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Abstract: With the increase of the scale of wind farms and the proportion of wind power in energy system, the
power grid has higher and higher requirements for the voltage stability of wind farms. The actual operation status
of wind farms is focused, and the key issues of the reactive power and voltage control of wind farms are summarized,
including how wind turbines adjust the reactive power, how to allocate the reactive power in large scale wind farms,
how to maintain the stability of the internal node voltage of wind farms, how to solve the problem of voltage control
lag, the transient voltage control strategy under fault conditions, and so on. In view of these issues, the methods and
characteristics of reactive power and voltage control technology in wind farms are systematically summarized, and
the realization process of reactive power and voltage control technology is expounded from the aspects of the
characteristics of wind turbines and reactive power compensation equipment, reactive power and voltage steady-
state control, internal node voltage control, model predictive control, and transient control under fault conditions.
The research can provide reliable technical means for safe and stable operation of wind farms.
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Fig.1 Topology diagram of wind farm
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Fig.2 General overview of reactive power and voltage control methods in wind farms

2.1 R EIIMER BRI T D45 1%

R 3 BER] 73 A S B LA . XU S0
HUAL. FRMLESRNUA . FEIRNIH . 2 7P HLA
tﬁﬁﬁM%ﬁ%%¢WW%EEK,TE%%%

AT RE ST XU AP X LA T i 5 5 A0 R 22
Hias K D AR, E T D D R AR

2
3U¢ 3UX,,
Qsmax_ 2X +\/(2 SX Irmaxj _P52 (3)
302 [(3UX, . )
Qsmin: 2X 2 X Imax _Ps (4)

http://rifd.cbpt.cnki.net

P =R P ©)
P =P, ©)
P
Pp=—T 7
= ™

22 Qs max A1 Qs min 97 T IR KM RN T T D% 5
Us A5E T B A R8E s Xs AT X D9 5 - AL AT 5
Pev Ps Al Py B 7M. 58 T Zh R g B U L)
s lmax NEET HITUECRR ] s WFZER,

IR0 0 A s FA) TE Dy Dl AR PR AEL A -

Qcmax = \/Sr? - Pc2 (8)
Qcmin == Sr? - P(:2 (9)




534 xR NI EIE BRI BRI T LRE 29

o Qc max Hl Qc min R A2 v 88 ) e KA B /N TG
DhTh e, Sa NPIMIARIAL &5 B BUE 25
XU A8 AL TE D 2 Z b BRAE A «

Qnax = Qomax + Qcimax (10)

Quin = Qsmin + Qemin (11)

R B R LA AN 2 B R R ATLZHL R TS T

DhE AR AR I BUE BB E, HAThThZMR

Syl
Quax =[S — P7 (12)
Qmin = _\/ Sr? - PT2 (13)

IR TR T R AL ) B R T T D) AR
PRAE, SAMIESLRR TR, BT 2etWHE, —K
#2258 KAL) Ty 28 PR 2 gk AT PR ) . AR¥E GBIT
19963—2011 FRIZESR, RCHRHLAL R 2 D)4 R e
FEAT 0.95~7i f5 0.95 v FE P 2h &S ] i

T AME R B F B [FE AL JFECREE
WLOIEBEHE LA . LI Th M2 Cstatic var
compensator, SVC). &Itk LIk A4 (static var
generator, SVG) %5, JoIhIh 2k FRAE B H A e & &
GE . SCER[A2D6 R HLIA I SVC #1 SVG #EAT THE
RELbA:, 4E3EM, SVG Lk SVC Mg & ke,
R D, HAGEEMIETR. ME LML E
TEDIThEIIG N, HHEAE AR DI D) Z
b, e AR B AR . [FR, ST
MR B AN BT I A A B R SCHEEPE A, N
Tt L2 s AR XU FRUAT LA P P e TC VR R B SCHE AR
AL, WERAE AT 2 9175 e R L2 TE T
WATRES), TR B MER E A B E, N
M EERBEA. Fi, 7 EERUETC 8
BRI, AT REFZ I8 AL () e D o e g el
2.2 T 5 BERSES

FLIE 20 14 60 4K, EXESLH 1 RA NI
FITTER TR CIF R . WA AL G ) RS T
D5 s R fIAR A I B ABL, RO W LA ]
. W B2 ise 2 H s 2 A4
LI SR A R AR PR A SRR 7 R, 4ET ST
D55 o e 2 AR Ak o) A Bt 7 32 B AR AR H bR R
. ARKAE AL 3 NI

LI J0 D 5 H s 4 AR AY ) R B A 2 4
WTCIhINZ 2 TR R, $E I SRR E,
R R M SNV ERPIE i =

X DiEfE L, BARRECN R ML TE
D25 To T D) 260 i AR IV i 22 <

http://rifd.cbpt.cnki.net

min|Q — Q.|| (14)
s Qrer AR I TC D D) Z € fH -
TR SEHIEE, BARREBON I Sk
FE IR R FL H TR A P e 22«

min | Upcc - Upcc,ref

s Upcorer AR R FE 9 i L S BEE A

BeAt, FEVEZ 05 b 25 R B B M FRL 2 RR 1)
EERUEEROE

minlin:Gij(Uf+Uj2 —~2UU,cosg;)  (16)
=

e Gij Al cos@j AT AL i A j Z [l H S AT R
MFIZE: UiAT Uy 70 s A0 j R R

IR B L (RIS T R RIS
RLEZ W RALIGTHA R oD M B IC AR .
F IR L 2 R A IRRIUE HL S Y 97%~1079% PR ],
JRHLIE Ll T 8 44 188 Th 2 [ %5 1) -0.95~0.95 PR -

ARSI LR AR G A i, AR
LN KA, ABAERML R PR SiB5E, i
SR RS HAS R A e R Ui . Tk, o
FARM T AT R, ORI R,
BB K, BERE . R REEIESE, HOBEiE
ARG TR IZ M .
2.3 REIHAARTI = R =]

R 2 BUR L3 0 Dy 5 H R 4 1) D7 VR AN A 5
B I 000 £ Az ], AT X HL 37 T AL Y
R B VEREAT 0o KURLALZE 22 ) e i o R 2k R
He, WWLTGTH o0 B2 b AN s i LU 43
A7 A B RFMA A  KHASE IR R 37 52 3] i 35
PR, SEBCEEERET, MLk, BT
D25 AL 17 I X e sl Rl XU L R s
W i PR 2R B AN T s R A L R R I B e
Moo 2 X R H TG ) D38 DASCHE I I s L
BRI W s D AR RN, A7 T i P A i ) XL
HURT BEDH v HBRBR TR, AT 2R R 48 22 4238 T
B 3 J s 1 8RR 37 )i P B L LS 0 AT 1 1L )

(15)

3 ERBIZHBEEBES T
Fig.3 The voltage distribution diagram of transmission lines
of a wind farm




30 kA% R

2023 4

BT AR R H 37 I 5 B0 L T R G IR
WS R WAL 08, 72X K HEIAR]—E
BiJE, w82 KA B 2 o XS AT 4%
file MRS E XA R EZEFE, nb
¥R RI S T BA BEREERN X, 2
5y XAS 27 X 38 2 0] RIS AR AR, [
— XA P T R A T R
2.4 TIh 5 BRI a3

T K2 EA RIS T mzt i X, 378 85 471 fuf
O, XM ER AL, FEAHBMNEER
52 BRI AT I s, BRI
FEAERENLIE RIS, 52 RE FE A 25 5y H IR
DhEW2), FEEBRMBEEES). NHEZTEYS EE
PR WR AL T U EpRES AT IS, B
2 8 [ e T) RO 152 5 T) 14 Bl R R KT 28 0 oK kAR
AR, 25 5y L IS 1 1) /.

HAr, KIS E AR RN R, (HE
AR, L R ) 2 TR AR AN AN 2 T
Ak 16 min (12, 1 XALIE D) H 7 v S 8] 75
gk, JCVE T XA R JETh 5 H A 4 1 S e
T R DA R ATLZEL P FE P 3 J 2 ) 1), T DR A
FERL T 4% 4] (model predictive control, MPC) #%
AR, BLYHTRHLS AT RS AR, TR R — B
I 18] KUH LIS A TR, AT S A BRI 18] Y () B A
il HAET, MPC 7E8T REVR A& FFIGIH I (1) o Th B
R DA —LUAH SR TR R S
2.5 HERAS THESBEES

NARAE R 37 7 4 T 2614 B H 1 15 g
77, T AR T 18 7 o R 4] 1) BT

BT X e R B KRR LR, &
HAEMESBEELRE, FHESERRE SRR
25 il 2 B S I TG T TN 2R (1) S A Ak P 11, XU,
TP P S A T 4 DA v P 2 AN v L TR 2 L, T
B R A R R S, S X
HAL ) A S ot FEL R A o

I FE S 2 R — A L FE X A B R B A
FeHb ARG WAHEEG . AR, 5l
T RIS o X T RUSAML, XM LAR H R
F 2Bt A PR kYA ARG, T A AL o
Ak, 2 A I 2 S BT, Wk
BEZLINIR . WRAX REM|ATEIRME, ik
B KT GRAR, L ik — 2 kK . AR,
BRI 8 ¥ Ho s 2k V& 22 8 GRS & 7R 3% 1

http://rifd.cbpt.cnki.net

I PR E S R, A PE IR S SR ER
A, BEMBEEEEL e, Hmkbeii
FONAI AR A R TOA . X T BT B R
B, R S BN H 3G i, 1k B4R s PR AL
EAE G AN 2 4R SR, XA 308 25 1) H P9 i L (1 )
KRN R Th 200 i H T R PR AR Th R
7, AFREE B 2 5 8 E I R R 4k S
i, W S EUE AT AR S ) To A .
W S AL AL R FH I 9 7 SRR 22 4, T R S B0
FMLZE IR B I, 7% B S ) XL R 37 R B VR ) 2 4
BATRRE M.

2.1 Fio 7 RENA TSR VaE,
B FIRZ A D)2 R . A DY Z R
KBS T, KEBEHLAER T R8N, R
B A7 B T Ty 1T 6 00 AR e 4 R R AR E R
ThaoRe MR A SRR, X3 75 4E e — B
V) 5 R DR AN 19, L 28 TSR IR FL 37 7 HL PR R A
A R B i B2 FAE TG ) Ty 26 LA S FL ) R R 2 181,
GBJ/T 19963—2011 5% FF [ X FLATLZH A I L 2
EREE JJHEAT T R RIE .

e LR B — A T L R BRI FE
TAGE R . PRI HE 4 FRRA . SRS .
ARG . PO ARAR e . TP IR E S AR T eI Al
PR3k FE A LT S HG R R ) A ], KU
e P R ) 8 T R AR AR K AR X L 3 ik
Hst. UERKAEBARBEAB G, s
WAL AR E AR T R 7
BOE HIm LM &R LA
i T DX PR RS

XF TR0 AL, e R 5 R 2 F BUXWLE
THEFERIRRE G, AHXS 520 R AL AR K 3 22
B 5% | UM EN AW BN EN R | D O EZcE> i
e AR, Y BERRAHRIN. T EIKA
FHIKAML, KEHERRESS EMAHE, Sk
F RS PR [ XALEN IS W IhR, BT AR
[ NN H B8 I AN P13 AR AR R 2R
Fto TEE RN, BT BOR KNIt — e ik
TSR LA, 6 ML Thoh 2 75 R
i, DALR B o AT e A2 1

3 KMEBIZ I 5 BIEEHI 777

3.1 T S RERSERIEA
FEXRISRESBITROL T, #3 T 5




534 xR NI EIE BRI BRI T LRE 31

il AR BRI 32 X R 37 4 1) R0 X R AL 26 42 )
2 N7 THET

HL I ) B SRS L T . Kt
PR E/IME . RS A0 R B /M 3 s ] S
HT R B2 R R T LT D BE R TS T 43
BOERRG, 2 S T7 AU, (HRF X g N
HRIBATHRE S H R 3 A 8200, SCHR[21]4 H T3 TR
HL I AE S R B/ N B C DAL AR AL, ) R
SR AT R . SCHER[LA)3R T —Fh LARWLA T3
B NI B e /N H AR 732 SCHR[22] 7
YHELA TS L. KIS R i ME . R
HLI7 S R /b 3 Bl il g . SCHR[23]%H %A
MUFITE Th M3 B e D) e 7 R e AT 7
WHoT, SRR, ToDhAMERE B SR AR e M
Uf, KWLRIC D pMERE B 1R k2, KL R
HMERE e M 22 . CHR[24-25]3R Y, AERASTEILT,
T TR RN TEIh#MZESEE (SVC 5
SVG 56, FEERHEAS PRIk ) B0k,
BABOT, HEIMERERH LY, HEER
Ja L RHLAR T .

X TR AL A B TG Tl 7 BE Sl 2 300wk
T R RS AT HE T, E B2 T T Th A PR
EAR T PIMAZ 2% P TC TR PRAE, & M T Th
LA AR S X AR e 4 &t TE D) 2629, SR [30] % bt
ST T Z RN B IC ) S FL SRS, FE HAEAFG
W22 i KA 6] 14 T8 ) 73 TiE 555 I B 0% 2D XU R
Py SR FE

g5 LRIk, TEWFFUREIATE NS R ) S s
I 25 FE LI I DI e . (ARSI, B
YT BIOL Sy SO R LA . SVC Bl SVG. If
PR A PR B Ek, R AT iR R IR
AL AT RE S R SEON, BT
FIPL S 8N SVC B SVG. FHBRHL R 38 BT
e KL, F2 a4k, sl T Pus g (o)
DASZHE I pii B 5 X3 S 25 WAL PR 3508 TG S 1 1 11
PAEMF EVCAE T AR A -

3.2 AERT m BB EIEHI A

BT R T AU R AR E PR, — Ok
SeH NI R AT, 5 — RO E N R
G325y DX AT 1% o

25 &ML vty H e 3 B A 38 i ek XKL AL oty R R
5 RMVEE H R i 22 B I8/ AN LWL L 2
[F) PR O 22, 65 G sk /0 DX 5 55 LA H b gk A7 AR A 4%

http://rifd.cbpt.cnki.net

il o SCHR[15,31-32] 32 B R T LAFEI s B e RT3y
FH PR A H A 0 X R 37 I T H S I )
%, SRR, FENL R S AT RALTC T 4
RERS 0 3 B i L 2R IR R R AR e . B SR
DAY /IS KGR ALZEL T 1) fL 22 St H A, BB
4 P 2R % P S KA 33-34D,

JAHLIZ 53 2 43 DX 428 i o B T b 3 [X
BT ARG ETERMS, T REEEDN
K53 T715 o BT B I R 3 % AL BT AR B
FEREREAIT S T SRS, SR 08 T A
P E FRAECHE . BT R R BRI 4 eT DRI
N TR EE,  INEC A FE SR AR A i) 1) B
EARSEHEAT HL R 0 200 X o FE T 24 R 2% 1 il 20 A
WA AR B R K, BEIRSIA X
ARG, HTRIFELIRI5 7T LUFFH K I718 1750
W, B A R SO AR R R T 4325

FER I 53 E 07, i K R o
NHEE . T332 HLAJZER, SCERB5)HEH T =2
XAHIG AVC Bl sens, A5 X IC AL
1o EERHLEN A X . AVC Fufiifi%e, Z5RmsRE
B s i RGN T2 AR B e RO, 3 AT
RPEHEN TR EREES KRASTE. XT3
ANREY, WA ST BRI 8 2 BT
H R 425 1) 196-41) . SCHR[AL] 3 BH R FH 232 45 i SR ms L
SR FH 4 ) L2 A2 i) SRS AR AR

TER I 73 X7, S ] B 2 [F — 2%
54 P 2 % ) AL B TR HE LRI 43 1 /LR AT
SGRGERL, FRWAHR AR R XA AR ER
IBCE I E 43, SR, X AR 5 7 A R
KALEIRRIEREAT 43 X o H ATV 2 CERECR A K-
means R EIFXT KA PG KALIEAT 43 X, ¥
X P RENHEEN 1 &, LT REFRIEE
fEI4-461, K-means JRAEHFRFR T 2G KMHLRGE . i
Iy, Hlm ik, ¥ERE, IR, K-means &
— PSRRI VR, e & K HHLZE P R 4 )
Fr, AR AR AR B SEBR XA
HIFEAE TR B I, BRI T T AR LR
HA I, RIS AT RIS . BB C S(E R
% (fuzzy Cmeans, FCM) #iid TFEARJE T H4K
I EERRRE, RIXTREARKENF N, &
BEARAE B AR R E0AR B0 SRR SO BT 0
SEIBEE, M e FEAR s 2K 8 LUK B E B0 R A
BT 280 H . R, —2e ek FCM 3




32 kA% R

2023 4

A1 ML 73 X HTSE,

ZiLprd, R L itz 79
2y MUALZ 3 AT Z A2 X8 i ]
T AT CLHEAT 7 X, K 2 AN ] B oo AT S
i, Seidt AT AR FIXIREI T DI, AR A AE XA A AT
BB I . K73 J2 73 X 4% i REFE e
RGN, XT3 2 7 DX R Al AL H AR
SE T RE S BAR 4 1) S A
3.3 B T R AR

AR AR T4 1) 25 45 1 BRI 42 Al AN PID 47 il ) 24
W, WIETINARL REh i BT E 3 MR -
TN AR A M L 25 2R AR S AR B AR R 4%
i) A\ X 28 G AR SR 14 L e A T IR B
FEAE S HITRAEIS 2, DA F A oR e 2 A
PRI 51 o BB I AT PG T 45 A R S
SEBR R S HEATAERAZIE, RSN TP A A £
o AT H 2R 4 B

d(k)

L7 ey BRAGIN prympryy LG

—_—

v, (k+ilk)

,(k[k) *

b2

T R

[k}

4 RRBITM IR FI 54
Fig.4 Structural diagram of model predictive control

H BT — L2 A ] MPC BB R 1
P GO TE )5 R AR AT T 258, £ Y
BTG HE R s o X3 A g A AN B 8 1 )
A, BT S R G XIS -
122 )2 MPC G345 SRS, Sl U ML
TIAMESREE . RS Ek st X T4
HLZR R B AR R R, A D T 5 I A LR 1
S AN ] 200, (R SCHR[56134 K MPC S8 TR
HL3 A DA TE D (1 R 4 ) o

AN SCERFI MPC 5 X B L2 A A
XGOS AR AT T Al @i g
ANUECEAESY, ARt RE R A B AR R A, 48
SERMUE DIFITC D) BB AL, ] DAKHRE & XALAD
Wit — MEAS A d % . R MPC fets bRt
PR HHL . P IAR LS . AR RS . REE AT
fis RG22 (A ThATCThIh R4, LR SEIAN R
I 5] 2 1A 2K 0

http://rifd.cbpt.cnki.net

25 LPrid, MPC WA 73R X A DI Db
RIS &, AT IR . KL
A7) 5 R . MPC & H T AbBE 24
MRS, BEMI IRANRGEATE N, KL LT
B AT HITERE .

3.4 W RAS T E S RIEESIERAR

R LA HL s 2 R i R, — g i g 122
INEAMEAT R (B 5D, 55—l JE i L%
SRS HEAT 1 o

ay
1

EX

s

K
%]

Crowbar RIS T i =
i i RE

o
=
=
B
o
i
=
et
o

L 3
faf FEL

[E 5 RN EIEINEIME B i
Fig.5 Additional hardware circuits for wind turbines

MG S 8 KL 3 2% A 3 3 2084k 3 =0
Crowbar ki & KUHLAZ It #5 1 3d fe A fL, - BA
2 v X (S T A0 IXUBIL R4 H R 2 sk e /g (64671, R
I, Crowbar Z{ERT. J& HI& FEALEIREE 3 7] B AR
A AT SR, 2 PR HT S )4 250 B 3 BTG
Dby, HAZ 2 WMAR R gs A R RG], R HE
DD Z X BT 50 K L ), X H TG
SCPERE R0 2E . BRI B XKL 3 B i Fa e
T H R S R 2 AR, R S B R T
J& o PR e 8 Ah T TEL YA PR 428 1 R PR A28 1] 2 Fof
ARASHT G U220 B B & b iy, HLAE L HY,
JERVEINT,  PIAAR LA Ab T BRITIRAS , TeiZaxs B
RSN LT SRR, SCHR[68]7% & | Crowbar &
PR AT DA MRS B B R, B U )
e sdt Crowbar 258y, JF2H 7 AT IR DpMEE%E
B, @GR e 5 00 Crowbar B3
P SR, BRI T R XL F 28 kg

FE MG HRE TT 1, —Fh 22 18 DA TG D)
P R Az SR, d e TR T SRR A PR Th
M3 H0 XL 37 e D Dh 2 R T R /7, Hrp & HLAL
ToThian 1% FoA Thi o e R 2 67, SCRR[72]
B ol IR K B2 3 5 | A ) P S A PR e R, B
KOE BB T KB R AT JoThRe /1, $8H T X8




534 xR NI EIE BRI BRI T LRE 33

W8 DyRITG ) 22 i [a) ROBE Wik R4 R B i . SC
BR[73]8& T I8 A 1T RWLEI TG Dl FE s A2 EE £
P RIS A ThIh R T & ae ). 453
FW, F A THATE T8 42 1) 0 S B s A JXU R
MLZH P R 28 Bk B 7 31 2 S5 48 T, SBn L Y
MR B3 5y — Pl XL il 7 =0 s L)
L5007 gt A s AR X, e e LA AR I 2 s i
B U, g X0 A I A S B B R AL T 3R R
ER, T XUHLIA M U 2Rk AR g 74750,

BT AL 5 P 2 Bk ) A, ()R L AR B A 4
AP} S AR IE 3 JRUATL 928 1) S M a3k AT 28 ) 2 A fig ok T
. SCHR[76-80]F FH X FEALZH . Crowbar {47 HLE |
A HL DA S SVG, K RFEFE T ML = s 25
AR

T ML ) SRS 7 THT, 25 AT X R ) B SR
BRIt F X R AN R SR AT AS 5] PR R T P A T
T8, SCHR[84] & HY T 5 T TR FEL AL 1) v L
ERRE I NS, THER T 5T BN KN A B
RECE R 520 . SCRR[85-86] F il i [ 36 I 1 ¢
DR A5 7 2 FEL R 3R AT TE DO 1], R TE U LI g
HLE 5 AR

ZE R, R RO H o 27 R e P s 27 R
(A8 75 L R A5 () R, 0@ A 3G Ao M H
AL ] S 2 Tl 7y VR . BAMIE A FL I
FLALYG Crowbar {137 HLES . ELREMAT IR TCIhAh
R E . W AR BRI 24 XL SR A 2
FTE D], AT DR B D 3 R AL )
WHTVE R, 45 AL P ERAR 28 1 FE s FEL R A2
SEPU I R S R BROIR S T R A .

4 KA S BIEIZFIREE

HET, RS BRI HEARG R 172
BT, EAESZPRR AN IFAZ . HRETEE X
LI T3 SR AN T Th M2 28 B R AT I X HL S
P, BT e M KL JE TR e 1. —
6T T 5 AR ) AR e AT KU LA R AT S5 A 2
NS, T XML TE T Hh225 BIK TE D 7y e v A it
ITrEHnLEE . S ATVE 2 KO e ) 5 S AR
AR T A A S B AR HO B, R BT AT
S bR KL 1 B AR . S0 UL TE D L R A%
HHAR,  ARRFT UM LT J LA TS T BEAT IR AT TT

D xR SIseT mMR AR L RN
ToDh A HIA A, 75 EE FAEAN R 0T SRR

http://rifd.cbpt.cnki.net

SE FIAE I SR o SR 00 MR LRTE T A M 2E B
IEITIRS AR, EEEREIZT TR,
o HEAS [V S M F TG Th FELg . Bl A 1) XU FE
I B RAE s A R AR S R C o A M 2
AR ARG ) AR A S A R s R G TR
AR, wT AR R R AL I T DT e T
DRI, DA 2R 22 s il SRS 4 R K S s XU HL 3
T 5 2 22 T 1 5s

2) ALK JC T 1T B8 0 75 AR S B by FH o
HE— D IRAIE . T AR 78RR LE KU LI EE
W FRAE AL b HEAT 07 B, (H— BT,
LI Th 2 R BT SR 25 BR 111 5-0.95~0.95 P4, FuiF
I D Z KL EH DT ZM 13, SEBR EXF T4,
B S, HEZESE “FHY” TH T
TN ATTRE ST A5 E A P bR 6T 7 W A
Ko DR, 75 AR S PR Xk — 20 S a X L2
HRIS TE DT L s AT HE )

3) I Rt sl F P LA . XS TP AL
Y. KEEEIRNLAL 2 EIRHLASZMPLR, MR
PEAS TR R LR, 1F 7R A XU I I TE Th 5 L
PRI SRIEET, BEE K LEA AR R 15, gk
G IR BRI BE F R, B RO 545 A
REVRSEHL IR TETh 5 e R B ) S, SEER P S — 1)
A AR FHUR Y R 0 AL i 1881,

4) KT 5 HIEEH REANRERCN B —
IR RS, 1% AGC. RERE T & 24 T
il RGUHAT U AR IS TS H R R 5
YEN AVC T3, POZ5HHC 0 Dbl sk dtr
G—thREE, SESIETERWN. BT S
LRG, TR L F T B R SR A b, ORI R
W R B IE AT

5) KL% TC 35 F R 4 ) SRV SRR R
TRAE R AR SE AT AR 5 T R A FE th R T
o Pl K KOS R R R T, ARG S R
JAEL 37 B S R RH 5 I, m X 4 ) S s e Sk sk e
DA T SO I TR R . XU TE I R AR 4
ARIDZIA 53257 X o3 oA sl 77 m K e,
W R I A2 ) 1) 8 N A 1L, DAagAR
77 ST SR AR, MXEIZHEE . K AL X
R AL AT 22 J2 2 47 1) 89931,

6) fifiE N TR BEHA MRS R R, FRil iR 5
S ) RGRAL 2 ST 2 B, TR P T SR S Ao P
B, Ak IR R SR TR SR AR T PREE SR AL




34 AR

2023 4

FA O ERAHEG . KA E e HL R T
IR S e A R 5 47 ) S5 5 T A T R
BT IR R ST R e 2h 5 R P R
IR TR, R SR AL ) B I I 2R 4
W 26K SR A I RE R o et 5, AT
BERAN T ZAE R G 5B, A Z PRI A 5E
JRSR 55

7) R BRI B, SRS R
2 R A B A i L EEOS06T, AR T i B X AR
4, LR ARG K AR AR AEEE, KL
AR B R, WA IR R AT 2 . TR
BAFAE R L R = A R BT HIIR, K
SR SR . RIS, i B X IE R Rt
BE NP ZFATIHME B VSC Hiifids
FZMIINIR, 2 RBT T e U A I A i 5
VRIS T LT A0S T BRI ) JE T 5 LU R A%
HIHOR, A BERIER B X 2 2R BT
54 i

bEE X KRB AL i, UL L
P2 7] B L 2 e o 3 IR IR AT MU T s ) 3= 22 ) 7t
o WHHE EZZ B DR, Bk
Beahxt WA HLALIR I8 A7 RS AN A3 i 7= A2 % 55
(s, LA O THAR G R S, A, XL
To T 5 HL S PR 92 ) 20OR BB 2 i KU 37 1) 2 4 A
SELTHEAT . ALEG LR 2 FER MR I IzgEL:
K, REEN I T 5 R SRS ] L, A
T KR T I PR E D R A ) [, R
BT RNV AN B E . D SR
SRS KU NI B IR E NG VA ot N iR 1/ N
RS T A HBRIEHIEOR 5 N5, Bainth 1
TR A TS F A I T VA A R A O
R AR SRR 3 T By 5 R 4% 1 AR RO 1F T A0
MTT SRSt TV, AR X 2 28 E s
TR AL T PR FER M BOR T B, AR A
Syl B 3 34 AL R IS AT K B, O3
AP ARSI “0RR” H AR TR AR S -

(& % 3 #f]
(1] ERA. KX TE ) 73 BL SRS B T RIR 9], BT
HiR, 2020(2): 71-73.
WANG Junjie. Research review of reactive power
distribution strategy for large-scale wind power[J].
Electric Engineering, 2020(2): 71-73.
(2] X%, KT Th& 7 WAL FEs T 7T [D]. 74 %:

[3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

http://rifd.cbpt.cnki.net

VG 228 TR %, 2021: 1.

LIU Hui. Research on optimization strategy of reactive
power distribution in wind farm[D]. Xi’an: Xi’an
University of Technology, 2021: 1.

B, &, MEz, % SRR A ETT 2 E
WA 45 1 K [J]. [ B ML AR H 4R, 2015, 35(17):
4300-4307.

CUI Yang, PENG Long, ZHONG Wuzhi, et al
Coordination strategy of reactive power control on wind
farms based doubly fed induction generator[J].
Proceedings of the CSEE, 2015, 35(17): 4300-4307.
ZHU X R, WANG Y, FU C. Strategy of reactive power
and voltage control in large wind farms integrated
region[C]. 2010 International Conference on Power
System Technology, Zhejiang, China, 2010.

e, FRmEEF, ERREL AR HL I I U5 KA
D R[], Rk S TR, 2013, 29(9): 18-23.
SHAO Long, SU haoxuan, WANG Huimin. Research of
reactive power output of doubly-fed induction generator
when large-scale wind power integration[J]. Electric
Power Science and Engineering, 2013, 29(9): 18-23.
BEKSR, TR, RERIE, 5. XSRS TS )
By AT B ) HmE [3]. b [ LR A4, 2007,
27(9): 77-82.

LANG Yonggiang, ZHANG Xueguang, XU Dianguo, et
al. Reactive power analysis and control of doubly fed
induction generator wind farm[J]. Proceedings of the
CSEE, 2007, 27(9): 77-82.

TAPIA A, TAPIA G, OSTOLAZA J X. Reactive power
control of wind farms for voltage control applications[J].
Renewable Energy, 2004, 29(3): 377-392.

SAENZ J R, TAPIA A, TAPIA G, et al. Reactive power
control of a wind farm through different control
algorithms[C]. IEEE International Conference on Power
Electronics & Drive Systems, 2001.

KAYIKCI M, MILANOVIC J V. Reactive power control
strategies for DFIG-based plants[J]. IEEE Transactions on
Energy Conversion, 2007, 22(2): 389-396.

TAPIA G, TAPIA A, OSTOLAZA J X. Proportional-
integral regulator-based approach to wind farm reactive
power management for secondary voltage control[J].
IEEE Transactions on Energy Conversion, 2007, 22(2),
488-498.

HAN T W, HUANG H Y, SHI L J, et al. Reactive power
coordinated control strategy for offshore wind farm cluster
with VSC-HVDC transmission[C]. 2019 IEEE 2nd
International Conference on Electronics Technology
(ICET), Chengdu, China, 2019.

PEREIRA R, FERREIRA C, BARBOSA F. Comparative
study of STATCOM and SVC performance on dynamic
voltage collapse of an electric power system with wind
generation[J]. IEEE Latin America Transactions, 2014,
12(2): 138-145.

WANG K K, GAO S F, SHI Z P, et al. Researchon reactive
power coordinated control strategy of doubly-fed wind
farm considering STATCOM[C]. IEEE 4th Conference on
Energy Internet and Energy System Integration (EI2),
Wuhan, China, 2020.

Y, m54E, ERE, 5 ETRERFLRBE
R X5 X FRL 37 T Bl 4% o SRS [J]. R R, 2015,
39(9): 2418-2423.

CUI Yang, XU Mengfu, TANG Yaohua, et al. Reactive
control strategy of DFIG wind farm based on reactive




534 *

R NI LIS BRI BRI T 4RE 35

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

sensitivity of collection system[J].
Technology, 2015, 39(9): 2418-2423.
LR, AE, 0. AIF I H AT L T A
P B AR IR T T i R B R S [9]. 70 B Bk
W4, 2018, 38(8): 166-173.

CAI Youming, LI Zheng, CAI Xu. Coordinated control of
reactive power and voltage for wind farm aiming at
voltage stability of PCC and generator terminal[J].
Electric Power Automation Equipment, 2018, 38(8):
166-173.

Pl RPIsE, B, 55 KX IR A R
PEIRLZER[I]. HIIKH, 2023, 52(3): 13-25

YANG Bo, LIU Binggiang, JJANG Xiaohan, et al. A
survey of transient protection technologies of large-scale
wind farm integration[J]. Thermal Power Generation,
2023, 52(3): 13-25.

FIEF, EE, HER, 55 BN M RS0 ik
7 A ) SR AR E PR AT [0, B L TR SRR,
2022, 42(20): 7415-7426.

ZHOU Changping, WANG Zhen, GAN Degiang, et al.
Stability analysis of high voltage ride through control
strategy for DFIG integrated system[J]. Proceedings of the
CSEE, 2022, 42(20): 7415-7426.

SHABESTARY M M, MORTAZAVIAN S, MOHAMED
Y . Overview of voltage support strategies in grid-
connected VSCs under unbalanced grid faults considering
LVRT and HVRT requirements[C]. 2018 IEEE
International Conference on Smart Energy Grid
Engineering (SEGE). Oshawa, ON, Canada, 12-15 August
2018.

AR, SEHROR, b, A XU R LA e
7 ) e FL AR TR TT R[], A ) KA R
(ESREIR), 2014, 41(5): 6-11.

ZHU Yongli, AISIKAER, LIU Shaoyu, et al. Issues and
preliminary solutions on wind turbines high voltage ride
through[J]. Journal of North China Electric Power
University (Natural Science Edition), 2014, 41(5): 6-11.
JAR, L, XgEEER, A& XUSTHEALREIH AR TR T
SICAME[J]. P E L7, 2011, 44(8): 57-61.

LI Ran, TANG Fan, LIU Yingpei, et al. Reactive power
distribution in equivalent margin of a wind farm with
doubly fed induction generators[J]. Electric Power, 2011,
44(8): 57-61.

PHEFE, TR, BB SE. KN ITC D AL
RIS [, B RS A sk, 2019, 31(7):
123-128.

LI Guidan, WANG Jiaqi, JIN Xinyue, et al. Optimization
strategy of reactive power dispatch in wind farm[J].
Proceedings of the CSU-EPSA, 2019, 31(7): 123-128.
ZHANG B H, HU W H, HOU P, et al. Review of reactive
power dispatch strategies for loss minimization in a DFIG-
based wind farm[J]. Energies, 2017, 10(7): 856.

AR, (TR, ERZE, S5 X A B i ]
RAHLRN LT DD K AL AR BT Dh A B R [9]. B AR
2022, 23(4): 31-36.

ZHU Jianhua, HE Zhuolin, YAN Weijun, et al. Research
on reactive power distribution of wind turbine and static
var generator in automatic voltage control of wind farm[J].
Electrical Engineering, 2022, 23(4): 31-36.

AR, A, AT, Kl AVC B
TIFEHIBER[T]. ARE, 2016(5): 56-61.

DIAO Shuguang, WEI Yingchao, PENG Dongyu, et al.
Overview of AVC automatic voltage and reactive power

Power System

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

http://rifd.cbpt.cnki.net

control in wind farm[J]. Wind Energy, 2016(5): 56-61.
XU H C, DAl Z M, WANG Y, et al. Reactive power
control strategy of multi-reactive power source
cooperative wind farm and grid[C]. 2021 IEEE
Sustainable Power and Energy Conference. Nanjing,
China, 2021.

Tha, ZEFRAR, . XUBRA ) K AL TG T AL
T TG Dy 7 ) SR 9], b [ HL TR 2 4Rk, 2014,
34(16): 2714-2720.

WANG Song, LI Gengyin, ZHOU Ming. The reactive
power adjusting mechanism & control strategy of doubly
fed induction generator[J]. Proceedings of the CSEE,
2014, 34(16): 2714-2720.

e FH. FEL O R R XU X7 K FLL T D LA 23 TR 3%
HISEmE[I]. HBARES TR, 2017, 33(12): 28-33

GAO Yang. Reactive current distribution and control
strategy of doubly-fed induction generator in grid fault[J].
Electric Power Science and Engineering, 2017, 33(12):
28-33.

T, B, HEER, F AU K E T ST
HHS[I]. HODTRERIA, 2017, 36(1): 79-83.

ZHANG Wen, QUE Bo, WEI Gugiang, et al. Hierarchical
distribution strategy of reactive power for DFIG wind
farm[J]. Electric Power Engineering Technology, 2017,
36(1): 79-83.

TR, X, fk— T WK KB RAEMH LT
DR AL ) g []. o B L TR 544k, 2010, 30(30):
87-92.

JIA Junchuan, LIU Jin, ZHANG Yigong. Novel reactive
power optimization control strategy for doubly fed
induction wind power generation system[J]. Proceedings
of the CSEE, 2010, 30(30): 87-92.

FUTEE, WM, EBER, S5 QUSRS R T
1053 IS SR WS BF 9T [J]. A BH B &, 2017, 38(5): 1397-
1404.

LI Lixia, YAO Xingjia, WANG Xiaodong, et al. An
optimal reactive power dispatch strategy for interior-point
method based wind farms[J]. Acta Energiae Solaris
Sinica, 2017, 38(5): 1397-1404.

R, BRI, T, & SR SO T SRR
JETIRAL I A R 3 TE D ¥ 2y FCRIT SE[3]. R R G
4 543, 2019, 47(13): 1-7

LI Shenghu, ZHANG Yifan, YU Xinjue, et al. Research
on balanced reactive power distribution of wind farms
with improved droop control and double-layer reactive
power optimization[J]. Power System Protection and
Control, 2019, 47(13): 1-7.

LI S H, ZHANG Y F, YU X Y, et al. Reactive power
dispatch of DFIGs in wind farm based on multi-object
optimization[J]. International Transactions on Electrical
Energy Systems, 2019, 30(3): 1-16.

FEFBt, FMJREE, BN, S5 TR AR B AR G R R T T Y
JRCER 37 T By #E s 4% 1 SRS [J]. R TR F R, 2015,
30(18): 140-146.

YAN Gangui, SUN Zhaojian, MU Gang, et al. Collector
system voltage regulation oriented reactive power control
strategy for wind farm[J]. Transactions of China
Electrotechnical Society, 2015, 30(18): 140-146.

T, BUsAE, RWHE, S5 KN A LT
A0 AL 45 ) SR e [J]. e H R AR, 2022, 48(12):
5047-5056.

WANG Yuhong, LIAO Yiben, SONG Yuyan, et al.
Distributed optimal control strategy of reactive power and
voltage in wind farm[J]. High Voltage Engineering, 2022,




36

kA% e

2023 4

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

48(12): 5047-5056..

MRiesE, R4, HE =ZUAH AVC Pzl sk
B&[J]. LA B EREYH, 2022, 44(4): 20-27

CHEN Yihui, LIN Lingqi, TIAN Xin. Three-level wind
power AVC coordinated control strategy[J]. Integrated
Intelligent Energy, 2022, 44(4): 20-27.

Wk, SkBUEL, D53, 5. SRBEXUGX R K 20 R
JEFEEHI]. RS E SNk, 2013, 37(4): 7-13.

CHEN Huifen, ZHANG Yiwei, MIN Yong, et al. Graded
voltage control strategy for clustering wind farms based
on doubly-fed induction generators[J]. Automation of
Electric Power Systems, 2013, 37(4): 7-13.

MEHRJERDI H, LEFEBVRE S, SAAD M, et al. A
decentralized control of partitioned power networks for
voltage regulation and prevention against disturbance
propagation[J]. IEEE Transactions on Power Systems,
2013, 28(2): 1461-1469.

NOWAK S, WANG Liwei, METCALFE M S. Two-level
centralized and local voltage control in distribution
systems mitigating effects of highly intermittent
renewable generation[J]. International Journal of
Electrical Power & Energy Systems, 2020, 119: 105858.
DING T, BO R, SUN H B, et al. A robust two-level
coordinated static voltage security region for centrally
integrated wind farms[J]. IEEE Transactions on Smart
Grid, 2016, 7(1): 460-470.

NGUYEN T, KIM A H. Leader-following diffusion-based
reactive power coordination and voltage control of
offshore wind farm[J]. IEEE Access, 2020, 8: 149555-
149568.

AHMIDI A, GUILLAUD X, BESANGER Y, et al. A
multilevel approach for optimal participating of wind
farms at reactive power balancing in transmission power
system[J]. IEEE System Journal , 2012, 6(2): 260-2609.
SEMAE. IR X R R D S B R AR E T AL (D). b
g g 50, 2014: 1,

LI Shucai. Research on reactive power control and voltage
stability of grid connected wind farm[D]. Shanghai:
Shanghai University of Electric Power, 2014: 1.

LIU H, ZHE C. Aggregated modelling for wind farms for
power system transient stability studies[C]//Proceedings
of the 2012 Asia-Pacific Power and Energy Engineering
Conference, (APPEEC). 2012: 15.

WRRE 55, EHE, gt 55 BT REEVARK A IEE
GE[)]. HERPLCFEER, 2012, 32(4): 11-19

CHEN Shuyong, WANG Cong, SHEN Hong, et al.
Dynamic equivalence for wind farms based on clustering
algorithm[J]. Proceedings of the CSEE, 2012, 32(4):
11-19.

R, nr, B, S BT EUE K-means TS5
B RCHL 37 B 75 S5 (B [J]. K BH g 2% #), 2018, 39(11):
3232-3238.

WU Hongbin, HE Ye, ZHAO Bo, et al. Research on
dynamic equivalent of wind farm based on improved K-
means clustering algorithm[J]. Acta Energiae Solaris
Sinica, 2018, 39(11): 3232-3238.

E&, A, EE. BT D-K REEREK
XL I B S @[] KBHAE AR, 2021, 42(3):
48-55.

WANG Lei, GAlI Chunyang, WANG Heng. Dynamic
equivalence method of PMSG wind farms based on
improved D-K clustering algorithm[J]. Acta Energiae
Solaris Sinica, 2021, 42(3): 48-55.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

http://rifd.cbpt.cnki.net

RE, PR, EW, S R TR C EREMR Y
ZHVEETTVEDN]. BAKHL ), 2016, 33(6): 27-32

WU Qin, ZHONG Qing, WANG Gang, et al. Multi-
machine equivalent approach of wind farm based on fuzzy
C-means clustering[J]. Modern Electric Power, 2016,
33(6): 27-32.

B8, TR, RN, & 3T St R ThiR 2= & R
Hi 47 Wi ) T0 T B R 4 X7 5 0] R T RS B AR
2016, 32(3): 49-52.

DAN Yangging, WANG Kang, XU Peng, et al.
Partitioning of power system with wind farm based on
improved var source-space[J]. Electric Power Technology
and Environmental, 2016, 32(3): 49-52.

Fhibess, FHE, M. FETHOARE C BEREM
MPSO IR HIZHEAERFFL[I]. | = s 71, 2016, 29(8):
38-44.

DU Xiaoyan, YIN Huajie, YE Chao. Equivalent model of
wind power farm based on improved fuzzy C means
clustering and MPSO[J]. Guangdong Electric Power,
2016, 29(8): 38-44.

o, BER, FROW, & BTSSR
AR EE[I]. RPHBEEHK, 2021, 42(6): 419-424.

LI Qian, MAO Yaling, WANG Wushuang, et al. Optimal
scheduling of wind farms based on dynamic wind turbine
clustering[J]. Acta Energiae Solaris Sinica, 2021, 42(6):
419-424.

24P, FEIRA. T ASW-FCM BIL 1 R HL 3% 3l
SECES S0 EQ]l &40 7 ¥R, 2020, 32(8):
1606-1616.

LI Mudan, WANG Yinsong. Dynamic equivalent
modeling and simulation of wind farm based on ASW-
FCM algorithm[J]. Journal of System Simulation, 2020,
32(8): 1606-1616.

HwG, SEEE, X, A& A xR R TEC A I R R R R
Wiy 73 B B SR AL 42 ) SRR [J]. B T HOR 224k, 2016,
31( T 1): 203-213.

XIAO Hao, PEI Wei, DENG Wi, et al. Analysis of the
impact of distributed generation on distribution network
voltage and its optimal control strategy[J]. Transactions
of China Electrotechnical Society, 2016, 31(Suppl.1):
203-213.

ZHAO H R, WU Q W, GUO Q L, et al. Coordinated
voltage control of a wind farm based on model predictive
control[J]. IEEE Transactions on Sustainable Energy,
2016, 7(4): 1440-1451.

HEAT, K& FT B TR 6] X 3 2 2 9%
TU R[], BTRE S A8, 2017, 33(9): 44-50.
DU Jianxing, ZHU Dongxue. Multi-level reactive power
and voltage optimization strategy of wind farm based on
model predictive control[J]. Electric Power Science and
Engineering, 2017, 33(9): 44-50.

TANG Z Y, HILL D J, LIU T, et al. Hierarchical voltage
control of weak subtransmission networks with high
penetration of wind power[J]. IEEE Transactions on
Power Systems, 2018, 33(1): 187-197.

ZHAO HR, WU Q W, WANG J H, et al. Combined active
and reactive power control of wind farms based on model
predictive control[J]. IEEE Transactions on Energy
Conversion, 2017, 32(3): 1177-1187.

0 B Y. R TSI U042 o) £ X R 37 T D R s A A
7R FC[D]. FE A ARFE R, 2020: 1.

BAO Jinyu. Coordination control of reactive power and
voltage of a wind farm based on model predictive
control[D]. Nanjing: Southeast University, 2020: 1.




534 *

R NI LIS BRI BRI T 4RE 37

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

ZHAO H R, WU Q W, GUO Q L, et al. Coordinated
voltage control of a wind farm based on model predictive
control[J]. IEEE Transactions on Sustainable Energy,
2016, 7(4): 1440-1451.

gk, B, RINGE . R TWRES SRR
RN E TR RII]. BMEAR, 2017, 41(9): 2904-
2909.

ZHANG lJing, LI Bowen, YU Peijia, et al. Model
prediction control based on state space for doubly-fed
induction generator[J]. Power System Technology, 2017,
41(9): 2904-29009.

GUO Y F, GAO H L, WU Q W, et al. Distributed
coordinated active and reactive power control of wind
farms based on model predictive control[J]. International
Journal of Electrical Power and Energy Systems, 2019,
104(1): 78-88.

KRE4E. HT MPC [ DFIG JXHL37 B I Th = s ] s g
WF[D]. Kb WIE K%, 2020: 1.

SONG Yawei. Research on MPC-based coordinated
power control scheme for DFIG-based wind farm[D].
Changsha: Hunan University, 2020: 1.

WY, ERCHE, ERY], & ET BB T
JAHL I R PR R ) R 0], H 0 RS E Bk, 2019
43(11): 34-42.

ZHANG Zhe, WANG Chengfu, DONG Xiaoming, et al.
Coordinated voltage control strategy of wind farms based
on hierarchical model predictive control[J]. Automation
of Electric Power Systems, 2019, 43(11): 34-42.

KT, BT, REE, 5 FET BRI 6]
T R R ER L[], o AL AR
%, 2022, 42(12): 4330-4339

SONG Zigiu, FENG Hanyu, YU Zhaoguo, et al.
Coordinated control of semi-submersible floating turbine
with model predictive control strategy[J]. Proceedings of
the CSEE, 2022, 42(12): 4330-4339.

RECE, BUHR, X, 4. Crowbar HLE XXX,
FIR N SRR REEMT 73 T [9]. h A AR K224
(EARBIARR), 2017, 48(3): 423-428

SONG Chengbao, YANG Xiaotian, LIU Xinghua, et al.
The influence of Crowbar circuit on transient process of
doubly fed wind generator[J]. Journal of Shandong
Agricultural University (Natural Science Edition), 2017,
48(3): 423-428.

AL, £ B, %. €T Crowbar HiEHEA )
AR RS IR g A FATLZELATG R 2 bl 1 SRR [9]. R0 &R
SR 54, 2017, 45(4): 33-39.

ZHOU Shigiong, WANG Qian, LYU Xiao, et al. Control
strategy of low voltage ride-through for double-fed wind
generator with the stator Crowbar circuit mode switch[J].
Power System Protection and Control, 2017, 45(4): 33-39.
S, FEAE, 2, & RSB LU
FARAY Crowbar {RI5 FURS BERITTVA]. H [ FEAL
TRE2#4), 2015, 35(6): 1322-1328.

Z| Peng, ZHOU Xiaoxin, AN Ning, et al. A method of
improving the accuracy of DFIG electromechanical
transient model considering Crowbar protection[J].
Proceedings of the CSEE, 2015, 35(6): 1322-1328.
REANE, 22500, M4, 2T Crowbar R4 FBUE X 7T
UG R ST AL [J]. A BOR, 2014(6): 48-51.
XU Minghui, LI Zetao, TAO Jin. Crowbar protection circuit
based doubly-fed wind turbine low voltage ride through
research[J]. Electrical Engineering, 2014(6): 48-51.
W, FANE, BREGE, . TR RCDAME B RUX

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

http://rifd.cbpt.cnki.net

P R 28 B R[], B 59 i BB IR, 2021, 37(9):
100-107.

LI Yulong, YUAN Xufeng, CHEN Ruijie, et al. Low
voltage ride through technology of DFIG considering
reactive power compensation[J]. Power System and Clean
Energy, 2021, 37(9): 100-107.

I, FHEEE, BACR, A EIREURK I DR PR
i SEmE[J]. HEIAR, 2012, 36(4): 33-38.

GAO Feng, ZHOU Xiaoxin, ZHAO Donglai, et al.
Coordinated control of reactive and active power for
direct-drive wind farm[J]. Power System Technology,
2012, 36(4): 33-38.

K, FREE, AR SRR R R MO A
DD R AERII]. B THER 4R, 2020, 35(3):
520-529.

RONG Fei, LI Peiyao, ZHOU Shijia. Coordinated optimal
control with loss minimization for active and reactive
power of doubly fed induction generator-based wind
farm[J]. Transactions of China Electrotechnical Society,
2020, 35(3): 520-529.

i, &, TP AT, KA g U R R AL
HREM T SRRk D] BB s &
2022, 42(8): 198-205.

XU Hailiang, LI Zhi, WANG Zhongxing. Stability
analysis and current distribution method of DFIG during
low voltage ride-through[J]. Electric Power Automation
Equipment, 2022, 42(8): 198-205.

OUYANG I X, LIMY, ZHANG Z, et al. Wind integrated
power system for severe wind speed fluctuation[J]. IEEE
Access, 2019, 7: 51201-51210.

OUYANG J X, TANG T, YAO J, et al. Active voltage
control for DFIG-based wind farm integrated power
system by coordinating active and reactive powers under
wind speed variations[J]. IEEE Transactions on Energy
Conversion, 2019, 34(3): 1504-1511.

KIM K, JEUNGY, LEE D, et al. LVRT Scheme of PMSG
wind power systems based on feedback linearization[J].
IEEE Transactions on Power Electronics, 2012, 27(5):
2376-2384.

B, PMEGE, KL, S5 KR E IR R AR
JE AT T 4RIR ). H  TAEHIAR, 2021, 40(2): 75-85.
FENG Zimu, SUN Guogiang, TENG Dehong, et al.
Review of LVRT technology for D-PMSG[J]. Electric
Power Engineering Technology, 2021, 40(2): 75-85.
HUANG H, WU X |, HUO C, et al. Research on
emergency control strategy of synchronous condenser for
inhibiting wind turbine tripping in sending-end
network[C]. International Conference on Power System
Technology, Guangzhou, China, 2018.

B, B, FIE, % ST TAMERT I8 A&
HHL R [ B2 ) R 4 ) SR w [J]. HR @ ik, 2015, 36(8):
122-129.

LYU Qingjie, XU Zheng, LI Hui, et al. Effects of dynamic
reactive power compensation on wind farm transient
voltage and its control strategy research[J]. Electric Power
Construction, 2015, 36(8): 122-129.

ZHANG Y d, L1 Q, ZHANG J P, et al. Wind farm HVRT
capability improvement based on coordinated reactive
power control strategy[J]. Journal of Engineering, 2017,
2017(13): 756-761.

. XU T R HLL 2L I W R L 5 R 1 4
HI[D]. #i: Aerh R R, 2021: 1.

ZHAN Jin. Coordinated control of voltage fault ride
through of doubly-fed induction generator[D]. Wuhan:




38

kA% e

2023 4

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Huazhong University of Science and Technology, 2021: 1.
PSR T XS AT R F AL R X FEL 2R 5 v L i Y
] AT FE[D]. B SRR, 2015: 1.

HOU Wenzhao. Study of high voltage off-grid problem of
wind power system based DFIG[D]. Wuhan: Huazhong
University of Science and Technology, 2015: 1.

WRE, KX, AR, S IR TR XU R
TR NI BRI SRS 0], ) R4 E Bk, 2012
36(3): 39-46.

XIE Zhen, ZHANG Xing, SONG Haihua, et al. Variable
damping based control strategy of doubly fed induction
generator based wind turbines under grid voltage swell[J].
Automation of Electric Power Systems, 2012, 36(3):
39-46.

JOR e, BRI, SOEG S R R X FRERTE T
DFIG 7 HVRT W2l 5Eug [J]. #7550k, 2019,
53(2): 108-111.

ZHOU Binlong, ZHAO Qiace, GUO Min, et al.
Coordinated control strategy for HVRT of DFIG under
symmetrical sudden rise of grid voltage[J]. Power
Electronics, 2019, 53(2): 108-111.

W, TR, B, AE. PR LS AN AR BRI T A5
A7 R H AL S A ) SRS (3], b L LR AR
2013, 33(15): 109-118.

XIE Zhen, ZHANG Xing, YANG Shuying, et al. An
improved control strategy for doubly fed induction wind
generators under unbalanced grid voltage swell[J].
Proceedings of the CSEE, 2013, 33(15): 109-118.
FELTES C, ENGELHARDT S, KRETSCHMANN J,
et al. High voltage ride-through of DFIG-based wind
turbines[C]. Power & Energy Society General Meeting-
conversion & Delivery of Electrical Energy in the
Century, 2008.

ZHONG Z, GENG Y, HUA G. High voltage ride-through
control strategy of grid-side converter for DFIG-based
WECSIC]. Industrial Electronics Society, IECON 2013
39th Annual Conference of the IEEE, 2013.

TR, KM, TR, SE UK R R g R
AR FNE[J]. WivL A 7, 2019, 38(2): 57-61.

ZHANG Qian, JIANG Yongmei, DING Min, et al. A
coordinated control strategy for high voltage ride-through
of doubly-fed induction generator[J]. Zhejiang Electric
Power, 2019, 38(2): 57-61.

ZENG X, YAO J, CHEN Z Q, et al. Co-ordinated control
strategy for hybrid wind farms with PMSG and FSIG
under unbalanced grid voltage condition[J]. IEEE
Transactions on Sustainable Energy, 2016, 7(3): 1100-
1110.

FOE BT UREEBRAL 22 2] W KOG R G is AT FdE il s
IAHEFE[D]. AR T RHER S, 2022: 1.

HUANG Qin. Research on operation and control method

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

http://rifd.cbpt.cnki.net

of wind and solar energy storage system based on deep
reinforcement learning[D]. Chengdu: University of
Electronic Science and Technology, 2022: 1.
HUANG S, WU Q, GUO Y, et al. Distributed voltage
control based on ADMM for large-scale wind farm cluster
connected to VSC-HVDC[J]. IEEE Transactions on
Sustainable Energy, 2020, 11(2): 584-594.
UGS, T 2 HRER M X R I o D) B R AR R B
FE[D]. Jbut: #dbr 7k, 20210 1.
LI Haozhi. Research on reactive power and voltage
control technology of wind farm based on multi-agent[D].
Beijing: North China Electric Power University, 2021: 1.
%, Fy, T, & BUANEFHET AR IR
MU - R K A P il [3]. # ] B 5 ROAT, 2019,
36(3): 461-472.
DONG Mi, LI Li, SU Mei, et al. Distributed secondary
voltage-frequency recovery control algorithm for
economic operation of microgrid[J]. Control Theory &
Application, 2019, 36(3): 461-472.
G E N QWY 77 =S T s W B A= i G
L TFIBAT I UL A SR IE [J]. AR ROR
2019, 38(5): 51-58.
DONG Mi, ZHANG Xinlu, YANG lian, et al.
Coordinated optimization control strategy for economic
operation of multi-source DC microgrid in island mode[J].
Advanced Technology of Electrical Engineering, 2019,
38(5): 51-58.
XIHEE, FE, B, & OHaelE e REEH 5k
1E[3]. ¥EHIBEE 58, 2016, 33(12): 1555-1561
LIU Jizhen, WANG Wei, HU Yang, et al. Control and
optimization of alternate electrical power system with
renewable energy sources[J]. Control Theory &
Applications, 2016, 33(12): 1555-1561.
YOUSEFIAN R, BHATTARAI R, KAMALASADAN S.
Transient stability enhancement of power grid with
integrated wide area control of wind farms and
synchronous generators[J]. IEEE Transactions of Power
Systems, 2017, 32(6): 4818-4831.
P37, Btk AR, S5 i EXRE REEE ] S ia gk
R[] KR, 2022, 43(2): 175-185.
FANG Fang, LIANG Dongyang, LIU Yajuan, et al. Key
technologies for intelligent control and operation and
maintenance of offshore wind power[J]. Power
Generation Technology, 2022, 43(2): 175-185.
NGUYEN T, KIM A H. Cluster-based predictive PCC
voltage control of large-scale offshore wind farm[J]. IEEE
Power & Energy Society Section, 2021, 9: 4630-4641.

(TUEgwiE FHE)




