing the gain K, of the amplifier

17 without changing the main elements of the
scheme.
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Abstract

The mechanism of regenerative braking begins to find more application in electric and hybrid vehicles. In this type of
braking system, when the car has stopped and electric power is generated, which is transmitted to the battery or for
storage in another element. In this article a mathematical model of bidirectional DC/DC converter for regenerating

braking for Electric vehicle application were presented.

Keywords: regenerating braking, bidirectional DC/DC converter, Arduino, Atmega mircorocessor, MATLAB

BBBEJIEHME

JIBynocouyHuTe MMMYJCHU MpeoOpa3yBaTe-
JM 3a TOCTOSHHO HAaINpeKeHHe ca CUJIOBU
€JIEKTPOHHH CXEMH, HAMUPAIX BCE MO-IITHPO-
KO NMPWIOKEHUE B XUOPUIHU CUCTEMHU 32 Bb3-
OOHOBSIEMH €HEPTUHHHN W3TOYHUIIH, EIECKTPH-
¢bunypaH TpaHCIOPT, 3apsSAHM CTAHLUHU 32
€JIEKTPUYECKH aBTOMOOWIM U Jpyru. B enek-
TPUYECKUTE TPAHCIIOPTHU CPEACTBA,B YaCT-
HOCT €JIEKTPUYECKUTE aBTOMOOWIIN U TOBApHU
aBTOMOOWIN 710 3.5 T. UMIyJceH mpeobpasy-
BaTell MpeNaBall CHEeprusi B JIBETE MOCOKHU €
9acT OT MOJCHCTEMA, KOSTO MpeaBa eleKTpH-
YecKa €Heprus OT €JUH W3TOYHUK KBbM JAPYT U
o6patHO. OOGMKHOBEHO TOBa ca: OT €/IHa CTpa-
Ha OaTepus WIK CYNEpKOHJIEH3aTop, a OT JIpy-
ra — eJeKTPUYECKU MOTOp, KOHTO KOHCYyMHpa
W TeHepHupa enekTpuiecka eneprus. Cucremu-
TE 3a pereHepaTHBHO CIIUpPaHE HaBJIM3aT BCE
MOBEYE B EINEKTPUYCCKUTE W XUOPUIHU aBTO-
MoOmiu. OCHOBHUTE My IPEAMMCTBA Ca CBBP-
3aHU C ONTHMAJTHOTO M3MOJI3BaHE Ha CIEKTPH-
Yyeckara eHeprusi B aBToMo0m1a, eheKTUBHOCT

u HagexaHocT [1]. TlomokeHuero Ha eauH
JBYIIOCOYEH IpeoOpa3yBarell B 1Mojo0Ha cuc-
TeMa € MeXIy Oarepusta U WHBEPTOpa KbM
enexTpuueckust MoTop. [Ipu HopmaseH pexum
Ha paboTa eJeKTpuiecKaTa eHeprusi ce mpe/a-
Ba OT CJOTOBETE C OaTepuu KbM eIeKTpHue-
ckust MOTOp. B TO3m pexxum mpeoOpaszyBaTens
paboTH Kato mopuIIaBail. B pexum Ha crimpa-
HE 3a OIpeJeNieH MepruoJl, MOTOpa HM3BBPIIBA
CBOOOJIHM 000POTH U T€HEepupa eIeKTpHUUecKa
eHeprus. B To3u ciydail eHeprusTa ce mnpena-
Ba B 0OpaTHa MOCOKa OT MOTOpa KbM OaTepusi-
Ta npe3 npeolOpa3yBarens, KOUTO paboTH KaTo
TIOHIDKaBall. PereHepaTHBHOTO CIHMpaHe I10-
3BOJISIBA TOJISIMO KOJIMUECTBO KHHETHYHA €HEp-
rus, 1a Ob/ie CbXPAaHEHO U M3MOJI3BAHO 3a M0 —
IBJIBT Ipoler Ha aBToMoOua. OCBEH ToBa Te-
3M WHOBAaTHBHU CIIUPAaYHU CHCTEMH, TO3BOJIS-
BaT M JOMBJIHUTEIIHO U3MOJI3BAaHE HA KHHETHY-
HU crnupaykd. ChIIO Taka APYrHTE MPEIHM-
CTBa ca CBBbp3aHM C. HaMallsiBaHE Ha U3HOCBA-
HETO Ha CIIUpavyHaTa CHCTEMa U YIBbJKaBaHETO
Ha Mepro/Ia Ha 3apsi Ha cucteMata [2].
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aBsTOMaTH4eH CeegnHUTEN

eneKTpUYeckm
reHeparop
MHBEpPTOP

| baTtepus aneoﬁpaayBaTen|

MOCT
@Due. 1. broxosa cxema xubpuoen enekmpuyecku
A6MOMOOUTL U NOJIONCEHUEMO HA CUCTEeMAamAa 3d
pe2eHepamusHo cnupane.

JIByrocouHuTe MpeodpasyBarenu, ce Xa-
paKkTepu3upaH ¢ BHUCOKa €(EKTHBHOCT M CIie-
CTSIBAaHETO HA 3HAYUTEIHO KOJMYECTBO CHEp-
THs.

JABYIIOCOUYEH INTPEOBPA3YBATEJI 3A
IHOCTOAHHO HAIIPEXKEHUE

Tomonorusita Ha U3cIeABaHUS MPeoOpasy-
BaTell € IOBHIIABAIIO-TIOHMKABAI JBYIIOCO-
4yeH HeuzonaupaH. OCHOBHHTE U MpPeIUMCTBA
CHIPSIMO JPYTUTE TOMOJIOTHU Ca. HHUCKA IeHa,
BHUCOKa €(eKTUBHOCT, U3MOJI3BaHE HA MUHHMA-
neH Opoil mHaykTuBHH enemeHTH .IlogoOHu
npeoOpasyBaren HaMupaT NPUDKOXKEHHE B
CHCTEMHUTE 3a 3apsii W pas3psa Ha Oarepwus,
€JIIEKTPUYECKH MPEBOIHHU CPEICTBA U CUCTEMH
32 HENpPEeKhCBAEMO 3aXpaHBaHE C MOIIHOCTH
no 1kW [3]. TIpeobpa3sysarensi ce ChbCTOM OT
JiBa CHJIOBH Kitoua - @ ¥ Q,, KOHJIEH3aTOpU
OT HHUCKaTa 1 BHCOKaTa cTpana - C; u C, u 60-
OouHa - L.

|
)
Lo
VIN_'__ ::C] AN o
QZJK': C():: VOUT

Due. 2. [lpunyunna cxema Ha HEUZOTUPAH
NOBUUABAWO-NOHUICABAUL OBYNIOCOYUEH
npeobpazysamen

OCHOBHMTE TMpEAUMCTBA B CpPaBHEHHE C
M30JIMPAaHUTE TOIOJIOTUU Ca CBBP3aHM C TOBA,
4e He € HYXXHO Jla C€ M3I0JI3Ba BUCOKOYECTO-
TeH TpaHCPOopMaTop, KOMTO yBeIruaBa pa3me-
pa, LleHaTa M TErJOTO Ha Ie4aTHaTa IJaTkKa.

[ToBuraBamo-rmoHmxkKaBamus mpeodpasyBareln
B cpaBHeHHE ¢ Uyk u Cenuk TOMOJIOTUUTE UMa
HYXJIa OT CaMO €IUH HHIYKTHUBEH CJIEMEHT -
006uHa. [Ipy mpaBHIIHO MPOCKTUPAHE B 3aBU-
CUMOCT OT TPUIOKEHHETO, e()EeKTHBHOCTTA
noctura o 60 — 70 %. Ilo orHOlIEHHWE Ha
YIPaBIECHUETO, TOH MOXE Ja pabOTH B PEKUM
Ha 3aps/, POKUM Ha paspsjl, PSKUM Ha TOTOB-
HOCT ¥ u3KiItoueH pexxuM [4]. [Ipu pexxuma Ha
3apsi CHJIOBOTO YCTPOHMCTBO pabdOTH KaToO IO-
HIKaBall mnpeoOpasyBarel. B To3u pexum,
OJIOKOBETE  ChXpaHsABallM  CJICKTpHYECKATa
eHeprus - OarepusaTa WM CyNepKOHACH3aTOpa
Ce 3apekJIaT OT MOCTOSHHO HAIPEKEHUE TeHe-
pupano ot motopa. [loBeneHueTo Ha cxemara
B TO3M PEXHUM € IMpeACTaBeHa B MHTepBain 1
(Pur.3) u 2 (dur.4). B unrepan 1 Ql e
BKIIO0UeH, Q2 e m3kiroueH u 6oouHara L ce 3a-
pexaa [5].

Hanpexenuero Bbpxy 600MHATa ce U3passi-
Ba OT ciieiHaTa popmyna:

L= Veus — Vat (1)

1=
A oo,
— L,
) e e
-+
Q2 D2 CO:: :; VBat

@uez. 3. Exeusanenmna cxema na Heusoaupan
NOBUULABALYO-NOHUICABALU O8YNOCOYEH
npeo6pazyeamen 6 pexcum na 3apso (unmepean 1)

B unTepBan 2 neara tpansucropa Q1 u Q2
ca m3kimoueHd. Juonsr D2 mpoawmkaBa na
MpOBEXJa eNeKTpruecka eHeprus. Hampexe-
HHUETO BbpXYy O0OMHATA € paBHO Ha:

1= —Vgar (2)
o, Ji D,
Lo
RH C, A .
Q, D, L [T Vgy
L -

@ue. 4. Exsusanenmua cxema Ha HEU30IUPAH
NOBUULABAWO-NOHUNCABAUL O8YNOCOUEH
npeobpazysamen 6 uHmMepsan 2
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PexxiMa Ha paspsia, ce € MpeACTaBeH B HH-
tepanu 3 (Pur. 5) u 4 (Pur. 6). [Ipu Hero
CHJIOBOTO YCTPOMCTBO pabOTH KaToO MOBUILA-
Balll IipeoOpa3yBates. B To3u pekuM enexTpu-
YyeckaTa SHeprusi MpoTuva OT Oarepusita KbM
tToBapa. OTnaneHara eHEpPrusi ce ChbXpaHsiBa B
koHzaeHzatopsT Cl.

<
Ql Dl
Lo
R[ :_:C1 AN Ji_
QzJ: D, c= | = VBa
— o -
——

@uez. 5. Exsusanrenmuna cxema Ha HeU30Iupan
NOBUULABAWO-NIOHUNCABAUL O8YNIOCOUEH
npeobpazyeamein 6 peicum Ha paspsio
(unmepean 3)

B untepBan 3 Q2 e BxmoueH, Q1 e u3kioueH
1 Toka npe3 0oOuHata L HamainsBa 70 HyeBa
CTOMHOCT.

Q] D,
LO
RH LC A l
+
Q?J: D, ¢ T Via
- ) i}

Duz2.6 Exsusanenmua cxema Ha Heuzoaupan
nosuuiaeaujo-noHuscCasaul Oeynocoqeu

npeobpaszysamein @ pexicuM Ha pazpsio u UHmepaal
4

B unTepBan 4 nara tpansucropa Q1 u Q2 ca
mskmouenu. Juonst D1 nmpoabmkasa na mpo-
BEXJa €JIEKTPUUECKa EHEPTusl.

Hanpexxenuero Bbpxy 600MHaTa ce U3passi-
Ba OT ciieiHarta opmyna:

L= — Vsar (3)

[Tnwe3ram pexum Ha ympaeieHue (awen.
Sliding mode control) e anropursm 3a ympa-
BJIICHUE HA HENMHEWHU cucteMu. OCHOBHUTE
My TpEeIUMCTBA Ca CBBP3aHHU C TapaHTUpPaHa
CTaOWITHOCT, Bb3MOXKHOCTTA 32 U3MOJI3BaHE Ha
pa3IMYHA METONU 3a YIPABICHHE KbM CHIIO-
BUTE KIIIOYOBE, HEUYBCTBUTEITHOCTTA KbM CMY-
IIEHUs1 OT pedepeHTHH CUTHAIM, Mpeodpa3zy-
BalllUTe MYy YpaBHEHHS ca B HamalleH pea u

KOHBEPI'CHIIMSI HA HYJICBH TPEIIKH Ha CHUCTe-
MaTa CbC 3aTBOpeH 1ukbI [6]. [Ipu ympasie-
HHUE CE Ch37aBa Ce TPACKTOPHS HA MPOMCHIIHU-
BUTE Ha ChCTOSIHUATA, 0JIaroJIapeHHe Ha KOCTO
Ce JIOCTUTHA JIO JKEIaHO PaBHOBECHE CIIPSIMO
CBhCTOSTHUETO Ha pe(epeHTHUTE MPOMCHIIUBH.
I'paduuHOTO yIIpaBICHUETO € MPEACTABEHO Ha
®ur.7. Ha ®ur.8 e npencraBena 010koBa aua-
rpama Ha [Lrb3ramn pexuM Ha yrpaBJICHHUE Ha

ITOBUIIIaBaAIO-ITIOHU>KaBalll npeoGpa3yBaTen
[71.
SL )AS'I S=0 geu
BKI1.
\ \ e X .
[ " g > eu
asosa
BKI. TpaekTopus
SM

Duz.7 I paguuno npedcmasane na Ilvseauomo
ynpagneuue

o)

A5
Lo
VIN_'__ ::Cl O ° ____i
Q, | =
ZJ'— CoT [Your | |R
[)] !
o ——d

@uz.8 bnokosa ouazpama Ha ynpasieHuemo Ha
npeobpazysamers

MATEMATHYECKHU MOJEJI HA
JABYIIOCOYEH ITPEOBPA3YBATEJI

3a 1a Ob1e ch3/1aeH PU3NIECKH IPOTOTHII,
€ HY)XKHO J]a ce M3CJIe/IBaT OCHOBHUTE Mapame-
TP Ha peoOpa3yBaTels, B pa3IniHU PEKUMH
Ha pabota. 3a menra e ch37aJeH MaTeMaThye-
CKM MOJIeN B TporpamHaTa cpena Marnab. B
M3CIIeIBAHUS CHMYJIaI[HOHEH MOJIeT,
SNEKTPOHHUS ITpeo0pazyBaTell € CBbP3aH MEX-
1y M3TOYHHKA 33 ChXpAaHEHHE Ha TOCTOSHHO
HalpeXeHue u perenepatuBHus morop [8][9].
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= 1008 T2 gidirectonal BuckBoost convener
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:' E Cutputvoltage Batiery  Battery measurements
Measurement Vo
Ref T
wious
2o

SN sontrol

Measrement Vo

Duz9 bnokosa duaspama Ha MamemMamuiecKkus
MoOen Ha npeobpaszyeamenst 6 CUMYTUHK

B cnepgammre durypu or dur. 10 mo
@ur.14, ce nmpencTaBAT BXOAHO — U3XO/IHU Ia-
paMeTpu,upe3 KOUTO MOXKe J1a ce Jo0ue mpen-
craBa 3a paboraTa Ha mpeoOpasyBaTels MpHU

OonpeacicHa CTOMHOCT Ha BXOAHOTO HAIIPCKE-
HUC.

12931

129.3
129.29
12928
129.27,
129.26
129.25

Battery voltage (V)

129.24
129.23
12922,

0.3575 0.358 0.3585 0.359 0.3595
Time (s)
@Due. 10. Uszxo0Ho Hanpedicerue om Ha
npeobpasyeamelis KoM eieMeHnm,CobXpaHasay

ejekmpudeckama enepeust

N W B O ® N

Battery current (A)

-1 L
06124 06126 06128 0613 06132 06134 06136 06138 0.614
Time (s)

@Due. 11. Usxo0en mok om Ha npeobpazysamens
KbM eleMenn, CoXPaHs8aUy eleKmpUuieckama

enepeus

0.05|
<
z

g o
=
&)

-0.05

0.7533 0.7534 0.7534 0.7535 0.7535
Time (s)

Q@uez. 12. Toxvm npes kondensamopvm C2
U3NON36aH KAMO 00pAmMHaA 8pb3KA

300.4
3003
300.2
300.1

300

299.9

Reference voltage (V)

299.8
299.7
299.6 L L
1.2745 1.275 1.2755 1.276 1.2765 1.277
Time (s)
@Due. 13. Bxoden mok u3non3ean kamo oopamua

8pb3KA HA npeobpasysameis

250

200

150

100]

50
0 4

-50 L L L
0.4967 0.4968 0.4969 0.497 0.4971 0.4972
Time (s)

Que. 14. Ynpasnssawo nanpescerue Vg Ha
xkatovoseme QL(ceemnocun) u Q2(mvmuocun) u
moxwsm npe3 mexunume é2padenu ouoou D1 (orcwvim
) u D2 (opanoces)

Voltage (V)

OCHOBHUTE MapaMeTpU Ha EJIEKTPUYECKUs
MOTOp B HayaJHHUA MOMEHT Ha paboTa Ha
SNIEKTPUYECKHSI MOTOD,IIPU OT/IaBaHE Ha E€Hep-
rust OT OarepusTa ca MPEACTABEHH B ClICABa-
LIUTE TPU QUTypH.

4.295
4.29
4.285

4.28

Te (nm)

4.275
427
4.265
4.26

4.255
995 9952 9954 995 9958 996 9962 9964 9.966

Time (s)
@uz. 15. Bupmsaw momenm Te(nm) na
eNleKMpU4ecKus MOMop 6 Ha4aleH pabomen
MoMeHm

5.835
5.83
5.825
5.82
25815
= 51
5.805
5.8
5.795

5.79 L L L
9.95 9952 9954 9956 9958 9.96 9962 9964 9.966
Time (s)

@ue. 16. Tok npe3 apmamypHama HaAMOMKA HA
e1eKmpuiecKus MOmop 6 HauaieH pabome
MOMeEHm
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13.4863+

13.4863- /

V4
13.4862
E 134862
13.4861"

13.4861

)

Speed (

13.486
13.486- ! L
9.95 9.952 9954 9956 9.958 9.96 9.962 9.964 9.966
Time (s)
@uz. 17. Cxopocm(RPM) na enexmpuueckus

Momop 6 HadaleH pa6omeH MOMeHm

3AKVIIOYEHUE

B mpencraBenust AOKIan € H3CIEABaH B
Marnab nBymnocoueH npeoOpasyBaTel,c HaMH-
pallr TpUIIOKEHHUE B EICKTPUYCCKUS TpaH-
ciopt. Ch31a/IeH € MaTeMaTHYeCKH MOJIEN Ha
YIIPaBJICHUETO, 32 Ja C€ MPOCIIEAH IOBEICHUE-
TO Ha TMpeoOpa3yBaTessi U HETOBUTE KIIFOUOBE
IIPU Pa3JIMYHU PEXUMHU Ha paboTa U mpoMsHa
Ha BXOJHO-M3XOJHUTE napameTpu. [Ipeanoxe-
HUS ipeoOpasyBaTen chueTaBa e(peKTUBHOCT U
MPELU3HO YIPaBICHUE C U3IOJ3BaHE HA MOBE-
9ye OT MapaMmeTpu Karo oOparHa Bph3ka. Ha-
MPABEHUTE MAaTEMaTHYECKU MOJICNIH, KOUTO
MpeACTaBAT paboTaTa Ha mpeoOpa3yBaress B
PSKUMU HA 3apeK/IaHe Ha elieKTpuyecka OaTe-
pusi TpH pereHepamusi W KOraTo OTJ/iaBa
EIIEKTpUYECKaTa EHEPrusi OT Oarepusara KbM
Mortopa. Ha 6a3zara Ha mOJTy4eHUTE pe3yNTaTH,
MO3Ke Ja ObJie pealu3upan U u3cieaBaH Gusn-
YEeCKH MOJIe] Ha JBYIOCOYHHS IpeodpasyBa-
Ten.
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REVIEW OF A HYBRID STRUCTURE FOR APPLICATION IN EVs
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Abstract

Electric vehicles have been widely used in recent years as an alternative to the vehicle with internal combustion
engines. Complex task in the design and development of EVs is determining the optimal structure and combining
multiple elements for energy storage such as supercapacitors, fuel cells and batteries. In this paper several hybrid
structures of EVs consist of various technologies of energy storage elements are presented. Strategies for optimal
control of energy flows in EVs are also proposed. This study presents, although the rapid development of modern
technology, even more necessary search for new strategies when using EVs. The main purposes of this study is to make
a classification of the typical structure and to choose the optimal solution for achieving higher energy efficiency.

Keywords: electric vehicles, fuel cells, supercapacitor.

BBBEJIEHUME

XUOPUIHOTO €IEKTPUYECKO MPEBO3HO CpPea-
ctBo (ETC) e mpeBo3HO CpecTBO, KOETO KOMOU-
HUpa pa3IMyHU U3TOYHMIIM HA €HEprHsl, Ipeoo-
pasyBaHMs OT Pa3InYHO €CTECTBO, KOUTO MOrar
na ObJaT OBUraTten ¢ BHTPEIIHO T'OpeHe, KOM-
IUIEKTOBAH C aJITEPHATUBHO €KOJIOTMYHO T'OPUBO
u ap. Unrepec npencrasissa xubpuaeH ETC,
IIPU KOWTO €IMH OT W3TOYHULUTE HA EHEPrUs €
enekTpruyecky. Tol MOXKe J1a BKIIFOUBA JIBUTATEN
C BBTPEIIHO FOPEHE KYIIMPAH C EJIEKTPUYECKU
JIBUTaTeNl 3aXpaHBaH OT EJIEKTPUYECKU H3TOY-
HUK WIM HSAKOJKO E€JIEKTPUYECKH M3TOYHMLIM Ha
eHeprusl.

XUBPUJIHA CTPYKTYPA 3A
3AXPAHBAHE

OcHoBHa (hyHKIMS TpU YOPaBIEHHUETO Ha
e”epruitnute noroun B ETC enextpuueckara
€HEeprus € J1a J1aBaT IIPUOPUTET HA 3asBKUTE 3a
3axpaHBaHE B PEaJIHO BPEME, 3a1afICHU OT HATO-

BapBaHUATa U Pa3NpEAEISIHETO Ha HAIMYHUTE
EHEPIUilHN Pecypcu OT T€HEPUPAHETO U ChXpa-
HEHHMETO Ha EHEeprus, 0 ONTUMHU3UPAH HauMH 32
MaKCUMaHa e()eKTUBHOCT U MPOU3BOUTETHOCT
[2-3]. OnrumanHOTO ynpapieHHe HA MOILIHOCT-
Ta U €Heprusita MOXKe Ja CIIOMOTHAT 3a HaMallsi-
BaHE Ha TErJIOTO, pa3Mepa U Ja MoA0OpsBH pa-
6otaTa Ha IpeBO3HOTO cpeacTBo. Purypa 1 mo-
Ka3Ba MpHMEp 3a apXUTEKTypa Ha XUOPHIIHO
IPEBO3HO CPEICTBO C TOPUBHHU KJIETKH, KOMTO ce
cbeTou 0T crek ropuBHU Kietku (I'K), Oatepus,
cynepkonzensarop (CK), uHBepTOp 1 1Ba acuH-
XpOHHHU JBUratens. Ta3u apxXuTeKTypa CbLIO
MOXe Jla ce U3I0JI3Ba 3a pa3paboTBaHe HA HOBU
CTpaTeruu 3a ymnpamiieHHe Ha MormHocTTa. OT
Jpyra cTpaHa ONTUMAJIHOTO YIIPABJIECHUE Ha
€HEpruilHM MOTOLM B CTPYKTypaTa ce U3BbPILBA
Ha 06a3zaTa Ha MOJIEIH, C LIeJT YCKOpsIBaHE Ha Ipo-
1leca Ha MPOEKTHUpPaHE U BHEAPSIBaHE B MPAKTHU-
kara. To3M MoAXoA € U3BECTEH M0/ HAUMEHOBA-
HUETO ,,MO/IETTHO Oa3UpaHO MPOESKTUPaAHE .
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barepua 12V EaHonocoyeH Tosap
DC-DC

peobpasysaten

BaTtepua BUCOKO
HanpesxeHue

Tlsynocoven DC-DC Aeuraten
npeo6pasysaten

| EaHonocouen DC- | [ WnHseprop
DC

CynepKoHAeH3aTop

lopuBHa KneTka

[Asuraten

é

@Due. 1. brokosa cxema na xubpuoen ETC ¢
20pUBHA K1emKa

[IpencraBena e xubpuaHa cucTeMa ChCTaBe-
Ha ot 'K u CK [3]. Knacudurmpanu ca B cnen-
HUTE KaTerOpuH : TIOCIIeI0BaTENHA, TapalieliHa U
kackagna crpykrypu [10]. Ha @urypa 2 e npen-
craBeHa OJIOKOBa cxema Ha XUOpHIHA 3aXpaHBa-
1a cucrema cherosia ce ot DC mmHa 3axpas-
BaHa oT ['K ¢ eqnonocouen DC-DC npeoGpa3y-
BaTes YIpaBisiBall 33/a7leHOTO U HAIIPEKEHUE.
CK e cBbp3an kpM DC mmHara ype3 JByNnoco-
4yeH npeoOpasyBaren. OCHOBHOTO MpeiHa3Haye-
Hue Ha I'K e na 3axpanBa ToBapa, CK ce uznosn-
3Ba KaTo €JEMEHT 3a ChXpPaHEHHE Ha CHEPrus U
ChUIO TaKa KaTo 3axpaHBalll H3TOYHUK IIpU
yckopenue Ha ETC. 3a ynpasienue Ha eHepruii-
Hute norouu Mexxay DC mumHara u eeMeHTa 3a
ChbXpaHEHHUE Ha EHEeprus ca pasrjeJaHu TP pa-
OOTHM peKUMa:

e 3apsnen pexxuMm - ['K 3axpanBa erne-
MEHTA 3a CbXPAaHEHUE Ha EHEePIus;

e Pazpsanen pexum - 'K u CK 3axpan-
BaT TOBApA;

e PexuM Ha pereHepaTHBHO CIUpPAHE -
OTZAAaJICHaTa EHEpPrus OT TOBApA CE Ch-
xpansiBa B CK.

——— DC WuHa
Hy —»f PEM = YY"\ Tosap

) lopusHa T
Air, O, Knetka =

JBynocoyeH
npeobpasysaten

CynepKoHaeH3aTop T_l:

Due. 2. Xubpuona saxpansawia cucmema

[lapanemnara crpykrypa Ha ®urypa 2 cb-
mepka 'K, CK, nsa DC-DC mpeoOpazyBarens
cBbp3anu kbM DC mmHaTa ¥ cucrema 3a ympa-
BJIEHHE CaMOCTOSITEHA 3a BCEKU OT Tsx. IIpen-
JIOXKEHaTa CTPYKTypa € CPaBHUTEIHO JIECHA 3a
peanu3anus nopaay ynpaBJIEHHETO CH, KOETO Ce
HaOIro/1aBa B peaHO BpEME 3a BCEKH 3axXpaH-

Ball M3TOYHUK. OCHOBHHTE NpPEAMMCTBA Ha
Mpe/CTaBeHAaTa apXHTEKTypa ca IO-MaJKHS
Opoii CXeMHH €JIeMEHTH, ONPOCTEHHS METOJ| 3a
yIIPaBJICHUE Ha CHEPrHMHUTE IMOTOIIHM, T10-100pa
I'bBKAaBOCT M ycToiuuBocT [13].

L1
DC WunHa
FopuBHa [/ Y Y Y\ = Tosap

KneTKa T

AsynocoyeH
npeo6pasysaTten

CynepKoHAaeH3aTop

T

@ue. 3. [lapanenna cmpykmypa na xXubpuoua
cucmema

Ha ®urypa 4 e npeacraBeHa TMPEKTHO CBbP-
3aHa napasenHa cTpykrypa. OcHOBHaTa ujies Ha
Ta3u CTPYKTYpa € 3axXpaHBalsl U3TOYHUK J1a €
JTUPEKTHO CBBbP3aH KbM TOBapa. ToBa JaBa Bb3-
MOXHOCT 3a HamalsiBaHe Ha Oposi Ha CHUJIOBU
€JIEKTPOHHU MpeoOpazyBaTenu. HeltHoTo mpoek-
TUPAHETO € 1M0I00HO Ha MapasenHara CTpyKTypa
or Error! Reference source not found..
Pazrnenan e DC-DC JBYIIOCOYEH
npeoOpa3yBarell Mmopaay W30paHUTE CTOHHOCTH
Ha HOMHUHaJIHOTO HanpexeHue Ha CK copsamo
Hanpexxennero Ha ['K.

L1
DC WwuHa

lopusHa
Knetka -

Tosap

JlBynocoueH

L
CynepKoHAeH3aTop npeobpasysaren

j IR

Due. 4. [JlupexmHo cevp3ana napanenna
cmpykmypa

OCHOBHUTE Pa3/IMKU B MIOCOYEHUTE CTPYKTHU-
pH € B Oposi Ha U3NOJI3BaHUTE Mpeodpa3yBaTeIu
Ha EHEeprus U TEXHATa CI0KHOCT (€IHO WIIH JIBY-
TTOCOYHH).

DC WuHa

FopuBHa = = T
KNeTKa T Tosap

JABsynocoyeH
npeobpasysarten

CynepkoHgensatop L

@ue. 5. Kackaona cmpykmypa Ha 3axpaneane
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Ha mpaktika W3MOI3BaHETO HA MO-TOJISIM
Opoii mpeoOpa3yBarend 10 TOIsSIMa CTEIeH €
OIPaB/IaHO, aKO Ype3 TAX Ce MOCTHXa MO-I100po
W3M0JI3BaHE Ha EJIEMEHTUTE 3a ChbXpaHCHHE Ha
€HEeprusi, BKIIOUUTEIHO U Upe3 Mo-100pa peKy-
niepanysi py CIIUpaHe, Thil KaT0 ChbBPEMEHHUTE
ENIEKTPOHHH IpeoOpasyBaTe ca ¢ MHOTO J0-
Opa edexTuBHOCT (110 BHCOKa 0T 98%).

DC WuHa

DC-DC

npeobpasy

1
BaTen T

CynepKoHaeH3aTop WHeepTop

Asuraten

L
J A

@uz. 6. broxosa cxema na cmpykmypa
saxpaneana ok CK u I'K

batepua

barepunre ce u3nons3Bar KaTo OCHOBHA €1U-
HUIIA 32 ChXpaHEHHE Ha EHEPrusi B IMOBEYETO
eJIEKTPUYECKH MPEBO3HU CPENICTBA 3a 10A00ps-
BaHE HAa MKOHOMUSATA HA TOPUBO. 3a FOJIEMH TIpe-
BO3HM CpEJICTBA CbC CEpPUIiHA TOIOJIOTHS, MOXE
na GyHKIMOHUpA KaTo eHeprueH Oydep 3a pas-
IIpeJIeJIIHE HAa CHEPIUMHUTE MOTOLM. Bbropekn
rojsiMaTa CH €HEepruiiHa IITbTHOCT, TSIXHATA CIie-
muQuIHa MOIIHOCT € HaMmaljieHa W Ce Ipenu-
3BHUKBAT MO-TOJIEMH 3aryOH IO BpeMe Ha yBeEIH-
YyaBaHe Ha OOMEeHa Ha MOIIHOCT, OCOOEHO Mpu
pEreHepaTUBHO CIMPAaHE U YCKOpEHHE MpU pas-
JIMYHY IUKJIM Ha JIBU)KEHHUE. 3a CpaBHEHHE Cy-
MIEPKOH/ICH3aTOPUTE HMMaT MHOTO THO-ToJisiMa
cnenduyHa MOITHOCT W TO-BHCOKa €(EeKTHB-
HOCT TIpH 3apexJaHe / pa3pexnaHe, BBIPEKU
M0-HUCKaTa UM eHepruiiHa mibTHocT. Kato no-
IIBJIHUTENEH €JIEMEHT 3a ChbXpaHEHHE Ha eHep-
I'Usl, CyNEepKOHJIEH3aTOPUTE MPEIOCTABIT U3paB-
HSBaHE Ha TOBapa, KOETO 3HAYUTEITHO HaMasIsBa
THPCEHETO Ha ITMKOBA MOIITHOCT Ha Oarepusita U
4ecToTa Ha 3apexiaHe-paspexnane. Cienosa-
TEITHO TEXHHAT KHU3HEH IMKBJ C€ YIb/DKaBa M
pa3MepbT U TETJIOTO Ha OJI0Ka 32 ChbXpaHEHUE Ha
€Heprusi ca 3HaYNTEeTHO HaMaJICHH.

IToCTOSIHHOTOKOBUSAT IpeoOpa3zyBaTeAT MoI-
IbpKa KOHCTaHTHO HAIPEXEHUE KbM TTOCTOSH-
HOTOKOBaTa Bpb3Ka Ha MHBEPTOPA, JIOKATO Ha-
MIPEKEHUETO Ha CYMEpKOHJAEH3aTopa MMa IIH-
POK JIMana30H Ha BapHalllH, 33 ]a MaKCUMAaJIHO
M3I0JI3BaHE HA CBOSI €HEPTHEH KaraluTeT.

Ha mpakTtuka npu cuHTe3a Ha yrpaBJieHUe Ha
CUJIOBU E€JIEKTPOHHHM CHCTEMH, IMpeTHa3HAYEeHU

3a yOpaBlieHHE Ha CHEPruiHH TIOTOIM B
EJIEKTPUYECKH TPAHCIIOPTHU CPEACTBAa HAMUPAT
IIPUIO)KEHNE MHOBAaTUBHU METO/U 3a YIIpaBJie-
HHe, 0a3UpaHu HA TEXHUKU Ha U3KYCTBEHHSI HH-
tenekT. [1o To3u HauMH Morar jia ce oTpadoTsT
KaKTO TMO3HATH, Taka U MPOTHO3UPAHU CMYIIe-
HUSI, KOUTO MOTar Ja ObJaT onpezaeneHu Ha Oa-
3ata Ha CbOpaHU JaHHHU.

3AK/IIOYEHUE

IIpencraBeHu ca HAKOJIKO CHIIOBU CTPYKTY-
pu Ha ETC crnomaramy 3a M3CII€BAaHETO HA
pa3nuyHu pabOTHU PEXUMHU: YCKOPEHUE, IBU-
JKEHHUE C ITIOCTOSIHHA CKOPOCT U PEr€HEPaTUBHO
cnupase. PasriexxaaHero Ha BCsKa MOACHUCTE-
Ma usrpaxaaia crpykrypara Ha ETC, 6u cro-
MOTHaJIa CIlOMara 3a CbCTaBSHETO Ha I0-Je-
TaWJIHO OIMCAaH MOJEJI CUCTEMATA.
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N3CJIEIBAHE HA TEPMHUYHOTO ITIOBEAEHUE HA UMITYJICHHA
ITPEOBPA3YBATEJIA 3A ITIOCTOSAHHO HAITPEXKEHUE U3I10JI3BAHHU
B EJIEKTPUYECKHUTE ABTOMOBUWJIN B CUMYJIMHK

THERMAL MODELS OF DC DC CONVERTERS FOR ULTRALIGHT
ELECTRIC VEHICLES APPLICATION IN SIMULINK

Evgeni Malev
Technical University of Varna,Bulgaria
evgeni.malev@abv.bg

Abstract

The purpose of this report is to analyze and create a thermal simulation model of a DC/DC converters. The article
develops several models of bidirectional converters. Creating a mathematical model in Simulink will help us better
analyze the thermal behavior of converters the influence of the various components and heatsink.

Keywords: thermal model, dc dc converters, MATLAB

BBBEJIEHME

[TpeoOpasyBarenuTe Ha IOCTOSHHO HArpe-
KEHHe, IPU padoTa B OMpEeNieH PEKUM UMaT
3ary0u OT MIPOBOAMMOCT, IPEBKITFOYBAHE U 3a-
ry0u OT OTHeJsHe Ha TOIUIMHA. Te3u 3aryou
BOISAT JI0 HaMaJsiBaHE Ha €(PEKTUBHOCTTA Ha
€JIIEKTPOHHOTO YCTpoiicTBo. HexoHTpomupye-
MOTO TIOBHIIIABaHE HA TEMIIEpaTypaTta, MOXKeE
CEepHUO3HO Ha TOBpPEIH WU Ja JAO0Beae A0 Jie-
dopMaIis WiIn JECTPYKIUS Ha CICKTPOHHHUS
KOMITOHEHT. BXo/1HaTa MOIIIHOCT Ha €IUH UM-
myJIceH TpeoOpa3yBaTell 3a IMOCTOSHHO Ha-
MpeKeHre, He € BUHATU paBHA Ha W3XOJHATa,
Mmopajy pa3ceiiBaHe HAa YacT OT MOITHOCTTA
noxa ¢opma Ha ToruHa . OrpaHUYaBaHeTo Ha
TEMIIepaTypa 4pe3 OXJIAJAUTEITH U MaTepHau
C MO-BHCOKA TepMajHa SPKOCT € OCHOBEH Me-
TOJ 3a HaMaJsIBAaHE Ha TCPMAJTHHUTE 3aryOu B
eI1H TIpeoOpa3yBaTe.

Pysed

diss Efficiency — Pysed ( )

TepMmudeH mMoaen Ha €IWH EJEKTPOHEH Tpe-
oOpa3yBaren ce ch3llaBa c I1el, 1a ObJIaT aHa-
JTU3UPAaHA TIOBEACHUETO HAa TeMIlepaTypara u
TOTUTMHHUTE MOTOLM B JaJeH OOCKT WU CXe-
Ma. OtTaensiHaTa TOTUTMHA B €UH WMITYJICEH

npeoOpa3yBaTe, 3aBUCH OT U3TOYHHMKA HA Ha-
IPESIKCHUE, TOBAPA, OXJIAAUTEIHATA CHCTEMA U
Oposr ciioeBe Ha 1uiatkata [1]. 3a cb3maBane
Ha TePMUYCH MOJIE] Ha SIUH MpeodpasyBareln
€ HY)XKHO JIa C€ U3I0JI3BaT TPU OCHOBHU MeXa-
HHM3Ma, ONKCBAIM TEPMATHHUTE MporecH: 1)
TEPMUYHA PaTHAIHs — €IEKTPOMArHUTHO H3-
TbYBaHE, TCHEPUPAHO OT TOILIMHHOTO JIBHKE-
HHE Ha YacTHIM B Marepusita. 2) Torurompo-
BOJMMOCT — CBOWCTBO Ha MaTepusTa Ja mpe-
Hacsg TomiMHA (B CHJIOBaTa CICKTPOHUKA,
Hal-4eCTO TMOJYIPOBOTHUKOB, MeETall, [H-
SNEKTPUK WK apyr Matepuan). 3) KonBekius
— MPEHOC Ha TOIUIMHATA OT €JHa TOYKa B JIpY-
ra B cpena — Guynn win Be3ayx [2]. Tomo-
MPOBOJMMOCTTa MOXKE Ja C€ HU3pa3u,upe3
YPaBHEHHUETO:

T _ cp OT )
ax2 Ay Ot

KBJCTO A — TepMmaiHa mpoBoaumoct [W/m
°C],c — creruduuna tortuna [J/Kkg °Cl , p —
ILUTBTHOCT Ha MaTepuana [Kg/m°]
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ExBuBasieHTHaTa cxeMa Ha TEPMUYCH MO-
JIeN, MOXe 3a ce ch3aazae upe3 R - C kioHoBe,
W3TOYHHIIA HA TOIUIOMPOBOAMMOCT M TEMIIe-
patypa. Ot ®urypa 2 BHWXKIaMe ChIIOCTaBKa
MEX/Jy OCHOBHUTE KOMIIOHEHTH Ha MOJEN Ha
SJIEKTpUYECKa CXeMa U TePMHUYCH MOJIEH, M3-
BeJieHn oT 3akoHa Ha Om [3] .

thn

R thl R th2

S )

P(t) ConT CooT CmT ComT

Tumb@

Duez. 1. brokosa cxema ekeusaieHmua cxema Ha
mepmajiHusi npoyec

ExBuBanenTHaTa cxema Ha AaBa npeacraBa
KaKBH IIpOHCCHU Ha TOINIOOOMEH C€ OoChrIICCT-
BsABaT B U3CJICABAHUA 00exT. TormIo00MEHBT €
CHeI_[I/I(bI/I‘leH IIpu B 3aBUCUMOCT OT MAaTCpHUa-
JIUTC, OT KOUTO Ca U3rpaaCHU KOMIIOHCHTHUTC,
TCXHUTC pPasMCpd U MCCTOIIOJIOXKCHHEC, KOH-
CTPYKIHUA U BU HA OXJIAAUTCIIHATA CUCTCMA.

Enextpuuecku TepmuueH mozen

MOJIEN

EnTox I[A] Tepm.momnoct | Pp[W]

Hamnpexenun | U[V] | Temneparypa Tx[°C]

-e

Cenpotus- | R[Q] | Tepmuuno Rexy

JICHHE cerportusienue | [°C/W]

Kananuter | C[F] | Tepmuuen Co
KaramuTeT [J/°C]

Duz. 2. Conocmaska Ha geUYUHUME
eNeKmpUYecKy U mepmuyer Mooen Ha
eleKMpPOHHA cxeMa

®durypa 2 HU NPEACTaBsi OCHOBHU TEpMUY-
HU XapaKTEpUCTUKN HA MaTepUaIM U3II0JI3Ba-
HU B €JIEKTPOHUKATa U TEXHUTE OCHOBHU Ila-
pamerpu: Cp - Tommmnen xananuret, Tepmuy-
HO paslupeHue oy, 3akoH Ha Buneman ®panig
- L, xoedunuenT Ha TormiooomMeHHocT — K [4].

Cp (o] L
AnymMuHUN 900 23.6 2.20
Men 386 17 2.25
PTFE 1050 | 150
[Monuerninen 1850 | 150
Kenszo 448 11.8 2.71
Cunuuuit 556 2.6
I'epmanmit 328 1.2

@Due. 3. Tabnuya uspasssaua OCHOGHUME
MepMUYHU XapaKmepucmuku, Ha Mamepuanu
U3NONI36AHU 8 eleKMPOHUKAMA

METO/IM 3A AHAJIU3 HA TEPMUAYEH
MOJIEJ

B codryep 3a monenupane Komcorn ca Ha-
IPaBeHU TPH MOJIEJIa Ha UMITYJICHHU Tpeodpa-
3yBaTeNU 3a TOCTOSHHO HANpPEKCHUE M TeX-
HUTE OCHOBHU KOMITOHCHTH,KOUTO OTACISAT
Haii-MHOTrO TOIUIMHA.OCHOBHH TIapaMeTpH Ha
MaTepUalIUTe, U3I0I3BaHU B MOJICITUTE: TIONIY-
IIPOBOJTHMKOB €JIEMEHT — F'epMaHUl C TOIUIH-
HeH Kamaruter — Cp — 310 [J/(kg*K)] u Tep-
manHa npoBogumoct — K 60[W/(m*K)] (u3-
NOJI3BaH 3a IOJYIPOBOJHHUKOBHUTE JHOJN);
ATyMUHHUIA TepMHYHA MpoBoAMMOCT — K 164
[W/(m*K)] (u3mos3Ban 3a KaTO OCHOBEH Ma-
TEpUaN 3a OXJIAJUTEN); MOJIUETUIICH TePMUY-
Ha nipoBoumMocT — K 0,20 [W/(m*K)] (u3mon-
3BaH 3a KOPITyC Ha KOHAEH3aTOp OT M3XOJCH
¢bunrep) ; peputreH MaTrepuai ¢ TOIJIMHEH Ka-
nanuter — Cp — 800 [J/(kg*K)] u Tepmuuna
npooaumocT — K 2 [W/(m*K)] (u3non3Ban 3a
MOJYIPOBOJHUKOBUTE JIUOJIH);

@ue. A. Tepmuuen mooden Ha NPAs-NOBUUIABALY
uMnyJicen npeobpazysame 3a NOCMOSHHO
nanpexcenue 8 COMSOL
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>
g

@Duz. 5. Tepmuuen mooen na CEITUK
npeobpaszysamei 3a NOCMOSIHHO HANPEdICEHUE 8
COMSOL

Surface: Temperature

A3

370
360
350

340

320

310

300
290
280

w27

Due. 6. Tepmuuer mooen Ha NOTYMOCNO8
mpancgopmamopen npeodpasyeamern 3a
nocmosanno Hanpesicenue ¢ COMSOL

3a na ObAAT U3YHCIECHU TEPMHUYHUTE 3ary-
Ou B eH UMITYJICEH MpeodpaszyBartel 3a mo-
CTOSIHHO HampeXeHHe € HYXKHO Ja Ce H3Yu-
CJIAT TEPMEYHHTE 3aryOu BHB BCEKH CIUH aK-
THUBEH KOMIOHEHT [5] .

OCHOBHO ypaBHEHHUE Ha TEPMUYHHUS MOJE !

Rip ==— (3)

Pgiss

KbJETO R;j — TEpMUYHO chlipoTuBieHue , DT
— HapacTBaHE Ha TEMIIEpATypaTa , giss — Pas-
celiBaHaTa MOIIIHOCT

[ToBumaBane Ha TeMIieparypaTra BbB BUCOKO-
4eCcTOTEeH TpaHchopMaTop :

AT = (%) 0.833 (4)

U TOIJIOOOMEHBT CE U3pa3siBa upes :

conv — ﬁA(Tobj — Tamp) (5)

KBJIETO 3 € KOeUIIUEHT Ha TOIII00OMeH, A —
pa3Mepy Ha MOBBPXHHHATA HA MarHUTOIPO-
BOAA, Tamp —TEMIIEpaTypa MPU HOPMATHH pa-
OO0THH yCIIOBUSA U Topj— TEMIEpATypa B HACTO-
SIIIl MOMEHT Ha 00eKTa.

3ary0uTe OT MOLTHOCT B CHJIOB KJIIOY :

0= Pon-u+ on-1+ swt ¢+ p+
Pyc (6)

KbJeT0 Pon-y ¥ Pon-L — 3arybu ot mpoBoau-
MOCT, Psw — 3aryom ot komyranus, Pp - 3ary-
O OT MBPTBO BpEME 10 BpeMe Ha MPEBKIOY-
BaHe, Pg — 3arybm ot 3apexjaaHe Ha ympaBisi-
BaIlUs €JIEKTPOJ] Ha KIto4a. 3aryou B MHIYK-
top (YpaBuenue Ha [llaiinmeri):

v = Gf*BY(7)

Cy — koedpunmeHT Ha 3aryba BBB (EpUTHHSA
marepuali, f — 3aryOu moponeHu ot BIUsIHUE-
TO Ha 4YecToTa U carypauus, B — MaruutHo
noje. 3aryoure oT pasceiiBaHa MOUIHOCT IIPH
pa3IMYHUTE NpeoOpa3yBaTesu 3aBucH (HaKTo-
pH CBBP3aHU C OpOs HA KOMIIOHEHTHUTE, TeX-
HUSl MaTepUaL,pa3lojioKEHHEe M HAYMH Ha
oxJyaxaane [6].

[TpeaBapuTeHO Ca W3YHCIEHH 3aryOuTe OT
pa3ceiiBaHa MOIIHOCT B €JIEMEHTUTE Ha BCCKH
enuH mpeoOpasyBaren. OCBeH ToBa,Ha 0a3a
Ha TEXHUTE (PU3NYECKU CTOWHOCTH,Ca HaIpa-
BEHHM MareMmaThueckute mozaenn B Komcon u
Cumynusk [7]. HampaBeHO € MPOIEHTHO Chb-
OTHOIIICHHE Ha 3aryOuTe BbB BCEKH €/IMH IIpe-
oOpasyBated:

Mpas-nosuwaealy, npeobpasysaten

B TpaH3ucTopn
B npaiiBepHa Cxema
KoHgeHsaTop dunTLp

B WHOyKTOp OWABTR

@ue. 7. [Ipoyenmno omuowieHue Ha 3aeyoume 6
omoenHume cnpamo obwume 3a2you om
Pasceisana MOWHOCH HA NPAas-nosULAsaly
npeobpasysamer
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Cenuk npeobpasysaTten

B TpaHsucTopKu
B gpaiiBepHa cxema
¥ KoHngeHsaTop duaTep

B MHaykTop GuATER

@ue. 8. [Ipoyenmno omuoutenue na 3acyoume 6
omoenHume cnpsamo obwume 3a2you om
pascevsana mowrocm Ha Cenux npeoopasyeamern

Monymocros npeobpasysarten

B TpaHchopmaTop

B TpaHsucTopu

¥ gpadBepHa Cxema

B KoHgeHsatop ¢uatsbp

B MHAaykTop duasTp

@uz. 9. [Ipoyenmno omnowenue na sazyoume 6
omoenHume cnpamo oowume 3az2you om
pascetigana mowHocm na Ilonymocmog

npeobpasysamern

TEPMUYEH MOJEJ B CUMYJIUMHK
HA IPAB-IIOBUIIABAILl, CEIIUK H
MHOJYMOCTOB TIPEOBPA3YBATEJI

B codryepnara cpena nHa Matnab — Cuamy-
JUHK, 4Ype3 KOMIIOHEHTH OT OubnmoTrekarta
Simscape e cb3/1a7eH MaTeMaTHYECKA MOJIEI
Ha OCHOBHUTE KOMIIOHEHTH Ha W3CJICIBAHUTE
nmpeoOpa3yBaren W BPB3KUTE MEXAY TSX.
[lenTa Ha Te3u MozenH, € 1a ObJle aHATU3Hpa-
HO rpadYHO MPOMSHATA Ha TeMIepaTypaTa u
TOTUIMHHUS TIOTOK HA CHJIOBUTE MOJYIPOBOJ-
HUKOBH eJIeMeHTH (110 KOHKPETHO MPOMSIHATA
B obmactra Ha PN mpexona, oxiaxiamiara
crcTEMa U KOpITyca).

Input votiage1

PS-Simulink  Output
Converter2 voltaget

PS-Simunk Control Vorage
Converter

= Eectrical Referencel

@uez. 10. Mooen ¢ Cumynunx na cxema Ha npag-
nosuwasawy UIIITH

=0 }

Salver
Configurationt

Inputvoltage C) cin %

PSSmuink Oulput
Converter2 voltage1

PS-Simuink Control Valtagel
Converter3

@uez. 11. Mooen ¢ é’umyﬂuHK Ha cxema Ha npas-
nosuwasaw, {ITTTH

AT
-

Lost k. GuEgat
Comerter vottage

@ue. 12. Mooen 6 Cumynunk Ha cxema Ha
nonymocmog UIIH

o
Temperature ("C)

[S) ©w e w [+1] ~
. o e ©o o 9o

o

L L
0 10 20 30 40 50 60 70 80 20 100

Time (s)

@Duez. 13. Ilpomana na memnepamypama 6
OCHOBHUME NOJYNPOBOOHUKOBU eJleMEHMU HA
mpume npeobpaszyeamens sxcvam (Kuovose
nonymocmos UIIITH), cun (kmouose npas-
nosuuiasaw, Cenux UIITTH), uepeen(0uoou
noaymocmos), aunas(ouoo Cenux), zenern(0uoo
npag-nosuuasauy)
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Heat flow (mW)

80
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Due. 14. [Ipomsana Ha MONTUHHUSL NOTHOK 8
OCHOBHUME NOJYNPOBOOHUKOBU eJIeMEHMU HA
mpume npeobdpaszyeamens sxcvoam (Kiouose
nonymocmog UIIIIH), ceemno cun(knovose npag-
nosuwasawy, Cenux UIITTH), opanices(0uoou
nonymocmos), uepsen(0uoo Cenux), mvMHOCUH
(0uoo npas-nosuwasawy)

BJIAT'OJAPHOCTH

Kenas na uzkaxa cBosita 6J1aroJJapHOCT 32
peau3upaHeT0 MM Ha MPAKTUYECKa MOJro-
TOBKa 1o nporpama Epa3sm mintoc B I'eHTCKn
yHHBepCcHTET. bmarogapHoctu Ha mpod.
Anekc Ban nen bocke 3a MHOXECTBOTO MpaK-
TUYECKU CHBETH M CHBETH B 00J1acTTa HA Hay-
Kara.

3AK/IIOYEHUE

B mnpencraBeHuss AOKIax € H3CIEIBAHO
TEpPMAJIHOTO MOBEJCHHE HA TPU HMILYJICHU
npeoOpas3yBarest 3a MOCTOSIHHO HAIlPEKEHUE.
Cp3maneHn ca MaTeMaTHMYECKH MOJENIHM Ha
npeoOpasyBarenute B Komcon u Marna6. Ot
TPUU3MEPHUTE MOJEIN, MOXKEM Ja 3aKIIo-
YUM, Y€ Hal-TPYyJIHO pa3celiBaHE HA TeMIlepa-
TypaTa UMaMe B CWJIOBHUTE KIIOUOBE. Tpure
TOIIOJIOTHH €A Pa3jIu4HU 110 CTPYKTypa € pas-
nrueH Opoit komnoneHTH. I1pu Bucoku yecro-
THU CaTypalnusTa, pasBuBalila C€ B IGPBUYHHUTEC
U BTOPUYHHUTE HAMOTKH Ha TpaHchopMmaTopa,
3HAQYUTEIIHO MOBHIIABA TEMIIEpaTypara My U
yBelM4aBa 3aryouTe OT pasceiiBaHa MOII-

HocT. CIpsiIMO M3YHCJICHUTE U CUMYJIAIMOH-
HUTE pe3yJITaTH, € HalpaBeHa ChIIOCTaBKa OT
NPOIICHTHUTE 3aryOu BbB BCEKH €IMH MPeo0-
pasyBaren. Hanmnymero Ha BHCOKOYECTOTCH
TpaHcdopmarop B euH npeodpa3yBaTel, BO-
JIM JTO 3HAYMTEITHO YBEIIMYaBaHe Ha 3aryou Ha
MOIIHOCT, aKO He OBbJIaT B3€TH MEPKU pa3cei-
BaHE Ha Temrepyrapata. [ papukute ot Dwur.
13 u @ur. 14 Bwxaame, 4e Hal-PA3KO MOKAY-
BaHE Ha TemIeparypaTa B HadyaJleH MOMEHT
Ha paboTa Ha npeoOpasyBaress UMaMe OT CH-
jaoBUTe KIro4oBe. OT MareMaTHYeCKUS MO-
JIe7, MOKEM J1a TOJY4uM TpauyHO U3MEHe-
HHE Ha TOIUTMHHUS MOTOK IPH BUCOKH YECTO-
TH TIpe3 MOJYIPOBOJHUKOBUS MaTepHal H
OXJIAJIUTEITHUS CIIEMEHT.
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LOGICAL-PROBABILITY APPROACH IN ANALYSIS OF THE
RELIABILITY OF MOSFET TRANSISTORS

Prodan Ivanov Prodanov
Technical University of Gabrovo

Abstract

To determining the reliability of power MOSFET transistors could be used different methodologies and they provide a
constant value for failure rates and probability for failure-free operation function. The disadvantage of this approach is
that a part of elements are used in various operating modes and environmental conditions. When elements are used in wide
range of operating modes and environmental conditions, the reliability parameters have also wide range of changes. In this
paper has been presented a logical-probability approach in analysis of the reliability of MOSFET transistors. As a results

are defined the most important parameters, that impact into reliability of the MOSFET transistors.

Keywords: Failure rates, Fault Tree Method, Markov analysis, MOSFET transistors, Reliability prediction.

BBBEJIEHME

[IporHo3upaneTo Ha HAJSKIHOCTTa Ha
MOSFET rtpansucropute € 3agaya, KOSATO
M3HCKBa MHOXXECTBO JAaHHUW W JAETAMIHO TIO-
3HaBaHE Ha TeXHUTE pabOTHU PEXUMHU U MOJIe-
JM BOJICUIM 10 OTKa3. B 3aBHCHMOCT OT MeTo-
JMKaTa, KOATO C€ M3I0JI3Ba, Morar Jia ce MpH-
JaraT MYJITHIUTMKATHBHU WM CMECEHH MOJIe-
JM 3a NPOTHO3MpaHEe Ha WHTEH3MBHOCTTA Ha
OTKa3WTe, KaTO C€ M3YHCISIBA €HA KOHCTAHT-
Ha CTOMHOCT 3a 3aJaJeH paboTeH pexuMm [1, 2
u 3]. IIpy nouTH BCUYKU METOJUKHU, TO3U MOJI-
XOJ] € UJICHTUYEH, C U3KII0YEHUEe Ha METOIUKA
FIDES, kpaero Morar ga ce 3ajarar IuKInYHa
MpoMsHA Ha JaJICHU MapaMeTpu — TeMIIepaTy-
pa Ha OKOJIHAaTa cpenia, pabOTHO HalpeXeHue,
MEXaHUYHU BB3JCUCTBUSA U Ap. Bcuuku Te3m
napaMeTpd MoOraT Ja IpeIu3BHKaT OTKa3 B
MOSFET Tpan3ucropure, KaTo € TPYJIHO C Ha-
JMYHUTE METOAMKH, Ja ObJe ONpeaeseHo Kou
oT (akropuTe, ydacTBall Karo KOPEKIIMOHEH
KOC(pHIIMEHT B MOjeia 3a MPOTHO3UpAHE Ha
WHTCH3WBHOCTTA Ha OTKA3WUTE BIHSE B IO-TO-
JsIMa CTETIeH U MO>Ke 1a BOJIU /10 OTKa3 MpHU

OIIPEIETICHU YCIOBHSI.

Kato nen Ha oknaza ce mocrassi: IpeJcTa-
BSHE Ha JIOTUKO-BEPOATHOCTEH IOJIXOMA 32
OlpeNieNIsHE Ha BB3MOXXHUTE OTKa3u Ha
MOSFET Tpan3uctopu.

N30 KEHHUE

B TeopusTa mo HageKAHOCT, CpeHATa UH-
TEH3UBHOCT Ha OTKAa3uT€ Ha BCEKU €JIHH
MOSFET TpaH3ucTop 3aBHCH OT MPUIIOKEHU-
T€ HATOBapBaHMS KbM KOUTO TOHW € YyBCTBUTE-
JeH. Besko eHo OT Te3u ycioBuUs € pa3iuyHO
NpH  Pa3IMYHATE THIIOBE EKCIUIoATalus U
UMaT pPa3InYHO BpEMETpacHe IO BpeMe Ha
KU3HEHHS IIMKBJ Ha eleMeHTa. B pesynrar ce
noJjlyyaBa IIUPOK JHMAara3oH Ha U3MEHEHHE Ha
HA/IKTHOCTHUTE TOKA3aTeH KaTo (YHKIUS
OT olpenieNieHa KOMOMHALMs OT Bb3JAeHCTBUS
Ha OKOJHA cpema. AKO Ta3W KOMOWHamus ce
MIPOMEHSI CIIOpE/ Pa3InYHUTE THIIOBE CXEMH,
€JIEKTPOHHM arapaTyp, KOHCTPYKIUS W Ha-
YMH Ha eKCIUIoaTallus, peakIUUTe Ha BCEKU
€/IMH TPAH3WUCTOP Ca Pa3IMYHU MO OTHOIICHHE
Ha TE3H BB3JIEHCTBHS, KOETO BOJIU J0 MPOMSHA
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B HEroBaTa HaJEKIHOCT, BOJEIIO O 3aBUCH-
MOCT Ha HaJEeKTHOCTHUTE IMOKa3aTeau He ca-
MO OT CTEIIEHTa Ha BB3/ICUCTBUE, HO M OT KOM-
OMHALUATA MEX]TY TAX.

YecTo B MpaxkTHKaTa, HaJAECKAHOCTTA HA J1a-
JICH €JIEMEHT WJIUM CHUCTeMa Ce MPEACTaBs C He-
TOBUTE CpPEJHO BpeME MEXKIy OTKa3HTe
(MTBF) unu cpeano Bpeme a0 otkas (MTTF).
Tpsabsa na Owbae ortdereno, ye MTTF wumm
MTBF ne moxe nma mpeacTaBisiBaT BPEMETO
710 OTKa3 WM MEXIy OTKa3, Thi KaTo TE3H Be-
JUYUHYU ca MspKa 3a Bpeme, korato 63,2% or
CJIEMEHTUTE IIE Ca OTKAa3aJH, KOETO MOXeE Jia
Ce CUMTa 3a MPEKaJICHO ABIbI MEepUoJl 3a Iia-
HUpaHa NOJAPBKKA. AKO JaJieH €JIeMEHT MO-
e Ja ce U3IMOJI3Ba B PA3JIMYHU CHBKYITHOCTH
OT OKOJIHH Cpelly W/WIK padOTH IPU PA3IUIHU
paboTHU peXHUMH, TO TPsAOBA Jla c€ MPUIIOKHU
MOJIXO/1, Ype3 KOMUTO Jja OBb/IaT ONpe/ieeHn He-
TOBUTE BB3MOXKHU BEPOSITHOCTHH CHCTOSHUS
BOJICIIM JI0 OTKa3 M JIOTUKO-BEPOSTHOCTHHUTE
BPB3KU C paOOTHUTE PEKUMH U 3AIIUTH, KAKTO
Y MEXaHU3MHUTE BOJIEIIN JI0 OTKa3. 3a moiryya-
BaHETO HAa TaKUBa JIOTUKO-BEPOSTHOCTHHU
BPB3KH ca HEOOXOMMH MPHUIIAraHeTo Ha YeTH-
pH oAX0j1a: OmpenessHe Wik U300p Ha MOA-
XOZsIIa METOIMKa 33 M3YHCICHHE Ha WHTEH-
3UBHOCTTa Ha OTKAa3UTE; M3BEXKJIaHE HA MOJe-
¥ OTYHTAIIM EKCIJIOATAIIMOHHUTE YCIIOBUS;
IIpyjarane Ha Merojaa ,,AHanu3 Ha MapkoB*
3a ompeqernsHe Ha Bb3MOKHUTE BEPOSTHOCTHU
CbCTOSIHUS M 4Ype3 MeToja ,,JIbpBo Ha OTKa3H-
Te“ ce NIpaBU OIpPEAENssHE Ha JIOTMYecKara
Bpb3Ka MEXAY OTIECTHUTE OTKa3u M MEXaHW3-
MU KOWUTO TH Ch3/1aBaT.

|.  HUumensusnocm na
MOSFET mpanszucmopu

VHTeH3UBHOCTTA Ha OTKa3UTE Ha €JIEKTPOH-
HU eneMeHTH Ag n0 Merommka MIL-HDBK-
217F [3] ce npecmsita mo cienHara Gopmyna:

omkKasume Ha

Je =Z,D.lj7ri,F.l.T. )

KBIIETO: Ap — 0a30Ba MHTEH3MBHOCT Ha OT-
Ka3uTe Ha JaJeHHs eleMeHT, N(UHUpaHa TPU
HOpMaJHa EKCILIOATaIus, 7 — KOPEKIMOHEH
nu-GakTop CHOpPEeA EeNEKTPUUYECKUTE H  TO-
IIJIMHHHA pe}KI/IMI/I, Ka4yeCTBO Ha CICMCHTA, pe-
UM Ha paboTa U yCIOBUS Ha €KCIUIOATAIIHS.

CHCI[OB&TCHHO, C OTYHUTAHC Ha (baKTOpI/ITC
BJIIMACIIW BBPXY MHTCH3UMBHOCTTA HA OTKA3UTC

MOSFET Ttpan3ucropu, ¢opmyna (1) ce
npeoOpasyBa B CICTHUS BHI:

ﬁ[ ! L
— k L[7a+(Roy_c +Rncs +Rns_a)-Poiss]+273 298} (2)
e =2l AT e

KBJIETO: Ay yvT — OCHOBHA(0a30Ba) MHTEH-
3MBHOCT Ha OTKazuTe(u3dupa ce oT pupmeHu
karano3u 3a MOSFET, T, — Temneparypa Ha
oxJlakaaniara cpena; Ripij — TOIVIMHHK CBIIPO-
TUBJICHHS Ha IPEXOJUTE KPUCTAI — OKOJIHA
cpena; Ppiss — 3aryOu B TPaH3HCTOPUTE; A —
nu—(akTop cropen pekuMa Ha padoTa Ha
TPaH3UCTOPA; Mg — MU—(AKTOP CHOPE] KauecT-
BOTO Ha MPOM3BOCTBO Ha M3CJICIBAHNUTE TPaH-
3UCTOPH, g — KOPEKIIMOHEH KOS(QUIUEHT IO
€KCILJIOATAIMOHHH YCIIOBHSI.

Il. Teopus 3a eruanuemo na yckopsagawume
Gaxmopu 8vbpxy HAOEHCOHOCMMA HA eleMeH-
mume

3aBUCUMOCTTa Ha UHTCH3MBHOCTTA OTKa3U-
T€ Ha JaJIeHa TPyIa eJIeMEHTH OT Pa3IMYHHUTE
¢dakTopu Moke Ja ObJe MPEICTaBeHA KaTo
¢byHKIMA Ha (paKTOPUTE OT ENEKTPHUUECKUTE U
TOIUIMHHUTE PEKUMH U TapaMeTpUTe Ha
oxJyaxkaamiara cpenal4]:

A VAT, T,RH, S\ W, . ,\W,,s) = 3

=y 4 2y M)+ e (TC) g (1) )

+ ZHUM (RH ) + ﬂ\/IBR (Vvvibr) + ﬂ’MS (VVMS)

B ypaBHenue (3), HHTEH3UBHOCTTA Ha OTKa-
3UTE HA EJEKTPOHHUS EJEeMEHT MOXeE Ja ce
MpEeJICTaBU KaTo KOMOWHAIUATA Ha N BHHIIHU
BB3JICHCTBUS, TPH KOSITO OCHOBHATa HMHTEH-
3UBHOCT Ha OTKa3HUTE Ay C€ YMHOXKaBa IO ChC-
TaBHUTE YCJIOBUS Ha OKOJIHA cpeda Aj:

A, (Stress. ) = 4, ﬁ A 4)

BepositHocTTa 32  6e3oTkazHa  pabota
Rp(Stressc) Ha Ta3u 4acT exeMEHTH 3a IPOIbII-
YKUTEITHOCTTA Ha paboTeH MPOoQHIT HAa eKCII0a-
Tarus lx 1me ObIe:

R, (Stress,t, ) = f_[iu IEAJIK (5)

3a cucrema, ChabpoKalia M MUKW WA Bb3-
JIEHCTBHS, 32 BEPOSITHOCTTA 32 O€30TKa3Ha pa-
6ota Rytem(Stressc, tk) 3a MPOABIKUTEIHOCT
oT Bpeme ik, U mpUioKeHW N BHUJa BBHHIIHHU
BB3JIEHCTBHUS €:
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Rirem (Stress,t,) = ﬁpl[ R, (Stress; t, )J (6)

j=1 i<t

. Ilpunacane na memooa ,,/[opso na om-
Kazume“ npu cvbCcmassiHe HA BEPOSMHOCHEH
mooen na MOSFET mpan3sucmopu

ToBa e mMeTOJ, U3NON3BaH B CIly4yauTe, KO-
rato ce ThPCU HEXeJIaHO ChOUTHE (0TKa3) U
€JIEMEHTHUTE, KOUTO ro cbhb3aasar. [Ipunoxum e
3a eJIEKTPOHHA amapaTypa B €KCIUIOATaIl[HOHEH
MIEPHOJI, PU KOSATO OTCHCTBAT PAaHHU OTKAa3u U
crapeene. @uHaNIHOTO cHOUTHE ce neduHUpa
KaTo OTKa3 Ha u3cieaBanara cucremalb, 6, 7].

bazoBute chOUTHS 32 CHCTaBEHHsSI MOJEI,
MPWJIOKHUM 32 BB3MOKHUTE OTKa3u Ha JaJeH
MOSFET, kakTo ¥ NpUYUHUTE KOUTO TH Ch3-
JaBaT — OTKa3 B OXJIAJUTENHA CHCTEMa, Mpe-
IpsSIBaHE HA TPAH3HUCTOPA, OTKA3 MPUIMHECH OT
MPUJIAraHETO Ha BUCOKO HAINpPEXEHHE, OTKAa3,
MPUYMHEH OT TOKa, MPOTHYAI MPe3 TPaH3H-
CTOpa, OTKa3 B 3alIUTHUTE CXEMH, KaKTO U OT-
Ka3 TPEIU3BHKAaH OT EKCIUIOATAI[MOHHUTE
ycnoBusi. C TO3u MoJieNn ce LIeTH yCTaHOBSIBa-
Heto Ha BaxHHUTE 0TKa3u B MOSFET tpan3u-
cropa — ¢uwr. 1.

IV. Ilpunacane na memooa , Ananus Ha
Mapkog* npu cvcmaeane Ha 8epOSMHOCMEH
mooen na MOSFET mpanzucmopu

Mertona ,,AHanu3 Ha MapKOB‘ ce M3M0JI3Ba
3a ch3aaBane Ha mozedn [8, 9, 10], mpencrassiin
B KaKBO ChCTOSTHUE III€ C€ HAMUPA B JIAJICH MO-
meHT MOSFET tpansucropa. Hait-o6mo To3u

FAILURE_MOSFET

FAILURE IN
MCSFET

MoOJIeJI MOKe J1a ObJIa MPEICTABEH C JIOTHYECKU
pa3ChXKIEHUs, HallpaBeHU Ha 0aza (opmynara
3a MHTEH3UBHOCTTA Ha OTKa3zuTe (2). dakTopu-
T€, KOUTO BIUSAT BBPXY HAISXKIHOCTTa ca
CJIEKTPHUYECKUTE PEKUMH, KaTO TPsiOBa 1a Ob-
naT 00XBaHATU OT CHOTBETHUTE 3ALUTH, TEM-
NepaTypHUTE PEXHUM, ChIIO OOXBaHATH OT 3a-
HIUTHU CXEMH U €KCIUI0ATallHOHHUTE YCIIOBUSI.
3a popmyna (2) u HapaBEeHUTE PA3CHKICHUS
MOXE Ja ce MPEMJIOKU U TMPHIOKHU MOojena
npencrased Ha ¢ur. 2. [Ipeasmxaar ce aBe 3a-
IIUTH, KOUTO Ja Mpelrna3BaT TPaH3UCTOpa OT
ABApPUHA PEXHMH TI0 TOK, HANpPEKEHUE U
TEeMIEeparypa, KaKTO M eKCIUIOATallHOHHU
BIMSIHUS BOZCIIM /IO MPSK OTKa3 Ha TpaH3M-
cTopa. 3a TO3U MOJEJl € B CHJIa CJIeIHAaTa CHUC-
TeMa JuQepeHIINATHA YPAaBHEHHS:

B o s 2 )
dp, (t
dt
dP, (t
dt
dp, (t
dt
dp, (t
dt

dr,(t)
S0 2,R ()

~

= 2’21'P1(t)_/123'P2 (t)

~—

:/113'Pl(t)+ﬂ’23'P3(t) (7)

~—

= A14-Pl(t)_ Ays-Py (t)

~—

= 115-P1(t)+/145-P5(t)

~—

HIGH
TEMPERATURE

FAILURE IN TEMP FAILURE IN
PROTECTION MOSFET

Gate 11

FAILURE CAUSED
EY ENVIRONMENTAL
COND

Gate 14

FAILURE CAUSED BY
HIGH VOLTAGE

1 r
FAILURES CAUSED FAILURE IN CASE

BY HIGH CURRENT

FAILURE IN

]
FAILURES IN ...
CONNECTIONS

= = = =

[ Gate 13 [ Event 1 [ Event2 [ Event 3 |

Q=0.017333402 Q=0.008721743 Q=0.0057132377

w=1.2852796e6 w=9.8127826e 7 w=6.8572073e 7

PROTECTION
FAILURE

HIGH POWER

G FAILURE IN
DISSIPATION

HIGH VALUE OF FAILURE IN
COOLING COOLING SYSTEM -
TEMFERATURE NO WATER

=
Event 19

Event 31

[ Event 17 [ Event 18 |

Q=0.00131213T1
w=14880303e7

Q=0.0043704218
w=4578147827

Q=0.008721742
w=8.9127826e7

Q=0.083872748
w=8.1612725=8

Q=0.067C80788
w=7.4585538=8

FHYSICAL FAILURES
VOLTAGE

Event 27 Event 29

Q=0.058477775
w=0.5836556=6

PROTECTION PHYSICAL FAILURES
FAILURE CURRENT

Event 28

Q=0.00131213T1
w=14880303e7

Event 30

Q=0.044530082
w=45684436=6

Due. 1. Jlocuxo-eeposmuocmern mooen no memood ,,/[opeo na omxazume *‘ 3a 6b3MONCHUME OMKAZU HA
odaden MOSFET mpanszucmop
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Due. 2. Beposmuocmen mooen 3a MOSFET
MPAH3UCMOpU, OMUUMAawy GIUSHUAMA HA (akmopume
go0ew 00 OMKA3

Taka cHHTE3UpaHUTE MOJIEIH Ca CUMYJIUPaHU
B nporpamen npoxaykt ltemToolKit. Pesynrarure
3a Ha 0a3a mapamerpute Ha KoHkpereH MOSFET
tpansucrop, Tuit IXFN34N80, pabdoren: B mpeos-
pasyBaresl 3a WHAYKIIMOHHO HarpsiBaHe, HMalll
JIBE 3aIlUTH TI0 TeMIIepaTypa U 3alliTH 10 TOK U
HaIpeKeHHE.

Ha ¢ur. 3 u ¢ur. 4 ca npencraBenu pesysra-
TUTE OT CUMYJIAIIMOHHUTE M3CIICBAHUS 3a TIepU-
oxn or t = 8760 yvaca (emHa KaleHAapHA TOMHA).
Hanexxanoctra Ha Tpansucropa e Pyr(t=8760) =
0,77594 u BaxxunTe CHOUTHS KOUTO, III€ BOIAT 10
OTKa3 ca: MOBHILIABAaHE HA TeMIlepaTypa Ha Kpu-
CTasia, KaKTO W TIOBHINIABaHE HA HANPEIKECHUETO U
TOKa Ha TpaH3uctopa — ¢ur. 4. IIpencraBenure
CBHOMTHS ca 4acT OT MOJiejia 32 Bb3MOKHHUTE OTKa-
3ure Ha MOSFET tpansucropa — ¢ur. 2. B3etn
ca IoJi BHUMaHHE, CaMO MUHUMAJIHUTE CCYCHHS C
BaxxHOCT Hag 10% oT BcHUYKH BB3MOKHU 11 Mu-
HUMAJIHU ce4YeHus, Bomxemu no orkas B MOSFET
TpaH3uCTOpa.

Parameter Value
Unavailability Q 0.26405508
Failure Frequency W | 2.5758072e-5
Mean Unavailability Qm : 0.13870377
CFl 3.5e-5
Expected Failures 0.26407342
Unreliability 0.26405508
Total Down Time (TOT) @ 1215.0451
Total Up Time (TUT) 75449549
MTBF 33172 592

o=~ | | | L] R =

w

10 MTTF 28571.429

1 MTTR. 4601.1637

12 Awailability 0.73594492
13 Reliability 0.73594492
14 No of Cut Sets 1

Que. 3. [Toxazamenu no naoexconocm 3a MOSFET
mpansucmop mun IXFN34N80

Mesicoynapoona nayuna kongepenyus “VHUTEX 20"

Fault Tree Importance View

Event F-Vesely BirnBaum
Event 19 0.28198378
Event 31: 022754565
Event 29 : 0.19996684
Event 30 0.14971205

B-Proschan
0.27817992
0.22647727
0.19991118
0.15086564

| 2| b =
JES S B Y

Due. 4. Cooumus, umawu 201AMa 8ePOSIMHOCI 3d
nonyuasame

Ha ¢ur. 5 no dur. 9 ca npeacraBenn pe3yinra-
TUTE OT CUMYJIAIIMOHHUS MOJIEJI, CbCTaBEH 10 Me-
Tona, AHaim3 Ha MapKoB* U MpeCTaBeH Ha (uT.
2.

Ha ¢ur. 5 ca mpencraBeHu BepOSTHOCTHUTE
XapakTepUCTUKH Ha BCHUYKH NeT AepuHUpaHu
CBCTOSIHUS, Pa3IMYHU OT paboTocmocoOHoCcT (1).
CrcrosiHue (2) MoKa3Ba BEpOSITHOCTTA 3a I0Maia-
HE B CHCTOSIHME Ha 3alllUTa [0 BUCOKA TeMIIepa-
Typa, cbCcTOsHUE (3) MOKa3Ba BEPOSTHOCTTA 3a
MomajiaHe B ChCTOSIHME Ha OTKa3 MOpaJH TOIUIH-
HeH npoOuB B Tpansucropa. CwcTosHue (4) e
CBBP3aHO CBC 3aJelCTBaHe Ha 3alIUTa IO
€JIEKTPUYECKH PEKUM (TOK WIIM HANIPEXKEHUE) 10-
KaTo ChCTOSIHME (5) MOKa3Ba ChCTOSIHUE HAa OTKa3
Ha TpaH3HMCTOpa IMOPaAaW TPEBUIABAHE HA Iapa-
METpUTE Ha eNeKTpuueckus pexum. ChcTosHUE
(6) nepuHMpa CHCTOSIHUE HA OTKA3, MIPEAU3BUKAH
OT yCJIOBHUSATA HA €KCIIOATaIusl.
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@Due. 5. Beposmnocm 3a nonadate 8 0a0eHo

cvemosinue na MOSFET mpanszucmop mun
IXFN34N80

Ot rpadukara ce BIK/a, 4€ BEPOATHOCTHH Ch-
outus (2) u (4) ca ¢ Hali-ToIsIMa BEPOSTHOCT, a C
Hali-mMalika BeposTHOCT € chbutue (6). ToBa mo-
Ka3Ba JBE OCHOBHU HACOKH — HYXJaTa OT e(ek-
TUBHU 3aIIUTHU 1O €JIEKTPUUECKU U TOILITUHEH pe-
UM Ha TPaH3UCTOpa W IMO-CJIA00TO BIUSHUE HA
eKCIUIOATAI[MOHHUTE YCIOBHSI BBPXY HAIEKI-
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Hoctta Ha MOSFET Tpansucropa,
SJIIEKTPUICCKUTE U TOTUTMHHUTE PEKUMHU.

Ha ¢ur. 6 ca moka3zaHu pe3ysiTaTUTe camo 3a
BEPOSITHOCTTA 33 OTKa3 IO JaJeHO YCIOBHE — TO-
IUTMHEH TPOOMB, CIIEKTPUIYCCKH ITPOOUB HIIH TTIpe-
TOBapBaHE MO TOK, KAKTO M OTKa3 MOPaH BIIOIIE-
HU CGKCIUIOATAIllMOHHU ycjoBus. Brmkaa ce, de B
Hal-TOJISIMAa BEPOSTHOCT € HACTHIIBAHETO HA TO-
IUTMHEH TIPOOUB, T. €. TOIUIMHHUTE PSKUMHU M 3a-
ryOuTe BIUSAT B Hal-rOJsMa CTENEH BBPXY Ha-
nexnaaocrra Ha MOSFET  tpansuctopure. C
MPUOTU3UTEHO €HAKBA BEPOSITHOCT Ca OTKAa3H-
T€ CBBP3aHU C CICKTPUYCCKHUTE PSKUMU U €KC-
TJI0ATAI[MOHHUTE YCIIOBHUSL.

CIIPSIMO
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BeposTHOCT 3a 0TKas No AajgeHo
ycnoeue
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@Duez. 6. Beposmuocm 3a omkasz no 0a0eHo yciosue Ha
MOSFET mpanzucmop mun ISFN34N80

Ha ¢ur. 7 e nokazana 3aBUCUMOCTTa Ha Bpe-
METO B PabOTOCIIOCOOHO CHCTOSIHUE HA TPaH3H-
CTOpa 3a BpeMe Ha eKcruioatamus. ToBa Bpeme
HsIMa MpSK QU3NYECKH CMUCHI, ThH KaTO TPaH3H-
CTOpa TpEJCTaBIsiBa HEBH3CTAHOBUM EJIEMEHT U
IIPU HETOB OTKAa3 HAMA KaK Jia C€ U3BBPIIU Bb3-
CTaHOBSIBAHE M BB3BpBIIAHE Ha paboOTOCHOCO0-
HocTTa. C Ta3u KpuBa ce yCTAaHOBSBA, Y€ 3a Bpe-
METO 32 KOETO ca HalpaBeH CUMYJIAIIHOHHHUTE W3-
cneaanud, MOSFET tpan3ucropa ce oyakBa J1a
O0be paboTOoCrocoOeH, MPEABU]] HATUMYHMETO Ha
3aLIUTHUTE CXEMH.
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Que. 7. Bpeme 6 pabomocnocobno cvcmosnnue na
MOSFET mpanzucmop mun ISFN34N80

Ha ¢wur. 8 e mokazana BeposTHOCTTa 3a 6€30T-
Ka3Ha paboTa Ha TPaH3UCTOpa MPH TaKa ChCTaBe-
HUS BEpOSATHOCTEH Mojien. Buxkaa ce, e BeposT-
HOCTTa 3a 0e30TKa3Ha paboTa HaMalisBa 10 HUBO
Pyr(t) = 0,9775, koeTo e moBuIaBane ¢ MpuoOIIH-
3urenHo 33% copsAMO HAAEKIHOCTTa My IpHU
ChCTaBEHHMSI JIOTUKO-BEPOSTHOCTEH MOJIEH 110 Me-
tozaa ,,JJbpBO Ha oTkasute*. ToBa OTHOBO MOKa3-
Ba ¢()eKTHMBHOCTTA M HYXJaTa OT BJIAraHETO Ha
3alUTHU CXEMH MO0 BAXHUTE MapaMeTpH BOJICIIN
JI0 OTKa3 Ha TPAH3HCTOPA.
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Due. 8. Beposmuocm 3a bezomrazna paboma Ha
MOSFET mpanzucmop mun IXFN34N80

Ha ¢ur. 9 ca cpaBHeHU pe3ynaTaTuTe 3a BEpo-
ATHOCTTa 3a 0€30TKa3Ha padoTa Ha TPAH3UCTOpPA
cbe u 6e3 3amuTHH cxemu C BepositHOCT Po(t) e
0003Ha4YeHa BEpOSITHOCTTA 3a 0e30TKa3Ha padboTa
Ha TPAH3UCTOpa C BBBEACHU 3ALIUTHU CXEMHU U
MOJTydeHa CTOMHOCT MO MPEACTAaBEHHs BEPOSTHO-
cren Mozen Ha ¢ur. 2. C Py(t) e o603HaueH Bepo-
SATHOCTTa 3a 0e30TKa3Ha paboTa Ha TPaH3UCTOpPA
0e3 HaJIMYMeTO Ha 3aIIUTHU CXEMU U IOoJIyuyeHa
M0 JIOTHKO-BEPOSITHOCTHHUS MOJZIEN IO METOoJa
»JbPBO Ha OTKa3uTe", nepuHupaH Ha ¢ur. 1.

1
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0.85
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0.75 A

BeposnTtHoct 3a 6esoTkasHa pabora P(t)

0.7

0 2000 4000 6000 8000 10000

——PO(t) —e—P1(t) EcknnoaTauuoHHo Bpeme t, [h]
@ue. 9. Beposmuocm 3a 6ezomkazua paboma Ha
MOSFET mpanzucmop mun IXFN34N80 npu naruuue

U omcvyCcmeue Ha 3auUmHu cxemu
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OtyeTMBO ce BWXK/AA pa3IMKaTa B HaASK[-
HOCTTa, KaTO B Kpasi Ha CUMYJHUPAHUS MEPUOJ OT
ellHa KaJeH/JapHa roJnHa ce HaOJllo/1aBa pa3inka
oT npubmmzutento 33%.

HampaBenure cumynanmoHHU W3CIICIBAaHHS U
MOJIYY4EHU PE3yITaTH MOKA3BaT CJIETHOTO: 1O Ja-
JleHa METOAHUKA 3a N3YHCIEHHNE HA HHTEH3UBHOCT-
Ta Ha OTKA3UTE M MO3HABAaHE HA MEXaHU3MHUTE BO-
TSI 10 OTKa3 3a JaJIeH MOJIYIPOBOJIHUKOB €Jie-
MEHT € CB3JaJICH JIOTUKO-BEPOSTHOCTCH MOJCI
o Metoja «/IbpBo Ha OTKa3HWTE», Upe3 KOWTO J1a
ObJaT OMpPEICIICHH BAKHOCTTA Ha OT/ACITHUTE BH-
JIOBE OTKa3W M JIOTUYECKATa BPh3Ka MEKIY TAX U
MPUYMHUTE KOUTO TH Ch3AaBar. Upe3 MmpeaioxkeH
W MPUJIOKEH BEPOSTHOCTEH MOJIEN ChCTaBEH I10
MeTona «AHanu3 Ha MapkoB» ca JgepuHUpaHU
BB3MOYKHHUTE CBHLCTOSHHUS: OTKA30BU IO OaJeHU
YCIIOBUSL — TEMIICPATypHU PEKUMH, EICKTpUIe-
CKU PEKUMHU U YCIOBHS Ha EKCILJIOATaIUsl; KaKTO
M 3alllUTHH 110 JajJeHa BJIOJKEHA 3alluTa B
ycrpoiictBoTo. [lonydenure pe3ynraTu nmokaspar,
4e C HA-TOJISIMO BIIMSIHHE BBPXY OTKA3WUTE Ha Ja-
neH MOSFET rtpan3uctop 1ie 0b1aT TOIUIMHHUATE
peKHMH M 3aryOMTe Ha MOIIHOCT, CJIEJ TOBa
ENCKTPUYCCKUTE PEKUMH M EKCIIOATAIIMOHHUTE
ycioBus. C TOCTAaBSIHETO HA 3AIUTHU CXEMH TI0
TE3U MapaMeTpu ce MoJyuyaBa 3HAUUTEIHO YBEIH-
JaBaHe Ha HAJEXKIHOCTTA HAa TPAH3UCTOPA, KOCTO
MOKa3Ba HyKJaTa OT BJaraHeTo Ha €(QEeKTUBHU
3aIUTHU CXEMH 110 TOIUIMHEH W EJICKTPHYCSCKU
PEXKHM.

3AK/IIOYEHUE

B nacrosmus gokiaj ce mpuiiara JIOIrMKO-Be-
POSATHOCTEH MOXO0J MPU aHAINU3 Ha HAJEKIHOCT-
ta Ha MOSFET Tpansuctopu. Cpbuetanu ca eaHa
METO/IMKa 3a MPOTHO3MPAaHE Ha HAJeKIHOCTTA Ha
enektponnu enementu (MIL-HDBK-217F) u nBa
MeTOJla 3a MOJeNMpaHe Ha HAJSKIHOCTTa Ha
EIIEKTPOHHH eJeMEeHTH U cuctemu (,,JIppBo Ha
oTka3ute* u ,,AHanu3 Ha Mapkos‘‘). CbcTaBeH €
JIOTHKO-BEPOSITHOCTEH MOJIENI Ha Bh3MOKHUTE OT-
ka3 Ha koHkpeTreH MOSFET Ttpansucrop, kKoiTo
MOJIEIT € IPUJIOKHM U 33 JPYTH UIACHTUIHHU CHIIO-
BU TOJIYIPOBOAHUKOBU eneMeHTH. C To3u Mozen
Morar Aa ObAaT onpeeleHd Ba)KHOCTTa Ha BUJIO-
BETE BB3MOKHU OTKa3d, MEXaHH3Ma Ha TAXHOTO
MoJTyyaBaHe, KakTo €(eKTUBHOCTTA Ha BIIOKEHH-
T€ 3allUTHU CXEMHU KOUTO MOraT Ja Tl IpeJo-
TBpATsIBAaT.

BJIATOJAPHOCTH

ABTOpPBT H3Ka3Ba CBOATa OJarolapHOCT Ha
BCUYKH PELICH3CHTH 32 TEXHUTE CHBETH U MPE-
JIOKEHUS 3a NOJ0O0psiBaHE Ha HACTOSILUA J10-
KJaJ. ABTOpBT U3pas3sBa 01aroJapHOCTTa CH
kbM TexHuuecku YHuBepcuter - ['abpoBo 3a
(MHAaHCUpaHETO Ha TOBa M3CIIEJBAHE, IO [0-
roBop Ne 2005E na tema ,,Enexkrponnu npeoo-
pasyBaTelid Ha eHeprusi Ha 6a3aTta Ha HOBH I1O-
JYTIPOBOJHUKOBU €JIEMEHTH .
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Abstract

To assess air quality, it is necessary to monitor some basic parameters, such as: temperature, relative humidity,
atmospheric pressure, concentration of fine dust particles, etc. In this article, a technical solution of a sensor system for
reporting these basic parameters is proposed. The main control unit is based on the ARDUINO platform. A combined
temperature and humidity sensor, atmospheric pressure sensor and fine dust sensor are used. The measured values
from the sensors are visualized on a display and are periodically sent and saved in an internet database. Due to the
high sensitivity of the dust sensor and its influence from ambient light, temperature and air speed, the sensor system is

designed to be used only indoors.

Keywords: air quality, sensor systems, monitoring.

BBBEJIEHUE

MeTeopoOruyHUTE CTAaHLMKU Ca ChOPbHKE-
HHS TIPEHA3HAYEHU 32 U3MEPBAaHE Ha KJIMMa-
TUYHU €JIEMEHTH W M3BBPIIBAHE Ha HaOIt01e-
HUS BBpXY KIMMara HaJ JHajJeH paiioH. Hai-
4eCcTO HaOJII0TaBaHUTE EJIEMEHTH Ca: TeMIlepa-
Typa Ha Bb3/lyXa U 1M0YBATa, BIAXKHOCT HA Bb3-
yXxa, aTMOC(EPHO HaJsTaHe, BAJIEKU — KOJIU-
YECTBO M BHJ, CHEXKHA MOKPUBKA, MOCOKa M
CKOPOCT Ha BATHpa, 00JIAYHOCT - 00Ia U HU-
CKa, OO0II0 CHCTOSIHME Ha I0YBaTa, CIHLHUYEBO
rpeeHe — BPEMETPAacHE MU WHTEH3UBHOCT, B/
Ha oO0jamuTe, BUIUMOCT, aTMOCHEPHH SBIIC-
HUS.

HaGmronenusara B METEOPOJIOTHYHHATE CTaH-
LMY C€ U3BBPIIBAT TPUKPATHO B IEHOHOILIUETO
— B 7:00, 14:00 u 21:00 gaca. ba3oBo n3HCK-
BaHe 3a cuctemarta Ha CBeTOBHaTa METEOPOIIO-
ruyHa opranusanus B JKeHeBa € BCUYKHM Ha-
Oro/IeHUs J]a CTaBaT MPH €THAKBH MOJIOKEHUS
Ha CITBHIIETO 11O OTHOIIEHHE Ha BCAKA CTaH-
.

B 3aBHCHMOCT OT LieIMTE HA HAOIIOACHUE H
I/ISMGpB&HHSIT& I/I3BT)pHIBaHI/I B TiX, MCTGOpO-
JIOTUYHHUTEC CTAHIIUN 6I/IBaT CHUHOIITUYHU, KIN-
MAaTHYHH, KJIaCHUeCKHu U aBToHOMHU. [Tocmen-
HUTEC Ca CUCTEMHU 34 OTUHUTAHC HA KIIMMATUYHHN
€JIEMEHTH, TIPY KOUTO HsMa HYXKJa OT peIOBEH
nepcoHal 3a HaOmoAeHus1. OTYUTAaHETO CTaBa
M0 €JIEKTPOHEH BT, KaTo HH(pOpMAIUITa MO-
KEe Jla ce 3amucBa, HM3Mpamia W ChXpaHsBa.
[IpemaxHat e cyOeKkTuBHUSA (PaKTOp, a C TOBA U
C}’6CKTI/IBHI/ITG FpeIHKI/I HpI/I OTYHUTAHC HA HaH-
Hute. HegocTaThbk Ha TE3HW CTAHIMHU € HEOOXO-
JTUMOCTTA OT €JIEKTPUYECKO 3aXpaHBaHE U PU-
CKa OT JedeKTrupaHe.

[Ipsiko OTHOIIIEHUE KHM YOBEIIKOTO 3/IpaBe
nMaT HJIKOMW OCHOBHHU KIMMATUYHH CJIICMCHTH,
KaTo: TemIepaTrypa, OTHOCHTEIHA BIAXKHOCT,
atMocdepHo Hansrane, UV — uHaeKe, KOHIICH-
Tpauus Ha (PMHU TPAXOBH YACTHIIH U JP.

[IpaxbsT € OCHOBEH aTMOC(hEpeH 3aMbpPCH-
TeN Ha BB3AyXa. BpeaHusr My 31paBeH eexT
3aBHUCU TJIaBHO OT paSMepa N XUMHUYHUA
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ChCTaB Ha CYCIEHANPAHUTE MPAXOBHU YACTHUIIH,
0T aJcopOupaHuTEe Ha MOBBPXHOCTTA UM JIPY-
M XUMUYHU ChEMHEHHUS, B TOBA YHUCIO MyTa-
renu, IHK - monmynatopu u ap., Kakto U OT
ydacTbKa Ha pecliupaTopHaTa CUCTEMA, B KOs-
TO T€ ce oTJjarar.

[IpaxbT mocThNBa B OpraHu3Ma MpeAUMHO
ype3 AUXaTelHaTa cHUcTeMa, MPH KOeTo Io-
€ApUTE YACTULIU CE 3aqbpPXKAT B TOPHUTE TUXA-
TEJIHU MbTUIIA, a MO-PUHUTE YaCTUIH (0]
10 pum - @I1Y3p) mocTUraT A0 MO-HUCKUTE OT-
JIeNId Ha JAMXaTeJIHaTa CUCTeMa, KaTo BOJAST J10
yBpEXKJaHe Ha ThKaHUTEe B Oemmst apob. Ha-
penda Nel2 ot 15 romm 2010 r. (o6H. JIB, Op.
58 ot 30 romu 2010 r.) ompexnens HOpMHU 3a
npeaenHo aomnyctuMu KoHueHtpauuu (ITAK)
3a (puHM npaxosu yactuiy. Beeenenure 11K
LEJAT Mpeana3BaHe OT TEeXHHUS BpeleH e(eKT
BBPXY 3/IpaBETO Ha XopaTa U OKOJHATa Cpeja.

Pernamentupanu ca clegHUTE HOPMU
3a (pMHU MpaxoBu yactuim [1]:

e ®IIY,- CI'H-40 pKr/M3
e ®IIY,5-CI'H-25 pKr/M3

[enra Ha Ta3u cTaTus € Aa TPEIJIOKH TEX-
HUYECKO pellieHHe Ha CEeH30pHAa CUcTeMa 3a OT-
YUTAaHE HAa OCHOBHHUTE MMapaMeTpH Ha Bb3IyXa
B 3aKpuTu nomenieHus. OCHOBHHAT OJIOK 3a
yopaBieHue € OasupaH Ha 1uiatropmara
ARDUINO. U3non3ear ce KOMOMHHUpAH CEH-
30p 3a TemrepaTrypa M BIAXHOCT, CEH30p 3a
aTMoc(hepHO HalsraHe U CeH30p 3a PUHH pa-
XOBH YacTUIM. [3MepeHuTe CTOMHOCTH OT
CEH30pUTE C€ BU3yalIM3UpaT Ha IUCIUICH U Te-
PUOJMYHO C€ W3MpamiaT W 3alucBaT B HHTEP-
HeT 0a3a JaHHMU.

N30 KEHHUE

Cucremara 3a MOHUTOPUHI Ha Bb3AyXa €
M3rpajieHa Ha MOJIYJICH MPUHIIUT C YA00eH UH-
Tepdeiic 3a xkoHpuUrypanusa. M3mepenure Te-
KYyIId CTOWHOCTH C€ BU3YyaJU3WpaT Ha -
CIUIeH, a Tpe3 ONpelieJIeH MHTEpPBal OT BpeMe
CBIIMTE C€ M3IpallaT U 3amucBar B 0a3a JaH-
HU B UHTEPHET.

Cucremara e peajqu3upaHa CbC CICTHUTE
MOMYJIU:

CeH3op 3a HM3MepBaHE Ha BIAXKHOCT U
temneparypa - tun DHT22;

- Cen3op 3a u3MepBaHe Ha aTMOC(EPHO Ha-
nmsrane - Tun BMP180;

- CenH3op 3a u3MepBaHE Ha KOJIMYECTBO
npaxoBu yactuiy - Tun DSMS01A;

- LCD pucnuieii ¢ 2 pena o 16 cumona u
KJIaBUaTypa 3a BBBEXKJAHE HA BXOJHHM JaHHU
OT [TOTPEOUTEI.

- besxuuna MpexoBa Kapra - MOJEI
ESP8266 3a cBbp3BaHe ¢ HHTEPHET 0a3a JaHu;

- [Inardpopma ARDUINO UNO ¢ nporiecop
Atmega328P;

- YHuBepcasiHa neyaTHa IUI1aTKa,

- 3axpanBar OJIOK.

bnokoBaTa cxema Ha yCTpOMCTBOTO € Ipe-

craBeHa Ha ¢wur. 1:
—>

CeHsop 33
BNAKHOCT U

Temneparypa
’ Ceusog 3a

Ducnnei

Censopsa
HanfiraHe

—

BesmuyHa
MpE}K0Ba
apTa

i

Cenmawn Ha HanpexeHue SV = er Pervnaron Ha HanpemeHue 3 D—

‘—CiaxpausaueZZDVAC 9VDclosA>—‘

Due. 1. Fnokosa cxema Ha cucmemama 3a
MOHUMOPUHE

Baok ,,3axpanBane” - 3axpaHBalIOTO Ha-
IIpE’KEHUE Ha MUKPOKOHTpPOJIEpa MOXKE Jia Ba-
pupa ot 2 10 5,5V, HO B MOBEUYETO CiIy4yau ce
usnonsBa HampexxeHue U=5V. CpaBHUTENHO
rojsiMa 4act oT IU(POBUTE UHTETPATHU CXe-
MU (KOUTO MPHUHIIMITHO CE€ CBBHP3BAT KbM MHU-
KPOKOHTpPOJIEpa) U3MOI3BAT CHIO 3aXpaHBaHE
or 5V. Ilopamu ToBa B MIaTdhopmara
ARDUINO UNO wuma BrpajaeHu zBa peryia-
Topa Ha HampexeHue - MC33269ST-5.0T3,
ocurypsiaiy SV u  perynatop LP2985-
33DBVT, ocurypssam 3.3V [2, 3].

3a mojaBaHe Ha 3aXpaHBAILO HaNpeXKEHHE
kbM MC33269ST-5.0T3 moxe na 6bae U3Mo-
3BaH Brpajenus USB untepdeiic umm Brpame-
HUs 2.1Mmm mopt, Ha KOMTO ce ToaBaT Hampe-
xeHus ot 7V go 12V 3a ocurypsiBaHe Ha I0-
roJisiMa MOITHOCT.

[Topanu ronemuTe npeauMCcTBa Ha UMITYJIC-
HUTE CTaOWJIM3aTOPU HA HANpeKeHUe (BUCOK
Koe(UIIMEeHT Ha TOJIE3HO MACWCTBHE, UIUPOK
JMAra3oH Ha pPErylupaHe, MaJIKd TaOapuTHU
pa3mepu, HHCKa ce0eCTOMHOCT | Jp.) 3a Ipe-
oOpa3yBaHe Ha MpPEKOBOTO HANpEeKEHHE OT
220V Ha 9V e u30paH UMITyJCeH Mpeodpasy-
Baten, monen: T090060-2C1, cbc cnemHuTe
napameTpu:

- 3axpanBamo Hamnpexenue: 100 VAC /
240 VAC;
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- Uzxomuo Hanpexenue: 9 VDC (+/-1%);
- MHMs3xonen tok: 0,6A;
- Ms3xonana momtHocT: 2,7W;

Baoxk MCU - 3a o6paboTka Ha NaHHU U
yhopaBieHue € u30paH  MUKPOKOHTPOJIEP
ATmega 328P c 10 bit ALIII. ITporecopsT € ¢
Hucka koHcymanus. C M3OBIHEHHUETO Ha
CIIO)KHM WHCTPYKLIUU B €JIMH TAKTOB IHKBI,
nporecop ATmega328P moctura mpubaM3u-
tenio 1 MIPS na MHz, xoero mno3BoJjsBa
ONTUMHU3AIMS Ha KOHCYMHUpaHATa €Heprus, 3a
CMETKa Ha CKOpPOCTTa 32 00paboTKa Ha JaHHH [4].

XapnyepHata nepudepus CbabpxKa:

- nBa 8-OuTOBH TaliMepa;

- enuH 16-O6uTOB TaliMep;

- Oposu B pealHO BpeMe C OTHCJCH
OCLIUTIATOp;

- mect m3xoquu PWM kanana;

- IHect Bxoanu 10-6utoBu ADC kaHana;

- nmBa Master / Slave SPI cepuen
uHTepdeiic;

- eaud nporpamupyem cepueH USART;

- 1ByOuTOB cepuen unrepdeiic 12C;

- [porpamMupyeM TaiiMep 3a YaCOBHHMK ChC
CaMOCTOSITENICH OCIHIIATOD;

- ©lIMH aHaJIOTOB CPaBHUTEJICH YUII.

M300pbT Ha MUKPOKOHTpOJIEpA CE€ OCHOBA-
Ba Ha TOBA, Y€ YMIIa MOXeE Aa ObJe NporpaMu-
pas c 6e3mnatex codtyep (Open Source), kKato
Ce M3MOJN3BAaT peaulla TOTOBH OMOIMOTEYHU
(aiinose. M3non3ear ce ,,C* komMmnuiaaTopu 3a
Ta3l apXUTEKTYypa, KOETO MO3BOJISIBA TUCAHETO
Ha MpPOrpaMH OT BUCOKO HUBO. MUKpPOKOHTPO-
nep Atmega328P e chabnen c Oyyrmioanep,
KOETO yJECHSIBA KauBaHETO Ha MPOTPAMH BHB
¢uam mamerTa ¥ MO3BOJISIBA TPOTPAMUpPAHE C
MOMOIIITa Ha KOMITIOTBP, 0€3 J1a ce Hamara Ja
ce M3BaXK/la yuma. 3a mporpamaTop € H3IMOJ-
3BaHa iargopmara Ha Arduino - ¢ur. 2.

Digital Ground

Digital 1/0 Pins (2-13) Serial Out (TX)

Serial In (RX)

Analog Reference Pin

Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

Reset Pin
3.3 Volt Power Pin
5 Volt Power Pin

Analog In
Pins (0-5)

Ground Pins

Due. 2. [Tnamgopmama ARDUINO UNO

MHUKpOKOHTpOJIepa CIeAN CIeIHUTE IMapa-
METpH:

- AHaJIOrOBa CTOMHOCT 3a OTYMTAHE HA Ha-
THCHAT OyTOH.

- lludpoBu croitHOCTH OT ceH30pa 3a TeM-
neparypa M BIaXHOCT.

- Hudposa cToiHOCT OT CeH30pa 3a Hasra-
HE.

- Lludposa CTOHHOCT OT CEH30pa 3a U3MEp-
BaHE Ha ()MHM MPAXOBU YACTHUIIH.

Baoxk “Cen3op 3a BJaKHOCT M TeMIlepa-
Typa” — W3MOJ3BaH € MpeoOpasyBaren THII
DHT22 [5]. Toii pasmonara ¢hC CEH30pH 3a
TEMIIEpaTypa U BIAKHOCT C KaTUOpUpaH IHU-
¢poB u3xoxeH curHai. C momorira Ha TEXHO-
JIOTHsITa 32 MOJOOpSIBAaHE HA JUCKPETHHS CH-
T'HaJI, KAKTO U CTa0miIHaTa paboTa Ha CEH30pH-
T€ CE OCUTYpsIBa BHCOKA HAJCKTHOCT HA TPH-
6opa. DHT22 u3mepBa BIaKHOCT MO PE3UCTHU-
BeH meron u NTC ceH3op 3a u3MepBaHe Ha
TEMIIepaTypa, CBbp3Ba ce ¢ 8 OUTOB MHKpO-
KOHTpOJIEP.

Cxemarta Ha CBBP3BaHE Ha CEH30pa KbM MHU-
KPOKOHTpOJIJIepa € IoKa3aHa Ha ¢ur. 3.

VDD VDD
5K 1Pin
DATA 2Pin
MCU — - | DHT 22
Asduino 4Pin
GND

@Due. 3. Cxema na cevpssare na DHT22 kxvm
MUKDOKOHMPOIepa

Baok “Cen3op 3a Haasirane” - 3a u3Mep-
BaHE Ha aTMOC(EPHOTO HAJSATAaHE € U3IOJI3BaH
cerzop BMP180 [6]. MoxynbT € u3rpajacH c
uudpos 6apomersp BOSH BMP180. OtunTa-
HETO Ha JJAHHUTE OT CEH30pa CE OCHIIECTBSIBA
no uudpos 12C unrepdeiic.

Baok “Cen3op 3a nmpax” — H3I0JI3BaH €
CEH30p 3a KOHIIEHTpalus Ha (UHHU TPaXOBU
gactuiin tun DSMS501. Otuuta ce Oposi Ha
MPAaxOBHUTE YACTHIM C pasMep Hax | pm 1o
OINITHYEH METOJ. BbTpemiHara apxurekrypa Ha
CeH30pa e ToKa3aHa Ha ¢wur. 4.
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Mpaxoen — @vee
Imrrmm/ Caeoxnen —#5GND
‘Il“‘ H 1 — 91 Control 1
hil ¥ennea | 54 Vourt 1
TEIX | |
[Faspesaren o2 [

Due. 4. Bvmpewna apxumexmypa Ha ceH30p
DSM501

CeH30pbT ChIbpAKA: CBETOAUOJ, NETEKTOD,
ycwiBarel, asa usxona ¢ [IIMM u narpesaren,
KONTO OCHrypsiBa IOCTOSTHEH IPUTOK Ha Bb3-
AYX KbM OIITUYHAaTa CUCTCMA. KomnaectBoTo
TPaxOBH YacTHIH Z 3a M° Ce ONpeseNs CIpsi-
MO XapaKTEepHCTUKaTa Ha ceH3opa 1o (hopmy-
na (1):

Z =11.ratio® —3,8.ratio? +520.ratio +0,62 (1)

W3xonHara xapakTepuCTHKa Ha CEH30pa €
rokaszaHa Ha ¢wur. S.

Low ratio[%]

0 0z 0.4 05 0.8 1.0 12 1.4
Yacium [MIr/M?]

Due. 5. Uzxoona xapaxmepucmuxa na DSM501

KaaBuarypa m aucmieit - 3a auciuieid e
m3non3Bad LCD ¢ nBa pena u 16 cumBoia.
Tolt e cBpp3an ¢ Arduino B 4 OUTOB pEXUM,
T.€. CAMO YETHUPH JIMHUU 3a JaHHU ca Heo0Xo-
IUMH 3a B3auMoOJAEHCTBHE, 3aeqgHO ¢ RS &
enable. RW e cBbp3an AMPEKTHO KbM 3eMs —

¢ur. 6.

TloTernHOMETHP 32
HacTpoiiKa Ha
KOHTpacTa

H3B01H 32 CepHIiHO
nporpaMupase

.........

LCD_TC1602 moxyn ® s
(YrpasnsBaH upe3
(P OBH H3BOIH
D4+D9)

E:D9
RS: D8
DB7:D7
DB6:D6
DBS:D5

DB4:D4

B OO o oo

AHAJI0OTrOBH H3BOJIH
5 6yTOHa CBBP3aHH C AD = A5

aHajoros Bxoa 0 GND 5 PWR
A0 e3aeT ot GyToHHTe!

RW:GND

Due. 6. Onucanue na unmepghetica na LCD

+5V

1

R2
DK
1 2 T ADO
HAJACHO = ?
! R3

Que. 7. Cxema denumen Ha HanpediceHue 3a
peaucmpupane Ha HamucHam OymoH

3a peructpauusara Ha 3a/eicTBaH OyTOH ce
U3MO0JI3Ba 5 CTENEHHHUs JETHUTEeN Ha Halpeke-
Hue (¢ur. 7), a aHaJIOroBUTE CTOHHOCTH CHOT-
BETCTBAIM Ha OYTOHUTE ca KaKTO CIIE/IBA:

e HsMa 3a/eiicTBaH OyTOH — SV

o0yron Harope — 0,71V}
OyTtoH Hagony — 1,61V,
OyToH HasBO — 2,47V,
OyToH n360p — 3,62V.
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Be3xuuHa MpekoBa KapaTa — WU3MOI3BaH
¢ Wi-Fi moayn - momen ESP8266. IMTopamu
Mankata mamer Ha Tuiargopmara Arduino
Uno, a ¥ OT TJie/iHa TOYKA HA CIOXKHOCTTa IO
OTCTpaHSIBAHETO HA MPOOJIEMH, CBBP3aHH C pa-
6orara Ha Wi-Fi moxmyna, e nu3bpana cxema Ha
CBBpP3BAaHE OCHUTypsBallla BXOJ 3a JaHU OT
Arduino xksM mMoayna — ¢wur. 8. llenra e He3a-
BHCHMO OT TOBa Jalldi MMa BpB3Ka C 0Oa3arta
JaHHU B MHTEPHET WJIM HE, CTaHIUATA Jla W3-
MepBa ¥ BU3yallM3HUpa Ha TUCIUICS H3MEPEHUTE
CTOMHOCTH.

[IbHATa TPUHIUITHA EJIEKTPHYECKA CXeMa
Ha CHCTEMaTa 3a MOHUTOPHHI Ha KaueCTBOTO
Ha BB3JlyXa € MoKa3aHa Ha ¢ur. 9.

t o

L) =]

RESET

XTAL2
XTALL
AREF
AVCC
AGND

vCC
GND

(SCK)PBS
(MISO)PB4
(MOSI)PB3

(55)PB2

(OC1)PB1

(ICP)PBO

EADCS}PCS
ADC4PC4
(ADC3)PC3
(ADC2)PC2
(ADC1)PC1
(ADC0)PCO)

(AIN1)PD7
(AINO)PD6

0

(INT1)PD3

v3
GND

ESP8266

GND
VCC
SDA

I—l-l\-.-lwl-lh-

SCL

(TXD)PD1
(RXD)PDO

(INTU%PDZ
)

() (WE] - (8] — f— () ] 8] (06 (] == [ = = ==
(=] (] (] BN (8] (=3 f=a] e | O | |CO D

|

ATMEGA328P-

Due. 8 Cxema Ha cevpssare na mooyn ESP8266
KbM KOHmMpo.iepa

YMAZOS LCD Shield

SZEH {m S ol WS
EEE e EE R
4'—‘ -a
l —RP1T1.
—R3 10K
2K w| —l]w
HadscHo _1_ = = |Atmeqa328p
—Swi [° “‘1 * 5 ~R7
—R3 b oy3 e 4,7K
330 21 jonEF bas e z
— v
Haropel o5 20 uper ne e Yy A4 -
—SW2 —R 4 Arduing 08 F2 140K ™
UNO  DTES
620 &3 o6 2L
1 2140 o5 (2
Hadoayl 3 1, oo L0
—=SW3 | _ps T o 3 B
1K 5 Ty
SDA/AL  DL/TH
Hanngol =\ 1450 /45 DosRx bR
—SWi4 —RA = =] '3 4
3.3K T -R1
Magopl 15 T ESPB266 « U3 1 DK
—SWhH il'r,\qp E — —u5 2|
Pecer oy A— - et | 8
s = | u 4 youtt /PWN
- 21 s6L s 2 puri
Soa =] a
T090060-2C1 - . 3
I —, A 2 DHTZZ|
*cg] :v£+ _1 EMP180 —DT— DSMA01A
I-ﬁ-ac{u) | Veut— 2 *
—U7 GND

Due. 9. Hpul—munﬁa elleKmpudecKka cxema Ha cucmemama 3a MOHUmMOPUHS Ha Ka4ecmeomo HA ebadyxa

Mesicoynapoona nayuna kongepenyus “VHUTEX 20" — I'abposo

185




Ha ¢ur. 10 e noka3ana cHUMKa Ha CHCTe-
Mara B 3aBBPILICH BUI.

@Due. 10. Bvrwen euo na cucmemama 3d
MOHUMOPUHE

3AK/IIOYEHUE

Peanu3upanara ceH3opHa cucTema I03BO-
JIiBa CPAaBHUTEIHO TOYHO OTYUTAHE HA OCHOB-
HUTE NapaMeTpH Ha Bb3/yXa B 3aKPUTH IIPO-
CTpaHCTBa, & UMEHHO — TeMIlepaTypa, Biax-
HOCT, aTMOc()epHO HaJsiraHe MU HUBO Ha (PUHHU
npaxoBu yacTuuy. C momouiTa Ha BrpajgeHUs
Wi-Fi Moxyn naHHHWTEe ce M3Ipaiiar U 3amu-

CBaT B MHTEpHET 0a3a qaHHu [7] U Morar 1a ce
JOCTBIIBAT OT BCsAKA TOYKA Ha cBera. Hemocra-
THK Ha CHCTEMAara € CPaBHHUTEJIHO BHCOKAaTa
YYBCTBUTEIHOCT Ha CEH30pa 3a IIPaXxOBH Ya-
CTHIIH 10 OTHOIICHHE HA YCIIOBHSATA Ha paboTa
— Tps0Ba J1a Ce 3aIUTH OT IPSIKO IONaJaHe Ha
CI'bHYEBA CBETJIMHA M OT H3JIaraHeTO My Ha
BB3IYIIHH TEYCHHUS.

N3cinenBaHusTa ca OCHIIECTBEHH ChC
cbiaeiicTBueTo Ha HanMoHaIHMA LEHTHP 3a
KOMIIETeHTHOCT
QUASAR Ne BGO5M20P001-1.002-0006

REFERENCE

[1] http:/feea.government.bg/bg/output/daily/pollutants/
pm.html - 27.09.2020

[2] Steven F. Barrett, Arduino Microcontroller
Processing for Everyone!, Morgan and
Claypool Publishers, ISBN:1608454371
9781608 454372, 2010.

[3] L. Junior, O. Neto, M. Hernandez, P. Martins,
L. Roger, F. Guerra, A Low-Cost and Simple
Arduino-Based Educational Robotics Kit,
Journal of Selected Areas in Robotics and
Control (JSRC), 2013 Volume 3, lIssue 12,
pp.1-7.

[4] Michael Margolis, Arduino Cookbook, ORailly
Media Inc., 2012.

[5] https://www.adafruit.com — 10.06.2020

[6] https://www.bosch-sensortec.com/bst/products
/all products/bmp280 - 3.08.2020.

[7] https://thingspeak.com/channels/608732 -
10.09.2020

186

Mesicoynapoona nayuna kongepenyus “VHUTEX 20" — I'abposo


https://dl.acm.org/author_page.cfm?id=99659089274&coll=DL&dl=ACM&trk=0
https://www.adafruit.com/
https://www.bosch-sensortec.com/bst/products%20/all%20products/bmp280
https://www.bosch-sensortec.com/bst/products%20/all%20products/bmp280
https://thingspeak.com/channels/608732

UNITECH.2%,

INTERNATIONAL SCIENTIFIC CONFERENCE
20-21 November 2020, GABROVO

CEH30PUKA HA UHANBUAYAJIHUTE IIOTEHIIUAJIN HA XOJI

SENSORICS OF THE INDIVIDUAL HALL POTENTIALS

S. V. Lozanova

Institute of Robotics at Bulgarian Academy of Sciences

“Acad. G. Bonchev” Str., Bl.2, Sofia 1113, Bulgaria
Email: lozanovasi@abv.bg

Abstract

A regularity related to the individual Hall surface potentials of the devices has been observed and interpreted. The
potential of the sensor boundary from which the Lorentz force takes away the carriers is linear with the magnetic field,
regardless of the value of the supply current. However, the Hall potential on the opposite surface, which has an
increased electrons concentration, after a certain induction value increases nonlinearly. The new properties are due to
the magnetically controlled surface current in the conductive materials. The occurrence of nonlinearity is a criterion
for the quality of the surface of the respective Hall side. An express method for surface investigation of semiconductors
with a focus on the microelectronic industry has been formulated and experimentally tested.

Keywords: Hall device, surface quality, sensorics, individual Hall potentials, Lorentz force

BBBEJIEHUE

HezaBucumo ot yTBBpAMIaTa ce Npeacra-
Ba, ye e(peKkThT Ha XO0J € €AHO OT MAaJKOTO
nep(eKTHO M3yueHH SIBJICHHUS, 10 CKOPO HE ce
O6p’I)H1aHI€ BHUMAaHWC Ha HWHAUBHUAYAJTHHUTC
MIOTEHLIAAIHN (H1 U - ¢H2 HA XOJIOBUTE CTPAHHU.
DaxkTOpBT, NPEAOCTABSAL] CEH30pHA UH(pOpMa-
LU 32 Pa3IU4YHU XapaKTEPUCTUKHU Ha MPOBO-
JIITUTE MaTepuain € JAUQPEpEeHIINAIHOTO Ha-
npexenne Ha Xon Vi — anredpuyHaTa cyma
OT MOTECHIUAIUTE PH1 U - PH2:

VH1,2 = (rH/qnot)IoB
)

KBJIETO Ny € 00eMHaTa paBHOBECHA KOHIICH-
Tpalusi Ha HOCUTenuTe, t e nedennnara Ha Xo-
JIoBaTa IIACTHHA B ITOCOKA HA MPHIIOKEHOTO
MarHutHo none B, lp = |y e 3axpanBamusr
oOpazena Tok u Iy € GakTopbT Ha X0, CBBP-
3aH C JOMHUHHpAIIUS pa3ceiBall MEXaHU3bM B
naneH Temneparypes uarepsai AT, [1 - 7].

WL oz

B
Lp =2
5 '@ ................ B/ & t
& oS
" F

[0)

AS

Q@ue. 1. Cxemamuuno npedcmassme Ha
opmozonanen obpasey na Xon ¢ napanenenuneona
Gopma. Yrazana e oviocunama na /ledaii Lp,
0bo3HaueHusMa ca obwonpuemume 8 eghekma Ha
Xon. Konmaxmu Cy u C, ca 3axpangauyu.

Koraro cunara na Jlopenn Fi oTkmonsBa
€JIEKTPOHUTE Ha JISIBO, B JsICHATA MPUIOBBPX-
HOCTHA 30HA C KOHTakT Hy ocTaBaT HEeKOMIICH-
CUpaHUTE €JIEKTPUYHU TOBAPU HA ,,0TOJICHUTE”
noJIokuTeIHN HoHu Ng, dur. 1. Tosa ca nern-
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pammre JOHOPHH TPUMECH B peryispHara
KpUCTaJHAa peIIeTKa Ha OCHOBHUS TOIYIpO-
BOJIHUK, Hanpumep, Si, GaAs, InSb, InAs, InP,
Ge u ap. Konkoto e mo cuinHa mHAyKIuUsATa B
u/uni TOKBT |y, TOJIKOBa TOBEYE JOHOPHHU
clioeBe ocTaBaT 0e3 KOMIICHCHPAIIUTE T'U
elekTpoHu. B pesynrar gpmkuHara Ha JleOait
Lp, ompenmensima pa3mepa Ha HapylIeHaTa
€JIEKTPOHEYTPATHOCT Ha JsiCHaTa 30HA, Ha-
pactBa [1,2,7]. O6wmusT toBap N. reHepupa
MOJIOKUTETHATa KOMIIOHEHTa Ha TIOJETO Ha
Xon g2 = 0.5Ey,. Taka npu craiiHa Temrepa-
typa "= 300 K B HapacTBaIo MarHuTHO 10JIe
B w/vunu 3axpanBani Tok lp He ce mpomeHs Ju-
HEHOCTTa Ha moTeHImana + Qu2(B), cBbp3an
C TIOJIOXKHTEITHOTO 3apsI0BO ChCTOSTHUE HA JIsi-
caust uHTepdeiic. Paznmuna e curyanmsara
BBpPXY JIsiBaTa CTpaHa Ha oOpas3era ¢ KOHTaKT
Hi;, @ur. 1. Cunara F| xoHIEHTpUpa BBPXY
Hesl IOTBJIHUTEIIHU €JICKTPOHHU, KOJIHYECTBOTO
toBapu — An(F|) Ha KouTO CHBIIA/Ia ¢ TOBa Ha
JIOHOPHUTE MOHU Npy, |- An| = Np.. Komko-
TO € IMO-CHJIeH TOKBT lo u/mimm wHayKnusATa B,
TOJIKOBA € M0-BUCOKA KOHIICHTpAIIUsATA HA He-
PaBHOBECHHTE EJICKTPOHU - - AN B IPUTIOBBPX-
HOCTHUS ciod ¢ mupuHa Lp. CeritacHo nipen-
cTaBHTE 3a eeKTa Ha XOJI, Te3H EJICKTPOHU Cca
cmamuyHo PasMoNIOKEHN BBPXY JisIBaTa CTpa-
Ha. ToBapbT - AN ompenens oTpullaTEIHATA
KOMITOHEHTa Ha MOTEeHIMana Ha XOM @QHi = -
0.5Ey;.

Wznoxxenara uHpOpMAIHSI € CIEICTBUE OT
oOmonpuetuss Mojen Ha Xon sineHuero. He-
OTJaBHA, o0ave Osxa eKCIEPUMEHTAIHO yCTa-
HOBEHH 3aKOHOMEPHOCTH, HECJIEJBAIld OT
TEOPHUATA: &) OTKIOHEHUTE EIEKTPOHU KbM Ch-
oTBeTHUs uHTepdelic ot cwiara F ca noo-
sudxcHu, 1 0) B mone B Te3u TOKOHOCHUTETH
(dbopMHpaT IMHEEH W HEYETEH MAarHUTHOYIIpa-
BJIsieM nmoBbpxHOCTeH TOK =+ is(lp,B), [8]. dpyr
poOUB B pa3dbUpaHETO 3a TO3H €(PEKT € ycra-
HOBEHaTa BPbB3Ka MEXAY ChCTOSHUETO Ha TO-
BBPXHOCTTa Ha XOJIOBUTE CTPAaHU M KOHIICH-
TpalMsITa Ha JONBIHUTEIHUTE EJIEKTPOHU
An(F.). JlanHuTE CE CHABPKAT B 3aBHCUMOCT-
Ta HAa WHANBUAYyaIHUsS XOJOB MOTEHIMAT —
on2(10,B) ot Toka Iy u monero B. Jlo cera uH-
¢dbopMarusaTa 3a TOBBPXHOCTHUTE XapaKTEpH-
CTHKH B OOIIMSA CITydail € KOCBEHA U MMa TIOJTy-
EMITUPUYEH XapaKTep, pe3yJTaTuTe ca CBhp3a-
HU C alPOKCHMHPAHH 3aBUCUMOCTH, ChIIbpIKa-
mm MHOKecTBo ad hock momyckanust 3a mo-

BBPXHOCTHHTE mporecu u nedektu. [Ipyro
OTpaHUYCHUE € HHCKAaTa HM3MepBaTeliHa TOY-
HOCT TOpa/ii KOCBEHUTE JaHHH 32 MapamMeTpu-
TE Ha IOBBPXHOCTTa U HEBH3MOKHOCTTA Ch-
IICCTBCHA YaCT OT BJIM3AIIUTC B YPABHCHUATA
BEJIMYMHU J]a CE OIPEICIISAT EKCIIEPUMEHTAIHO,
[1,7]. Upe3 mpeacraBeHUTE TyK pe3ylTaTtu €
bopMynupaH BbB BHUCOKA CTEHECH CKCICPH-
MEHTAJIHO Bepu(UIIMPYEM METO/] 3a U3CJIe/IBa-
HE KauyeCTBOTO Ha MOBBPXHOCTTA. B Hacros-
IaTa CTaTHs € NPEJICTaBeH TO3U MOJXOJ, HH-
TepIpeTanusITa My U HEroBUS MMIIAKT B MH-
KPOCJICKTPOHUKATA.

I'AJIBAHOMATI'HETHU3'BM HA
NHIUBUAYAJHUTE IOTEHIIUAJIN
HA XO.J1

[IpencraBnsBa nHTEpEC Bph3KaTa Ha UHIH-
BUIyaTHUTE OTCHIUAIH (@1 U PH2 CHC CTPYK-
TypHUTE 0COOEHOCTH Ha XOJOBHUTE CTPaHH.
To3u npobiem 70 cera He € M3CIEIBaH B T€O-
pusTa U MpakTUKaTta Ha XoJ sBieHHeTo. [Ipu
OTKJIOHEHHE Ha EJICKTPOHUTE OT criiata Ha Jlo-
penn; F| kbM nsBara ctpana, dur. 1, mporuya
ome u cienHusAT nporec. [loBppXHOCTTa He-
MUHYEMO ChAbp:Ka BKIIOYBAHUS B KPUCTAIHA-
Ta permrerka, nedopmanuu, nedeKT, 0CoOEHO-
CTH B JITUPAHETO W W3PACTBAHETO Ha MOTY-
IIPOBOJHUKOBHUTE KPUCTAIIM, HAPYIICHUS B pe-
TYJISPHOCTTa Ha KpHCTaTHAaTa pelieTka, eHep-
TeTHYHU HUBA Ha TaM, eBeHTyamHH nedopma-
MU WM MEXaHWYHU HamlpexeHus u T.H. Te
BOJST B 3aBHCHMOCT OT Temrieparypara 7' 10
pazHooOpa3ue OT pa3celBalld MEXaHH3MHU 3a
JBUKCIIATE CE€ B MPUIOBBPXHOCTHUS CIIOM
(nutepdeiic) enexkrporu. Jlo ompeaeacHo HH-
BO Ha KOHIICHTPAIUSTA HA TIPECUPAHHUTE OT CHU-
nara F TokoHOcHTeNnn (CTOMHOCT Ha MHIYK-
usita By nmpu pukcupan Tok /x = CONSt), enek-
TPOHUTE C€ OYaKBa Ja ,,IOKPHST €IEeKTPOCTa-
TUYHO” BCEBB3MOXKHUTE Ne(eKTH, T.e. na ce
,»A3paBHU EIEKTPOCTATUYHO penedbT OT KpHU-
CTAJTHUTE HApPYIICHUS 0 MMOBBPXHOCTTA. Peai-
HO TaKbB TajIBAHOMArHUTEH MEXaHU3bM HE
CJleBa /1a OKa3Ba BB3/ICUCTBUE BHPXY JIMHEHU-
HO HapacTBalata OTpHIATeTHAa KOMIIOHEHTa
Ha roero Ha Xoi — 0.5Fy;, T.e. 3apsA10BOTO
(dbopmMupaHe Ha ,,4UCTOTO” OTPHUIATEIHO TOJIE
Ha Xon. I[Ipu ToBa HabmomaBaHaTa CHIIO OT
HAaC 3aKOHOMEPHOCT - MAaTHUTHOYIPABIISIEMHUST
noBbpxHOCTEH TOK + Aig(B,lo) chiio HapacTBa
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JTMHEWHO BbB (DYHKIMS HA moJieTo B u 3axpaH-
BaHeTo /. ETo 3amo 10 CTOMHOCTH Ha MHIYK-
uusra B < By npu napamersp lx = lc12 = const,
noBbpXHOCTHUAT TOK is(B,lg) He mpomens u-
HEMHOCTTAa Ha OTpUUATEIHUS XO0JOB NOTEHIH-
an — @u1(-B). B T0o3u 00XBar Ha MHIYKIHSATA
Bo < £ B| 3aBucumocTHTE Ha MNOTEHIHANA
¢oH1(—B) 1 Ha mudepeHIHaTHOTO HAIIPEKCHHE
Ha Xon Vy12(B) ca aunetinu u cumempuunu u
ca B ChOTBETCTBHE C TeopHsTa Ha X0 edeKTa.
ITpu MO-HATATHITHOTO YBEINYaBAHE HA HHIYK-
usta B > By, ToksT is(B,lp) 3amouBa chimect-
BEHO J1a HapacTBa. [IpudnHara € B eIEKTPUYHO
HEYTpaU3UPaHUTE TPUIOBBPXHOCTHU AedeK-
TH OT yBeJHYaBallara ce KOHIIEHTpalus Ha
npecupanute ot cwiata F enextponu. Cob-
NPOTHUBJIEHHETO Rs Ha MPHUIIOBBPXHOCTHHS
CIIOW ¢ KOHTaKkT Hj HamaisBa Kato pbCTHT Ha
KOHIIETpAIMsATA Ha CIIEKTPOHUTE ANg BOAHU JI0
ole mo-chinecTBeH ToK is(B,lp). Toii ch3maBa B
JsiBaTa MPUIIOBBPXHOCTHA 00JACT IMaj Ha Ha-
NPEKEHUETO, BB3ACHCTBAIl HA IOTCHIMANA:
or1(-B) ~ is(B,lp). 3aBucumoctra ¢1(B) mpu
uHnyknus B > By He ce ouakBa 1a ¢ JMHeHHa.
[Morenunanst @ui(-B) craBa HenuHeiiHO Ha-
pacTBarl ciael MHIYKIUS By 3a MOBBbPXHOCTTA
C NOBHIIIEHATA KOHIIEHTpAIMs Ha €JICKTPOHH-
Te. B JMeHCTBUTETHOCT CKOPOCTUTE Ha
€JIEKTPOHHTE B 00sacT ¢ mupuHa Lp He cien-
Ba Jla ca C eJHa W chla ctoHoCT. Hemunye-
Mara JUCIIEPCUs Ha CKOPOCTHTE W Ha KOHIIEH-
TpausTa AN 3aBUCAT OT TOJEMHHATA HA TOKA
I\, maIyKIUsATa B, T.€. oT cuiata Fiu ot mpo-
¢buna Ha MPUMECHHUTE TMOBBPXHOCTHH CHCTOS-
HUSI, PECIIEKTHBHO MEXAHW3MHUTE Ha pa3ceiiBa-
He TpH choTBeTHA Temrepatypa 7. ETo 3ario
HEJIMHEHHOCTTa Ha moTeHnuana ¢ui(B) excre-
PUMEHTATHO € PErucTpUpyemMa, KOoraro Cpen-
HaTa CKOPOCT Vs Ha eJIEKTPOHHTE, (hOpMHpPAIITH
Toka is(B,lp) B mpumoBbpXHOCTHATA 30HA HAaii-
BEPOSITHO C€ W3PaBHU W MPEBHUINH 0OeMHATa
Vo, Vo < Vs(B). TTo Ta3u mpuuuHa cjie KpUTHY-
HaTa CTOMHOCT Ha MarHMTHaTa MHAYKUUS By
noteHnuanbT Oni(B) Bepxy KonTakt Hy cren-
Ba Jla € HEeJIMHEeWHO HapacTBallara GyHKIHs Ha
nmonero B. Toit me HapacTBa mo-O0BpP30 OT
cTaHaapTHUs ,,9ucT” XO0JNoB cUTHAI - QHi(B)
npeaBH 0COOCHOCTUTE B HaMalssBaHE Ha Chb-
IPOTUBJIEHUETO Rs Ha MOBBPXHOCTHHS CIIOM.

MN3CJIEJABAHE HA IIOBEJIEHUETO HA
HNOTEHHUAJIUTE &1 1 Py

ExcneprMeHTaaIHOTO M3cieBaHe Ha IMOBe-
JICHUETO Ha WHIUBUAYATHUTE MMOTCHIIMAIU Ha
Xoi B XOMOreHHH (MapajeenuneH ) moy-
MIPOJTHUKOBU CTPYKTYPH € OCBHIIECTBEHO C
OINMMTHATa IIOCTAaHOBKa, onkcana B [8 - 10].

Ha ®wr. 2 ca noka3aHu 3aBUCUMOCTHUTE Ha
noteHmana pyz(B) npu pasnuunu croHOCTH
Ha 3axpaHBamus TOK lci, 3a cuimnueBu 00-
paslu ¢ peryiasipHa MpaBObI'bIIHA T€OMETPUS,
koraro cunara Ha JlopeHn F| oTkioHsBa
€JIEKTPOHUTE KbM cTpaHara ¢ koHTakT Hi. Jlo
MaKCHMaJTHO Bh3MOKHATA B HAIIUTE CKCIICPH-
MEHTH CTOWHOCT Ha MarHMTHaTa WHAYKUUsS B
= 3.0 T ce nabmroaBa JIMHEWHO ITOBEJICHHE.

¢H2’ \
2.5
|c1,2 * 14 mA
2 m 2.0
N
15
8 mA
6 mA 1.0
4 mA
0.5
2 mA
\\
+B, T T
2.0 1.5 1.0 0.5 0

Due. 2. Xapaxmeprno nosederue na Xonogus
nomenyuan pnp(B) 6v6 pynkyus na maznumromo
none +B npu napamemvp 3axpansaugus mox lcy
3a cunuyues napaienrenuneder oopasey,; cuiama

na Jlopeny F| omxnonsea enexkmponume kom
cmpanama ¢ koumaxm Hy, T = 300 K. O¢hcemvm

e npedsapumenHo HyIupax.

Koraro cunatra wa Jlopenn F_ orHema
€JICKTPOHH OT ChOTBETHATAa XOJIOBA MOBBPX-
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HOCT, TSI €CTECTBEHO CE€ 3apexk/a MOJOKUTEIN-
Ho. IlTorennmanure + gp1(B) wiun + ¢py(B) B
€/IMH U ChIIl 00pasel, Mpu ChOTBETHATA MOJISP-
HOCT Ha IOJIETO + B, ChIO ca TMOJOKHUTEITHU
KaTo JIMHEHHOCTTAa UM C€ 3ama3Ba J0 MaKCHU-
MaJIHO BHCOKATa B HAIIUTE €KCIICPUMEHTH WH-
nykuus B = 3.0 T. Perucrpupanara MarHuTouys-
CTBUTENHOCT upe3 noreHimanute gH1(B) w/um
¢r2(B) B NMHEHHMS y4acThK Ha W3CIICABaHATA
cepusi ctpykrypu cheraBisiBa SRI(pHL) =~ 85 V/AT.

Ha @wr. 3 ca mokazanu eKcriepuMeHTaTHH-
T€ 3aBUCHUMOCTH Ha moTeHimana ¢ui(-B) npu
pa3IMYHA CTOWHOCTM HA 3aXpaHBAIUS TOK
lo = lc12 3a cunmunueBus obpazen, dwur. 1, ko-
raro cuinata Ha Jlopenn F mpecupa ToxoHO-
CUTEJIMTE KbM cTpaHaTta ¢ KoHTakT Hj. [ToTen-
uansT - gu1(-B) e orpumarenen u cien onpe-
JeTICHH KPUTUYHU CTOWHOCTH HAa WHIIYKIIUSATA
By, B 3aBucHMOCT oT ToKa lg = lcy 2, cTapTupa
HEJIMHENHOCT.

-0,5.10°

-1,0.10°

£1,5.10°

T=300K

-2.10°

12 5.10°

4
H1,MV

Due. 3. Tunuunu excnepumMeHmainu 3a8UCUMOCmu
na Xonosus nomenyuan pui(-B) npu paznuunu
cmotinocmu Ha 3axpansawust mox Iy = lcyo3a

CUNUYUEBA NPABOBESLAHA CMPYKMYPA, CULAMA HA
Jopeny F omkxionsea enexkmponume xvm
cmpanama ¢ koumaxm Hy, T = 300, K. O¢pcemvm
e npedsapumenno Hyaupan.

AHAJIOTHYHO € IOBEACHHETO U Ha IOTEH-
nuana gup(B) Ha cwimms oOpasel; ako cuiara
FL KOHIEHTpUpA EJIIEKTPOHUTE KbM IMOBBPX-
HocTTa ¢ KOHTakT Hy. Bcuukure m3cieaBaHu
00pa3iy Mpu yKa3aHOTO YCJIOBHE 3a TTOCOKUTE
Ha cuiaTta F| meMoHcTpupar 0e3 M3KIIIoUeHue
XapakTepHoTO noBeneHue oT dur. 2 u dwur. 3.
KonkoTo € no cujieH TOKbT |y, TOJIKOBA 10-Ch-
IIECTBEHO € M3pa3eHa HEeJTMHEHHOCTTA, KaTo TS
HACTBIIBA IIPH TO-HUCKA CTOMHOCT HA MHIYK-
uusra Bo. Jlpyra BaxHa 0COOEHOCT €, ue Heau-
HellHoCmma 6 omoennume 0opasyu cmapmupa
npu pasiuyHu CMOUHOCMU HA KpumudHama
unoykyus By.

Ha ®wr. 4 ca moka3aHu 3aBUCHMOCTHUTEC
Bo(Ix= lc12 = lp) HA KPUTHYHUTE HHAYKIUH By,
IpH KOWTO CTapTUpPA HapacTBallaTa HEJIMHEH-
HOCT B noteHimanure pyi(B) u ¢op2(B) Ha aBe-
Te XOJIOBH CTPAHU 32 ChOTBETHATA MOJIIPHOCT
Ha 1nojieTo B. ChlecTBEHO €, ue ¢ yBelnvaBa-
He Ha Toka lg uaaykuuuTe By B IbpBO NpUOIH-
’KEHHME HaMaJIsiBaT JIMHEHHO KaTo 3a IBeTe XO-
JIOBH TIOBBPXHOCTH TE€ Ca OTMECTCHH €JIHA
crpsimo apyra. [loBeeHreTo Ha APYrUTE CCH-
30pH OT U3CJICIBAHUTE CEPHUH € aHAJIOTUYHO. B
HSAKOM OT TSAX JUHCHHATa rpaduka Ha IMOTEH-
U @H1 € C TIO-HUCKH CTOWHOCTH OT Ta3H Ha
NOTECHUHAN (o, VM3BOABT €, 4Ye KpUTHUHATA
UHIYKIHS By 3aBUCH TIPU TIPOYKE PABHU YCJIO-
BUS OT KayecTBOTO (nedexrute, nedopmarmu-
Te, MEXaHWYHHUTE HAMpPEKEHUS U T.H.) Ha Xo-
JoBaTa MOBBPXHOCT HA TOIYIPOBOIHUKOBHUS
MaTepual.

Bo, T
2,0

1,5 \t\

1,0 e

0,5 N

0 ’c1,z' mA

0 50 10,0 15,0

Que. 4. 3asucumocm Ha KpumudHume UHOYKYUuu
Bo(lc1.2), onpedensyu nauanomo na nenuretinume
yuacmvyu na Xonogume nomeHyuaiu 8
cvomeercmeue ¢ oannume 3a pu1(B) u pa(B) npu
CUnUYUesU NPAsovSLAHU 00PA3YU, T=300K
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ToBa o3HauaBa, 4e npu Tok lg = const croii-
HOCTUTE Ha WHIYKIHATA By, IpU KOUTO CTap-
THpa OTKJIOHCHUETO Ha moTeHuuanute ¢qi(B)
wn p2(B) ot mpaBara nmunus (cunara F| koH-
[CHTPHpPA HOCHTEIMTE BBPXY CHOTBETHHUTE
crpanu ¢ kKoHtaktd Hy mim Hy) e ca pasnmny-
HHL.

IHOTEHHUAJIUTE &y U &P, KATO
N3CIEJOBATEJICKA 1
METPOJIOI'MYEH METO/I B
CEH30PUKATA

[lonyyeHuTe pe3yaTaTd U IHPOBEIEHUSAT
aHaJIM3 MO3BOJISIBAT (hopMynupaHe Ha HEU3-
BECTHA JI0 cera 3aKOHOMEPHOCT B CEH30pUKaTa
Ha Xoi. MHAuBUAyaTHUAT NOTEHUHUAT BBPXY
XoyioBaTa TOBBPXHOCT Ha €JIIEMEHTHUTE, OT
KosATO cuiata Ha JIopeHil OTHeMa TOKOHOCHTE-
JIUTE € JIMHEEH OT MarHUTHOTO I10JIe, HE3aBU-
CUMO OT CTOMHOCTTa Ha 3aXpaHBalllUs TOK U
Ha uHaykuusra. [lorenunanst Ha Xoa Ha cpe-
IIYTI0JIOKHATA MOBBPXHOCT, KOSITO € C MOBHU-
II€Ha KOHIIEHTpAlUsl Ha €JIEKTPOHMUTE, 00aue
clie]l ompe/esieHa KpUTUYHA CTOWHOCT Ha WH-
nykuusTa By, 3aBucemia ot 3axpaHBallus TOK
Ip, ce oyakBa 51a e HapacTBaio HenuHeeH. Ho-
BaTa 3aKOHOMEPHOCT C€ JbJKHM Ha MarHUTHO-
yrpasisieMusi moBbpxHOcTeH TOK Is(B,lo) B
IIPOBOJSAIINTE MaTepUaU, KATO HACTHIIBAHETO
Ha HeNWHEHHOCTTa Mpu (PUKCUPAHU Tapame-
Tpu [p 1 B € KpuTepuil 3a Ka4eCTBOTO Ha I0-
BBbPXHOCTTA Ha ChOTBETHAaTa XO0JI0Ba CTPAHA.

OT o0coOeHO 3HaueHHE 3a CEH30puKara €
(bakThT, Y€ KPUTUYHUTE WHAYKIHUHA By 3a KOH-
KpeTHUTe 00pa3nu ca paznuyHu. ChbIIacHO
MpeAJIokKeHaTa OT HAC UHTEpPIpETaLUs, IPUYIn-
HaTa € KaueCTBOTO Ha MOBBPXHOCTTA — Je(eK-
TH, 0COOEHOCTH B JISTUPAHETO U U3PACTBAHETO
Ha MOJIyTIPOBOJJHUKOBUTE CTPYKTYpH, HapyIlIe-
HUS Ha KpHUCTAJIHATa PEIIeTKa, eBEHTYAJHU Je-
(dbopMaluy Ui MEXaHWYHU HANPEKEHUS U JIp.
KonkoTto enexkTpocraTMyHO € ,,n0-penedua’
ChOTBETHATa MOBBPXHOCT, TOJIKOBA MO-BUCOKA
€ CTOMHOCTTa Ha MHAYKLHUATA By, 3a 1a ce 0Chb-
IIECTBH HEHHOTO ,,M3TJIaX/JaHe - Ja ce ,,lI0BU-
1M HEHHOTO KadecTBO  Ype3 JOMbIHUTEIHU
ot cunara F_ enekrponu. HeouakBaHusT 3a
MpakTUKaTa U3BOJI €, Y€ MO-KauyeCTBEHATa I0-
BBPXHOCT (C mo-Manko aeeKTH) € Ta3u, 3a
KOATO KPUTUYHHUTE UHAYKIUU By ca ¢ Mo-HU-
cka crournoct, dur. 4. OT riegHa Toyka CeH-
3opukara Ha Xoi, obaye mo-g00pusT BapHaHT

3a MPUIIOKEHUsATA ca ,,penepHure” (C ,,0-HU-
cko kadectBo”’) XomoBu crpanu. [lpm Tax
CTOMHOCTHUTE HAa MHIYKLHUATA Bo ca 10-BUCOKHU,
Koemo Oe@unupa no-wupox ooxeam Ha Ju-
HelHoCcm 3a TIPAKTUYECKO MPUIIOKEHHE HA Cb-
OTBETHHUS MOTEHIMAJ, HAIpUMEP @y U Aude-
peHmanHoTo Hampexenue Vui2(B). Tosu pe-
3ylTaT € CIIEJCTBUE HA TraJIBaHOMAarHUTHHUTE
0c00EHOCTH B MOBEJCHHETO HAa WHAWBUIYa-
HUTE MOTeHIManu Ha XOJ, JOoKaTo AuQepeH-
uanHoTo Hampexenue Vg 2(B) ,,ycpennssa”
ype3 anreOpU4HO CyMHUpaHE UHAMBHUAYATHUTE
HenuHEeHHOCTH. [{0 cera 00sCHEHUETO 3a TeHe-
3Uca Ha HEJIMHEMHOCTTa Ha €JIEeMEHTHUTE Ha
XoJl, Taka U METOZOJIOTUATa 3a HEHHOTO MH-
HUMU3MpaHe € Ouio HeajekBaTHO. OCBeH ToBa
TO3U BAXKEH pe3yaTaT OOSCHSABA KOMYTAl[MOH-
HaTa WM peBEpCHBHATA TpEIIKa, BIIOIIABAIINA
METPOJIOTHSITa HA CEH30pUTE Ha XOJI - pa3iany-
HaTa CTEIEH Ha HEJIMHEWHOCT 3a JABETE MOCOKHU
Ha MarHUTHOTO MoJe + B.

HoBoto paz0bupane 3a npupojaTa Ha UHAU-
BUJyaJTHUTE IMOTEHIHAIW Ha XOJ JaBa Bb3-
MOKHOCT Jla c€ JeTailiu3upa yIpaBICHUETO
Ha IOBbPXHOCTHATA MPOBOJUMOCT YpPE3 BHHILI-
HO eNIEeKTPUYHO ToJie, Kakto e nmpu MOS TpaH-
3UCTOPUTE C HalpekeHueTo Ha redrta Vg, B
TO3W CJy4ail ompeaenslia € poysra Ha TOo-
BBPXHOCTHHUS NOTEHIMA Y5 B [TOJIYIPOBOJAHU-
xoBuTe (cunuimeBute) cTpykTypu. C Hampe-
KEHHETO Ha reita =+ Vg ce ochlIecTBsIBA U3-
I'bBaHe B MPUIMIOBBPXHOCTHATA 00JACT HA MPO-
BoguMara Ec u BasnentHara Ey eneprernunu
30HU, 1 HUBOTO Ha ®epmu Er B HeoOxoanmus
pexuM — oboraTsiBaHe, UHBEPCHS WU 00€IHsI-
BaHe. C momoInTa Ha HanpexeHuero + Vg ce
IIPOMEHSI MOBBPXHOCTHUS MOTEHUMAN Ys, pe-
CIEKTHUBHO IPOBOJIUMOCTTA U pPEXKHUMa Ha
¢yakumonupane Ha MOS TpaH3ucropa.

CrnenoBatenHo uHpoOpMaIHATa 32 HaYaIHa-
Ta CTOWHOCT Ha MOTEeHIMaNa Ys € OT ChIIEeCT-
BEHO 3HAUEHUE. YTPaBJICHUETO HA UHAUBUAY-
anmaus nmoteHnuan ¢ui(-B) ¢ enexTponu upes
cunata F_ T.e. ¢ MarHuTHOTO TONIE B, CBHOT-
BETCTBAIIO Ha PEKUM 00OraTsBaHe Ha UHTEP-
¢eiica chIbpka JaHHU 3a cTapToBaTa (Hayda-
HaTa) CTOMHOCT HAa TIOBBPXHOCTHHS MOTEHIIN-
an Y. ETo 3amo noTeHHMaauTe ¢gui U Q2
BKJIIOYBAT BayKHA MHGOpMAIUs 32 ChCTOSHHE-
TO M KAauecTBOTO HAa MOBBPXHOCTTA, KOETO €
HOBO HaIpaBJIeHUE B MPHUJIOKEHUATA HA edek-
Ta Ha Xoiy. M3BOABT €, ye MHAUBUAYATHUTE
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XO0JI0BH IIOTEHIUAIIN npeacTasJisiBaT U3CJICA0-
BAaTCJICKH U METPOJIOTMYEH MCTOA B CCH30PU-
Karta.

SAKVIIOYEHUE

B nacrosimata cratus € oOOCHOBaBaHa U
JI0Ka3aHa ChILECTBEHO HOBA CTpaHa Ha e(eKTa
Ha XoJ, MOJIE3HO yBeIMYaBallla 3HAaHUETO 32
ToBa siBiieHUE. T4 ce 3akiIo4aBa B IOBEJCHHE-
TO Ha MHAWMBUAYaJHUTE MOTEHUMANIU Ha XOJ.
HaGmtonaBaHo € HeNMHENWHO HapacTBaHE Ha
€IMHUS TMOTEHLUAN CleJ] OIpeieseHa CTOM-
HOCT Ha HMHAYKIHMATA HAa MArdtuTHOTO IIO0JIC.
CroiiHOCTTa Ha MAarHUTHOTO IOJI€ MPHU KOSITO
Bb3HUKBA HEIIMHEMHOCTTA CE ONpeAeis OT Ka-
YEeCTBOTO HA MOBBPXHOCTTA - KOJKOTO IOBEYE
ca neeKTuTe, TOJIKOBA CTOMHOCTTAa HAa WHAYK-
LUATA, IPH KOSTO TS CTApTUpa € MO-BUCOKA, U
o6patHo. [1oX0nBT € eKCIPEeceH U MO3BOJIIBA
IIPOBEpKa Ha KayecTBOTO HA CHJIMLUEBUTE
IUTACTUHM B IIPOLIECA HA IIPOU3BOJICTBO Ha CXe-
MUTE U eJIEMEHTUTE.

U3zcnedsanusma ca ocvuecmseeHu CbC Cob-
Oelicmeuemo Ha Hayuonannus yenmuvp 3a
KOMNemeHmHocm

QUASAR Ne BGO5M20P001-1.002-0006
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Abstract

Texnukume 3a KOHMPOJL HA ABMOMOOUTHUSL MPAPUK 8 CoEPeMeHHUmEe (VMHU) 2PA006e HENPEeKbCHAMO Ce PA38Usam,
Kamo yeama e ocucypsiedane Ha Haae.?iC()EH, 6‘bp3, CUcypeH u He Ha NnoCcieoHo MACMO mpancnopnm ¢ MUHUMAQIIHO
xoauvecmo omoenenu CO, emucuu. Bcuuxku axmuenu (Ogudicewu ce) enemenmu yuacmeawu 6 NbMHAMA
uH@pacmpykmypa mozam u mpsoea 0a ce ynpasisaeam/KOHmposupam/MeHax cupam 3a noCmueane Ha usbpoenume no-
cope yeiu. Te om ceos cmpana ca noeede ujiu no-mMajiko npomueopedusu. 3apa0u mo3u qbakm, noeedemo
agmopu/uzciedogaments ce POKYCUpam bpxy ONMUMUUPAHEMO HA eOUH UL MAKCUMYM 08a (pakmopa enuseuy npsaKko
Ha 08UdCEHUemO NO 2pa0CKume apmepuu.

Technics for automobile control in smart cities are involved in continuously development and change toward
reliable, fast, safe and last but not least transportation with minimum CO, emission. All units that take part in public
traffic infrastructure can and must be manage for this goal. This is the reason that most of the researchers optimize one

or maximum two factors in such situation.

Keywords: kouTpos Ha Tpaduka, yMEH rpajl, aBTOHOMEH TPAaHCIOPT, 3eneHa eneprus; traffic control, smart city,

autonomous transport, green energy.

BBBEJAEHUE/INTRODUCTION

Ha npakTtuka HsMa 1Ba €JHAaKBU Ipaja B
CBETa, KAKTO U CbCTAaBHUTE UM KBapTallid U OT-
nennute npearpaaus. OcBeH ToBa JIEH Clie]
JIEH T€ HENPEKBCHATO C€ IIPOMEHSAT U TakKa ce
[0JIy4aBa €IMH HENpPEeKbCHAT LUKBJI Ha ajar-
TUpaHe Ha HaCEJICHUETO KbM Ipajia U 00paTHO-
T0. TOYHO KaKkTO B €/1HA JIpeBHa MOTOBOpKA -
YOBEK HE MOJKE J1a C€ M3KbIIE [1BA ITbTH B €1HA
U Chla peKa, 3alloTO peKara He € chlulara u
yoBeka He e cpuaT! CrnenBaiiku Ta3u MakCcH-
Ma MPOEKTAaHTUTE HAa IBTHUTE apTEPUU U TeX-
HUTE Hal-KOH()IMKTHU TOYKHU - KPbCTOBHIATA
ce PBKOBOJAT OT TEKyIllaTa CUTyalusi BbB Bb-
IIPOCHUS IpajJ, KaKTO U TEHACHLIMUTE 3a I0-
CTOSIHHO HapacTBalllaTa IUIbTHOCT Ha Hacele-
HUETO U TNpoOJEeMUTE CBBP3aHU C HETOBHUS
TPaHCIOPT.

Hacrosmusat tpya e gokycupan Bbpxy Me-
TOJOJIOTUYHOTO pa3eNsiHe M KPUTHYEH KO-
MEHTap Ha TEXHUKHUTE 3a KOHTPOJ Ha Tpaduka
B I'PaJICKa CpeJia, IPEUI0KEHH B IMTEpaTypaTa
npe3 mocienHoTo aecerunerve. Creapamiara

CEeKIIHsI B TOKyMEHTA € TIOCBETeHA Ha TEXHHUKH-
T€ 3a yHpaBJieHHE Ha cBeTo(dapHHUTE Ypeaou.
Cexknust 3 e (okycupaHa BBPXY pa3iIHKUTE
MEX/y FOJIEMUTE U MaJIKU IPaJOBE B pa3BUBa-
ute ce ctpanu. Cekius 4 mpeacTaBs Mojie-
JUTE U CUMYJAIMHUTE Ype3 KOUTO C€ MOCTUra
MO-TIBJIHO YTHJIM3MPAaHE Ha IbTHATA MpEexKa.
Haxkpast nokymeHTa 3aBbpliBa ¢ M3jaraHe Ha
HE/IOCTATBIINTE HA TIPEIJIOKECHUTE METOIH WU
MOJIENIU OT IPYTUTE aBTOPU 10 TO3U MOMEHT.

KOHTPOJI HA TPAOUYHU
YPEABU/TRAFFIC LIGHT CONTROL

Hemunyemo, koHTposia Ha cBeTogapHUTE
ypendu e cpell mbpBUTE (PAKTOPU BIIMSACIIN HA
MpOIyCcKaTeIHaTa CIOCOOHOCT Ha Beue M3rpa-
JieHaTa IbTHA MpeXka, Makap MHOTO IMO-PSAKO
Jla CHIIECTBYBAa M OOpaTHAaTa CUTYaIHs - Tpa-
JI0BE TOCTPOEHU OKOJIO TJIaBHM IBTHHU apTe-
puu (Jlac Berac wnu rosieMute aBTOCIIMPKH Ha
rnaBuute mbtuia B CAILl, kouto HabposBar
no 50 000 mymm). IMociaemHuST crioMeHat
(axT € Mo-CKOpO M3KIIIOYSHHE OT MHHAJIOTO,
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OTKOJIKOTO TIPABHUJIO B HAIIU JTHU.

Enun "6e300umen" npumep 3a ymMHa CHCTe-
Ma 3a KOHTPOJI Ha Tpaduka € IMpeJcTaBeHa B
[1]. ABTOpHTE M3MOA3BAT EBTHHU, HAJICKTHH U
HIUPOKO PaA3MpPOCTPAHEHH KOMIIOHEHTH Karo:
ATmega2560, LM358m, undpauepBeHu ceH-
30pH, UHTErpajHu cxemu ot 74-ta cepus, LED
WHAMKAIUS U HE Ha TOCJIEIHO MSCTO Te 3a-
XpaHBaT CBOSITA CHCTEMa, Ype3 CIAbHUEB MaHEeN
¢ momHuocTt 10W/12V. Karo HegocTarek B TO-
Ba KOHKPETHO MpEJIOKEHUE, MOXKE Ja Ce U3-
THKHE, Y€ TO € IMPEIBUICHO caMo 3a "0OMKHO-
BEHHHU'" KPBCTOBMILA IPU KOUTO CE MPECHYaT
1Ba riaaBHU BT (dur.l) - TUIICBa aJITepHATH-
Ba 3a T-00pa3Hu KPBHCTOBUINA WM MO-CIOXKHU
TaKuBa Karo "MeTTe Komera" | Ipyru mo100-
Hu. OCBEH TOBA, €IMHCTBEHATA BEJIMUYUHA KOS~
TO Ce KOHTPOIHUpA € MPOIBIDKUTEIHOCTTa Ha
3enenara ceeriuHa (5, 10 u 15 cek.). [locnen-
HOTO JIOMyCKaHe He € KPUTHUYHO IpHu X 00pas-
HU KPBCTOBUINA, TPU KOWTO UYEpBEHATa CBE-
TAMHA B €AHO OT HAMpaBJICHHSTA € MPSIKO
CBBbp3aHa C MPOABIKUTEIHOCTTA HA IPYTUTE
IBe (3elleHa M JKBJITa) WIM WHA4Ye Ka3aHo C
BPEMETPACHETO HA IIUKBJIA.
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@Due. 1 knacuuecxo "X" obpasno kpvecmosuwe [2]

B [2] e mpencraBeHa HUCKOOIOKETHA HJes
3a HE3aBUCHM W aJallTUBEH KOHTPOJI Ha Tpa-
¢uka. CernacHo (pyHKIMOHANHATa OJIOK JHa-
rpaMa rjaBHaTa yrpasisBalla Iporpama Cb-
Oupa naHHM OT mnepudepHUTE HOAIPOTPaAMHU
(IR cenzopu, LED wnmukamnus u TaiMepu) u
n3paboTBa yrpaBiIsABalll Bb3ACHCTBUS 32 KOH-
TPOJ Ha OpPOSTYNTE W CBETIIMHHATA WHIUKAIIHSL.
3a MukpokoHTponep e u3zbpan PIC18F4520,
HO TOBa peIlieHHE € caMmo 3a JI0Ka3BaHe pado-
TocrocoOHOCTTa Ha cucremara. Jlobpe wu3Be-
cTteH ¢akT, € ye copTyepHUTEe '"TIpoBIauBa-

Hus" (glitch - rmug) moraT na moBenar 1m0 He-
M3MPaBHOCTH B paboTaTa Ha LsjaTa CHCTEMA,
KOETO € abCONI0THO HenomycTtuMo. Pemienune
Ha TO3U IPOOJIeM MOXKeE Jla Ce ThPCU B M3IOJI-
3BaHeTo Ha FPGA, a kaTo 10-MacoB BapHaHT U
ASIC, 3amoTo Te3u JBE TEXHOJOTHH ca H3III-
70 XapayepHO Oa3upaHu, CIEJOBATEIHO MpPU
TAX HsAMa coQTyepHU UTEepaIH, KOETO ' Ipa-
B MO-OBp3U M JHUIIEHH OT Taud-oBe. Kato
OCTaBUM Ha3aJl KOHIIETITYaJIHUTE HEel0pa3yMe-
HUS, IPEUIOKEHUST aIrOpuThM B [2] moKa3Ba
3aBUIHO yBENWYEHHE Ha Tpaduka MpeMHHA-
Balll 10 BCEKU €JIMH "pbKaB" Ha MU3CIEIBAHOTO
KPBCTOBHUIIIE OT €/lHa CTpaHa, a OT Jpyra Bpe-
MEHATa 3a M34aKBaHe (IPECTOM) ChIIO CHUIIHO
HamansBar (1o 5 metH). Te3um momoOpeHus
o0aye 3aBUCSIT OT HaTOBAPEHOCTTA, KOSITO IbK
€ B IpsiKa pejalnus ¢ 4aca OT JeHOHoIuMeTo. B
UHTEpEC Ha HCTUHATa, MOJOOpEHHE JIUIICBA
Opy TUKOBM HATOBapBaHUA U aJalTHUBHHS
KOHTPOJI C€ CIpaBs €IHAKBO I00pe CIpsIMO
cucremara ¢ (pUKcHpaHu BpeMeHa. Tyk e J0-
Ope na ce oTOenexu, 4e 3aKOHOBUTE Hapenou
OrpaHMYaBaT OTYACTH MbJIHATa I'bBKABOCT Ha
no100HU cuctemu - Hanpumep B P. bearapus
IPOABIKUTETHOCTTA HAa YEpBEHATa CBETIMHA
Ha cBeTo(apHUTE ypeadu € ¢ MakcHMalHa
IpOIBIKUTENHOCT 120 cexyHu.

Cxonna unes, HO Oa3upaHa Ha €IHOYMIIOB
MUKpPOKOMIIIOTBp € npencraBeHa B [3]. 3a
ocHoBa ¢ nomnsBaH AT89S51, 3apanu Huckara
KOHCyMallis M BHUCOKaTa MPOU3BOAUTEIHOCT
Ha Bioxenute CMOS kommonentu. B Tpyna
ca OMNMCaHU JIETalJIHO BCHUKH HU3I0JI3BAHU MO-
JyJU: 3axpaHBaill OJI0K, CXeMa 3a pecTapTupa-
He, KpucTayieH (KBapuoB) pe3oHaTop, IR ceH-
30p 3a JeTeKTHpaHe U T.H. Briewarnenue mpa-
BH, ye OJIOK Juarpamara Ha IJlaBHaTa mporpa-
Ma € JIMHEWHa - 0e3 pa3KJIOHECHMS U 3aI[UKJIs-
HUs (0OpaTHU Bpb3kH (loop-0Be)) OT HAUaNoOTO
70 Kpas. ABTOpHUTE TBBPIAT, Y€ TAXHOTO pe-
IIEHUE € MPOCTO, €BTUHO, CTAOMIIHO, JIECHO 32
M3MO0JI3BaHe, NOJAPBKKA U OBJAEHIO pa3lIupe-
HUE, HO 3a ChXKaJIEHHE eKCIePUMEHTAHU pe-
3yJITaTH JIUIICBAT.

IOJIEMHA U CPEJHU
I'PAJJOBE/LARGE AND MIDDLE-SIZED
CITIES

KakBo e royisim, MaJTbK M CpEJIEH MO0 pa3mMe-
pu rpaa? TpynHo e aa ce nane ToyHa aepuHU-
[IMs1, MaKkap MOBEYETO OT HAC J1a 3HAAT MO UME
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IIPEHACETICHUTE METANOJUCH HA BCUYKU KOH-
TUHEHTHU. JInHeHUTE pa3MepH, HACEJICHUETO U
Opos Ha YYaCTHUIIMTE B JIBUKCHHETO HE Ca JI0-
CTaThUHU 3a Nojo0Ha kiacudukauums. Taka
HanpuMep, mairbk rpan B KHIP wim Unaus
MOJKE J1a Ce OKake C MHOTOKPAaTHO MO-UHTEH-
3MBEH TpaUK OT rojsiMa 4acT OT €BPOIEHCKH-
T€ CTOJMIM MM KaKTO € Ka3aJl €UH OT Haii-
rojieMUTe y4eHH Ha XX BEK - BCUYKO € OTHO-
CUTEJIHO M 3aBUCH OT IJIeJJHATA TOYKAa Ha Ha-
omogarens. YpOanuzauusra € GakT IpUChCT-
Balll B HAalIIETO ChbBPEMHUE TOBEYE OT BEK U CTa-
THUCTUKATA COYH, Y€ TS LI MPOIBJIKU Makap U
C HEpaBHOMEPHHU TeMIloBe. B To3u pen Ha Mu-
ciy, "ymeH" KOHTpOJI Ha Tpaduka B CpeTHU 110
rojieMuHa rpajioBe € npejacraseH B [4]. ABTo-
pute "3ajarat" Ha aganTUBEH MOAYJ HapeueH
TDC (Traffic Dependent Control), koiito pa-
00TH Ha TpW HHBA: CTApIIO, OOJACTHO H JIO-
kanHo. Ha ¢ur. 2 e wroctpupana tazu paspa-
00TKa.

Superior level

Local level

AR ilter
Occ + Que %

Dynamic control in intersection points

Duz. 2 mpucioen Mooen 3a npedcKazéame,
ynpasnenue u cvoupatre Ha ungopmayus [4]

BunHo e, 4e upe3 JIOKaTHOTO HUBO C€ yIpa-
BIISIBAT JMHAMUYHO cBeTOodapHuTE ypeaou. Ha
T.Hap. 00JIACTHO HUBO CE€ OCHIIECTBSIBA IMPE-
CKa3BaHe, QWITPUPAHE HA MOCTHITBAIIATA WH-
dbopmarius, Moenrpane u TpaguueH KOHTPOIL,
KOWTO CBHINEBPEMEHHO € YacT U OT CTapIioTo
HUBO. Bcuuku orpanudeHus B cucreMara, He-
3aBHCHMO OT TEXHHS XapaKTep Ce 3aJaBaT Ha
TOBa CTapIIO HUBO. ['paabT B KOWTO € MpoBe-
neno wusciensaHero e Uherské Hradisté B
Yemka PemyOnmka cbec CpeHO HATOBapBaHE
Ha IJIaBHaTa II'bTHaA aptepus ot okoio 20 000
aBTomoOmna Ha (paboteH) aeH. CpeqHOTO U3-
yakBaHe ¢ Hamasuio ¢ mexay 10% u 40% B
3aBHCHMOCT OT HATOBAPEHOCTTA M YACOBHSI UH-
TepBai. Ta3u cucrema mpeniara u QyHKIHO-

HATHOCT 33 HaBHUTAIUs IO CBOOOTHU apKOMe-
CTa, IpeMapHIpyTU3UpaHe IPU HAJINYKEe Ha HO-
BH JIJaHHM 3a ITbTHATa OOCTAaHOBKA M aKTyaJlHa
nH(popMalus 3a BOJa4UTe.

Jpyra rineaHa Touka 3a Bb3MOXKHOCTHTE U
MpeIn3BUKATEIICTBATA MIPE]l KOHTPOJIA B peall-
HO BpPEME B Pa3BUBAIIMTE CE I'PAJOBE € U3JIO-
)keHa B [5] m [6]. CneunajiHO BHMMaHUE €
00BbpHATO Ha KPBCTOBHUIATA Ha KOUTO Ce
o0Opa3yBa HM3KYCTBEHO 3amylIBaHe/3apbCTBA-
He (¢ur. 3).

s— \\\/

Duz. 3 munose KpbCMOBUWA, KOUMO Ca
npeonocmasKka 3a ecHo oopasyeane Ha
saopvemeane mun "mana” (artificial-bottleneck)

[6]

@ur. 3 wrocTpupa BUOBETE KPBCTOBUIIA,
Ha KOUTO HSAKOH OT "pbkaBuTe" ca MOAATINBU
Ha JIECHO HAacHILaHEe Ha aBTOMOOMIM — 3a-
npbcTBaHe. TpsiOBa na ce orOenexu, ye B P.
Bbwarapusi, ocobeHo B cTonunara chIiecTByBaT
TaKMBa KPBCTOBUINA. ENMWH OT HaTpamyuBUTE
MPUMEPHU € KPBroBOTO Ha 4-TH KHMJIOMETBP, Kb-
JIETO Ce HaJjlara IocTaBsiHE Ha peryJaupaliy 1mno-
JHIlaM B MUKOBUTE 4YacoBe. B [6] ca mpencra-
BEHU OIIle B3aUMHO-CBBP3aHUTE MPOOIEMHU Ha
pa3BUBaIIUTE ce Oe3 IJIaH TpajloBe: MUTPALHS,
BHCOK KOG(DUIIMEHT Ha PaXIaeMOCT, ITOCTOSH-
HO yBeNIu4YaBall ce Opoil Ha aBTOMOOWIIHTE,
MOBEJICHHETO Ha YYaCTHUIINTE B JBHKCHHUETO,
JMIICA Ha ajieKBaTHa MH(pacTpyKTypa U HE Ha
MOCTIETHO MSICTO HEBHCOKO Ka4eCTBO W TIPO-
IBIDKUTEIHOCT Ha MO(bOPCKUTE KYpPCOBE.
CnenBa cpaBHEHHE Ha METOJAMTE 3a yIpaBiie-
HUE Ha CUTHAIM3ALUATA B PA3BUTUTE U Pa3BU-
BalllUTe C€ CTPaHW, KaTO BTOPHUTE H30CTaBaT
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Hal-MHOTO B JIB€ HANpPaBICHUS - aJalTUBEH
KOHTPOJI Ha Tpaduika U KOOpAMHAIUS B peall-
HO Bpeme. 3a cpaBHeHue B Jlonmon 41% ot
KpBCTOBHIIATA ca C aanTUBEH KOHTpoJI, Kein
Tayn 17%, Ilekun u Topouto 15%. ITopamn
Te3W NMPUYUHK B [5] € IpeaioKeH ONTHMH3a-
[IMOHEH AJITOPUTHM OT 4 CTBIIKH, KaTO Ha BCSA-
Ka eJlHa ce ChOMpa pas3audeH BU HHGOPMAIIHS
- 0T paboTOCIIOCOOHOCTTa M HATOBAPEHOCTTA
Ha CEH30pHUTE J0 MapaMeTPUTE Ha ONTHUMH3a-
[IMOHHMSI MOJICNT U XapPaKTEPUCTUKUTE HA KPb-
croBunieTo. ChIiIacHO aBTOpa ¢ 100pO IJIaHU-
paHe, puHAHCOBA TIOMOIII OT pa3IUYHU (HOHIIO-
BE W OpraHU3aIH, TroJiiMa 4acT OT pa3BUBa-
IIUTE CE TPAIOBE MOTAT Jia MPEYCTPOST CUTHA-
JU3anMsaTa CM B TakaBa, paboTelia B peaiHO
BpeMe.

Ormie eMH BaXKEH acIeKT OT MPociIe/IsaBaHe-
TO U ONTHUMH3UPAHETO Ha Tpaduka € BB3ICH-
CTBHETO BBPXY OKOJHATa cpeia. bescrmopHo
aKyCTHMYHOTO (IIIyMOBO) U BB3IyLIHO 3aMbpCs-
BaHE ca BIUICTCHH B TPAHCIIOPTHOTO feino. I1y-
Oynmkaius [7] u3ciaeaBa TOYHO TOBA BB3JICH-
CTBUE, KaTo (hOKyca € BbPXY UHTEIUT€HTHOTO
yrpaBlieHUE Ha TpaduKa U BIUSHAETO MY Bb-
Xy HUBaTa Ha (UHHU MPAXOBU YACTHIIM U Tap-
HUKOBU U BpeaHH Ta3oBe kato: SO,, NO,, CO,
O3 u PMyq. KakTo oTOens3Bar u caMuTe aBTO-
pH, TOAOOPEHUETO B KOHKPETHUTE IMapaMeTpu
€ JIBYSKO - BEHBK I'0 UMa APYT BT OTCHCTBA.
HeoOxomuMo € mo-3aab1004YE€HO H3CIEIBAHE
3a Kopenanusita Mexay KOHTpoJsia Ha Tpaduka
1 mocoueHuTe napamerpu. LIIyMmbT oT mpeBo3-
HUTE CpPEICTBa OCTaBa MOCTOSHEH B MPOJBJI-
KCHHE Ha TeJIUS JICH He3aBUCHMO JIAIH CBETO-
bapaute ypendu ce KOHTPOIUPAT HUHTENU-
TCHTHO WJIM He. 32 YCTAaHOBSIBAaHE HA TAaKbB POJT
3aBUCUMOCTH € HEOOXOJMM 3HAYUTEIHO II0-
rojsiM 00eM OT CbOpaHH pealHy JaHHHU.

TPAOUYHU MOJEJIN
CUMYJAIMNU/TRAFFIC MODELS AND
SIMULATIONS

B Hacrosmara cekuus € HalpaBeH KpaTbK
0030p Ha CUMYJIALIMOHHUTE U TpaQUUHU MOJIE-
I W3IMOJI3BAaHU OT JAPYTUTE aBTOPU C LEI
ONTHMHU3HpaHE Ha BaXKHU 3a TpapuKa U TpaH-
criopta Karto 1o napaMmerpu. Kakto Beue
CTaHa SCHO, aJJalTUBHUAT KOHTPOJ Ha Tpadu-
Ka B pEaJlHO BpeMe € HEILO KaTo MaHales 3a
TEKYIIOTO ChCTOSIHUE Ha Hemlata. XUOpuaeH
MOJIX0/ 3a Moj00HA CHUCTeMa € IMPE/ICTaBeH B

[8], kaTo akieHTa € BbpXYy chOpaHarTa OT Kame-
puTe BU3yalHa UHQOpMAIHs, KOSTO B MOCE-
CTBHE THpPIU MHPOpPMaLMOHHA 00pabOTKa Ha
HsKoJiko eramna ("m3reryisiHe" Ha (oHA, KOH-
BepcHs B CHMBa cKajla, MOJyJHa TpaHchopma-
musi u Ounapuzanus Ha Otcy). Camara cuc-
TEMHA apXUTEKTypa MpeAcTaBisgBa OJOK Jua-
rpaMa ¢ MHOKECTBO Pa3KJIOHEHUS B KOSITO Cb-
OpaHara OT KaMepuTe M300paKCHUs YIPaBIIs-
BaT cBerodapHuTe ypeaobu. Eaun ot enemeH-
TUTE, KOUTO TapaHTHpa OTKa30yCTOWYHBOCTTA
Ha cucTeMaTa € MeToJla Ha chOMpaHe Ha WH-
¢dopmanus - €JHOBPEMEHHO OT JIOKAaJHO U
HEHTPaIU3UPAHO HUBO, KaTO Taka IpPU €BEH-
TyaJIeH OTKa3 Ha €JHO OT JBETE HHUBA JAPYrOTO
O0u mpoabmkuiIo na QyHkuuonupa. [lo-Hara-
THK NMPUOPHUTU3ALUATA MOXKE Ja C€ Haarpaau
32 aBTOMOOMJIM ChC CHEIHANICH PEKUM Ha JIBU-
KEHHE TUTIOC TPOCIEIIBaHE Ha OTKpagHATH
npeBo3HH cpecTBa. OCBEH TOBa ce OOMMUCIS U
npefaBaHe Ha CHHTE3WpaHara WHQPOpManus
KbM HHJIMBUIyaTHUTE YYaCTHHUIM B JBIIKE-
HHUETO, KOETO JOIBJIHUTEIHO OM CIIOMOTHAJIO
3a peAylupaHe Ha MPECTOos U HaIpeKEHHETO
BBPXY BOAauuTe. AHajM3a HA JAHHUTE MOXKE
na ObJe U3MON3BaH M 3a MPEICKa3BaHe Ha 3a-
IPBCTBaHE B PAa3NIUYHU palloHU Ha rpaga. [py-
ra pa3zpa0oTka 3a ONTHUMH3AIMS Ha KOOPAUHU-
paHusi KOHTPOJ MOXe Ja ce Hamepu B [9].
ABTOpHUTE TPECTABAT KOHLEMIUATA 32 MUHU-
MaQJIHO 3aKbCHEHHE Ha KPBCTOBHUIIA WU IIO-
TOYHO 332 MUHUMAJHO CPEIHO 3aKbCHEHHE Ha
BCEKH OTJAETCH aBTOMOOWI. B wm3momsBanus
MaTeMaTHUeH anapar ce pas3riexaar "KOHBEH-
nnoHanHu" X 00pa3HU KPbCTOBUINA, HO CE OT-
YyuTa TMOCOKaTra KOSTO BOJauuTe M30upar naa
nociuensart, (JIIBO, JSICHO WJIM HAIPAaBO) KaKTO
€ MoKa3aHo Ha ¢ur. 4.

Wneonorusita Ha TO3W MOJET € U3YHCICHHUE
Ha OTMECTBAHETO Ha 3eJieHaTa CBETJIMHA B IIO-
penuia oT IHKIJIM, KaTo MPUIIOKPUBAHETO (J1BE
HOpeHU 3elieHH BBJIHU) € 3abpaHeHo. Tosa
M3UYHUCIICHHUE CE TPaBU 3a BCSIKA OT/EIHA MOCO-
Ka Ha JBIKEHHE, KaTo pPe3yJNTaTHTE MOKa3BaT
penyuupane Ha 3aKbCHEHUETO 110 45%.

Jpyr Mozen 3a ONTUMM3MpaHE U KOHTPOI
Ha TpauyHa CHUTHAJIM3AIMs 4Ype3 pa3MHTa
HEBpPOHHA Mpexa € nokasad B [10]. 3a paznuka
oT [9], Tyk M3XOJHA MPOMEHJIMBA € JOMbIHU-
TEJIHOTO (YIBJIKEHO) BpeMe B KOETO 3eJieHaTa
CBETJIMHA MPOJbIDKaBa Aa cBeTH. CaMusAT MO-
JIeNl Ha CHCTEeMara BKJIIOYBA Pa3MHUT KOHTPOII,
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KOWTO "mpuxpama" BXOJHUTE MPOMEHJIUBU U
n3paboTBa yMPaBIISBAIIO Bb3ACHCTBHE.

Due. 4 mooen na X 0obpasHo kpvcmosuwe ¢

omuumane Ha NPOMAHA HA NOCOKAmMa Ha
osudicenue na npesosnume cpeocmsa [9]

EnHoBpeMEHHO ¢ TOBa, HEBPOHHATA MpEXkKa
0oOMeHsI BXOJIHO-U3XO0/IHAa MH(pOpMalUs M0 OT-
JIeJIeH KaHal ¢ pa3murara cucreMa. Cumyna-
LIMOHHMUTE PE3yJITaTH MOKa3BaT M0J00peHue ¢
Mexnay 5% u 10% Ha cpeaHOTO 3aKbCHEHHE,
JBJDKUHA HA OTAIlKaTa u oOuus TpaduyeH Ka-
naguTeT. Ole No-KOMIUIEKCEH MOAXO0/ 3a UTe-
paTUBHO OOy4YeHHE Ha KOHTposia Ha (a3uTte
IIpY TNIpEHacCUTEHa TIpajcka cpeia € IEMOH-
ctpupad B [11]. Kakro orGens3Bat nzcnenona-
TeJIUTE, MaKCUMaJIHa €(PEeKTUBHOCT Ha METOAA
Ce TOCTUra MpU NMPEHOBTAPSAIIM CE IIa0JIOHU
Ha TpaduyHUTE TMOTOLM. JlOMBIHUTENHO €
MIpeJICTaBeH Ollle MoJ00peH Bapupall BbB Bpe-
meto "store-and-forward" moaxox 3a monenu-
paHe omnwucBaml Tpaduka B Tpajacka Mpexka
MHOT0 [O-PEAIUCTUYHO, CIIE KOETO TOH € U3-
MIOJI3BaH 3a aHaJlu3 MpOCIesBall KOHBEPreH-
UATa Ha Tpeukata. TeopeTHYHHAT pa3dop
[I0OKa3Ba JIBE CXEMM, KOUTO FapaHTUpaT Ipelll-
Ka Onu3Ka 710 HynaTta B CMUCHI Ha EBkiuaoBo
pa3cTosIHUE.

3AKJIIOYEHHUE/CONCLUSION

Kakro ce Bmkma, HIMa pasnpereneHa, 1eH-
TpaJIU3MpaHa WM CMECEHO XHOPHIHA CHCTEMa,
KOSITO J]a TapaHTHpa MUHHMATHO BpEeMe 3a Tpe-
CTOW Ha BCHYKH TIPEBO3HH CPEICTBA B JaJICHO
HaIlpaBJICHUC WM KOHKPCETCH IITBbTCH BH3CIL. Ilo-
BEUETO ABTOPH ONTHUMHU3UPAT CIMH, MAaKCHMyM
JIBa TIapaMeThpa, KaTo TUITMYHO TOBA Ca BpeMe-
TO 3a MPECTOW W/WJIM CpelHaTa CKOpPOCT, a 3Ha-
YUTETHO MO-MaJIKO BHUMaHKE ce 00pblla Ha 3a-
MBPCSBAHETO M KOpEJalusITa C MOoTOKa Ha Tpe-
BO3HU cpeacTBa. OCBEH TOBa J0 TO3M MOMEHT
HSIMa CEPUO3HO M3CJICIBAHE, KOCTO Jla MOKaXKe
BpB3KaTa MEXIy PEaTHOTO MOJ0OpeHHe W W3-
NOJI3BaHaTa M3YUCIHMTETHa Moml. To3u Qakt
€BCHTYAIHO C€ IB/DKM Ha HENPEKbCHATOTO U
YBEJIMYCHHUE, KAKTO W HEMPECTAHHOTO CIIajIaHe
Ha IIeHaTa Ha Xapayepa. BeIpeku ToBa cloxHuU-
TE ¥ KOMIUIEKCHU AJITOPUTMH HEBHHATH TOKa3-
BaT MO-100pU pe3ysTaTH OT €JIEraHTEeH U MPOCT
TakbB. OCBEH TOBa HiIMa Kak Ja C€ CPaBHST
BCUYKU AJITOPUTMHU IIPpHU paBHU YCJIIOBHUA, KOCTO
BUHATH IIIe BOAU cjel] ce0e cu 1e0aTh OTHOCHO
TSAXHOTO mpezcTaBsine. He TpsOBa na ce 3a0pass,
Y Y€ PasrphlIaHeTo U MOIPHKKATa Ha T0I00HA
UH(DPACTPYKTypa € CBBP3aHO ChC 3HAYMTEITHU
(MHAHCOBHU peCcypCH. TOSIHUE.
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Abstract

The first part of this paper describes the 3P Keys interpolation kernel and the algorithm for estimation of optimal
kernel parameters. The second part of this paper describes an experiment which was used to testing precision of the
audio signal interpolation by 3P Keys kernel. Interpolation was performed over the audio signals from the Test base.
The Test base consists of Sine and Audio test signals. The precision of interpolation was performed by using the MSE.
The results are displayed in tables and graphs. A detailed comparative analysis showed the superiority of the suggested
3P Keys interpolation kernel over the 1P Keys and 2P Keys interpolation kernels described in related literature.

Keywords: interpolation, interpolation kernel, optimal parameter, audio processing, convolution.

1. INTRODUCTION

Many information systems require audio
signals processing. Therefore, there has been
made a large number of algorithms which
process signals in time and frequency domain.
[1]. With discrete electrical signals, there is
often a need for real-time interpolation (loss of
sample, change of measurement frequency,
etc.). Problems with estimation of parameters
are quite actual such as frequency and phase,
where interpolation is required. Convolutional
interpolation is suitable for real-time
operation, because it works with a lower-order
kernel. For the needs of convolutional
interpolation, a large number of kernel have
been developed [2]. In paper [3] Keys has
suggested parametric convolutional kernel. By
introducing the parametric kernels, there is a
possibility to affect precision and efficiency
interpolation algorithms. The results of the
Keys kernel apply at estimation of
fundamental frequencies of the speech signal
are shown in paper [4]. By choosing the
optimal parameter of kernel, it is possible to
increase precision of Keys interpolation
kernel. There are many algorithms for
optimization of kernel parameters.
Optimization is performed in: a) time and b)
spectral domains. In [4] appliance of
parametric kernels is suggested at image

processing and the algorithm for assessment of
optimal parameter of kernel is suggested oopt.
Optimal value at image processing is a = -0.5.

In paper [5] is shown two — parametric («,
f) interpolation kernel which has been
constructed by expanding 1P Keys kernel [3].
This kernel was named 2P Keys kernel. In
paper [6] was decided parameter’s optimal
value for estimation of fundamental fregency
of the speech signal (aopt = 0.1, Sopt = 0.2975).
In paper [7], an algorithm for optimizing the
parameters of the 2P Keys kernel in the
spectral domain was presented. In paper [8],
the construction of a 3P kernel (a, S, y) is
based on the 1P Keys kernel [3] and was
presented. This kernel is called 3P Keys. The
optimal values of the 3P Keys kernel
parameters were determined for estimating the
fundamental frequency of the speech signal
(aopt = -1.7, ,Bopt = -4.7, Yopt = -38)

In this paper, by various experiments, the
optimal parameters (copt, Sopt, Yopt), for the
Audio and Sine signals interpolation, are
determined. The interpolation was done by
applying 1P, 2P and 3P Keys kernel. After
that, the MSE interpolation error of Audio and
Sine test signal was calculated [4]. Audio test
signals were obtained by recording G tones
(G1 - G7) by Stainway B concert piano. The
recording was realized at lowa University
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Acustics Laboratory
(http://theremin.music.uiowa.edu/MIS.html)
with fs = 44.1 kHz i 16 bps. Sine test signals
were created with fundamental frequencies fy
which respond to the basic tone frequencies
G1 - G7. The Sine test signal is superimposed
on a series of n sinusoidal signals amplitude a,
and frequency n- fo, where is n = 2, ... , 10.
Amplitudes were determined by random law in
range 0 - 1V. The results of the MSE were
displayed by graphics and tables. Comparative
analysis data results were done by MSE for
1P, 2P and 3P Keys kernel. Therefore, the
efficiency of 3P Keys kernel were estimated.

This paper is organized in the following
way: Section 2 describes analytic form of 1P,
2P and 3P Keys kernels. Section 3 shows the
Algorithm for the estimation of the optimal
parameter values of 3P Keys Kkernel.
Experimental results and analysis are provided
in Section 4. The concluding remarks are made
in Section 5.

2. KEYS’ KERNELS

2.1 1P Keys Kernel

Paper [3] defines the 1P cubic interpolation
kernel (1P Keys) as follows:

(a+2)|x|3 —(a+3)|x|2 +1, O £|x| <1

r(0) =1 a|x’ ~5a|x’ +8alx -4, 1<x<2 , (1)

0, |x|>2

where o is the kernel parameter. The length of
1P Keys kernel is L = 4.

2.2 2P Keys kernel

Paper [5] suggests a modification of 1P
Keys kernel by introducing a second parameter
and in this way, the 2P Keys kernel, of length
L = 6, was formed. The analytical form of the
2P Keys kernel is:

3
(a=pr2)"- 0<|x<1
(a-p+3)x°+1,
r(x)= “lxls ~(5a fﬂ)|x|2 +
(8a—3B)|X —(4a -25),

ﬁlxl3 _8,B|x|2 + 21ﬂ|X| -1843, 2< |X| <3
0, >3

1 <|x|521 (2

where o and £ are kernel parameters. For 5 =0
the 1P Keys kernel is obtained (Eqg. (1)).

2.3 3P Keys kernel

Paper [8] defines the 3P interpolation
kernel as follows:

(a=p+r+2)|x>+
(a+p-y-3)° +1, 0<[x<1
alx®+(-5a-p-7)x*+

(00 = (8 —38+3y)|X|+(-4a +25-2), 1<|X|§2, (3)
BIXP +(-88+7) X+

(218 -57)|x|+(-185 +67), 2<|x<3
7 IXP 11 |x? + 407|x - 48, 3<|x|<4
0, |x| >4

were «, f and y are kernel parameters. When y
= 0 the 2P Keys kernel is obtained [5]. When y
= 0 and g = 0 the 1P Keys kernel is obtained
[3]. This is why the kernel suggested in the
paper [8] was named 3P Keys kernel. The
length of 3P Keys kernel is L = 8. Figure 1
shows 3P Keys kernel for different parameter
values «, f and y.

1.2

f a=05
TR S |mm-pe0s
{3 =05
0.8 A 0=-0.61
R N B=0.15
I g
__ 06 ;o y=-0.02
£ [
0.4} P
i i
0.2 i‘ : ',
N R
0—-—.4,_.\-\\ ’\.\\\.,‘ B B \:," \-'l.._ﬂ_‘_._
0.2 :
‘5 0 5

X
Fig. 1. 3P Keys kernel.

3P Keys kernel can be decomposed to a
sum of components:

r(x) =1 (X)+an (x)+ 8, (x)+r5(x), (4

_ 2|x|3—3|x|2+1, 0<|x<1 5

o (%) { 0, X|>1" ©)
|x|3—|x|2, 0<|x<1

n(x)= |x|3—5|x|2+8|x|—4, 1<|x<2, (6)
0, |x|>2
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X +|x?, 0<|x<1
£ (X) = |x|2—3|x|+2, 1<|x<2 )
2 8 2 '
x| —8|x|" +21|x|-18, 2<|x|<3
0, x| >3
and
|x|3—|x|2, 0<|x<1
~[x +3[x-2, 1<|[x<2
(X)=1|x" ~5[x| +6, 2<|x<3 - (8)
X ~11|x" +40|x|-48, 3<|x/<4
0, x| >4
1
— 1)
0.8 EEREE F R — ]

-04

X
Fig. 2. 3P Keys kernel components.

3. ALGORITHM FOR THE
ESTIMATION OF THE OPTIMAL
KERNEL PARMETERS

Algorithm for the estimation of the optimal
parameter values (aopt,  fopt  Yopt)  fOr
interpolation kernel r is realized in the
following steps:

Input: X - test signal, N — signal length, L —
kernel length, ro, r;, r, and r; — kernel
components, min, A0, Gmax, Fmins ALy Pmaxs
Ymin, AV, PYmax
Output: copt, Sopt, Yopt-
FOR ¥ = pmin: Ay “Pmax
FOR B = Bin: AB : Bmax
FOR oa=aomin :Aa : timax
Step 1: Construction of the kernel:
r=r+ar+pr,+yr,. 9)
Step 2: The length of interpolation block is:
M=2- L-1.
FOR I =1: N-M+1
Step 3: Selecting the I-th block:
X =X(1:1+M-1).

Step 4: Estimation of %, by applying PCC:
=X [1:2:M]®r,

where the symbol ® stands for convolution.

Step 5. Estimation error:

e(1)=X, (L)-%.
END I

Step 6: Mean square error of estimation of 1P
kernel:

MSE B S NONGEr
“(a)_N—M+1 kzll () - (10)
END o

Step 7: Mean square error of estimation of 2P
kernel:
MSE,, (f)=MSE,.
END g

Step 8: Mean square error of estimation of 3P
kernel:

(11)

MSE,,, (7)=MSE,,, (12)
END y
Step 9. Optimal values of 3P kernel
parameters:
(gt B 7o) =argmin (MSE, , ). (13)

4. EXPERIMENTAL RESULTS AND
ANALYSIS

4.1 The Experiment

A Test signal base was formed consisting of
Sine and Audio test signals. Then, the
interpolation of test signals was conducted by
using 1P, 2P and 3P Keys kernels and the
precision of interpolation was estimated.
Interpolation was carried out by using the
algorithm described in Section 3. The
precision of interpolation was shown by using
MSE. After that, a detailed comparative
analysis of the results was conducted.

4.2 The Base

The base consists of: a) Sine and b) Audio
test signals. A Sine test signal is defined as:

(14)

s(t)ziZKl:ai sin(27zifyt),

where fy is the fundamental frequency, a; the
amplitude of i-th harmonic and K is the
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number of harmonics. A base of Sine test
signals was created which have fundamental
frequencies that correspond to tones G1
(SinG1, fo = 49Hz), G2 (SinG2, fo = 98Hz), G3
(SinG3, fy = 196Hz), G4 (SinG4, f, = 392Hz),
G5 (SinG5, fy = 783.99Hz), G6 (SinGS6, f; =
1567.98Hz), G7 (SinG7, f, = 3135.96Hz) and
to parameters K = 10, and amplitudes a;
={0.98, 0.34, 0.2, 0.2, 0.34, 0.18, 0.19 0.2,
0.34, 0.1}. The Sine test signal which
corresponds to tone G2, fo= 98 Hz, is shown
in: a) Fig. 3.a (time domain) and b) Fig.3.b
(spectral domain). Audio test signals were
acquired by recording G tones (G1 - G7) on a
Steinway B concert piano. The recording was
performed in the acoustics laboratory of lowa
University. The test signals were archived on
the hard disc in the form of wav files. The
recording was carried out by using fs = 44.1
kHz and 16 bps. Audio test signal of the tone
G2 (fo=98 Hz), and is presented in: a) Fig. 4.a
(time domain) and b) Fig.4.b (spectral
domain).

X(f)

==

==

[

|
0 500 1000 1500 2000 2500 3000 3500 4000
f(Hz)

a) b)

Fig. 3. Sine test signal (SinG2, f, = 98 Hz): a) time
and b) spectral domain.
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Fig. 4. Audio test signal (tone G2, f, = 98 Hz): a)
time and b) spectral domain.

4.3 Results

Fig. 5 — Fig. 7 graphically show the results
of MSE obtained by the application of
algorithm for estimating the interpolation
kernel parameters (Section 3). Fig. 5 presents
the mean square error of estimate MSE,, (Eq.

(10)) by using 1P Keys kernel for: a) Sine test
signal (SinG2, fo = 98 Hz) and b) Audio test
signal (tone G2, fo = 98 Hz). Fig. 6.a shows the
MSE,s (Eq. (11)) for 2P Keys kernel for Sine
test signal (SinG2). Fig. 6.b shows the position
of the minimum MSE for Keys 1P (point A)
and Keys 2P (point B) in the plane (af3). Fig.
7.a shows MSE. (Eq. (11)) for 2P Keys
kernel for Audio test signal (G2). Fig. 7.b
presents the minimum positions of MSE for
Keys 1P (point A) and Keys 2P (point B) in
the plane (o). Fig. 8 shows the trajectory of
minimal error (MSEsin_3P) for Sine test
signals SinG1 - SinG7. Fig. 9 shows the
trajectory of minimal error (MSEas_3P) for
Audio test signals G1 - G7.

A A
3) a b) ’
Fig. 5. MSE,, for: a) Sine test signal (f, = 98Hz)
and b) Audio

test signal (tone G2, f, = 98Hz)

Fig. 6. a) Mean square error MSE . for Sine test
signal (Fig. 3.a) and b) position of the minimum

MSE (point A(apt, Sopt)) N plane (af).

Fig. 7. a) Mean square error MSE .5 for Audio test
signal (Fig. 4.a) and b) position of the minimum

MSE (point A(ctopt, Sopt)) N plane (ef).
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x10"

B
Fig. 8. Trajectory of minimal error (MSEg;, sp) for
Sine test signals SinG1 - SinG7.

Fig. 9. . Trajectory of minimal error (MSE,s sp) for
Audio test signals G1 - G7.

Optimal values of kernel parameters and
minimal values of MSE for Sine signals are
shown in: a) Table 1 (1P Keys, Eq. (10)), b)
Table 2 (2P Keys, Eqg. (11)) and c) Table 3 (3P
Keys, Eg. (12)). Optimal values of kernel
parameters and minimal values of MSE for
Audio signals are shown in: a) Table 4 (1P
Keys, Eg. (10)), b) Table 5 (2P Keys, Eq. (11))
and c¢) Table 6 (3PKeys, Eq. (12)). All of the
tables show the mean values of optimal
parameters and minimal values of MSE.

Table 1. . Minimal MSE for1P Keys kernel for a
Sine test signal.

Ton opt_sin_1p MSEsin_lP
SinG1 | -0.50 1.8923 *10 ™
SinG2 | -0.51 5.5837*10°
SinG3 | -0.51 3.5330*10°%°
SinG4 | -0.53 2.0597*10°
SinGs | -0.50 1.6222*10°
SinGg | -0.52 7.1682*10°°
SinG, | -0.58 1.2600%107
ot sin_1p MSEsinJP
-0.5214 | 2.1407*10°

Table 2. Minimal MSE for 2P Keys kernel for a Sine test signal.
Ton aopt,sinfzp ﬂoptisinizP MSEsin_ZP
SinG; | -0.59 0.09 3.1737 *10"
SinG, | -0.59 0.09 1.9511*10%2
SinG; | -0.60 0.10 3.0627*10
SinG, | -0.60 0.10 1.2895*10™
SinGs | -0.59 0.09 4.0466*10
SinGg | -0.68 0.20 5.9297*10°%
SinG, | -0.74 0.62 2.33382*10!

opt_sin_2p Popt_sin_2p MSEsinizp
-0.6271 | 0.1843 7.3176*10

Table 3. Minimal MSE for 3P Keys kernel for a Sine test signal.

Ton opt _sin_3p Bont_sin_sp Vopt_sin_3p MSE;;, s
SinG; | -0.59 0.09 0 3.1737 *10Y
SinG, | -0.60 0.10 2*10™ 2.9565*10°
SinG; | -0.60 0.10 2*10™ 1.8452*10°
SinG, | -0.60 0.10 1*10* 1.2337*10!
SinGs | -0.61 0.11 4*107 2.2423*10°%
SinGg | -0.68 0.20 1*10° 5.626*102
SinG, | -0.74 0.62 -1*10* 1.2838*10°%
Qopt_sin_3p ﬂop!ismitiP Yopt_sin_3p MSEsin,sp
-0.6314 0.1886 | 1.285*107 | 2.8213*10%

Table 4. Minimal MSE for 1P Keys kernel for an Audio test

signal.

Ton Copt_as_1p MSEasflP
Gl -0.54 2.2631%10°
G2 -0.55 8.1281*10°
G3 -0.62 1.7879%107
G4 -0.65 9.7925*107
G5 -0.62 1.0081*10°
G6 -0.62 5.2395*10°
G7 -0.64 2.5157*10°°

ot _as_1p MSEasilP
-0.6057 | 1.4322*10°

Table 5. Minimal MSE for 2P Keys kernel for an Audio test

signal.

Ton opt_as_2p ﬁopl_as_ZP MSEasizp
Gl | -0.62 0.13 1.8908*10°
G2 | -0.64 0.15 4.0060*10°
G3 | -0.66 0.19 3.9157*10°
G4 | -0.66 0.22 1.5187*107
G5 | -0.70 0.25 3.2031*10°
G6 | -0.73 0.31 1.6017*10°
G7 | -0.66 0.32 1.1134*10°

opt_as_2p ,Bupt,as,zp MSEasfzp

-0.6671 0.2243 4.6934*107

Table 6. Minimal MSE for 3P Keys kernel for an Audio test

signal.
TOn aopt,asfaP ﬂopt,aszP 7opt,a5,3P MSEas_SP
Gl [-062 0.5 0.0137 |1.8792*108
G2 |-0.62 0.22 -0.0522 | 3.4705*10°®
G3 |-0.60 0.25 -0.825 |2.6165*10°

G4 [-060 [0.25 -0.0855 | 7.2428*10°
G5 |-055 [0.32 -0.1476 | 1.2647*107
G6 |-057 [0.32 -0.1495 | 8.1891*10°'
G7 |-042 012 -0.6057 | 2.6207*107

opt_as_3p ﬁupt,asjp Yopt_as_3p MSEasjP

-0.5686 | 0.2329 [-0.2645 | 1.9422*107
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4.4 Analysis of the results

Based on experimental results 1P Keys
(Thl. 1 and Thl. 4), 2P Keys (Thl. 2 and Thl. 5)
and 3P Keys kernel (Tbl. 3 and Tbl. 6) by their
mutual comparison MSE shows that the
application of 3P Keys kernel error is for:

a) Sine test signal: is i) 1P —» MSE, ./

sin_1P

MSE, , = 2.1407*10° / 2.8213*10™ =
7.5876*10°, 2P — WMSE | MSE =

sin_2P sin_3P

7.3176*10%% / 2.8213*10* = 2.5937 times
smaller.

b) Audio test signal: is i) 1P — MSE,, ,, /
MSE_ .. = 1.4322*10°/ 1.9422*107 = 7.374,

as_3P
2P — MSE, ,, | MSE, ., = 4.6934*10

’11.9422*10°" = 2.4166 times smaller.

By comparison of MSE experimental
results for Audio and Sine signals by 3P Keys
kernel application (Tbl. 6 and Thl. 3 was
concluded that is MSE, ., / MSE =

sin_3P
1.9422*107/ 2.8213*107* = 6.8839*10* times
smaller error with Sine test signal
interpolation.

CONCLUSION

In this paper, the optimization of 3P Keys
interpolation kernel parameters was conducted.
Parameter optimization was conducted by
experiments. The experiment in which the
precision of Sine and Audio test signals
interpolation was conducted. Interpolation
precision was expressed via MSE. Detailed
comparative analysis shows that 3P Keys kernel
with  experimentally — determined  optimal
parameters is more precision than 1P Keys
kernel and 2P Keys kernel.

Based on displayed results, it has been
concluded that 3P Keys kernel is more superior
than 1P Keys kernel and 2P Keys kernel and that
the interpolation errors were numerically very

International Scientific Conference °

small. 3P Keys kernel with optimal parameters is
suitable for implementation in convolutional
interpolation for real-time regime.
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Abstract

The first part of the paper describes the influence of Pink Noise (PN) and early reflection on intelligibility of
sentences spoken on Serbian language, obtained from Serbian Matrix Sentence Test (SMST) base. Experiment was
performed by objective method, using STOI test (STOI algorithm). In the second part of the paper the results of
experiments, are shown in tabular and graphical form. By comparing the obtained results with the results of similar
tests, and International Standard IEC 60268-16 the conclusion of intelligibility was brought.

Keywords: Intelligibility, SMST, Pink Noise, STOI.

1. INTRODUCTION

In the speech communication there are: the
source that sends the message and the
recipients who receives the message. In the
transmitting a voice signal, we have a diffrent
type of interference. The type and level of
noise have, a diffrent influence on
intelligibility.  Intelligibility represented the
measure intelligibility of speech in different
conditions: a) background noise (industrial [1],
babble [2], wind [3]), b) spatial effect
(reverberation, early reflection [4]), ¢)
distortion (equipment problems). Whatever
form the noise takes, it will have influence to
intelligibility when noise, and consonants of
speech falls in the same frequency range.
Different autors have a diffrent aprouch to the
problem of the intelligibility. To determine
the intelligibility, the researchers using test list
with: a) words (meaning [5], without meaning-
logatom [6]), or sentence (sematically corect
[7] or matrix - syntactically defined [8]). In the
paper [4] speech intelligibility was measured
in diffuse noise by varyying the signal-to-noise
ratio by either increasing the direct sound
energy, or the energy of the early reflections.

Arweiler and Buchholz, concluded that
temporal integration of early reflections was
facilitated when they arrived from the same
direction as the direct sound. In addition, they
found that speech intelligibility was better in
binaural than in monaural listening conditions
by 2 to 3 dB, which could be explained by
spatial unmasking in the presence of the
diffuse masker [4].

This paper analyzed the influence of early
reflections, pink and diffuse noise on speech
intelligibility in the Serbian language, using
matrix sentences, obtained from the SMST
base [9]. The experiment was performed in the
College of Applied Technical Sciences of Nis,
Serbia, using an objective test method, STOI
test. The result intelligibility of sentence was
determined using the dSTOI coefficient (using
the STOI algorithm)[10]. The coefficient
dSTOI goes in range from 0 = 1, where 0 is
absolute inintelligibility and 1 is absolute
intelligibility. By comparing results with the
results of similar tests and the standard 1EC
60268-16: 11 the conclusion of intelligibility
was brought.

The organization of work is as follows.
Section 2 describes early reflections and pink
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noise. Section 3 describes the experiment,
results and analysis of results of experiment.
Section 4 is the conclusion.

2. EARLY REFLECTION AND PINK
NOISE

The early reflection

The early reflection is defined as the sound
observed within 50ms-80ms time delay after
the arrival of the direct sound [11], where
50ms is is limit for speech, and 80ms for
music. In paper [12] was shown that the
reflection and increase of the delay time can
increase intelligibility. In this paper was
analyzing the influence of early reflection,
with a time of delay At, from 0 to 50 ms.

Pink noise

In pink noise (PN), there is equal energy in
all octaves of frequency, and power at a
constant bandwidth of pink noise falls off at 3
dB per octave. The noise is subjectively hissy,
unpleasant quality if presented at a volume
that can provide significant acoustical privacy.
Pink noise have same frequency balance as
speech that so it provides the better masking,
then white noise, but less then babble noise.
The Fig.1 represents the spectral characteristic
of pink noise.

N}

OMMMMMM&
0 500 1000 1500 2000 2500 3000 3500 4000

f (Hz)

Fig. 1. Spectral characteristic of Pink Noise (PN)

3. EXPERIMENTAL RESULTS AND
ANALYSIS

This section describes an experiment,
performed to determine the intelligibility of
sentences from the SMST base in the presence
of pink and diffuse noise and early reflections.

3.1. EXPERIMENT
The experiment was realized in the following

steps, shown in the block diagram in Fig.2:

STOI test

Fig. 2. Block diagram of generated signal z, used
for testing intelligibility with STOI tests

By combining words from the SMST base,
matrix sentences were obtained that represent
a pure speech signal x. The speech signal is
superimposed with pink noise, and using the
parameter k we define the desired signal-to-
noise ratio SNR = {-5, -2, 0} dB to get the
signal y. The signal y is superimposed with the
diffuse noise, y1, also with a predefined signal-
to-noise ratio SNR = {-5, -2, 0} dB. The signal
used for binaural testing is obtained by sum
the signal with noise y; and the reflected
speech signal of signal x, (generated in the
circuit At). The parameters used during the
performance of the experiment are: a) the
angle of the speech signal ¢s = 0°, b) angle of
reflection ¢n = 0°, c) angle of diffuse noise
¢DN =0 : 5 :360°, d) amplitude of reflection
Ar=1, e) delay time between direct sound and
reflection At = {0, 10, 25, 50} ms.
Intelligibility was tested by STOI test [9] for
both ears separately, for the case when SNRpy
and SNRpn: a) equal and b) different. The
results are presented in table and graphs form.
After that, a comprehensibility analysis was
performed based on the obtained values of the
dSTOI coefficient.

SMST base

Sentences used for intelligibility testing
were obtained from the SMST database
described in [2]. The words were spoken in
Serbian language, and they were recorded in
studio of "Banker Radio" in Ni§ readed by a
professional female speaker. Sentences are
obtained by combining words by a computer,
according to a random law, with a precisely

defined sentence structure: name-verb-
number-adjective-noun. The sampling
frequency is Fs = 8kHz
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3.2. THE RESULTS

The intelligibility results obtained using the
STOI test (dSTOI coefficient) are shown in
Tables 1-2 and the Fig 14-18. Table 1 shows
the intelligibility of sentences in the presence
of pink and diffuse noise for SNRpny= SNRpy.
Table 2 shows the intelligibility of sentences
in the presence of pink and diffuse noise for
SNRpn= SNRpn, While Table 3 shows the
mean values of intelligibility when the delay
time is disregard At. An example of the time
form of one of the tested sentences (”Danica
pravi pet lepih brodova”) is given in Fig.3, for
SNRpn= SNRpn=0dB and At=10ms.

1

0.8
0.6
0.4
0.2

0

x(t)

-0.2
-0.4
-0.6
-0.8

To o5 1 15 2 25 3 35
t(s)
Fig. 3. Time characteristic of speech signal of

sentence from SMST base
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Fig.4. Time characteristic of reflected speech
signal
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Fig.5. Time characteristic of noise
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Fig.7. Time characteristic of generated test signal
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Fig.9. Spectral characteristic of reflected speech
signal

Table 2. Intelligibility of sentence in the
presence of PN and DN, SNRpy = SNRpy

Intelligibility

SNR | dSTOI At (ms)

(dB) 0 10 25 50

N
dsTol. | 0,7172 | 0,6311 | 0,6074 | 0,5704 | 0,6315

dSTOlg | 0,7195 | 0,6335 | 0,6097 | 0,5681 | 0,6331

dsTol. | 0,6865 | 0,5861 | 0,5767 | 0,5020 | 0,5878

Frequency (kHz)
N

-2

Power/frequency (dB/Hz)
o

dsTOlr | 0,6876 | 0,5921 | 0,5735 | 0,5218 | 0,5937

5 dsTol. | 0,6259 | 0,5738 | 0,5302 | 0,4971 | 0,5568

dSTOIlr | 0,6269 | 0,5537 | 0,5362 | 0,5042 | 0,5552

Time (s)

Fig.10. Spectral characteristic of noise
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0.5 140 \
0 10 20 30 40 50
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Time (s) ' Fig. 14. Intelligibility of sentence, STOI test for
Fig.11. Spectral characteristic of generated test signal SNRpy=SNRpy=0dB
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Fig. 18. Intelligibility of sentence, STOI test for
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3.3. ANALYSIS OF RESULTS

Analyzing the results shown in Tables 1-2

and the Fig. 14-18 can be concluded that
intelligibility of sentences for At={0,10,25,50}
(ms) goes in range:

for SNRPNZOdB, SNRDN:-ZdB:
a) from 0,5768 to 0,7442 for left ear,
b) from 0,5764 to 0,7469 for right ear,

for SNRPNZOdB, SNRDN:-SdB:
a) from 0,5585 to 0,7285 for left ear,
b) from 0,5650 to 0,7321 for right ear,

for SNRPN:SNRDNZOdB:
a) from 0,5704 to 0,7172 for left ear,
b) from 0,5681 to 0,7195 for right ear,

for SNRPN:SNRDN:-ZdB
a) from 0,5020 to 0,6865 for left ear,
b) from 0,5218 to 0,6876 for right ear,

for SN Rpn=SN RDN:-SdB

a) from 0,4971 to 0,6259 for left ear,
b) from 0,5042 to 0,6269 for right ear,

Analyzing the results shown in Tables 1

and 2, if we disregard the influence of the
delay time At (ms), it can be concluded that the
mean value intelligibility of sentence p:

for SNRPNZOdB, SNRDN:-ZdB:
a) 0,6341- left ear,
b) 0,6377 - right ear,

for SNRPNZOdB, SNRDN:-5dB:
a) 0,6284 - left ear,
b) 0,6317 - right ear,

for SNRPN:SNRDNZOdB:
a) 0,6315 - left ear,
b) 0,6331 - right ear,

for SNRPN:SNRDN:-ZdB
a) 0,5878 - left ear,
b) 0,5937 - right ear,

for SNRPN:SNRDN:-SdB
a) 0,5568 - left ear,
b) 0,5552 - right ear,
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Using comparative analysis and comparing
with the standard IEC 60268-16: 2011, it is
concluded that intelligibility belongs to the
classification of poor intelligibility (0+89%).

4. CONCLUSION

In this paper, speech intelligibility was
tested in the presence of pink (PN) and diffuse
(DN) noise under the influence of early
reflections, for SNR values = {-5, -2, 0} dB,
using sentences from the SMST database. The
test results show that there is a difference in
intelligibility between the left and right ear, in
favor of the right, where the results of a little
bit better intelligibility are present. Comparing
the results of speech signal intelligibility in the
presence of Gaussian and diffusion noise [13],
with the influence of early reflections, it is
noticed that there is no significant deviation in
the results, but there is a difference in signal
intelligibility in relation to the ear.

The hypothesis in [12] that the reflection
and increase of the delay time can increase
intelligibility, it is not confirmed here, because
with the increase of the time of delay we also
have a decrease of intelligibility.
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Abstract

In this paper, robustness analysis of SD watermarking algorithm in IS mapping using Notch filter audio signal
filtering has been performed. The first part of the paper describes SD algorithm for inserting and extracting a
watermark into an image. After that, conversion of the image has been performed, with inserted watermark into audio
signal and Notch filtering. The second part of the paper presents an experiment in which robustness of the Schur
algorithm in relation to Notch filtering has been tested. The Notch filter has been realized with width-r and center-- 6 -
of impermeable bandwidth. The obtained results were analyzed using objective (MSE and NC) and subjective (visual

quality) quality measures.

Keywords: Schur decomposition; watermarking, Notch filter.

INTRODUCTION

The rapid development of modern
information and communication technologies
has enabled a fast and intensive exchange of
multimedia content. Also, the intensive
development of software packages enables
easy and fast downloading, editing of audio
contents. However, this situation also affects
malicious users, which leads to problems
related to copyright protection. [1] - [3]. In
order to solve the problem of copyright
protection and proving the ownership of
multimedia content, the principle of inserting
hidden data is used. Inserting hidden digital
data is called watermarking [4], [5]. The basic
features of a digital watermark are
insensitivity, robustness, capacity, non-
inversibility and the ability to provide secure
proof of ownership. [6]. A watermark can be:
a) visible and b) invisible. An invisible
watermark is inserted invisibly into another
image so that it does not distort the visual
characteristics of the image and can be
extracted later for the purpose of proving
copyright [2]. Many complex transformations
are used to insert a watermark into an image,
such as DCT [3], [7] (engl. Discrete Cosinuse
Transform), DWT [6], [8] (engl. Discrete
Wavelet Transform), SVD transformation [2],

[7], [8] (engl. Singular Value Decomposition)
and Schur decomposition (engl. Schur
Decomposition, SD) [9], [10].

During digital processing, it is possible to
translate the sound into an image for the
purpose of visualization and vice versa, to
translate the image into a sound [11]-[14]. The
technique of converting an image into a sound
is called image to sound (IS) mapping (engl.
Image to Sound mapping) [15]-[17], [18].
There are many techniques of converting the
image into the sound [19]-[21].

The authors of this paper came up with the
idea to test the algorithm for inserting a digital
watermark so that after inserting the
watermark, the image will be IS mapped in
order to obtain an audio signal. The SD
watermarking algorithm based on Schur
decomposition was used to insert the
watermark into the image. [9]. A Notch filter
was applied over the audio signal, after which
the audio signal was converted by an inverse
method into an image from which a digital
watermark was extracted. The robustness of
the SD algorithm was tested by objective MSE
and NC, subjective (visual quality testing)
quality measures.

The paper is organized as follows: SD
algorithm for insertion and extraction of digital
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watermark and Notch filter are presented in
section Il. Section Il describes the experiment
and presents the results. The conclusion is
given in section 1V.

ALGORITHMS

A. Shur decomposition
Schur decomposition applied to matrix A as
a results returns two matrices, matrix U and D:

A=UxDxU", 1)

where U is a unitary matrix, U'is a transposed
matrix, and D is an upper triangular matrix.
Two significant characteristics of the unitary
matrix U that refer to the elements of the first
column are: a) all elements are of the same
sign and b) their values differ slightly [9].
Analysis of a large number of images and their
Schur matrices in the transformation of blocks
dimensions 4 x 4 showed that the strongest
correlation between the elements uy; and us;
[9] therefore inserting of the watermark could
be performed by modification of these
elements.

B. SD algorithm
The SD algorithm for watermark insertion,

proposed in [9], is based on Schur
decomposition and is performed in the
following steps:

Input: original image Ay, Binary

watermark Wy« , block dimension My X Np.
Output: Watermarked image Ay,.
Step 1: The dividing the original matrix A
dimensions XxY is performed on blocks

Haz <, where X =[M /M, | and

Y=[N/N,T.

Step 2: Applying the Schur decomposition
over blocks H:

.
Hi'j =Ui1j><Di’j><Ui'j, 2
where U represent unitary matrix, D uper
triangular matrix and 1<i<[M/M, ]| and
1<j<[N/N,].
Step 3: Elements u,; and us; of each block
of matrix U are modified to obtain a modified

block U" in accordance with the information of
inserted binary watermark W.

Watermark insertion is performed in
accordance with the (3) and (4). The binary
watermark W is inserted by a modification
made between the second element (u,;) and
the third element (us 1) in the first column:

W, -1 u '2,1 = S-ign(UZ,l) * (Uavg +T /2) )
' u '3,1 = Slgn(US,l) *(Uavg -T1/2)

W = 0, u I2,l = S-ign(uz,l) *(Uavg =T /2) @)
' u I3,1 = S|gn(u3,1) * (Uavg +T1/2)

where sign(x) represent the sign of x and
U, = (Uyy|+|us,) /2, |X| represent absolutely

value of x.
Step 4: Reconstruction of the block with
inserted watermark:

Hi‘,j :Ui,j X Di',j XUiT,j y (5)

Step 5: Creating the image with the
watermark A,, from the blocks H'.

SD algorithm for watermark extraction is
performed in the following steps:

Input: A,- Watermarked image, My*xN, -
block dimension.

Output: W'y..n. - reconstructed binary

watermark.
Step 1: Dividing of matrix A, dimension
XxY on blocks H'p.np is  performed,

where X =[M /M, ] and Y =[N/N,].

Step 2: Applying the Schur decomposition
on the blocks H'":

! ' ! ' T
Hi,j :Ui,j ><Di,j X(Ui,j) ,  (6)

where U' represent unitary matrix, D' represent
upper triangular matrix and 1<i<[M /M, |

and 1< j<[N/N, .

Step 3: Watermark bit extraction bw' from
the matrix D"

0, if u',, >u'
A ¢
S VU | SV P TR

Step 4: Creating the watermark W' from od
extracted bits wij'.
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The effect of the Notch filter was realized
by applying the filter shown in Fig. 1 [14].

1/2 3(r)

Fig. 1. Block diagram of the Notch filter

EXPERIMENTAL
ANALYZE

RESULTS AND

A. Experiment

For the purpose of testing the influence of
Notch filter filtering on the robustness of the
extracted digital watermark in IS mapping, the
following experiment was performed:

Input: X-Image Cameraman, W-digital
watermark, T — watermark inserting
coefficient, My xVp. block dimensions.

Output: W, — extracted digital watermark.

Step 1: Using the SD algorithm, a digital
watermark was inserted into the image.

Step 2: The image with the watermark is
transformed into the audio signal, Xy.

Step 3: A Notch filter was applied to the
audio signal with the inserted watermark X,
with a non-impermeable r and the center of
non-impermeable of ratio 6, a signal y, has
been got.

Step 4: From the signal, over which the
Notch filter was applied, vy, using the
algorithm shown in section Il the audio signal
is transformed into an image Awn.

Step 5. From the image Awn a digital
watermark has been extracted.

Step 6: A comparative analysis of the
extracted digital watermark was performed
Wen with original watermark W by applying
objective quality measures.

For an objective quality measurement, the
mean square error was applied:

>

MSE = =1

N

> (WG, 1)~ Wa, (. 1))’

M x N

(8)

and normalized correlation coefficient:

ii(wa, )W, (i, j))
NC = L1 _ 9)
JZ(W(i, i)y -JZ(Weh(i, i)

= i

The Notch filter is described by the
differential equation:

y(n)=0.5-(1+r)-x(n)+6-x(n-1)+0.5

(10)
(1+r)-x(n-2)-6-y(n-1)-r-y(n-1)
where r (0< r <1) parameter for adjusting
the width of the non-impermeable bandwidth,
6 parameter which is used for adjusting the
center of non-impermeable bandwidth: 6= -
(1+r)wc, where (0 < w. <n).

Amplitude characteristic |H| is calculated in
the z-plane on the circle r = 1.

0 0
0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
f(Hz) f(Hz)

a) b)

07
06
Tos To6
0.4
03
02
01

0 0
0 1000 2000 3000 4000 5000 6000 7000 8000 0 1000 2000 3000 4000 5000 6000 7000 8000
f(Hz) f(Hz)

0) d)
Fig. 2. Amplitude characteristics of Notch filter
forra) oc.=n/4andr=0.9, b) . =n/2and

r=09co.=n/d4andr=05andd) o, =n/2

andr=0.5.

In the experiment image Cameraman
dimension 256 x 256 is used (Figure 3.a) in
which a digital watermark dimension 64 x 64
was inserted. Watermark is specially generated
for the purposes of the experiment (Figure
3.b). The watermark was generated by
randomly generating 50% of black and 50% of
white pixels. The image is translated into the
sound. The sampling frequency of the obtained
audio signal is Fs=16 kHz. Filtering with a
Notch filter was performed with a non-
impermeable varied in range r = (0: 0.1: 1) and
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a center of the non-impermeable
6=(0:0.1: 1)z The watermark was inserted
using the SD algorithm for insertion and
extraction of the watermark, with the
coefficient insertion T = 0.01.

Amplitude characteristics of Notch filter: a)
oc=n/d4andr=0.9,b) o.=x/2and r=0.9,
¢c)wc=n/4and r=0.5 and d) o =x/2 and
r=0.5).

Fig. 3. Images used in the paper: a) Lena, and b)
Watermark.

Realization of experiment resulted with:

a) in fig. 4. the appearance of the image
obtained from the signal over which the Notch
filter was applied, has been presented, with the
width of the impermeable range r and the
center of the impermeable range 6: a) r =0.9
and wc=n/4, b) woc.=n/2 and r=0.9, ¢)
wc=nl4 and r=0.5 and d) w.=x/2 and
r=0.5.

b) in fig. 5. the appearance of the extracted
watermark from the signal over which the
Notch filter was applied, has been presented,
with the width of the impermeable range r and
the center of the impermeable range 6. a)
r=09and w.=xn/4,b) wc=n/2and r=0.9,
C) oc=n/4and r=0.5and d) o, =x/2 and
r=0.5.

Fig. 4 Visual appearance of image after applying
the Notch filter for: a) o, =xn /4 andr=0.9, b)
o.=n/2andr=0.9,c)o.=n/4ir=0.5andd)
o.=7n/2andr=0.5.

c) in fig. 6. and fig.7. the diagrams for MSE
and NC for the extracted watermark (T = 0.01)
are presented, from the signal over which the
Notch filter (depending on the width of the
impermeable band r) is averaged for the values
60=0:01:1) =

Fig. 5. Visual appearance of extracted watermark
(T = 0.01) after applaing the Notch filtrfor: a)
o.=n/4andr=09,b)eo.=n/2andr=20.9,¢)
o.=n/dandr=05id)o.=xn/2andr=0..

B. Analyze of the results

Subjective comparative analysis of the
visual quality of the extracted watermarks
presented in fig. 5. (insertion coefficient T =
0.01) cannot show the significance of
degradation of the extracted watermark.
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Fig. 6. Diagram of MSE for extracted watermark
(T =0.01), averaged for values . = (0:0.1: /)-m.

Objective analysis was conducted based on
the MSE results shown in fig.6. and NC shown
in fig.7. The analysis of the results concludes
that after applying the Notch filter to the audio
signal, the quality of the extracted watermark
is better for higher values of the parameter of
the impermeable, r. Based on the results (NC)
shown in fig.7. it can be concluded that after
applying the Notch filter to the audio signal
the quality of the extracted watermark is better
for higher values of the parameter of the
impermeable, r. NC grows.

0.58
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057 |

Q 0,565t

0.56

0.555

0.55 e
01 02 03 04 05 06 07 08 09

,
Fig. 7. Diagram of NC for extracted watermark
(T =0.01), averaged for values
®w.=(0:01: )=

CONCLUSION

In this paper is analyzing the robustness of
the SD watermarking algorithm in IS mapping,
on the Notch (audio signal) filtering. Notch
filtering was performed with a impermeability
value varied in range r=(0:0.1:1) and the
center of  the impermeable range
6=(0:0.1: 1)z The watermark was inserted

using the SD algorithm for insertion and
extraction of the watermark, with the insertion
coefficient T = 0.01. After a detailed objective
(MSE and NC) and subjective (visual quality)
analysis of the extracted watermark, it was
concluded that the quality of the extracted
watermark depends on the width of the
impermeable range r.
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Abstract

This paper discusses the peculiarities of radio coverage planning for narrowband communication in the LoRaWAN
network. This type of communication is used in the implementation of Internet of Things networks in smart cities as well
as for industrial communications. Data transmission is possible over long distances at low speeds and extremely low
levels of transmitted signals. This defined the LoRa connection as very reliable. In the second part of the paper, based
on the developed demonstration models of the gateway and end devices, the quality of the already realized radio

coverage is evaluated.

Keywords: LoRa, LoRaWAN, LPWAN, radio coverage, IoT.

BBBEJIEHME

LoRaWAN (Long Range Wide Area Network)
O3HayaBa HIMPOKO-00XBAaTHA MpeEKa 3a KOMY-
HUKanus Ha Abaro pascrosHue. LoRaWAN
texHonorusara ciaeasa IEEE 802.15.4 cran-
JapT U TOpeacTaBisBa O€3KMYHA KOMYHHUKa-
nus, koaro mo3BomsBa Ha [oT (Intenet of
Things) ycrpoiicTBara Ha 1a KOMyHUKHpPAT Ha
TOJISIMO Pa3CTOSTHUE C MUHUMAJIHO U3II0JI3BaHE
Ha OarepusTa [1,5,6].

LoRa (Long Range) e narenToBana nudpo-
Ba O€3KMYHA TEXHOJIOTUS 3a IpeAaBaHe Ha
naHHH, paspadorena ot Cycleo ot I'penoOB,
Opannus u npugoouta or Semtech mpes 2012
r. [7]. LoRa u3nomn3Ba HelnMIIEH3UPaHU PaIro-
YEeCTOTHH JIEHTH B YECTOTHMSI AHana3oH noj 1
GHz, karo 169 MHz, 433 MHz, 868 MHz
(EBpomra) u 915 MHz (Ceepna Amepuka).
LoRa mo3BonsBa mpepaBaHe Ha MHOTO IbJITH
pascrostuus (Haj 10 xujgomeTrpa B U3BBHIPAA-
CKHM paliOHM) C HUCKA KOHCYMallus Ha €Heprus
[3,6]. LoRa ommcBa ¢usnueckus cioii. [IpoTo-
KOJIBT 3a (usnueckus cioil Ha LoRa e 3atBo-

peH U € YacTHa COOCTBEHOCT, CJIEIOBATEIHO,
HsIMa CBOOOJHO JOCTBIIHA OQHIMATIHA JIOKY-
MEHTAIHSI.

LoRaWAN e mpexara B KOSTO omnepupa
LoRa. LoRaWAN e npoTokos 3a ynpaBieHHE
Ha goctema g0 cpemata (Media Access
Protocol — MAC), HO OCHOBHO € TIPOTOKOJ OT
MpEKOB CIIOM 3a yNpaBJI€HUE HAa KOMYHHUKa-
musita mexay LPWAN (Low-Power Wide-
Area Network) konmeHTparopu (IUTIO30BE) H
KpallHU BB3JM KaTO MapHIpyTHU3Hpal] MpOTO-
ko, mojmbpkad or LORa Alliance [6]. Bep-
cus 1.0 Ha cnenugukanusata Ha LoORaWAN 6e
nmycHara npe3 o 2015 r.

LoRaWAN omnpenenss KOMyHUKAIMOHHHUS
IIPOTOKOJI U CUCTEMHATA apXUTEKTypa Ha Mpe-
*Kata, 1okato ¢puznyeckusr ciaoi Ha LoRa mo-
3BOJISIBA BpB3KaTa 3a JAJICYHU PAa3CTOSHHUA.
LoRaWAN cbmo otroBapsi 3a ynpaBJIEHHETO
Ha YECTOTUTE HAa KOMYHUKAIIMs, CKOPOCTTAa Ha
Ipe/laBaHe Ha JJaHHU U 3aXpaHBaHETO 3a BCUY-
KH ycTporicTsa [4,5].

VYcrpolicTBaTa B MpexaTa ca aCHHXPOHHU U
IpenaBar, Koraro pasnojarar ¢ [JaHHM 3a
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usnparniane. J[aHHWTE, MpeaaBaHu OT KpaeH
BB3€J, C€ MPUEMAT OT MHOKECTBO KOHIIEHTpa-
TOpPH, KOUTO MPEnpaiiaT NakeTuTe JaHHU KbM
LEHTPAIM3UPaH MPEKOB ChpBBP [5]. Mpesko-
BUAT CHPBBP (QUITpUpA AyOIUpaIld ce TaKe-
TH, W3BBPIIBA NPOBEPKH 3a CHUTYPHOCT U
ynpasisiBa mpexkara. Cren ToBa JIaHHUTE Ce
Mpernpamar KbM ChbpPBbPUTE Ha MPHIOKEHUS.
TexHonoruaTa Moka3Ba BHCOKA HAJEKIHOCT
IIpU Cpe/lHa CTENEeH Ha HaToBapBaHE, HO MMa
HSKOU TIPOOJIEMH C MPOU3BOJIUTEIHOCTTA,
CBBP3aHH C U3MPAIIAHETO HAa MOTBbPIKIACHUS.

brnarogapenue wa  DAS  (Distributet
Antenna System) mojena 3a pasnpeeicHue
Ha aHTEHUTE U KOHIEHTPATOPUTE C aKTUBHPAH
GPS, mpexxara Moxe J1a pa3no3Hae Mo3uiusTa
Ha BB3JIUTE, JIOpU KoraTo ca MoowmiHu [1,2,5].
CrangapThT rapaHTHpa ONepaTUBHATA ChBME-
ctuMocT Ha pasznuuaure LoORaWAN mpexu B
CBETOBEH Marao.

N30 KEHHUE

Apxurektypara Ha LoRa mpexa e moka-
3ana Ha ¢ur. 1 [5,6,7].

‘

Kpamm .’ "

IpbbHauna
fpeHocHa Mpexa

3G /[ Ethernet / Wi-Fi Mpunoxenue

LoRa MpeoBM CbpBBP
KOHUEeHTpaTop
i’-
@ue. 1. Apxumexmypa na LoRa mpedica

3a cboOmieHuATa MO oOpaTeH KaHal,
HampuMmep OT CEeH30p, KOWTO u3mparia HH)op-
MaIysi KbM MPHIJIOKEHHE, TIOTOKBT Ha TaHHHUTE
Ha ¢ur. 1 mpoTuya OT JABO Ha JsAcHO. B
KpalHOTO YCTPOMCTBO JIaHHWUTE C€ T'€Hepupar
OT CeH30pa u ce nmpouutar oT LoRa komyHuka-
IIMOHHUS MOAYII, CBBP3aH KbM HET0, CJIe]l TOBa
T€ ce KPUITUPAT Ce U ce MpeJaBar 1o paguo
edpupa Ha LoRa wectora. Eaun wim moseye
LoRa koHIeHTpaTopu moiydaBaT cboOIIe-
HHUETO M TO Tpenpamar npe3 rppOHavHa Mpe-
xa (oobuknoBeHo 3G win Ethernet) kbM Mpe-
XKOB CbpBBp (0OnayHa yciyra). MpexoBUST
ChbpPBBpP CbhXpaHsBa, (uirpupa U o0paboTBa
CHOOIICHUATA W TH Tpenpama B IMOIXOISII
BUJI 10 IPABUITHOTO KPaHO MPHUIIOKEHHE.

3a cpOOIIEHUs IO TpaB KaHaJl, HapuMep
CHTHAJI 32 BKJIIOYBAHE HA CBETJIHMHA, TOTOKBT
Ha JaHHUTEe Ha ¢ur. 1 e oT IFICHO Ha JIABO.
CroOmieHusTa Mo oOpaTeH KaHal ce WHHUINH-

paT OT caMOTO KpaifHO YCTpPOKCTBO, a 1Mo oopa-
TeH KaHaJl — OT KPaWHOTO TNpuioxkeHue. Thi
karo LORa e mpoektupana na 6b1e ¢ BB3MOXK-
HO Hal-HUCKa KOHCyMallisi Ha €Heprusi, He
BCUYKU YCTPONCTBA BHHArM CIeIAT (,,CIIy-
maT*) 3a BXOIAIIM ChOOIICHHS. ToBa 3aBUCH
OT KJIaCOBETE Ha YCTpOWCTBATA.

B pasznuynuTe paguoTeXHONIOTHH Ce U3IO0JI-
3BaT ¥ U3MEPBAT IO CHIIECTBO TPU XapaKTEePH-
cTuku (¢ur. 2), KOUTO MOTaT Ja CE U3MOJI3BaAT
3a OLIEHKA Ha pauoOMpexa:

OO6xBat / pa3cTosiHuE,
CkopocT Ha Ipe/iaBaHe Ha JIaHHU
- Koncymanus Ha eneprusi.

Hucra
HOHCYMAaLL A

BEIHMUHHTE
Bucoxa HOMYHHHALMMA
CHOpOCT
ua
npeaasaHe

Fonam
obxsat

Due. 2. Xapakmepucmuxu Ha Oe3dcudHume
KOMYHUKAYUU

TpymHO € na ce oTYeTaT U TPUTE KPUTEPHUS
ChC CBINMS AKIICHT, Thil KaTO B TO3H CIydYai
(bu3nYecKUTe 3aKOHHU OIPEICIAT SICHH TPaHU-
uu: LORaWAN moxe na mpenaBa JaHHM Ha
TOJIEMH Pa3CTOSHUS U WU3UCKBAa CPABHUTEIHO
MaJKO EHEprus, HO TPEJOCTaBs CaMO HHUCKa
CKOpPOCT Ha IMpe/laBaHe Ha JIaHHHU.

EdextuBHOCTTA HAa Bph3KaTa IOKa3Ba Ka-
YeCTBOTO Ha KaHaja 3a paguonpenasane [1-3].
M3nom3Baiiku mpoct Mojen, e(heKTUBHOCTTA
Ha Bpb3KaTa MOXe Aa ObJe M3UMCICHa upe3
n00aBsiHe Ha MOIIHOCTTA Ha npenasarens (Py),
YyBCTBUTEITHOCTTAa Ha MPUEMHUKA, KOE(HIIH-
EHTHUTE Ha MpeJaBaHe HAa aHTEHUTE U 3aryoure
B cBOOOHOTO mipocTpancTBo (FSPL).

3ary0uTe OT pa3mpOCTpaHEHUE TOKa3BaT
KOJIKO €HEeprus ce ryoum B CBOOOJHOTO TPO-
CTPaHCTBO Ha Pa3CTOSIHUE MEXKIY MpernaBaTess
(Tx) u mpuemnuka (RX) — ¢ur. 3. Konakoro mo-
TOJISIMO € Pa3CTOSTHUETO MEXKY MpeaaBaTens u
MPUEMHHKA, TOJKOBA IMO-HHCKO € HHUBOTO Ha
eHeprus. 3aryouTe oT pa3npocTpaHeHHEe OONK-
HOBEHO C€ TIPE/ICTaBsAT, KAKTO CIIC/IBA:

ropL (4 (4t o
A c
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kpaero: FSPL — 3arybu B cBOOOIHOTO TpoO-
CTPaHCTBO, 0 — pa3cTOsHHE MEXAY MpeaaBa-
Tells ¥ mpueMHuka B [m], f — yectora B [Hz].
ChImecTBYyBa M IIMPOKO H3IMOJI3BaHA (op-
MyJia 32 W3YUCIICHHE Ha 3aryOuTe B CBOOOTHO
MIPOCTPAHCTBO B JjoraputMudeH By (B dB):

FSPL gg) = 20.10g10(d)+20.10g10(f)-147,55 (2)

YaBoenoto pascrosiaue (d) o3HayaBa 3ary-
6u ot pasnpoctpanerue ot 6 dB (B cBoOGogHO
MIPOCTPAHCTBO).

CeoBoHO NPOCTPaHCTBO

Tx 14
0

3ary6u Npu pasnpocTpaHeHue
c8060HOTO NPOCTPAHCTEO W hauHT

P(dBm)

3aryBu B KOHEKTOpUTE
Yeuneawe Ha aHTeHata
3ary6u B KOHeKTOpUTE
OWHOCT Ha NpUemaHe

I
R
I
R T
I
| I
YcunBaHe Ha aHTeHaTa

MouwHoCT Ha Npegasane
--r-A--
1
RN W
1
S

-100

Rx

i HyBCTBUTENHOCT H3 NPMEMHMKA

1
I
I
1
-
I
I

Due. 3. Onpeoensine Ha enepeutinus 010xicem Ha
8pv3Kama

B crpanara Ha npuemHuka (Rx), 4yBCTBH-
TETHOCTTa Ha MpHEMHUKA (Srx) € CTOMHOCTTA,
KOSITO BIIMsie BbpPXY CHEPrUiHUs OIOJKET Ha
Bpb3KaTa. YyBCTBUTEIHOCTTa HAa NPUEMHHUKA
OIKMCBAa MUHUMAJIHATa Bb3MOXKHA MOIIHOCT Ha
[IPUEMAHE U TOJIEPAHC 3a TOIJIMHHUS LLIYM U C€
M3YMCIIABA, KAKTO CIIE/IBA:

Sre = —174 + 10.10g10(BW) + NF + SNR  (3)

kpaero BW e mmpounHa Ha dYecToTHarTa
nenta B Hz, NF — mymoB koedunuent B dB,
SNR — cbOTHOILIIEHHETO CUTHANI/LIYM.

UyBCTBUTEIHOCTTa Ha IPHEMHUKa B
LoRaWAN e no-Bucoka U CII€JOBATEIHO I10-
nobpa B cpaBuenue ¢ WiFi.

(4) mokasBa KpaiiHus ciydail Ha 3aryOu oT
pasnpocTpaHeHue 0e3 Ja ce B3eMar MpeBUJ
KOC(pUIMEHTHTEe Ha MpeJaBaHe Ha MpPHUEMO-
npeJaBaTeIHUTE AHTEHW W JPYTd BUIOBE
3aTUXBaHE B CBOOOJHOTO MPOCTPAHCTBO:

LE = Sgy max [dB] — Py max [dB] (4)

kbeto LE e edexTtuBHOCTTA Ha Bph3KaTa,
Srx max — MaKcHMajlHa YyBCTBUTEIHOCT Ha
MPUEMHUKA, Py max — MAaKCHMaJIHa MOIITHOCT Ha
npeaaBaTesl.

e HM3uucasBane Ha eeKTUBHOCTTA HA
Bpb3kara B LoORaWAN:

BxoaHu gaHHuU:

— Pymax =14 dBm

— BW =125 kHz = 10log;0(125000) = 51

— NF = 6 dB (xoHueHTpaTtopure B
LoRaWAN wpexutre uMaT MO-HUCKH
NF croiinocTn)

— SNR =-20 dB (3a ¢akrop Ha pasmupe-
Hue SF=12)

3amecTBalKM 3aJaJICHUTE CTOMHOCTH BHB
dopmyna (3) ce moimydaBa HW3WCKBaHATa MH-
HUMaJdHa YyBCTBUTECIHOCT HAa TNPUEMHUKA

(SRX min):
Spxmin = —174+51 +6-20=-137 dBm (5)

EdextuBHocTTa Ha Bpb3kara LE Moxe ma
Ce U3YHUCIIH, KaTo Ce U3M0JI3Ba u3pas (4):

LE=-13dB-14dB=-151dB (6)

[Ipu Taka 3agaseHuTe CTOWHOCTH CE€ IONY-
yaBa edextuBHOcT Ha LoRaWAN Bpb3kara
wu eHepruel oromxket ot 151 dB. C enepruen
oromxket or 150 dB 3a LoRaWAN Mmoxe na ce
nokpue pascrosaue 1m0 800 km mpu omnrtu-
MaJIHU yCJIOBUS (YUCTH 3aryOu B CBOOOJHOTO
npocTpaHcTBO). CeramHusT CBETOBEH PEKOP
3a pascrossaue Ha LoRaWAN Bpb3ka € okono
702 km [8]. Tlpu peanHu ycaoBus Te3u HUiea-
HU CTOMHOCTH He Morar Ja 0bJ1aT MOCTUTHATH.
ToBa 3aBUCH OT BIMSHHETO Ha HIKOJKO
¢akropa:

e ®akrop 1: 3aryom ot paznpocTpaHeHue

B CBOOOHOTO NMPOCTPAHCTBO

Upes yaBosiBaHE Ha pa3CTOSHUETO 3aryoure
B cB0OOOHO mpocTpaHcTBO 32 LoORaWAN ce
yBenmnuyaBa ¢ 6 dB, Taka ue 3arybute Ha
paAMOCUTHAN C€ OIUCBaT C JIOTApUTMHYHA
¢byskus (Bux (3)).

B nonmbnnenue kbM 3arybaTta Ha eHeprus B
3aBHCHUMOCT OT Pa3CTOSHHUETO, (pakTopu KaTo
OTpa3sBaHEe W NPEUYylBaHE Ha PaIUOBBIHU
BBPXY OOEKTH MOraT jAa JoBenaT A0 MpPHUIIOo-
KpUBaHE Ha PaJIMOBBIHUTE, KOETO CHIIO MOXKE
Jla UMa OTpULaTeseH ehekT BbpXYy JajieyrnHara
Ha pa3NpoCTpaHEHHE.
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e ®daxrop 2: 3aryOom Ha CUTHAJ OT

CTPYKTYPHH MaTepHAJIH

3aryburte, MPUYMHEHN OT Pa3IMYHU BUOBE
CTPYKTYpH, T.€. IOTTBIIAHETO HA pPaJlMOCUTHA-
T TpU TPOHUKBAHETO UM IIpe3 Pa3In4yHU
IPEISTCTBYUS, OKa3Ba BIMSHUE BBPXY IpHe-
MaHETO Ha IMpeJaJeHUTEe CUTHAIM U MOXE Ja
CHKpaTH 3HAYUTEIIHO PA3CTOSHHUETO HA Ipeja-
BaHe.
e @akTop 3: 30Hu HA DpeHeJ

3a e)eKTHBHO NOKPHBAHE HA JIBJITH PA3CTO-
SSHUSI W TIOCTUTaHe Ha J00pa e()eKTHBHOCT U
CUTYPHOCT Ha Bpb3KaTa € BayKHO J1a Ce YCTaHO-
BU MpsiKa BUIUMOCT MEXIY IpenaBaTens U
NPUEMHUKA KOJKOTO € BB3MOXKHO IO-YeCTO.
[Ipu panuomnpenaBaHero, crenupUIHUTE TPO-
CTPAHCTBEHU 30HH MEXIy JIMHHUATA Ha IMpsKa
BUINMOCT ce Hapuyar DpeHenoBu 30HU. AKO
B T€3U 30HM MMa OOEKTH, T MOTaT Jla OKa)KaT
HETaTUBHO BJIHSHHE BBPXY Pa3NpOCTpaHEHHUE-
TO Ha PaAMOBBIHUTE, HE3aBUCHMO OT HaJH-
YHETO Ha BH3YaJIeH KOHTAKT MEXIy Ipejaa-
BaTEJHATA U IPHEMaIlaTa aHTCHH.
e ®daxkrop 4: AanTHBHA CKOPOCT HA

AAHHUTE

JluHaMU4YHa TIpOMSIHA B CKOPOCTTa Ha
NpeJaBaHuTe JaHHU M MOITHOCTTA Ha mpera-
BaHE B 3aBHCUMOCT OT Ka4eCTBOTO Ha CHT'HaJa
W Ppa3CTOSIHUETO 10 KoHmeHTtparopa. Ilo-
06aBHOTO npeAaBaHe (MO-BUCOK (DaKTOp Ha paz-
MPOCTPAHEHNE) TI03BOJISIBA TO-IIBJIBT, MTOCTOSI-
HEH TMOTOK OT JAaHHU J0 ChOTBETHMS KOHIICH-
TpaTop B CiIy4ail Ha MO-HAAEXKACH (3allyMeH)
panuouectoTeH auana3oH. LORa omepupa c
daxTop Ha pasmmpenue (spread factor — SF)
ot 7 o 12 — rabmuna 1 u dur. 4 [4].

Tabnuya 1. Bpvska mexcdy pakmopa na
pasuupenue u ckopocmma Ha npeoasare 6 LoRa

pogpun Kondurypanus: Cxopoct |[Max. 06em
HA CKOPO- (daxTop Ha HA HA

CTTA HA |pa3uIMpsiBaHe/ITHPUHA|PEIABAHE,TIOJIE3HUTE

npegaBaHe| HA 4eCTOTHA JEHTA bits/s |mauuu, bit
DRO SF12/125kHz 250 59
DR1 SF11/125kHz 440 59
DR2 SF10/125kHz 980 59
DR3 SF9/125kHz 1760 123
DR4 SF8/125kHz 3125 230
DR5 SF7/125kHz 5470 230
DR6 SF7/250kHz 11 000 230

SF7 wm3mon3Ba Hai-KbCO BpeMe 3a Tpeja-
BaHe, a SF12- Hail-mBpJIrO0 Bpeme, KaTo BCsKa

CTBIIKA Ha yBenn4yaBaHe Ha SF yaBosiBa Bpe-
METO 3a MpeJaBaHe Ha €HO U CHIIO KOJIHYEC-
TBO JaHHH. B Tabnmuna 1 ca mokazaHu napame-
TPUTE TPHU pa3IuyHu cToWHOCTH Ha SF 3a
YECTOTHUTE JICHTH C LIEHTPATHU 4eCTOTH 868
MHz u 433 MHz 3a EBpora.

bnaronapenue Ha pa3mIMpsIBAHETO HA CIIEK-
Thpa Ype3 MeTOoJa Ha JIMHEHHaTa YeCTOTHA
moaynarus (Chirp Spread Spectrum — CCS),
KaKkTO ¥ Ha pa3inyHu (a30BO M3MECTECHU 4Ye-
CTOTH, PaJIMOCUTHAIIUTE C€ MOJy4yaBaT HEUYB-
CTBUTEIHH KbM HHTEPQEPEHIHS, MHOTOJTbYEC-
BO pa3npocTpaHeHue u (aauHr.

200bps 530 970
TSF12 m 10 9 87
Due. 4. Ckopocm Ha danHume u paxmop Ha

pasuiuperue

PE3YJITATHU

[Inanupanata  pagMOKOMYyHMKAIUs B
LoRaWAN wmpexa ce peanusupa 3a IIEHTpaJ-
HaTta yacT Ha rp. ['abpoBo. B Ta3u uact Ha
rpaja ca HaJWYHU MHOXKECTBO MNPEISATCTBUSA,
KOUTO MOraT Ja IIolpeyaT Ha OCBHIIECTBSIBA-
HETO Ha paanokoMyHukanusta B LoRaWAN
Mpexara, HO Tbil karo LoRa TexHomorusra e
JIOCTaThbUHO YCHBBPILIEHCTBAaHA HAMA MPOOIEM
Jla ce mpwiiara B rpajcka cpela JOpU U IIpU
CUJIHO 3aCTpO€Ha IpajJCKa 4acT, KAKTO U IIPHU
TOJIEMH PAa3JIMKU BB BUCOYMHHUTE Ha TOYKaTa
3a JOCTBI M TOYKaTa, KBAECTO CE€ HaMHpa
KpaiftHoTO ycTpoiictBoTo. Ha ¢ur. 5 e nokaszan
paspe3 Ha perneda MexIy MECTONOIOKEHUETO
Ha LoRaWAN koHueHTparopa u Hail-naned-
HaTa TOYKa Ha HAIPABEHUTE U3MEPBAHMUSL.

m 897 m (link)

km

 @ue. 5. ITvpea @penenosa 30ua medncoy
LoRaWAN xonyenmpamopa (1) u naii-oaneunama
mouKka om nokpumuemo (2)

221

Meocoynapoona nayuna xongepenyus “YHUTEX 20" — I'abposo



Cxemara Ha eKCIEpHUMEHTaJHaTa IOCTa-
HOBKa € Ioka3aHa Ha (ur. 6.

A\
5)

4) !
LoRaWAN ‘

9’@‘

TTN mapper

Open LoRa Server

Duz. 6. Cxema Ha excnepumMeHmaiHama
NOCMAHOBKA

Cxemara Ha ONUTHATa MOCTAaHOBKA, B ChOT-
BETCTBHE C WJICHHMSA MPOEKT, € MOKa3aHa Ha
¢ur. 6 U BKIIOYBA CIETHNTE €JIEMEHTH:

1) LoRaWAN KOHIICHTpAaTOD;

2) LoRa kpaiiHO ycTpOICTBO;

3) Open LoRa Server — MpexoBH CBPBBD,
UHCTAJIMpaH B Mpexara 0a capyKeHue
Ennyewp Oynsa Copc;

4) LoRaWAN wmpexa;

5) Ilpuemna antena Ha LoRaWAN koHIcH-
TpaTopa 3a KOMYHHMKallMs C KpauHUTE
YCTPOMCTBA;

6) Anrenu 3a Bpb3ka Mexay LoRaWAN
KOHIIEHTpaTopa U Mpekara Ha CIIpyKeHUe
Ennyewsp OynbH Copc, KakTo U 3a OCHUTY-
psBaHe Ha OezxuuyHa VHTepHET CcBBp3a-
HOCT;

7) Cwmaprdon ¢ GPS Monyn U MHCTaIHPaHO
npunoxerne TTN Mapper [9];

8) MoOuiaHa WHTEpHET KOMYHHKAIMs 32
Bpb3ka Ha cmapTdoHa KbM oOOJayHaTa
yciyra Ha TTN;

9) Oo6umauna ycinyra Ha TTN 3a TTN Mapper;

10) I'mo6anna MHTepHeT Mpexa.

ExcrieppuMeHTaHOTO U3CleBaHe ce U3BBP-
1, KaTto 6€ 00X0JIeH MapIIpyT B IIEHTpaTHATa
yacT Ha rp. ['abpoBo. Pe3ynrature 3a cberos-
Hueto Ha napamerpute RSSI (B oTHOCHTETHU
dBm) u SNR (B dB), otuerenu upe3 mpuio-
xenuero TTN Mapper ca nokazanu Ha ¢ur. 7
Peanusupanu ca 17 oryera Ha HUBOTO Ha CH-
rHaja B pa3IMYHU TOUYKH OT [EHTpaHaTa yacT
Ha rpaja.

RSSI. dB |

20

40
o

0%

II I>| |141<15 ,go'g
B

-10 -140
KorTpoana Touxa Ne

SNR, dB

L N S
= I
o
L —
& E——

@Due. 7. Cmouinocmu Ha napamempume SNR u
RSSI 6 LoRaWAN mpesicama

Ha ¢ur. 8 e mokaszan peasiHusi peructpupan
00XOJICH TECTOB MapHIPyT, KOMUTO € YaCTHYHO
IIpexBBbPIIEH KbM CbpBbpa Ha TTN Mapper.
ToBa ce moy4aBa 3apajiu 1o ciabuTe HUBA Ha
CHUTHAJIa B HSIKOM OT YacTUTE Ha OOXOICHUS
MapuipyT, KaTo T€ ca YMHIIJICHO HEPETUCTPH-
paHM C LeN ChCTaBsHE Ha KapTa Ha TOKpH-
THETO CaMoO 3a 30HUTE, KBJIETO TO € C HEOOXO-
JMMOTO Ka4eCTBO.

]
TTN Mapper

Y1, I0puis Bepe™

@ue. 8. Konmponnu mouku 3acedeHu no
mMapwpyma

3AK/IIOYEHHUE

Kakto Beue Oe cnomenaro, LoRaWAN e
TEXHOJIOTHS 332 PaguouYeCTOTHA KOMYHUKALIMS
Ha JaJ€YHH PA3CTOSIHUS, KOSTO TI03BOJISBA
yCcTpoicTBara aa ce cBbp3BaT ¢ MHTepHeT nu-
PEKTHO C TOJIsIM O0XBaT M ¢ HHUCKAa KOHCyMa-
uus Ha eHeprusi. ToBa pelaBa peauiia mpo-
OieMu B ceramHara ekocucrtema ,JHTepHET
Ha Hemara®. C IBJIBT )KUBOT Ha OaTepusTa, 10
5 rogwHM, ChUETAaH C HaMmalieHa IieHa 3a II0J-
JIpbXKa Ha ceH3opHara Mmpexka, LoRaWAN
MPUABHKBA HANPEl BCHIKUA BUOBE HOBH CITy-
Yyau Ha ynorpeoa.
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BJATOJAPHOCTH

To3u nokmaa W M3cienBaHUSATa B HErO ca
peanu3upaHu Mo TMpoekT ,.Pa3zpaboTka U u3-
Clie/IBAHC HA WHOBATHBHU HH(OPMAIMOHHO-
0a3upaHu MOIYJIA U CUCTEMHU 32 KOMYHHUKAI[UU
B MuTepHer Ha Hemtata (10T)”, norosop 1910E
/2020 r. xbm YIHHUT npu TY — I'abpoB.o.
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