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YK 621.311.24 AJIEKCIEBCBKHIA [1.T.
3arnopi3bKa JiepyKaBHa IH)KEHEPHA aKaaeMis

MOMEHTHE YIIPABJITHHA BEY 3
AEPOJUHAMIYHUM MYJbTHUIIVIIKYBAHHAM

Mema.  Iliomeepoocennss  mMoxucaueocmi  MomeHmHoz2o — ynpaeiinns  BEY 3
AepoOOUHAMIYHUM MYTLIMUNTIKYBAHHAM 8 PEHCUMI 0OMEHCEHHS NOMYHCHOCTI.

Memoouxa. Y npoyedypax cunme3y cmpykmypu pezyiamopa 0y10 UKOPUCmMAaHo
MamemMamuyHuil  anapam — po36'SI3aHHA  cUcmeM — MPAHCYEHOeHMHUX  pieHsaHb.  llpu
MaAmMemMamuyHoMy MOOeN08AHHI NOBEOIHKU eleKMPOMEXaHiuHoi cucmemu 0Oy10 SUKOPUCTNAHO
V3a2anibHeny MameMamuyny MoOelb  eleKMPOMeXaumiyHoi cucmemu 3 —AepoOUHAMIYHUM
MYTbMUNTIKYBAHHM.

Pezynomamu. Ha ocnogi ananizy xapakmepucmuk aepomexaniynoi niocucmemu BEY 3
AepoOOUHAMIYHUM MYTbMUNTIKYBAHHAM 0Y8 pO3pOONeHUll aneopumm ii YAPAGNiHHA 8 pedcumi
obmedgicennss  nomyoicHocmi.  [lpogedeno mamemamuune MoOOen08aHHA OAHOI  cucmemu,
pe3yibmamu K020 ni0meepoA*Cyroms 0i€30amHiCMb 0AH020 ANCOPUMMY.

Haykoea noeusna. Bnepuie o6IpyHmMO8AHO MOXNCIUBICMb BUKOPUCAHHA MOMEHMHO20
VAPAGNIHHA eleKmpomexaHiuHow cucmemoro BEY 3 aepoounamiunum mynemuniiky8aHHsam 6
pedcumi 0oMedHCeHHs NOMYHCHOCHIL.

Ilpakmuyna 3nauumicms. Bukopucmanus MmomenmHo2co ynpaéninHs BEY 3
AepOOUHAMIYHUM ~ MYTbMUNIIKYBAHHAM —6€3  AepOOUHAMIYHO20 OOMENCEeHHSI NOMYHCHOCHI
8impomypOiHU 00360JI5€ 3HAYHO ZHUSUMU BUMPAMU HA 8U20MOs6IeH s ma ekcniyamayiio BEY.

Knrwouoei cnoea: simpoenepeemuyna ycmanoska, 8impomypoina, MamemamuyHa Mooeib,
aepoouHamiuHe MyIbMUuniiKy8aHus, Momenmue ynpaeninusa BEY.

Beryn.  BirpoeHepreTuuHi  yCTaHOBKM 3 a€pOJMHAMIYHMM — MYJIbTHILTIKYBaHHSAM
JO3BOJISIIOTH ~ M030aBUTHCS  BiJi MEXaHIYHOTO MYJBTHIUIIKATOpAa Ta BHUKOPHUCTOBYBATH
6e3nocepeHe 3'eHaHHS TeHeparopa i BITpoTypOiHu. SIK 1y psilii KITaCHYHUX CXEM, 3aJI€KHO BiJl
BEJIMYMHHU IIBUAKOCTI BITPY, €JIEKTpoMexXaHiuHa cucreMa Takoi BEY Moe 3Haxoautucs B 1BOX
pobounx pexumax. [lepmmii pexxum XapakTepu3yeThCs MAaKCUMAIBHOIO €(PEKTUBHICTIO BIIOOPY
MOTYXKHOCTI BiJI BITPOBOTO MOTOKY. J[pyruii pe’kxuM BUMarae 3MeHIICHHS e(DeKTUBHOCTI BiIOOPY
MOTYXXKHOCTI, OCKUIBKM TIOTYXXHICTh BITPOBOTO TIIOTOKY, 3 YpaxXyBaHHSAM KoedillieHTa
NEPEeTBOPEHHS, 3HAYHO IEPEBUIIYE MOKIMBOCTI yCTaTKyBaHHS. JlOCHITKEHHIO BIIACTHBOCTEH
CHCTEMH 3 aepOJIMHAMIYHUM MYJIbTUILTIKYBaHHSAM Oyiu nmpucBsdeHi podotu [1], [2], [3]. ¥V mux
Ta IHMHKX poOOTax THX CaMHX aBTOpIiB OyB MPOBENCHMN aHaNi3 CTATUYHHUX 1 JMHAMIYHUX
BJIACTUBOCTEH CHCTEMH 3 aepOJMHAMIYHUM MYJIbTUIUTIKYBaHHAM. B HUX Oyno posrnsiHyro BEY
3 aepOJMHAMIYHUM MYJIbTHIUTIKYBAaHHSM, PEKUM OOMEKEHHS MOTYXKHOCTI SIKUX 371HCHIOBABCS
aepOJIMHAMIYHUM CIIOCOOOM, IUIAXOM IMOBOPOTY JIONATel OCHOBHOI BITpoTypOiHu. HasBHICTB
MEXaHI3MiB TIOBOPOTY 301JbIITy€e KaIliTalbHI Ta €KCIUTyartamiidi BuTpatu Ha BEY. ¥V 3B"3ky 3
UM TIPEJICTaBISEThCS JOUUIBHUM 3aCTOCYBaHHS CrmocoOy ympaBiiHHS Takoi BEY  06e3
aepoIMHAMIYHOTO PETYJIIOBAHHS 3a JJOIOMOT0I0 MOMEHTY reHepaTopa.

IMocTanoBKka 3aBaaHHs. /[0 TenepiliHbOro yacy s enekrpomexaniynux cuctem BEY 3
aepoMHAMIYHUM MYJIBTUIITIKYBAaHHSAM MOMEHTHE OOMEKEHHS MOTY)KHOCTI Ha MpaKTHIl He
BUKOPUCTOBYBAJIOCA 1 TEOPETHMYHO HE po3BHBajiocs. IIoTpiOHO Big3HAYMTH, WIO 3AIHCHEHHS
I[bOTO PEXHMY B CHCTEMax 3 aepoJUHAMIYHUM MYJIbTUILIIKYBAaHHSM Ma€ iCTOTHI BiAMIHHOCTI
BiJl peaiizalii mporo pexumy B kiacuuHiii BEY, mis skoi Teopis MOMEHTHOTO YIpaBIIiHHS
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onucaHa JocuTh 100pe. Ha cborosiHi cama MOXKIIMBICTD 3/1IHCHEHHSI TAKOTO CIIOCO0Y YIpaBIiHHSA
BUMArae ImiJTBepIKeHHs.

BupimenHnss 1mporo 3aBIaHHS JOCSTAEThCS UYEpPE3 CHHTE3 AITOPUTMY YIPABIIHHS 1
IPOBEJICHHS MOJICIIEHOTO EKCIIEPUMEHTY /ISl IATBEPPKEHHS HOT0 Mpare3aaTHOCTI.

Pe3yabTatn OCJIiKeHHS. Jost 3I1HCHEHHSA MOMEHTHOT'O YIpaBITiHHS
eleKTpoMexaHniunow cuctemoro BEY 3 aepoamHamMiyHUM MyJIBTHUILTIKYBaHHSM B poOOTI OyB
pPO3pOOJICHUI aNropuTM YIPaBIiHHSI MOMEHTOM TeHeparopiB. CTpyKTypHa cXeMa CHCTEMH
yIpaBIIiHHSA, KA MOTO peani3ye, MpuBeAeHa Ha puc. 1. Bci BennuynHM BKa3aHi y BiIHOCHHUX

OJIUHUILISX.
vi
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Puc. 1 CtpykrypHa cxema cuCTeMH yIpPaBJIiHHA
B1 — o6uucnoBay KOOpAUHAT CTATUYHOT TPAEKTOPIi peryiroBanHs, B2 — o6uuncioBay
KOOPJMHAT JUHAMIYHOI TpAaeKTOpii perymoBanHs, B3 — obuncaoBad koopauHAT poO0UYO0T TOUKH
BTOPUHHUX aepoOMeXaHIYHuX mifcucrem, B4 — perynarop momeHTy renepatopiB, OY — 00'exT
ynpaBiiHHS (enekTpoMexaHiuHa cuctema BEY)

O6uncmiosad Bl 3milicHioe  BM3Ha4YeHHs  3a7aHOi KyTOBOI INBHJIKOCTI @, —

Bi/INOBIHOT KOOPJMHATH CTATMYHOI TPAEKTOpii peryioBaHHsA. MaKTHUHO @, € (YHKIIEO

IIBUAKOCTI MEPBUHHOIO BITPOBOI'O MOTOKY V, Ul CTaTHYHOI TPAEKTOPIT pETyIIOBAHHS.

Jlnst  3a0e3reueHHss HEOOXIMHOI JlarpaMd BHIOOYTKY KIIaCHYHOTO THUMY (pHC. 2)
BUKOPUCTOBYETHCSI HACTYITHA CTAaTUYHA TPAEKTOPis peryatoBaHHS (puc. 3) B KOOpIMHATAX
MEXaHI4HOT XapaKTePUCTUKHU BITPOTYpOiIHH.

= * A
P g Mrm
*nom
| Mmoo - -
# 3|
i
> d 1 S
* N Fmax " +, ' Pl
I/,]J’)IU’E I/I[ NN L 1 P 0) 1”1!” 0) l.‘IOHl m 1
Puc. 2 Jliarpama BunooyTky BEY Puc. 3 CrarHuHa TpaeKkTopisi peryJoBaHHs

Lls TpaexTopist peryatoBaHHS MOAIOHA 10 TPAaeKTOPii perynoBaHHs s kKiacudHoi BEY
[4], 3 Ti€rO NHIIIE PI3HMIICIO, IO 3aMICTh MOMEHTY IeHepaTopa JJIs KIACHYHOI CXEMH, B CUCTEMI 3

aepOMHAMIYHUM  MYJBTUIUIIKYBAaHHSIM BHCTYIIA€ MOMEHT rajbMyBaHHd My, sKui

CTBOPIOETHCS BTOPUHHOIO a€POMEXaHIYHOIO ITIICHCTEMOIO Ha Bally MIEPBUHHOT BITPOTYpOiHH.
OyHKITIS 004K CIIIOBaYa BUSHAYAETHCS BUPa3oM (1) (mo3HavYeHHS BIAMOBIIHO pHC. 2).
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neV, — MiHiMabHe, HOMiHATbHE Ta MAKCHMAaJIbHE 3HauYeHHs V,

V (1) gynxuis f(V,) BU3HAYAETHCS MLISXOM BHPIIIEHHS TPAHCIEHIEHTHOTO PiBHAHHS
(2) 10710 KYTOBOT MIBUKOCTI @; NPU HOMiHANbHiM ToTYs)kHOCTI BEY P™"
R

2]

My (@, V) = =0.

)

V Bupasi (2) ¢ynkuis M, (@,,V,) onmcye ciMeHCTBO MEXaHIYHHMX XapaKTEPUCTHK

TMEepBUHHOI BiTPOTYpOiHM 3 ypaXyBaHHAM BTpat. 3anexuicts f(V,) Moxke GyTH HOCTAaTHBO
TOYHO alPOKCHMOBaHa 3a JOIMTOMOT0I0 Bnpazy (3).

f (\/ ) a + a1 -e -4V ( 1 ) + a2 . e*lz-(vl*fvl*mm) n a3 ) e—is'(Vf—Vf”"”‘)’

3)
nea,,a, ,a,,a;, 4 4, 4;— KoedilieHTH anpoKCHMaIlii.

I'padix ¢ynkuii obuncimosaua Bl nokasanmii Ha puc. 4. Moro BurIsn momiGHmii 10

3aJIeXKHOCTI IpuBeieHO1 B [4], g knacuunoi BEY.
(514 A

*r0in
Z

Fmo

I/’,jmm pri‘nom L’ i ) V’;
Puc. 4 I'pagik pynkuii oouncarosaya Bl

O6uncmoBay B2 3a0e3neuye po3paxyHOK KOOPAMHATH MOMEHTY TallbMyBaHHS
TNEPBUHHOT BITPOTYpGiHM M, BiAMOBIAHO 10 3a/aHOT JMHAMIYHOT TPAEKTOPI PEry/IOBAHHS.

PoboTa o0uncaoBaua ONMUCY€ETHCSI BUPA30OM:

M\;/Tl(a)l*rvf)_[M;TaxJ‘ *w(a)f,a);} npu (o(a)l 10711) u A, a’1 Oy, 1 5
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el n e M@Tl(w;,v;)— M ;e npu (a)1 ,a)u)z u a)1 ,a);J >&. (4)
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ne M, ™ — makcuManbHUN JUHAMIYHUA MOMEHT IIEPBHHHOI MiICHCTEMH;

M, "™ — MakcHMaJIbHUI MOMEHT ralbMyBaHHs IEPBUHHO] TiICHCTEMH;
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g,— lupuHa 0O0NacTi HABKOJO 3HAYEHHS 3aJaHOl KyTOBOI INBUAKOCTI, B SKii

JUHAMIYHUA MOMEHT 3HUXKYETHCS IO JIIHIMHOMY 3aKOHY, JUIsl 3a0e3IeueHHs CTIHKOi poboTH
CHCTEMU;

* *

A, =, —® - noxudKa Mo KyTOBiii IBUIKOCTi IEPBUHHOI BITPOTYPOiHH.

O6uncmosay B3 Bu3Hauae 3aaHy KyTOBY LIBUIKICTh 0OEpTaHHS Baly TeHEpaTopa ,,
M0 MOTOYHUX 3HAYEHHAX IIBUIKOCTI BTOPMHHOTO MOBITPAHOTO TOTOKYy V, 1 3anaHoi

MOTYXXKHOCTI, IO BIAOUPAETHCS BiJ MEPBUHHOI IJACHCTEMH Pl:. HIBuakicTh V;I[OI_[iJ'II)HO
00UYHCITIOBATH Yepe3 3HAYCHHS KyTOBOI MIBUAKOCTI TIEPBUHHOT BITPOTYpOIHHU:
V, =R, oy, (5)
ne R’ — pajiyc 3aKkpinieHHs oci BTOPMHHUX BITPOTYpOiH.
@ynkiis obunciaoBaua B3 BH3HAuaeThcs B pe3ynbTaTi BHUPILICHHS, MO0 KYTOBOT

IIBUJKOCTI @, , TPAHCLEHIEHTHOT'O PIBHSAHHS:

* * * P*
Myro(@,,V, ) = aii =0, (6)

2

ne P,—3amaHa moToYHa NOTYXHICTb, 110 BIIOUPAETHCA Y IEPBUHHIN MifcUCTEM,
M, ,— MOMEHT Ha Baly BTOPHHHOI BITpOTYpOiHH.
V Bupasi (6) ¢pyskuia M;,(®,,V,) ommucye ciMEHCTBO MEXaHIYHMX XapaKTEPHCTHK

BTOPHMHHOI BITPOTYpPOiHU 3 ypaxyBaHHSIM BTpat. 3aJexHICTh ®,,(V,,F,) Moxe OyTH 10CTaTHBO

TOYHO alPOKCUMOBAHA 3a JJOTIOMOT'00 HACTYITHOT'O BUpa3y:
* * * * * * — AV*
a)ZZ(V27Plz):(b1'Plz+b2)'V2 4'b3'(Plz)Vl'ey2 “ (7)
aeb ,b,,b,, », 7,— KoedinienTn ampoxcumarii.
broxom B4 sBisie coboro III/[-perynsTop, 1o 3abe3nedye peryaroBaHHs 3a IPUHIMIOM

3BOPOTHOTO 3B'I3KY 10 KyTOBIH IIBUAKOCTI @, 3a JOIOMOI'0OX0 MOMEHTIB I'€HEPaTOpiB.

Pesynbratn MonenroBaHHS I1i€i CHCTEMH YIPABJIIHHA Yy BUIIBIIL JiarpaMu MOTY>KHOCTI

*

P

max (1) 0e3 oOmexenns i moryxsocti P (1), mo 3abe3mneuyeTbest IpH 3aCTOCYBaHHI JAaHOTO

aITOpPUTMY, TIPUBEJICHI HA PHC. 5.

ey e s —— Sl

---------- Pimax — F
Puc. 5 Pe3yabTaTn Moaer0BaHHS
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Ha pmiarpami croctepiraetbcsi oOMexeHHs moTyxHoOcTi P (t'), npu mnepeBurneHHi

*

3Ha4YeHb HOMIHAIBHOI IIBHIKOCTI BITPY, Ta ii 30ir 3 mortyxuictio B, (t) npu pobori Ha

max
IIBUJKOCTSX BITPY HIDKYE 32 HOMIHAJIbHE 3HAUCHHS.

BucnoBku. B pe3ymprari MaTeMaTHYHOTO MOJETIOBaHHS Oyau  MiATBEPUKEHI
MO>KJIUBICTh MOMEHTHOTO YIPAaBIIiHHS eJeKTpoMexaHiuHow cuctemoro BEY 3 aepoamnamivanM
MYJIBTHIUTIKYBAaHHSIM Ta TPaIe3aTHICTh 3alpOMOHOBAHOTO CIIOCOOY yIrpaBiiHHs. Po3risiHyTHI
QITOPUTM YIPABIiHHS JAHOIO EJNEKTPOMEXAHIYHOI0 CHUCTEMOI0 MAa€ BiIUYTHY UYTIHMBICTH IO
TOYHOCTI BU3HAUCHHSI TapaMeTPiB aepOMEXaHIUHO] MiJCHCTEMH.
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MOMEHTHOE YIIPABJIEHHUE B2Y C APOANHAMMUNYECKUM
MVYJbTUIIVINMIIUPOBAHUEM

AJIEKCEEBCKUM J1.T.

3anopooicckas eocyoapcmeenHas UHHCeHepHas aKaoemusl

Heas. IloaTBepkaeHne  BO3MOXHOCTH  MOMEHTHOro  ympaBienuss BDY ¢
a’pOAMHAMUYECKUM MYJIbTUIUIMLUPOBAHUEM B PEKUME OTPAHUUYEHUS MOILITHOCTH.

Meroauka. B nmpomeaypaX CHHTE3a CTPYKTYpbl PEryjsiTopa  HMCHOJIB30BAJICS
MaTeMaTU4YeCKUil  ammapar  pelIeHHs CUCTEM  TPaHCUEHICHTHBIX  ypaBHeHuiu. Ilpum
MaTE€MaTUYeCKOM MOJEITUPOBAHUY NOBEACHUS IIEKTPOMEXAHUUECKOW CUCTEMBI HCIIOIb30BANIACH
00001IeHHass MaTeMaTU4ecKas MOJENb 3JIEKTPOMEXaHUYECKOH CHUCTEMBI C adpOAMHAMUYECKUM
MYJIbTUIUIMLIUPOBAHUEM.

PesyabTaTel. Ha ocHOBE aHain3a XapakTEpUCTUK a9pOMEXAHUUYECKOM noacucTeMsl BOY
C a’pOJMHAMHYECKUM MYJbTUIUIUIMPOBAHUEM ObLI pa3paboTaH ajJropuTM €€ YIpaBleHUs B
peXuMe orpaHuueHuss MolHocTd. IIpoBeneHO MareMaTHdeckoe MOJEIUPOBAHUE JIaHHOU
CUCTEMBI, pe3yJIbTaThl KOTOPOI'O MOJATBEPKIAIOT PA0OTOCIIOCOOHOCTh JAHHOTO aJITOPUTMA.

Hayuynasi HoBu3Ha. BriepBbrle 000CHOBaHa BO3MOKHOCTH HCIIOJIb30BAaHHS MOMEHTHOTO
yIpaBJICHUS 3JIEKTPOMEXAHUYECKOM CHUCTEMOM BOY c a’pPOIMHAMUYECKUM
MYJBTUIUIMIIMPOBAHUEM B PEXKUME OTPAHUUEHUS MOILIIHOCTH.

IIpakTuyeckass 3Ha4YuMocThb. lcrnosb30oBaHME MOMEHTHOro ympaBieHuss BDOY ¢
a’pOIMHAMUYECKUM MYJIbTHILTUIIMPOBAHUEM 0€3 aspOAMHAMUYECKOT0 OTPAHUYCHUSI MOIIHOCTH
BETPOTYpOMHBI MO3BOJISIET 3HAYUTENILHO CHU3UTH 3aTPaThl Ha W3TOTOBJIEHHE U SKCILTyaTaIHIO
BOV.

KuiroueBbie cJIoBa: e6emposHepeemuiecKast YCMaHo8Ka, eempomypobuna,
Mamemamuyeckas mMooesb, aspoOUHAMULECKoe MyTbMUNIUYUPOSaHUe, MOMEHMHOe YnpasieHue
BIV.

TORQUE CONTROL OF WIND POWER PLANT WITH AERODYNAMIC
MULTIPLICATION

ALEKSEEVSKIY D.G.

Zaporozhe State Engineering Academy

Purpose is to confirm the torque control possibility of wind power plant with
aerodynamic multiplication in the restricted power mode.

Methodology. Transcendental equations solving systems mathematical apparatus has
been used for synthesis procedures of the controller structure. Generic mathematical model of
electromechanical system with aerodynamic multiplication has been used for electromechanical
system behavior mathematic simulation

Findings. Control algorithm in restricted power mode has been developed on the analysis
basis of the aeromechanical subsystems characteristics of the wind power plant with
aerodynamic multiplication. Mathematic simulation of this system has been conducted, its results
confirm the algorithm operational integrity.

Originality. The torque control usage possibility of wind power plant electromechanical
system with aerodynamic multiplication in restricted power mode has been demonstrated for the
first time.

Practical value. Torque control usage of wind power plant with aerodynamic
multiplication without wind turbine power aerodynamic restriction can significantly reduce the
wind power production and exploitation cost.

Keywords: wind power plant, wind turbine, mathematical model, aerodynamic
multiplication, torque control of the wind power plant.
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