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AHOTAILIA

AuekcieBcbknii JI.IN. Cunres eJIeKTPOMeXaHIiYHUX cUCTEeM
BiTpOEHEPreTUYHMUX YCTAHOBOK 3 aePOAUHAMIYHUM MYJIbTHILIIKYBAHHSAM. —
Ha npaBax pykomnucy.

Hucepraiiist Ha 3100yTTS HAYKOBOT'O CTYIIEHS JIOKTOpa TEXHIYHUX HayK 3a
cuemanbHicTIoO 05.09.03 «EnekTpoTexHiyHi KomIuiekcn Ta cuctemu» (14 -
EnextpuuHa imXKeHepis) -  3amopi3bKuii  HAIlOHAIBHUN  YHIBEPCHUTET,
3anopixoks, 2020. Ilogana 10 3aXMCTy 10 crheriaigizoBaHoi BueHOi panu [l
64.050.04 y HamionaibHOMYy TEXHIYHOMY YHIBEpCUTETI «XapKiBChbKUI
MOJIITEXHIYHUHN THCTUTYTY.

Juceprailisi mpUCBSYeHA BUPINICHHIO aKTyalbHOI HAayKOBOiI IMpoOJeMHu,
IO TOJSTa€ Y PO3BUTKY TEOPETUUYHHMX 3acajl CHUHTE3y €JIEKTPOMEXaHIYHUX
cucteM  BiTpoeHepreTuyHux  ycraHoBok (BEY) 3 aepoaunamiuHum
MyJIbTUILTIKYBaHHIM (AJIM), siki 3a0e3me4uyroTh MakCUMAaJIbHY €(EKTUBHICTH
po6otu BEY 3 Touku 30py BiiOOpY MOTY>KHOCTI BiJI BITPOBOTO IOTOKY Ta
MIJBUIICHHS iX eKCIUTyaTaliiiHo1 HaJiHHOCTI.

3ampomnoHoBaHa y3arajbHeHa MaTeMaTHYHa MOJICITb
BITPOEIEKTPOreHEPYIOUOT CUCTEMU BEY 3 aepoIMHAMIYHUM
MYJIBTUIUTIKYBaHHSIM, SKa JIO3BOJISIE OTPUMYBATH TEOPETHUYHI 3aJEKHOCTI, IO
OMKCYIOTh BJIACTHUBOCTI JAHOI CHCTEMH, B y3arajJibHeHiil (opmi 3 MeETOw iX
BUKOPHCTAHHS NP MPOEKTYBAaHHI IAHUX CHUCTEM.

3anponoHoBaHO  TpadoaHamITUYHUI  MeToj  aHam3y  edexrty
aBTOOINTUMI3allll, SKUW JO3BOJIMB. JaTH TCOPETUYHE MOSICHEHHS MPUYUH TOSBH
bOro e(eKTy Ta BHUSBUTH YMOBH, III0 HEOOXIJHI JUIsi HWOro BHHUKHECHHS,
HaMITUTHU TUISIXUA HOTO OUIbII €()EeKTUBHOTO BUKOPUCTAHHS.

3anponoHOBAHO CMOCIO AEKOMIO3ULII €JEKTPOMEXaHIYHOI CUCTEMH Ta
METOJIMKY MOOY/IOBU CXEM TPAKTIB MEPETBOPEHHS €HEPrii B IIMX CHCTEMaXx, SKi
JIO3BOJIAIOTh PO3MJISIIATH IIMPOKUM Kiac ejekTpoMmexaHiuHux cuctem BEY 3
acpOIUHAMIYHUM MYJIBTHUIUTIKYBAHHSAM 3 €IWHUX TEOPETHYHHUX ITO3HMIIIH,
MIPOBOJIUTH iX aHaMI3 Ta Kiacu(ikaIliro 3a CTPYKTYpPHUMU O3HAKAMU, BUSBIISITH

111 03HAKH 3aB/SKH HAOYHIN Bi3yasizarlii.
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3anponoHOBaHO  CMOCI0  CHHTE3y  BI3yallbHO-OJIOYHUX  MOjeNen

enexktpomexaniynux cucreM BEY 3 AJIM, sxuii 3HA4HO CKOpOYYE TEPMIiHU

MPOBEJCHHS JTaHOTO CHHTE3Yy Ta 3HAYHO 3MEHIIYE WMOBIPHICTH MOMUIIOK IPH
MOJIETIOBAHHI.

Po3po6ieno dopmanizoBaHuil  aarOpuTM TMEPETBOPEHHS  Bi3yasbHO-
0J10uHOT MoJIeN eNleKTpoTexHIuHOoro komiiekcy BEY 3 AJIM, saxuii 103BoJis€e
3HaYHO CKOPOTHUTH CTBOPEHHS MAaT€MaTUYHOIO OIHUCY EJIEKTPOMEXaHIuHOI
cuctemu BEY 3 AJIM sik 00'ekTy ympaBiiHHS, 110 BUKOPHUCTOBYETHCSA MPH
CUHTE31 1i CUCTEM YIIpaBIIIHHS.

Po3pobisieH0 anropuT™M MOMEHTHOTO KEpyBaHHS €JIEKTPOMEXaHIYHOIO
cuctemoro BEY 3 AJIM, sAkuii 103BOJIsiE BHUKOPHUCTOBYBATH ACPOMEXaHIUHY
cucremy BEY 3 AJIM 3 3XOpPCTKOIO aepoJIMHAMIYHOI KOHCTPYKIIIEIO
MEPBUHHOTO BITPOKOJEca, 10 3HAYHO 3MEHIIY€E KaliTajdbHl Ta €KCIUTyaTalllifHi
Butpatu Ha BEY Ta miagBumye ii ekcrutyaTaniiny HaaiiHICTb.

[IlngxoM MaTeMaTUYHOIO  MOJEIIOBAHHA  OTPUMAHO  3aJIEKHOCTI
BEJIMYMHU TEPEBUILEHHA MOTYXHOCTI, MIJ Yac MEPEeXIJHOr0 MpOILeCcy IpH
peaizaliii aiIrOpuTMy MOMEHTHOTO YIIPABIIHHS €EKTPOMEXaHIYHOIO CUCTEMOIO
BEY 3 AJIM, Bia cepeaHbOro 3HAYEHHS, aMIUIITY/Id Ta YaCTOTH KOJWBaHHS
BITPOBOTO MOTOKY, IO JI03BOJISIE MPOBOAMTH PO3PAXYHOK BCTAHOBJIEHOI
MOTYKHOCTI KOMIIOHEHTIB eleKkTpoobiagHanus BEY.

B pesynbTaTi MOAENBHOTO EKCIEPUMEHTY OTPUMAHO XapaKTEPUCTUKHU
BIUIMBY TlapaMeTpiB CUCTEMU HA BEJIMYUHY BHUXIJAHOI MOTYXHOCTI, IO
JIO3BOJIMJIO BU3HAUYUTHU ONTHUMAalbHI PEKUMH KEPYBAHHS €JIEKTPOMEXaHIYHOIO
cuctemoro BEY 3 AJIM.

3a gomomorow  ekcrepumeHTanbHOi  BEY  Oyno  miaTBepmkeHo
npare3 aTHICTh 3alpONOHOBAHOIO CHOCO0Y MOMEHTHOro ympasiiHHga BEY 3
AJIM.

Po3pobneno cxemy Ta  anroputM  (QyHKUIOHYBaHHS  IMITaTopy
aCpOMEXaHIYHOI  MiJICHCTeMH, SKHH  JIO3BOJIIE  CTBOPUTH  CTEHJ IS

BUNpoOyBaHHs enekTpoodnanHanus BEY 3 AJ/IM B nabopatopHux abo eXOBUX
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yMOBax SK Ha CTalii po3poOKM HOBOTO €JIEKTPOOOJIATHAHHSA, TaK 1 TIpH
BUMNPOOYBaHHI €JIEKTPOOOIaAHAHHS MTPU CEPIMHOMY BUPOOHHUIITBI IIUX CUCTEM.

Pesynpratu  pobGotm  Oyno  BUKOPHCTAaHO TPU  MPOEKTYBAaHHI
enektpoobmagnanus BEY 3 AJIM  TI-750, TI-1000 BAT «HAI
«IleperBoproBau» (M. 3anopixoks) 1 Kb «Konkopn» (M. [uimpo) Ta B
nepcrnektuBHii po3pobii Kb «['omybenko» BAT «3roma» (M. Huinpo) BEY 3
AJIM TI'-2100 motyxHicTio 2100 xBrT.

Knwouoei cnosa: BITpOGHEpPreTUYHAa YCTAHOBKA, €JIEKTPOMEXaHIYHA
CUCTEMa, AaepoJMHaAMIYHE MYJbTUILUIIKYBaHHS, CHUCTEMa AaBTOMATHYHOIO

KCPYBaHHA, MOMCHTHC KCPYBAHHA.
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ANNOTATION

Alekseevskiy D.G. Synthesis of wind power plants electromechanical
systems with aerodynamic multiplication. Manuscript.

Dissertation on achieving the scientific degree Doctor of Technical
Science by specialty 05.09.03 «Electrotechnical Complexes and Systems» (14 -
Electrical engineering) - Zaporizhzhya National University, Zaporizhzhia, 2020.
Filed for defense at a specialized academic council D 64.050.04 at the National
Technical University «Kharkiv Polytechnic Institutey.

The development of the synthesis theoretical base of the wind power
plants electromechanical systems with aerodynamic multiplication (ADM),
provide the maximum efficiency of wind turbines in power take-off from the
wind flow terms and increase their operational reliability, was the dissertation
subject.

A generalized wind turbine with aerodynamic multiplication
mathematical model was proposed. This model allows one to obtain theoretical
dependencies describing the properties of a given system in a generalized form
for the purpose of its use in the design of these systems.

The graph analytical method for analyzing the effect of auto-optimization
IS proposed in the thesis. This method allowed us to give a theoretical
explanation of the reasons for the appearance of the auto-optimization effect,
discovered the conditions for its occurrence, and outlined the ways for its more
efficient use.

The decomposition method of the electromechanical system and the
methodology for constructing circuits of energy conversion paths in these
systems are also proposed in the paper. These methods allow us to consider a
wide class of wind turbines with aerodynamic multiplication from a single
theoretical point of view analyze and classify them according to structural

features, and identify these features through visualization.
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A method of visual-block models synthesis of wind turbines with ADM is
proposed. This method significantly shortens synthesis time and significantly
reduces the probability of modeling errors.

A formalized algorithm for the transformation of the visual-block model
of the electrotechnical complex of wind turbines with ADM has been developed.

An algorithm for the instantaneous control of a wind turbines
electromechanical system with ADM was developed. The algorithm allows
using the wind system with the rigid aerodynamic design of the primary wind
wheel, which significantly reduces the capital and operational costs of the wind
turbine and increases its operational reliability.

The excess power amount dependence, during the transition process,
when implementing the algorithm for instant control of the wind turbine
electromechanical system with ADM, on the amplitude and frequency of the
wind flow oscillations, which allows you to calculate the installed power in the
elements of electrical equipment, are got as the result by mathematical
modeling.

As the result of the model experiment, the influence of the system
parameters characteristics on the output power was obtained, which made it
possible to determine the optimal control modes for the electromechanical
system of wind turbines with ADM.

With the help of an experimental wind turbine, the efficiency of the
proposed method of instantaneous control of wind turbine with ADM was
confirmed.

The scheme and algorithm of functioning of the simulator of the
aeromechanical subsystem are developed. This allows creating a stand for
electrical equipment testing of wind turbines with ADM in laboratory or
workshop conditions both at the development stage of new electrical equipment
and during testing of electrical equipment during the batch production of these

systems.
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The results of the work were used in the design of wind turbine electrical

equipment with ADM TG-750, TG-1000 of OJSC "Preobraxovatel" Research

Institute (Zaporizhzhya) and Concord CB (Dnipro) and in the prospective

development of Golubenko CB of OJSC "Zgoda" (Dnipro) Wind turbine with
ADM TG-2100 capacity of 2100 kW.

Keywords: wind power plant, electromechanical system, aerodynamic

multiplication, automatic control system, torque control.
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