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2. Synthesis of wind power plants electromechanical systems with aerodynamic multiplication

Pedepar:
1. Inceprauis Ha 3006yTTSI HAYKOBOTO CTYIIEHSI JOKTOPA TEXHIYHMX HAyK 3a crenianbHicTio 05.09.03

«EnexTpoTexHi4YHI KOMIJIEKCH Ta CUCTEMU» - 3allOpi3bKUi HalliOHAJIBHUI YHIBEPCUTET, 3anopixoks, 2020.

Jyceprauis NpUCBsYeHa BUPIIIEHHIO aKTyaJlbHOI HAYKOBOI IPO6JIeMY, 10 MOJISITa€ Y PO3BUTKY TEOPETUYHUX 3acafl

CHUHTE3Y €JIEKTPOMEXAHIYHUX CUCTEM BiTPOEHEPrEeTUYHUX YCTAaHOBOK 3 a€POJAVHAMIYHUM MYJIbTUILIIKYBaHHAM, SKi

320€31e4yIoTh MaKCUMabHY eeKTUBHICTb po60oTH BEY 3 ToukM 30py BiOOPY NOTYKHOCTI Bif, BITpPOBOTO [IOTOKY Ta

MigBUILIEHHS IX €KCIUIyaTalilHOl HaJliMHOCTI. 3alIpONIOHOBAHA y3arajbHEHa MaTeMaTUYHa MOZEIIb

BiTpOeJIeKTporeHepyoo4oi cucremu BEY 3 aepognHamMiyHMM MyJIBTUILIIKYBaHHSIM, SKa TO3BOJISIE OTPUMYBATU



TE€OPETUYHi 3aJIEXKHOCTI, IO ONUCYIOTh BJIACTUBOCTI AaHOI CUCTEMHU, B y3arajabHeHill (OpMi 3 METOIO ixX
BHUKOPHCTaHHS IIPY NTPOEKTYBaHHI JaHUX CUCTEeM. 3aIIpOIIOHOBAaHO rpadoaHaNliTUIHUN METO, aHalizy ePeKTy
aBTOOITHMI3allii, IKNI IO3BOJIMB: IaTU TEOPETUYHE [TOSCHEHHS IIPUYUH HOr0 [IOSIBU Ta BUSIBUTU YMOBH, 10O
HEOOXiJIHi 1711 BUHUKHEHHSI LIbOrO €(PEeKTy, HAMITUTY MIJISIXU KOro 6iblll €(DEeKTUBHOTO BUKOPUCTAHHSL.
3anponoHOBaHO CIIOCI6 1eKOMITIO3ULLi] €IeKTPOMEXaHIYHOI CUCTEMU Ta METOJIUKY OOYLOBU CXEM TPAKTIiB
[IEPETBOPEHHS €HEPTii B IUX CUCTEMAX, SIKi IO3BOJISIIOTh PO3IJISIIATU IMPOKUN KJIAC €JIeKTPOMEXAHIYHUX CUCTEM
BEY 3 aepoguHaMiuHUM MyJIbTUILIIKYBaHHSIM 3 €IMHUX TEOPETUYHMX NIO3ULIiM, IPOBOAUTH iX aHai3 Ta
ki1acu@ikalilo 3a CTPYKTYPHUMU O3HaKaMU, BUSIBJISITH Lii O3HAKM 3aBJISIKM HAOYHIN Bisyasisalii. 3alIpOIIOHOBAHO
CIoCi6 CHHTe3y Bi3yaslbHO-0JIOUHUX MOJeJell eJleKTpoMexaHiYHux cuctem BEY 3 AIIM, siknii 3HaYHO CKOPOYye
TE€pMiHU NTPOBEJEHHS JAHOTO CUHTEe3Y Ta 3Ha4YHO 3MEHIye HIMOBIPHICTb IOMUJIOK IIPU MOJieJtoBaHHi. Po3pobiieHo
(opMasli30BaHUI AJITOPUTM [IEPETBOPEHHS Bi3yalbHO-0JI04YHOI MOZEJIi €JIeKTPOTEeXHIYHOTo KoMIiekey BEY 3 ATIM,
KUY [03BOJISIE 3HAYHO CKOPOTUTU CTBOPEHHS MaTEMATUYHOIO OIMCY eJIeKTPOMeXaHiuHoi cucteMu BEY 3 AIIM gk
MOMEHTHOTO YIIPaBJIiHHY €JIEKTPOMEXaHIYHOIO cucTeMOI0 BEY 3 AJIM, KUt 103BOJIsi€e BUKOPUCTOBYBATU
aepomexaHiyny cucremy BEY 3 AJIM 3 5KOPCTKOIO a€pOAVMHAMIYHOIO KOHCTPYKLi€I0 IEPBUHHOTO BITPOKOJIECA, 110
3HAQYHO 3MEHINYE KalliTaJbHi Ta €KCILlyaTaliliHi BuTpaTy Ha BEY Ta migsumye ii excriryataliiiHy HaJiliHiCTb.
[In9x0M MaTeMaTUYHOTO MOJEJIIOBAHHS OTPMMAaHO 3aJIESXKHOCTI BEJIMYUHY NIEPEBUIILEHHS IIOTY>KHOCTI ITiJ] 4ac
IIepexiIHOro NpoLecy, NPy peanisalii aIrOpUTMy MOMEHTHOTIO YIIPaBJIiHHS €JIEKTPOMEXaHiYHOI0 CUCTEMOIO BEY 3
AJIM, Bif cepenHbBOrO 3HAYEHHS, AMIUITYIY Ta YaCTOTU KOJIMBAHHS BITPOBOTO IIOTOKY, 110 [NO3BOJISIE IPOBOAUTHU
PO3paxyHOK BCTaHOBJIEHOI IIOTY>KHOCTI KOMIIOHEHTIB ejleKTpoobsagHaHHs BEY. B pesyabTaTi MO#EIbHOTO
€KCIIEPMMEHTY OTPMMAHO XapaKTePUCTUKU BIUIMBY IAPaMETPIiB CUCTEMU Ha BEJIMYUHY BUXiAHOI IOTY>KHOCTI, 1110
II03BOJIMJIO BUBHAYUTHU ONTUMAJIbHI PEKVMMU YIIPABJIiHHA €JIEKTPOMEXaHIYHOI0 cucTtemolo BEY 3 AIIM. 3a
IOTIOMOTOI0 €KCIleprMeHTaIbHOI BEY 6ysi0 nmigTBepaskeHo npale3naTHiCTh 3alpOIIOHOBAHOTO CIIOCO0Y
MOMEHTHOTO y1pasiiHHs BEY 3 AIIM. Po3po6sieHo cxeMy Ta airOpUTM (PyHKLIIOHYBAaHHSI iMITaTOPy aepoOMeXaHiuHOi
IiiCMCTEeMU, SIKUM O3BOJISIE CTBOPUTH CTEHZ, 17151 BUITPOOYBaHHS ejleKTpoobsianHanHsa BEY 3 AJIM B 1a60paTopHUX
ab0 LIeXOBUX YMOBAX $K Ha CTalii pO3pOOKM HOBOTO €J1€KTPO0OIaiHAHHS, TaK i TPU BUNIPOOYBaHHI
€JIEKTPOoO0OJIaiHAaHHS NIPY CcepiiHOMY BUPOOHULITBI LIUX CUCTEM. Pe3ysibTaTi po60TH 6yJI0 BUKOPUCTAHO IIpU
IIPOEKTYBaHHI eslekTpoobnanHanHsa BEY 3 AIIM TT-750 ta TI'-1000 BAT «H/]I «IlepetBoproBau» (M. 3anopixcks) i Kb
«Konkopg» (M. JHinpo) ta y nepcnektusHill po3po6bui Kb «['ony6enko» BAT «3roga» (M. JHinpo) BEY 3 AZIIM TT-
2100 noTyxHicTio 2100 KBT.

2. Dissertation on achieving the scientific degree Doctor of Technical Science by specialty 05.09.03
"Electrotechnical Complexes and Systems" - Zaporizhzhya National University, Zaporizhzhia, 2020. The
development of the synthesis theoretical base of the wind power plants electromechanical systems with
aerodynamic multiplication, 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. 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. The results of the work were used in the design of wind
turbine electrical equipment with ADM TG-750, TG-1000 of OJSC "Preobrazovatel” 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.
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