ENERGEETIKATEADUSKONNA ELEKTRIAJAMITE JA JOUELEKTROONIKA
INSTITUUDI TEADUS- JA ARENDUSTEGEVUSE AASTAARUANNE 2011

1. Instituudi struktuur
Instituudi direktori kt Tonu Lehtla

e Elektriajamite ja elektrivarustuse dppetool, Chair of Electrical Drivers and Electrical Supply
¢ Robotitehnika dppetool, Chair of Robotics, Tonu Lehtla

2. Instituudi teadus- ja arendustegevuse (edaspidi T&A) iseloomustus
(NB! punktid 2.1- 2.6 taidab struktuuritksus)

2.1 struktuuriuksuse koosseisu kuuluvate uurimisgruppide
2.1.1 teadust6o kirjeldus (inglise keeles);

Development of innovative semiconductor converters (QZS converters, intelligent converters,
DC/DC converters with high power density, frequency converters);

DC/DC converters with inverter and high-frequency intermediate based on IGBT transistors
for powering on-board systems of trams and electric trains, integrating renewable energy
sources and electricity storage devices to power network

Basic research of commutation processes and electromagnetic compatibility, implementation
research on scheme solutions, prototypes for product development

Electrical drives, industrial automation, electrical transport, including fast charging of electric
cars in intelligent power networks (smart grids); Researching electrical drives, electrical
transport, and fast-charging stations in case of the communication channels of different types
of batteries, power supply and converter systems, and in case of intelligent network
infrastructure

Electrical measuring, protection and safety in intelligent power networks; Modelling,
simulation, investigating protection and safety problems

Power supply, electric lighting, and lighting and heating management in intelligent network;
Power supply for companies and buildings; Researching the lighting characteristics
(illumination, brightness, spectrum (colour), discomfort, etc.) of different types of lighting
sources in the context of purpose (indoor and outdoor objects, and street lighting), Estonian
global location, natural light, climate, and seasons; The power sources of LED-lightings,
special lighting solutions, lightings with self-adaptive spectrum.

2.1.2 aruandeaastal saadud tdhtsamad teadustulemused (inglise keeles).

Department of Electrical Drives and Power Electronics becomes the member of ECPE —
European Centre for Power Electronics in 2011.

Most important scientific results achieved in 2011:

1) Novel topology of a high step-up galvanically isolated DC/DC converter was proposed and
experimantally verified. Two utility models and one patent application were registered in
Estonian Patent office.

2) New energy efficient high voltage semiconductor switch based on parallel connection of
HV IGBT and IGCT was proposed. Patent application was registered in Estonian Patent office.



3) New power conditioning system for fuel cells with modular structure and unique control
system (active ripple cancellation, possibility to eliminate unwanted operation states) was
proposed, assemblem and experimentally verified. One utility model was registered in
Estonian Patent office.

4) Novel magnetically coupled multiport DC/DC converter was proposed for hydrogen buffer
interfacing with renewable energy systems. Theoretical assumptions were verifyed by help of
2 KW prototype assembled in the lab.

5) New 3-level neutral point clamped auasi-Z-source inverter (3L-NPC gZSI) was proposed
and experimentally validated.

6) New modular concept of a solid state transformer (power electronic transformer) was
proposed in order to replace the 50 Hz distribution transformers in power distribution grids.

2.2 Uurimisgrupi kuni 5 olulisemat publikatsiooni lainud aastal.

Vinnikov, D.; Laugis, J. (2011). An improved high-voltage IGBT-based half-bridge DC/DC
converter for railway applications. COMPEL: The International Journal for Computation and
Mathematics in Electrical and Electronic Engin, 30(1), 279 - 298.

Vinnikov, D.; Roasto, I. (2011). Quasi-Z-Source-Based Isolated DC/DC Converters for Distributed
Power Generation. IEEE Transactions on Industrial Electronics, 58(1), 192 - 201.

Bisenieks, L.; Vinnikov, D.; Ott, S. (2011). Switched Inductor Quasi-Z-Source Based Back-to-Back
Converter for Variable Speed Wind Turbines with PMSG. ELECTRONICS AND ELECTRICAL
ENGINEERING, 8, 61 - 66.

Vinnikov, D.; Roasto, |.; Jalakas, T.; Ott, S. (2011). Extended Boost Quasi-Z-Source Inverters:
Possibilities and Challenges. Electronics and Electrical Engineering, 112(6), 51 - 56.

Vinnikov, D.; Roasto, |.; Zakis, J.; Ott, S.; Jalakas, T. (2011). Analysis of Switching Conditions of
IGBTSs in Modified Sine Wave qZSIs Operated with Different Shoot-Through Control Methods.
Electronics and Electrical Engineering, 111(5), 45 - 50.

2.3 Loetelu struktuuritiksuse tootajate rahvusvahelistest tunnustustustest.

Euroopa Jouelektroonika Keskus (ECPE — European Centre for Power Electronics), mis koondab
Euroopa tahtsamaid jouelektroonikaga tegelevaid ettevdtteid ja Glikoole, vottis TTU elektriajamite
ja jouelektroonika instituudi oma liikmeks ning andis instituudile kompetentsikeskuse tiitli.
Vastuvottu toetasid 2 ECPE liikmeks olevat toostusettevotet — ABB ja Schneider Electric. ECPE
eesmargiks on edendada ja tugevdada Euroopa jouelektroonikaalast teadus- ja arendustegevust ning
teadmiste siiret vdtmevaldkondades nagu energia tdhusam tootmine, jaotamine ning kasutamine.

Septembris 2011 Ulendas IEEE (The Institute of Electrical and Electronics Engineers) vanemteadur
Dmitri Vinnikovi organisatsiooni lihtliikmest tasemele Senior Member of the IEEE. See on
liilkmete professionaalsuse kdrgeim tase, mis on omistatud vaid 8 %-le 400 000-st IEEE liikmest.

Riia Tehnikadlikooli 52. rahvusvahelise teaduskonverentsi Power and Electrical Engineering
korralduskomitee autasustas 14. oktoobril 2011 Dmitri Vinnikovi kui kdige tapsemat retsensenti
aukirjaga.

2.4 Loetelu struktuuritiksuse tootajatest, kes on valisakadeemiate voi muude oluliste T&A-ga seotud
valisorganisatsioonide litkmed.
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Prof. Endel Risthein on Sveitsi Elektro-, Energia- ja Infotehnikatihingu (SEV Verband fiir
Elektro-, Energie- und Informationstechnik) liige.

Vanemteadur Dmitri Vinnikov on IEEE (The Institute of Electrical and Electronics Engineers)
Toostuselektroonika Seltsi (IEEE Industrial Electronics Society, IES) ja Jouelektroonika Seltsi
(IEEE Power Electronics Society, PELS) liige.

Vanemteadur Indrek Roasto on IEEE ja IES liige.

Vanemteadur Tanel Jalakas on IEEE liige.

2.5 Aruandeaasta tdhtsamad T&A finantseerimise allikad.
Riigieelarveline T&A sihtfinantseerimine

Sihtfinantseerimise teema T016, Aktiivsete elektrijaotusvdrkude muundurite topoloogiad ja
juhtimismeetodid, Dmitri Vinnikov summas 84540 eurot

Eesti Teadusfondi finantseerimine kokku summas 75819 eurot + 20%
Grant ETF7572 voimsad korgsagedusliku vaheluliga alalispingemuundurid, Ténu Lehtla, 7278 eurot
Grant ETF8687, Intelligentne trafo — talitlusreziimide analiiiis, Indrek Roasto, 6000 eurot.

Grant ETF8538, Kvaasi-impedantsallikaga alalis- ja vahelduvpingemuundurid, Dmitri Vinnikov,
11300 eurot.

Grant ETF8020, Vdimsate IGBT muundurite innovatiivsete juhtimis- ja diagnoostikastisteemide
uurimine, Valery Vodovozov, 9827 eurot.

Uhisgrant valisriikidega GERA1, Elektri tarkvérgu kliendivalduse elektrikvaliteedi ja inimeste ning
elektriseadmete ohutusnduded, Tonu Lehtla, 41414 eurot.

Riiklikud programmid
AR10126, Energiasisteemi talitluse optimeerimine muutuvkoormuste tasakaalustamiseks, Toomas
Rang, Tonu Lehtla, Heiki Tammoja; Aadu Paist; Aleksander Kilk, 63334 eurot.

Infrastruktuur (nn ,,mini-infra®, ,,asutuse infra*):

APO016, Aktiivsete elektrijaotusvdrkude muundurite topoloogiad ja juhtimismeetodid, Dmitri
Vinnikov, 66638 eurot.

ULTAPG66, Arukad energiasiisteemid, Argo Rosin, 104409 eurot.
Valisriikide lepingud

VA431, Integration of Renewable Energy Sources and Improvement of Energy Conversion
Efficiency in Microgrids, Dmitri Vinnikov

2.6 Soovi korral lisada aruandeaastal saadud T&A-ga seotud tunnustusi (va punktis 2.3 toodud
tunnustused), Ulevaate teaduskorralduslikust tegevusest, teadlasmobiilsusest ning anda hinnang oma
teadustulemustele.

2.7 Instituudi teadus- ja arendustegevuse teemade ja projektide nimetused (Eesti
Teadusinfosusteemi, edaspidi ETIS, andmetel)
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e Haridus- ja Teadusministeerium
sihtfinantseeritavad teemad:
— TO016, Aktiivsete elektrijaotusvdrkude muundurite topoloogiad ja juhtimismeetodid,
Vinnikov Dmitri

baasfinantseerimise toetusfondist rahastatud projektid (sh TTU tippkeskused):
riiklikud programmid:

e Teiste ministeeriumide poolt rahastatavad riiklikud programmid:

e Uurija-professori rahastamine:

e SA Eesti Teadusfond
grandid:
— ETF7572, Vdimsad kdrgsagedusliku vaheliliga alalispingemuundurid, Lehtla Ténu
— ETF8020, Vdimsate IGBT muundurite innovatiivsete juhtimis- ja diagnoostikasusteemide
uurimine , Vodovozov Valery

— ETF8687, Intelligentne trafo — talitlusreziimide analiiiis, Indrek Roasto
— ETF8538, Kvaasi-impedantsallikaga alalis- ja vahelduvpingemuundurid, Dmitri Vinnikov

uhisgrandid vélisriigiga:
— GERAZ1,Elektri tarkvorgu kliendivalduse elektrikvaliteedi ja inimeste ning elektriseadmete
ohutusnduded, Lehtla Tdnu

jareldoktorite grandid (SA ETF ja Mobilitas):

— MJD42, Research and Development of Bi-Directional Power Converters for Energy Storage
Applications, Zakis Janis

tippteadlase grandid (Mobilitas):
e Ettevdtluse Arendamise SA

eeluuringud:
arendustoetused:

e SA Archimedesega sdlmitud lepingud
infrastruktuur (nn ,,mini-infra®, ,,asutuse infra®):
— APO016, Aktiivsete elektrijaotusvorkude muundurite topoloogiad ja juhtimismeetodid,
Vinnikov Dmitri
— ULTAP66, Arukad energiasiisteemid, Argo Rosin

Eesti tippkeskused:
riiklikud programmid:
— AR10126, Energiasusteemi talitluse optimeerimine muutuvkoormuste tasakaalustamiseks,
Toomas Rang, Tonu Lehtla, Heiki Tammoja; Aadu Paist; Aleksander Kilk

muud T&A lepingud:

e SA Keskkonnainvesteeringute Keskusega s6Imitud lepingud:

e Siseriiklikud lepinqud:
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— Lep9122, Kutuseelementide baasil autonoomse toiteallika alalispingemuundur, Vinnikov
Dmitri

e EL Raamprogrammi projektid:

o Vilisriiklikud lepingud:
— VAA431, Integration of Renewable Energy Sources and Improvement of Energy Conversion
Efficiency in Microgrids, Vinnikov Dmitri

2.8_Struktuuritksuse tootajate poolt avaldatud sihtfinantseeritava teadusteema taotlemisel
arvestatavad eelretsenseeritavad teaduspublikatsioonid (ETIS Kklassifikaatori alusel 1.1, 1.2, 1.3, 2.1,
2.2,3.1,3.2,33,4.1jab.1).
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Vinnikov, D.; Laugis, J. (2011). An improved high-voltage IGBT-based half-bridge DC/DC
converter for railway applications. COMPEL: The International Journal for Computation and
Mathematics in Electrical and Electronic Engin, 30(1), 279 - 298.

Vinnikov, D.; Roasto, I.; Zakis, J.; Ott, S.; Jalakas, T. (2011). Analysis of Switching Conditions of
IGBTSs in Modified Sine Wave qZSIs Operated with Different Shoot-Through Control Methods.
Electronics and Electrical Engineering, 111(5), 45 - 50.

Roasto, I.; Vinnikov, D.; Jalakas, T.; Strzelecki, R. (2011). Digital Current Mode Control
Algorithms for High-Power Half-Bridge DC/DC Converters. Przeglad Elektrotechniczny, 8, 180 -
186.

Vinnikov, D.; Roasto, |.; Jalakas, T.; Ott, S. (2011). Extended Boost Quasi-Z-Source Inverters:
Possibilities and Challenges. Electronics and Electrical Engineering, 112(6), 51 - 56.

Blinov, A.; Vinnikov, D.; Jalakas, T. (2011). Loss Calculation Methods of Half-Bridge Square-
Wave Inverters. Elektronika ir Elektrotechnika, 7, 9 - 14.

Rosin, A.; Auvaart, A; Lebedev, D. (2011). Operation Times Analysis and Electrical Storage
Dimensioning for Energy Consumption Shifting and Balancing in Residential Area. Electronics and
Electrical Engineering, Xx - xx. [ilmumas]

Vinnikov, D.; Roasto, I. (2011). Quasi-Z-Source-Based Isolated DC/DC Converters for Distributed
Power Generation. IEEE Transactions on Industrial Electronics, 58(1), 192 - 201.

Bisenieks, L.; Vinnikov, D.; Ott, S. (2011). Switched Inductor Quasi-Z-Source Based Back-to-Back
Converter for Variable Speed Wind Turbines with PMSG. ELECTRONICS AND ELECTRICAL
ENGINEERING, 8, 61 - 66.
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Beldjajev, V.; Roasto, I.; Lehtla, T. (2011). Intelligent Transformer: Possibilities and Challenges.
Scientific Journal of Riga Techical University: Power and Electrical Engineering, 29, 95 - 100.

Ivakhno, V.; Zamaruev, V.; Lastovka, A.; Blinov, A.; Vinnikov, D. (2011). About possibility of



improvement of energetic characteristics of two-stage dc/dc converter with separated commutation.
TexHiuHa enexTpoanHamika, 88 - 92.

Zakis, J.; Rankis, I.; Vinnikov, D. (2011). Analysis of operating modes of the step-up dc/dc
converter with a commutating lIc-filter. Texuiuna enekrpoaunamika, 87 - 92.

Andrijanovitsh, A.; Steiks, I.; Zakis, J.; Vinnikov, D. (2011). Analysis of State of the Art Converter
Topologies for Interfacing of Hydrogen Buffer with Renewable Energy Systems. Scientific Journal
of Riga Technical University. Power and Electrical Engineering, 29, 87 - 94.

Ott, S.; Roasto, I.; Vinnikov, D.; Lehtla, T. (2011). Analytical and Experimental Investigation of
Neutral Point Clamped Quasi-Impedance-Source Inverter. Scientific Journal of Riga Techical
University: Power and Electrical Engineering, 29, 113 - 118.

Blinov, A.; Vinnikov, D.; Lehtla, T. (2011). Cooling Methods for High-Power Electronic Systems .
Scientific Journal of Riga Techical University: Power and Electrical Engineering, 29, 79 - 86.

Rosin, A.; Rosin, K. (2011). Dimensioning and feasibility of PV-systems for residential area in
Estonia . Scientific Journal of Riga Techical University: Power and Electrical Engineering, XX - XX.
[IImumas]

Husev, O.; Bisenieks, L.; Vinnikov, D. (2011). FRONT-END ACTIVE RECTIFIER FOR GRID-
CONNECTED PMSG BASED WIND TURBINES. Journal of Chernihiv State Technological
University, 3, 132 - 138.

Vinnikov, D.; Husev, O.; Roasto, I. (2011). Lossless Dynamic Models of the Quasi-Z-Source
Converter Family. Scientific Journal of Riga Techical University: Power and Electrical Engineering,
29,73 -78.

Vinnikov, D.; Husev, O.; Andrijanovits, A.; Roasto, 1. (2011). New high-gain step-up dc/dc
converter for a fuel cell interfacing in hydrogen buffer. Texniuna enekrponunamika, 93 - 100.

Blinov, A.; Vinnikov, D.; Ivakhno, V. (2011). Study of performance improvement methods for 6.5
kv IGBT based two-level half-bridge converters. TexHiuHa enekrponuHamika, 56 - 62.

Zakis, J.; Vinnikov, D. (2011). Study of Simple MPPT Converter Topologies for Grid Integration of
Photovoltaic Systems. Scientific Journal of Riga Techical University: Power and Electrical
Engineering, 29, 67 - 72.
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Rosin, A. (2011). Control and Operation Diagnostics of Light Rail Electric Transport: Research and
Development. Saarbriicken, Germany: LAP LAMBERT Academic Publishing GmbH & Co. KG

Roasto, 1.; Jalakas, T.; Vinnikov, D. (2011). High-voltage IGBT based converters for rolling stock:
Possibilities and Challenges. Saarbriicken, Germany: Lambert Academic Publishing AG & Co. KG
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Beldjajev, V.; Roasto, I.; Vinnikov, D. (2011). Analysis of Current Doubler Rectifier Based High
Frequency Isolation Stage for Intelligent Transformer. In: 7th International Conference-Workshop
Compatibility and Power Electronics (CPE2011), Tallinn, Estonia, June 01-03, 2011: Tallinn, Eesti:,
2011, 336 - 341.

Bisenieks, L.; Vinnikov, D.; Zakis, J. (2011). Analysis of Operating Modes of the Novel Isolated
Interface Converter for PMSG Based Wind Turbines . In: Proceedings of the 2011 International
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Vodovozov, V.; Egorov, M. (2011). Discontinuous Space Vector Modulation Technique For Motor
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2011, Lisbon, Portugal, April 27-29.: IEEE, 2011, Paper 249.
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Efficiency of the gZS-Converter Family . In: 7th International Conference-Workshop Compatibility
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Vodovozov, V.; Egorov, M.; Raud, Z.; Lehtla, T. (2011). Inverters with Reduced Switching Losses
for Industrial Applications. 9th IEEE International Conference on Industrial Informatics INDIN
2011. Caparica, Lisbon, Portugal: IEEE, 2011, 274 - 279.

Husev, O.; Ivanets, S.; Vinnikov, D. (2011). Neuro-fuzzy Control System for Active Filter with
Load Adaptation. In: 7th International Conference-Workshop Compatibility and Power Electronics
(CPE2011), Tallinn, Estonia, June 01-03, 2011:, 2011, 28 - 33.



Ott, S.; Roasto, I.; Vinnikov, D. (2011). Neutral Point Clamped Quasi-Impedance-Source Inverter.
7th International Conference-Workshop Compatibility and Power Electronics (CPE2011), Tallinn,
Estonia, June 01-03. IEEE, 2011, 348 - 353.
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359.
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Connected PMSG based Wind Turbines. 2011 10th International Conference on Environment and
Electrical Engineering. IEEE, 2011, 869 - 872.
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for households energy management. In: 7th International Conference-Workshop Compatibility and
Power Electronics (CPE2011), Tallinn, Estonia, June 01-03, 2011: IEEE, 2011, 103 - 106.

Rassdlkin, A. (2011). Possible Solutions of Using Multi-Engine Power Systems for Switching
Locomotives. In: Conference Info 7th International Conference-Workshop "Compatibility and
Power Electronics™ CPE 2011, Student Forum: (Toim.) Janis Zakis. Tallinn, Estonia: IEEE, 2011, 7
- 10.

Zakis, J.; Vinnikov, D.; Roasto, I.; Ribickis, L. (2011). Quasi-Z-Source Inverter Based Bi-
Directional DC/DC Converter: Analysis of Experimental Results. 7th International Conference-
Workshop, Compatibility and Power Electronics (CPE 2011). IEEE, 2011, 1 - 6.
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University of Technology and Tallinn Center of Industrial Education. In: 7th International
Conference-Workshop Compatibility and Power Electronics (CPE2011) Conference Proceedings:
7th International Conference-Workshop Compatibility and Power Electronics (CPE2011), Tallinn,
Estonia, June 01-03, 2011. IEEE, 2011, 365 - 370.

Zakis, J.; Vinnikov, D.; Bisenieks, L. (2011). Some Design Considerations for Coupled Inductors
for Integrated Buck-Boost Converters. 111 International Conference On Power Engineering, Energy
And Electrical Drives (POWERENG 2011). IEEE, 2011, 1 - 6.

Egorov, M.; Vodovozov, V. (2011). Space Vector Modulation with Reduced Switching Losses for
Motor Drive Inverters. 7th International Conference-Workshop "Compatibility and Power
Electronics” CPE 2011, Tallinn, Estonia., 2011, 388 - 393.

Raud, Z.; Vodovozov, V. (2011). Staff Training for Servicing Special Power Electronic
Applications. In: 7th International Conference-Workshop "Compatibility and Power Electronics"
CPE 2011:, 2011, 319 - 324.
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Comepatibility and Power Electronics (CPE2011), Tallinn, Estonia, June 01-03, 2011:, 2011, 137 -
143.

Vodovozov, V.; Raud, Z. (2011). Web-Based Learning Content Management System of Power
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2.9 Struktuuritksuses kaitstud doktorivéitekirjade loetelu (NB! struktuuritiksus lisab
struktuuriliksuse tootaja juhendamisel mujal kaitstud doktorivaitekirjade loetelu)

Mikhail Egorov, elektriajamite ja jduelektroonika instituut
Teema: Research and Development of Soft-Commutated High-Voltage IGBT Based Converters
(Korgepingelistel IGBT-del baseeruva pehmelulitusega muunduri uurimine ja véljatddtamine)

Juhendaja: prof Valery Vodovozov

Kaasjuhendaja: vanemteadur Dmitri Vinnikov

Kaitses: 5.09.2011

Omistatud kraad: filosoofiadoktor (energia- ja geotehnika)
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Applications, Zakis Janis
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3. Struktuuriiksuse infrastruktuuri uuendamise loetelu
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