F 435 56l
201543 H 16 H

A ERBEPF DL R

Power System Protection and Control

Vol.43 No.6
Mar. 16, 2015

MBI FEZ R R RA

kL, AW, Hait

(BRI RF IS WA TAZFR, LH HFE 211816)

E: WXL ARSI R & KU B E s SR IR, AR R 9, i
NS AL IIEAT A A T o RS I XUHLRH T B K B )22 B L Aot 2 i34 T TR RO S AT MR, RIS A T
AT ORI AR TSV, FER IR SN S EIEAT 72508, IR KB XL
ST W RIS B RO S IR SRS 20 T35 . P LR X 3 5 R I ST i, O
B ARG IR ARG MBI 38 2, RS KO S BT TR b 2 R FTa S

K. WHIZEME; BRSSE Sh&SE SEIUG IRAKR; SUSUEN AL BRI XL

Overview of the equivalent model research for wind farms
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Abstract: With the scale of wind farm increasing, modeling for each turbine in wind farm will lead to excessive

computing, which is not conducive to the research of large-scale wind farms. Wind farms need to be simplified. Firstly,

the modeling of doubly fed induction generator and direct-drive permanent magnet synchronous generator which are

frequently used currently is summarized. Meanwhile, the methods of dealing with the wind farm in load flow calculation

are introduced. Then the aspects of wind power system equivalence are described which include wind speed equivalence,

clustering of wind farms, equivalent method of the same group of wind turbines, widely used parameter optimization

algorithms and the effect of those optimization algorithms on equivalence. Finally, the commonly used equivalent

methods of wind farms composed of single mainstream wind turbine type are reviewed, and the research necessity and

trend of the mixed wind farm equivalent modeling with the increasing of amount of the large wind farms composed of

different types of wind turbines are pointed out.

This work is supported by National Natural Science Foundation of China (No. 51307078).

Key words: wind farm equivalent; static equivalent; dynamic equivalent; parameter optimization; mixed wind farms;

DFIG; PMSG

RS TMTI SCERFRIRIS: A

0 33

P35 HL R SRR RE R AT AR Y 11 20k
o, S SCBURRR L M LR AWK X
Ly, A4 X RLAE L I P T o R B AN B i v
FI 2 FCR ) e FLASE AR ASE FSBR A 2 F) R RIS X
S TR ATY, e R L ) R
R B R R AR R 2,
IR RE T WERAERE & KLAH PRI RS, f
LGB R 4R RAER. WL, 1R

HEE&WH: BROAFFZAELIEFRA (51307078)

SCEG S

1674-3415(2015)06-0138-09

JREEIT SO IR IEAE, A HER Al A X
AL ) 2R Ge 2 18] (AL W, TR AL I S
BRI AL A TC h b 2

ARSORE 2 FA T THLRXU IR XU LA 50K 7K
()20 AN LR R S PR AT S 0 T, VPR T
AR N RS MBS E %, R4
T ZPACTE S = SRR RS, TR TR
& M A E TS DL

1 KRB RHARB R

R R AN LSRR AT 73 KU N KL
A EL DGR RIS KA LR



K o6, %F

WL SR TSR - 139 -

1.1 MRBER XA EE

XU N KK LBE L L 9 Sk, S Th Al
TCTh N B, 1 mT BRBE RE ARl 3t KA RE
AR, AR R R AL B R
BN, 5 TR R P A AR R L 2
SCHRO6] 4 5 T LA A0 P A ML AL AR 11 /N 7Y
LI FERTEAN B A E A, A KRR X
TIWLEAL AR . XU UL SR A
AR K S AR o SCHR[ 718 B RS A
ML IME S SIS EEB 1, Wi 16 MIRER
i, B e
1.2 BIRKHERE 2 X IR

T R AR R, TR LR EA DI T R FEAL
M RE T IhREEAC . [F20 R HHLBE K HEAS
b, AR E A L I R e D, DR
HCEh AR A s, FEAE— s Y P T T
Fo SRHAARS DR, KA e R G EH
N, TAREESh RN B, B EERE &
WL 25 U B0 A 1752 1) 8 T 58 KT F R ) 3 4t
PR S A LY. B IR R A 25 UKL e
AR FE KRR DMLY, fEghiiRL, &
HHLRRE AR L % A A e 1T

IXFEMI AL, T RUML A 40 PR
PG e RN, TAEER, AE TR
KLY o

2 RERFHRITE

PRI R S B KO A A5
R, 2 i v S LR UL I R JE 6 LR [
FEMPRBLIEATAT P e X547 IR 3 (1 i
ARGHATRIEVHFE, 7% & KRB L4z 17 5 20
LSRR 2257, ANRER KUY R A PQ
o PV 5 e WIFERT HORSET28 K)  HALA R
PR 3753364 TR v S 2 18 AT e HU A LA a4
A
2.1 RERGERHARITE

WO LI S EAPQ. PV ik
AMRXAER L PR PQIRIALARE A M HL I e 3
.6 A ALALI Th 3 O AT, A4 s KU
AN PRIEL S XL A T A e D E &, R X
A A PQS i, W BIME ST, THE I, (2
RE B R HL) 5 R G ) 3 SO RS R AN
w ANEHRRREY . ik, SCER[14]48H T %
JE W7 B P R GE AR PQIE AL, RV OR B 4R FLZK %
(FEFRRAL) , AT AT 5 e
(ARSI HE MBI PN PQTY iU AREE . A ZE X HLIS 2R

R ST A PQASE Y P R Dy R R K
TH €, SCHR[ 15145 & I PQASE 21 4y 4t A FL 7 AR s 2
A, R 520 R LS PR B T S 22 R E )
DI, e R RGE T A 250k s AR e D oh %
FOT SR o s I XL A BT 22 L2
KA ED 2SRRI T S E A PQTT /. T
A s 42 TS X P R J28 3 XA L 7 . KL
PLAL ) A B 3 B 0T o B — s e D BR i () PV 15
REIR.

SCHR[16] A RX A A4 I ) R FE LA A BT
I, K D LI 25 A Dh DD 26 R L i R
FIRRER N, 25 g 22 FUXGE W) aa e, R K
FEATL IR FEL A D 2 A e X S o AR IR Dy % 1)
ZHH TEIER 2, 2 A KAL) 21
RAPHLERE IR R . BT e%E T RK
FEBL PRI HY AR A T B0k S8 35 I A S (AR
(PR AR RS i, T 805 S )i, B A
E
2.2 M RZEHEIBRITE

BEMLEA R T FA SR AL BEATL A5 A A
BENLYE S, [RINIEFH RS T 2Lk, fes 4
b s i L3 6 B R IBAT IR . SCRR[ 17142
S PR AT L B T A B AL DR 3R A E ST 1
Do RH AR TR VT 5 2 AT LT 25 g 4
BE LR 22 3L [ F R SR DB RIS i i s S5 sk i
M- A4 &, H Gram-Charlier 2¢ £ & J X F1 Von
Mises /7 ¥2: 53 il R Af A =K 3 282350 7 R 2 HIGES 40 11
MEZE 5341, AR PIER 7 sk H Ar sk AR B R 2 531
TEVHEORE BRI 207 A P iy . SCHR[ 18145 H
UL 52 RO e (S O, AR SRR 2
FBEHUL I 228 871 A FH A FEUATL HE g B 4 it W i <52 Bt L5
Wi PR 2%, AR A AT 2 R AR AS f s I AR 41
%Y
2.3 MERSEBRBRITE

MEZEm T S RE S i f ) R 4 h 25 DR = I BE AL
AT RGBT HIFEN,  Be A% 18t KUk 50 5 |
A XU D FIBENLYE, 25 AR G s v s A S i
MEPIMEZEG R, S USSR AR B A LS 201
W R HAT, MR E L SRS N
i PRV RANTHER SR R B k.
t, HBRVEIFE SRR, mAbTHE H BELAR fE )R
Zetg KU, A0 AT XL 5200 it h R A s 11
LR, M A4S TR Gram-Charlier i JTAH 45 4 1)
i DA AR 3 L S FH AR08 T A ok A AL U1 L
BEHLAZ B4 s BP0 M LS R B R, 3
FRCR Ry, SR HEER . SCER2 1 ST =



- 140 - & & AEY D EH

B % T E A AR A A R 4G A IR i A
FHATZE Y, AR RGHUE B
PR G, AR DURMAE R A, HE
FCERRI A oR UM REAC BELICAR SCIE, 19 BIA H AR ST
A&, A8 MR A R RVA BRI 5. S
BR (2215 21— ol T Ab 2 gy A BEALAZ AT OGP 3T
P T HNLERFEI SR 2Rl o Ak, ses
i S B B i £ R, AR AR LA R 1
S, HASE S A B AZ B R AR AL I 2T A

3 REFHRFNEE

I B E AEARIE XI5 R 5L
HIAAASSAET, 6 R AT AL
3.1 RURFEAZE

21 T8 3 ) P X R T TR R K Bl A
B0 55 FH (10 IR S MR Al D) N R 3 5 KU L
BRI 2 DD N G IR U, 30 5 A ST 38 R T2  R
TH-ThE ik o 2 X 28 SN o) G R T 2R 1
SIS, 2 R R AT R ) (AR PR R . =Kk
T MR KGR AR VE AN T B AT 2 ) FH R B0 SBT3
W, AR AR . XS SRR, R
TRy 2 il 2 SR (XA Y, B UL/ IN S5 R B
Je Al BTN P SCHR[26] 1638 IR F 37 - 34 KA Ay
BRSNS T K “ S-St R
SRR, DRGSR TR L oR ] R, A
i 1 Tl T A R 2 s X 1 s T B S AE, - ) P
IR AT B ) XIS 1] P A T R A X, 7
T 2 IR i) 5 0 P XGRS R 28] 6%k 5l X
W, FH Von Karman 4L 35 % 5 pR £0R! H [0 )45
R, TIPS T ARG AR Y, I AE IR
AR, B A B TR R ) I Ak
PRI TR) 6 S R, b 4 i S5 XG5 4
HEELRY
3.2 REIFH D EER N

XN RS . S 817 A
Iy P RGHE Z AT AN 385 PR K 280 IR R B AN 35 R L 17 P 5
B R B KLY, ik, KU 4 B B A 1)
A, BB A S A

Fiet N R AN [0 KU 23 B Ry o L, (FR
YR G 22 5k WL ) R AR AT 3 21 )
SHES AL L, AR . KRR 2
BTl i LA sh AR5, xR
fi H R PR A O IR BBk T A R . S
BR[30148 K T b by U BLZE PRI XL  A J )
YER S R BOE B R LA T o B 57k, B
FRAEAS TR R A PRAE S B, 35 X IR ) 3

GRS . RO, R XGE .
28 A R AR FE LI AT B0 A 0 B, mI4e
OIBERE PN, AR K37 A 5 U R FBNL 2 R SR
Wi s ) et 5 A TR TR P 20 28 i o AL 1) R )
H LA 5L T AU X ) R LTS H R RE I R 2R 26
SRR, SCER331R L, FERUB XML 95 K &
g, nPRE A RS R AN KA LAL 2 BEFE R o
T B XCELAL I 2 B, R THOR T 2 F R
i, AT AR X L P AR T R X RE T
AR IR X IR [ 2> BEFR AR T 20 18] BE 2 AH 1 1 1)
FEFLALCY . UL AT M R B AT s AT s P
IRV BEIEN, N FH 9 B S B8 1 it S R s
X R 37 24 HLAL A SIS AT 50 23 B, B3 UL
0] S AIBAT I FE ALY, SEBLGH RUHL 3 P 35 R
FUHLZE PR SR R 23 001 R 3 JFE YA 280 55 i R 56 XL
W3 A BE S — Py vk . SCHR[37]iE I 52 %
Mg R4 S R LA PR o AL b, FE AR AR R P XL
HLALAL XN R

BERE TR BB, LRI 255 XL Y A
BUAT J e R HL 37 T A s T 53 D AR G o 6T M T A %
A A FUN R K, KCRATLATE AT s A T i )
Rl 3 54 b BHLAR 5 7 BRI 43 ) 5 SR AR T UEAA
3.3 NEAEHAFEAZE

HHH R AR I T BRSSO R S
KL, A 208 R AN (s, S EIRZE K.
B AR G RHLUEE S — &, RG XL
UK [R) S A AR E 0 R FL,  IXFER 2 HLASE
FRIR AT 25 A R LI 1) B2 2 P54,
3.3.1 AR E L

% 5 ISR ML S5V 00 5 22 0 X HL 37 PN A
SRR LAl S 2 B BH BT M0, 2 Xk B pLAl
TE I AR R 2845 T A — REZR I DU LA oA AL
{ELAff s SR FRLI 24K
3.3.2 Bl A BN LA

O 25 IR L ARV ik T A AU R
B, RETE PR T AHER R, AT AL T Re A
UK 72 RS R AL s BT
3.3.3 BT [ R S (A 1 A SR V2

AL A AT P S KR LR H L R
PRI TEAR R, BT AL T R —RF
2 b AR M 22 R ™ TR iU T
[ 42 110 R R S v B AR ST LR R . 9 54k Ty Al
THIRHBFSHR G, BeAE M SECR SRR P ISR
i K SR I A ) BN ),
3.3.4 ZHUR R LEHTE

SRR WA NS EEE A 5N BRI P T2



K o6, %F

WL SR TSR - 141 -

BT ERR AR, 522 5 IR LA E
.5 WL, T7E X )R LA SR RIS o0 T 3k
P AR, RE RS AR R W LAL I 2
KA AN P B R 1,
3.3.5 HHLRAETE

FHLRAEZAE A IS E R — & KHLR— & k&
HAL, AN PRI RGE, SR & AN L
P AL S AREORT, 3@ FH XL 2 a) X 22 2%
NI Do BT X 22 A K () R HL 3 WU £ B A
KGEARALFN A R B, BRI HLIS R UL R A
SHER AL, RS — & KB,
EAAEAE TR 220, ek (46138 78 XG5
BOKEE, SR s A LA I B SRR 2
AL Re A AR D SRR 22 . o, kb
52 7 2 AT 23 Ry WL ] 5 R L 3 AL 5 D) L 2
%o MeAh, FESBESAMEE, RALL R SE
For T AR A S E R B3 R A 378 7
EZIER
3.3.6 7 U BB Z WL

AR R BB 22 WL ETE S AEY S04 B IR TE A
Bz, R HE WL AT AR XU R e ie 1T
FEH RIEAT s E Wk 2 805 4 — BU AT B R
TIWVH RO — G A R LI 3L, 24 AL
) 2% A D) D) 2 RIBEAT (1) KL AR R o it
KJRIRAN, T s AT RS 0 R WL AL A 745
{3[49—51]0
3.3.7 W R SRR

A BB 7 1L TP S E S R B AR s ra L 4G
PRI S O R SR AT IR 2R P ok A, %
BRI RS R E AT R E . R SCHR[S2] K
KRR T LN, SRS KR S EH S 4L
R oA AR St R PR SR . XU 3 T i LR AR
S RHLI IR DR . D, RS E R, TR
TP AR . X CREE i R, sk
DE s KL I ZEAS [R]RGE R R4 S B, I XU
IR I M AT B S R AT AR S X
RS S5UME. ARSI, T CUE ES T
FEIEACRIOA R S 0ty VR o B U X R S0
T AW B, HAe X 1 R s rT A
T, EA S N RIS I e, B
X S0 R LA R KR A T S (A, 7
SR I MLIRD . B A U R 5t )
WHEESHL
3.3.8 TR M AEE YA

SCHR[S3VFRH T — iR s AT 4 b e L 37

SEAEAE T B v, A GE v 2 B S T IR X
ML SEE AT BRI AT 0 M, R R Ak Ak
B I Re RAE KA TAT AR, 6 XU By
AL BRI FH SCRF ) LR AR R I 1, 2%
Fe T X AR N, HISi I . ML & . HL
ZH AT T A HL 3 P RT3 A 8 DR 3R, 04 T ooy R
AT T 2 WIS
3.4 SHMILEX

i GBI EE KRB I ST 1 BRAA E
MIBEARURE RS, I REAH IR INEAIR 22 o PRSI
WL A DA JG Dy R4 T i A S8R A i ik 14
AR Sy S AR N FRERE, ORI
AIRRREE L, 0 RO [ 3 1 F G ol b 5 L A
IO EM A o, AR s AU A
WU B e EC Y g B L SRR 20
TSRS e R A, Eid “XEEINF7 1AS
NARARF H G N AR A, SRR, RIS RG I
(AT I BEP s B R 2 UOEAUR PR 1Y
SR, iz, HERREGLEZ . SCHR[56]
W) k-means ZEIEEIE, R UG KRR FERT 13 A4-IR
DA R AR PR SRR, A A R e KU L
AT - SCER[ST]H 48 H T JET BP 4% XL
TR HALFISE T Elman #4148 9 265 X HL 3% 8)) 285 E A
e AT JaB MFEA T IH— AR B, & T
LB BRI RROT. FE TR RS BOIh& M4 &
FT Agent FEHEIRIIIIN, RIS S (E AR (PR B2
WLhtiz f et

4 RERBIGHEEFE

XEFAHFRINUR AR EOI R AR S, X
BR[SOVIRYE =K DFIG fajfb W3 LK Bl A
P e Pk sl g L RS KO LU S,
HAT MBI AR PE AU A LI [R A, 3
TR IO AT SR X BB A5 E AL
R HEAT T, SV EIRE, RIMLt e
KSR FL P4 T P AU R AR S5 20 L A e o R L
NS IER G2 S VI NE S WER ISR ER 777 - il p =1
2R, SR 1641 (K3 A5 S HAR VL 1T A KU I
) MEHT, AR L s 2 R o AL v s 2 ke 2
RiReE O IONEL G RAZNIN 7] B

IR BF R 5 ML S E TS REEAT S, [
AL T ER B 25 KB LA, KL A
R A MYy, SRR G A TS5 R 2 i 1R
I, — L3 B AR DL R L I 51 e
B SN RIRE AT R A XL ) S ERIFS »



142 -

&) &GS

BE K AT 2, RE KR adt 3 H
IR, TR B KL AU R UL R
LR AR AR AR LA TR 5 DX L 3 S5 g T A AT
FAA LR

5 LERIE

ARSOS 24 T F2 3 K LSS XU B X LA LK
AHETRE WAL AR 1 fa oY, Rl ER T X 37y
HORERI S BRI AR . ARG 5
B RUHLE R 93 B0 K RV A A5 A 5 ¥ =75 T
MUPE T X AEE, AN, Sia T R RGN
A 22 W 28 S SR B A R KU S R Y
MORERE . AR, B IR E 08K, %
TR I SR VR T TR 5O 2o 5
o
B2 3k
(1] fRRM, R, &59E, 55 BT ERASHEINHY

SRR AR T 6T EEIF D). AT AR AETR, 2013, 31(3):

40-45.

XU Tianci, WU Feng, JIN Yuqing, et al. Comparative

studies on equivalent modeling methods for wind farms

based on non-electric parameters[J]. Renewable Energy

Resources, 2013, 31(3): 40-45.

(2] Ak, SO0, TKkoRt, &5 KB HIIEA RS
Hil 7 M) AR PEWEFC[T]. ) R GRS 3,
2011, 39(8): 11-17.

NI Lin, YUAN Rongxiang, ZHANG Zongbao, et al.

Research on control method and dynamic characteristic

of large wind farm integration[J]. Power System

Protection and Control, 2011, 39(8): 11-17.

(3] BH%F, Byo. HT XYL R X S 3)
EEERTIRI]. ) A H 1, 2012, 25(4): 53-58.
ZHAO Yanjun, ZENG Yuan. Research on applied
dynamic equivalence model for wind farm based on
double-fed wind power generating units[J]. Guangdong
Electric Power, 2012, 25(4): 53-58.

(4] ZFRA, 2R BB HHLAL FR AE 07  Je L5
JPERESE[T]. AT FRAERRIR, 2013, 31(3): 31-35.

LI Zhicai, LI Fengting. Modeling and simulation of

DFIG and a research on its equivalent method[J].

Renewable Energy Resources, 2013, 31(3): 31-35.

[5] ZAMANIFAR M, FANI B, GOLSHAN M E H, et al.
Dynamic modeling and optimal control of DFIG wind
energy systems using DFT and NSGA-II[J]. Electric
Power Systems Research, 2014, 108: 50-58.

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

[14]

Phh, REYE, TN RBARHARA X ) K LA
WSO F ] b E AL TR, 2004, 24(6):
100-105.

LI Jing, SONG lJiahua, WANG Weisheng. Modeling and
dynamic simulation of variable speed wind turbines with
large capacity[J]. Proceedings of the CSEE, 2004, 24(6):
100-105.

KUK, BIER, I, AF KRB KBRS
AME T BRI BH e IR B [0]. O RS
{4, 2011, 39(18): 127-133.

ZHANG Ziyong, HU Zhijian, LI Yonghui, et al. Small
signal dynamic modeling and additionaller damping
controller designing for large wind generation system
based on DFIGJ[J]. Power System Protection and Control,
2011, 39(18): 127-133.

R, VR XA R SR BT BOR M.
Jemt: MU AR AL, 2008.

SLOOTWEG J G, KLING W L. Modeling of large wind
farms in power system simulations[C] // Power
Engineering Society Summer Meeting, 2002, 1: 503-508.
TRV, WISZAN, SR, XUk R LI A R 5T
). ARG 5, 2013, 41(13): 1-6.

ZHANG Tao, HU Lijin, ZHANG Xinyan, et al. Research
on universal modeling of wind turbines[J]. Power System
Protection and Control, 2013, 41(13): 1-6.

XL, T8, sKEE, S5 JRMIX A I IR
ZHTICY /1 WS RIS N i HARRR 2 R4y,
2011: 550-554.

LIU Shipeng, GUO Liping, ZHANG Leiqiong, et al.
Load flow analysis of grid wind farm[C] // The Sixth
Natural Science Academic Annual Meeting of Inner
Mongolia, 2011: 550-554.

AT, FH, FOehk, S RO RGEGTHE R
Gy 5 AR R]. AR IR, 2006(10): 12-15.
HU Weihong, WANG Wei, WANG Yinglin, et al. Power
flow analysis in electrical power system including wind
farms[J]. North China Electric Power, 2006(10): 12-15.
WO, BRUEFH, MRERT, S WS KO I A
[7]. HEMER, 2006, 30(9): 53-56

CAO Na, ZHAO Haixiang, CHEN Mozi,

Equivalence method of wind farm in steady-state load

et al.

flow calculation[J]. Power System Technology, 2006,
30(9): 53-56.

Sy, it Bk, A U SR R XU
WIHAE PQ AL KN HI[I]. THAKHLT), 2010, 38(6):
15-18.



K o6, %F

LIS B LA

- 143 -

[15]

[16]

[17]

(18]

[19]

[20]

[21]

LIU Minxu, HAN Wei, QIAN Yeniu, et al. Variable PQ
iterative method for power flow calculation of wind farm
including collection lines[J]. Jilin Electric Power, 2010,
38(6): 15-18.

B, s, RIE . LT PSASP I XUH
YR 3], /K JI5 H, 2013, 39(4): 80-82.

RAO Chengcheng, WANG Haiyun, WU Han, et al.
PSASP-based flow analysis of wind farm in power
system[J]. Water Power, 2013, 39(4): 80-82.

VDG, i, PR Bt XU HL i AR A A N 5T
[7]. VLIHEHLTRE, 2012, 31(4): 52-54.

SUN Yong, LI Haifeng, HOU Junxian. Static equivalence
and applied research of wind farm[J]. Jiangsu Electrical
Engineering, 2012, 31(4): 52-54.

WIRHLL, X, A, S S X R RG]
(BRI TS5 20 BT (D). P8 22 A8 K 24244, 2008,
42(12): 1500-1505.

BIE Chaohong, LIU Hui, LI Gan, et al. Voltage
fluctuation of a power system with wind farms integrated
by probabilistic load flow[J]. Journal of Xi’an Jiaotong
University, 2008, 42(12): 1500-1505.

AR, e, BEL, 5 BB RNV XY
AR R LB LA T[], VE ATl R A 274, 2008,
42(12): 1515-1520.

ZHENG Ruimin, LI Jianhua, LI Zuohong, et al.
Modeling of large scale wind farms in the probabilistic
power flow analysis considering wake effects[J]. Journal
of Xi’an Jiaotong University, 2008, 42(12): 1515-1520.
SR, AR, A, AE TR BERL AR A
O IR IR v VA LR, 2013, 37(9):
2474-2479.

CAI Defu, SHI Dongyuan, LI Gaowang, et al. A
probabilistic load flow calculation method based on
discrete data of input random variable[J]. Power System
Technology, 2013, 37(9): 2474-2479.

SN, SCEhTE, R, AF R T R TF A Gram-
Charlier J&JT (117 WKL Ty SR GU M) S AVA D],
L TR 253, 2013, 33(16): 16-22.

Al Xiaomeng, WEN Jinyu, WU Tong, et al. A practical
algorithm based on point estimate method and
gram-charlier expansion for probabilistic load flow
calculation of power system incorporating wind power[J].
Proceedings of the CSEE, 2013, 33(16): 16-22.

KN, REIR, B A, A BT TPNT A1 AV
5 IS N AR TEME R S (0] RS
{3 51, 2013, 41(22): 13-18.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

LIU Xiaotuan, ZHAO Jinquan, LUO Weihua, et al. A
TPNT and cumulants based probabilistic load flow
approach considering the correlation variables[J]. Power
System Protection and Control, 2013, 41(22): 13-18.
Wi, Sczhs, REmEAN. BB AR BEAR G I R
W STVE]. T ER AL CRE AR, 2011, 31(22):
80-87.

CHEN Yan, WEN Jinyu, CHENG Shijie. Probabilistic
load flow analysis considering dependencies among input
random variables[J]. Proceedings of the CSEE, 2011,
31(22): 80-87.

BIRE, B4l LT PSCAD_EMTDC [RFIER K
WL RS (7 JL[0]. W R GRS 1AL, 2000,
37(21): 62-66.

LI Huanping, YANG Jinming. Model and simulation of
grid
PSCAD_EMTDC[J].
Control, 2009, 37(21): 62-66.

MENG Z J. An improved equivalent wind method for the
turbines[C] // 2010
International Conference on Power System Technology:
1-6.

FERNANDEZ L M, GARCIA C A, SAENZ J R, et al.
Equivalent models of wind farms by using aggregated
winds[J]. Energy
Conversion and Management, 2009, 50(3): 691-704.
PTG, BN AR TR X A
fHEAR]. ZRAGHL IR 22244, 2011, 31(3): 13-19.
YAN Gangui, LI Hongbo, MU Gang, et al. Equivalent
model of wind farm by using the equivalent wind
speed[J]. Journal of Northeast Dianli University, 2011,
31(3): 13-19.

WO, TRE, RGER. 5 RS XU In) 52 PR XU i A 2R
WEFE[I]. K PHAE2AIR, 2011, 32(12): 1785-1790.

CAO Na, YU Qun, DAI Huizhu. Stochastic model of wind
speed affected by wind direction[J]. Acta Energiae
Solaris Sinica, 2011, 32(12): 1785-1790.

SR, LR, SRAKE. R A X BT R 4t
(B SERBESE[T]. b AL DR 2 4, 2011, 31(20):
127-135.

DOU Zhenlan, WANG Han, ZHANG Qiugiong.

Experimental research on virtual wind farm and wind

large connected wind farm based on

Power System Protection and

aggregation of DFIG wind

wind turbines and equivalent

Turbine emulator system[J]. Proceedings of the CSEE,
2011, 31(20): 127-135.

IRAER, SRR, UK. vF KRN U LA
HLIZ SE BT SLD). WD R G OR 9 B 74, 2014,



- 144 -

&) &GS

(30]

(31]

[32]

[33]

[34]

[35]

[36]

42(1): 70-76.

XU Yuqin, ZHANG Linhao, WANG Na. Study on
equivalent model of wind farm with DFIG considering
wake effects[J]. Power System Protection and Control,
2014, 42(1): 70-76.

WO, THE KGEB BN DL T I R XL A AL AL
SYATEN]. IR B, 2012, 36(2): 42-46.
CAO Na, YU Qun. A grouping method for wind turbines
in a grid connected wind farm during wind speed
fluctuation[J]. Automation of Electric Power Systems,
2012, 36(2): 42-46.

8%, WHR, Rz, 55 KGEEE) B4
HIATHADN]. B RGERY 5T, 2012, 40(15): 1-6.
FU Rong, XIE Jun, WANG Baoyun. Study on dynamic
equivalence model of wind farms with DFIG under wind
turbulence[J]. Power System Protection and Control,
2012, 40(15): 1-6.

T, B, ROK—, SF KBIEREHEA RS
RIS I]. FBMER, 2011, 35(11): 62-66.

FAN Guoying, SHI Kunpeng, ZHENG Taiyi, et al.
Cluster analysis of grid-connected large scale wind farms
[J]. Power System Technology, 2011, 35(11): 62-66.
WM, KNS FETRFE 73 M R ORASE X R 1 A8 (R A
FE[T]. WA, 2013, 37(8): 2271-2277.

HUANG Wei, ZHANG Xiaozhen. Feature analysis based
equivalent modeling for large-scale wind farms[J]. Power
System Technology, 2013, 37(8): 2271-2277.

g, JZEAE, KRR, A HIRAUX NP S
AL KT EC[T]. FMEER, 2011, 35(11): 29-34.

GAO Feng, ZHOU Xiaoxin, ZHU Ninghui, et al.
Eletromechanical transient modeling and simulation of
direct-drive wind turbine system with permanent magnet
synchronous generator[J]. Power System Technology,
2011, 35(11): 29-34.

KIGsR, RS0, Brrrih, G5 KR alaA S AR
ZHERAETHED]. BTERER, 2010, 25(5): 162-169.
MI Zengqiang, SU Xunwen, YANG Qixun, et al.
Multi-machine representation method for dynamic
equivalent model of wind farms[J]. Transactions of China
Electrotechnical Society, 2010, 25(5): 162-169.

MRAR, BRI, e T4 RO BE 1R ) 3 SR S ATE I XU H
R ST[I]. W01 B8k, 2013, 33(6): 113-118.
LIN Li, CHEN Ying. Wind turbine grouping with spectral
clustering algorithm based on diffusion mapping
theory[J]. Electric Power Automation Equipment, 2013,
33(6): 113-118.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

WA, TR FT RO B LA 73 2
SEER T IET]. AL R AR, 2013, 40(3):
1-5.

XU Yuqin, WANG Na. Study on dynamic equivalence of
wind farms with DFIG based on clustering analysis[J].
Journal of North China Electric Power University, 2013,
40(3): 1-5.

AKHMATOV V, KNUDSEN H. An aggregate model of a
grid-connected, large scale, offshore wind farms for
power stability investigation importance of windmill
mechanical system[J]. Electrical Power and Energy
Systems, 2002, 24(9): 709-717.

FERNANDEZ L M, SAENZ J R, JURADO F. Dynamic
models of wind farms with fixed speed wind turbines[J].
Renewable Energy, 2006, 31(8): 1203-1230.

SALMAN S K, TEO A L J. Windmill modeling
consideration and factors influencing the stability of a
grid-connected wind power-based embedded generator[J].
IEEE Transactions on Power Systems, 2003, 18(2):
763-802.

LEDESMA P, USAOLA J, RODRIGUEZ L. Transient
stability of fixed speed wind farm[J]. Renewable Energy,
2003, 28(9): 1341-1355.

VFOIUK, BE M, TR B RS B A
VP MEAR, 2005, 29(14): 91-95.

XU Jianbing, XUE Yusheng, ZHANG Qiping. A critical
review on coherency-based dynamic equivalences[J].
Automation of Electric Power Systems, 2005, 29(14):
91-95.

HAO Sipeng, ZHANG Yangfei, LI Xianyun, et al.
Equivalent wind speed model in wind farm dynamic
analysis[C] //
Restructuring and Power Technologies (DRPT), 2011:
1751-1755.

PR, L, RO, A R AN R SRR R 7
WEFE[I]. K PHAE2AIR, 2011, 32(7): 1005-1012.

LI Hui, WANG Hesheng, ZHAO Bin, et al. Simulation
analysis of a wind farm with different aggregated
models[J]. Acta Energiac Solaris Sinica, 2011, 32(7):
1005-1012.

TRWISC, KBEE, FR%. ML AR 5 9 138
PR H BT ST[I]. MR, 2010, 34(6): 175-180.
SU Xunwen, MI Zengqiang, WANG Yi. Applicability

and improvement of common-used equivalent methods

Electric Utility Deregulation and

for wind farms[J]. Power System Technology, 2010,
34(6): 175-180.



K o6, %F

LIS B LA

- 145 -

[46]

[47]

(48]

[49]

(50]

(51]

[52]

(53]

[54]

TWISC, TRERE, ML KBS T AR
SEEABOTIET]. W THER2IR, 2013, 28(3): 277-284.
SU Xunwen, XU Dianguo, BU Shupo. Variable parameter
equivalent modeling method of wind farms under wind
speed fluctuations[J]. Transactions of China Electrotechnical
Society, 2013, 28(3): 277-284.

RO, AR, BRE. 7 X H g S A8 A 5 7 B 5y
MT[J]. T2 H 47, 2010, 23(11): 6-9.

YUAN Guichuan, NI Lin, CHEN Ying. Equivalent
modeling and simulation analysis of large wind farm[J].
Guangdong Electric Power, 2010, 23(11): 6-9.

A, BRANER, REEIR. KB A v 3 A6 R A A
WERLRIR[I]. Sedb i oR2E2%4Rk, 2006, 33(1): 42-46.
LI Xianyun, CHEN Xiaohu, TANG Guoqing. Review on
equivalent modeling for large-scale wind power field[J].
Journal of North China Electric Power University, 2006,
33(1): 42-46.

TH, B%, 5P P-V TR H A LR A R
DA HERI]. HEH T, 2013, 46(1): 26-29.

DING Ming, MA Biao, HAN Pingping. Comparison of
static equivalent models of wind farm with P-V
analysis[J]. Electric Power, 2013, 46(1): 26-29.

SHAFIU A, ANAYA-LARA O, BATHURST G, et al.
Aggregated wind turbine models for power system
dynamic studies[J]. Wind Engineering, 2006, 30(3):
171-186.

fretfe, 5e%h, Moz, 5. Nk BhLEh &4
HSHEEAVII). AT FAERRTE, 2009, 27(1): 14-22.
HE Guixiong, CHAO Qin, TIAN Yizhi, et al. Research
on the dynamic equivalent parameter aggregation of
fixed-speed wind turbines in wind farm[J]. Renewable
Energy Resources, 2009, 27(1): 14-22.

Trae e, SR, BT, A UL I R AR 2 S 4
BOTTED]. BT HEARZER, 2009, 24(4): 209-213.

QIAO Jiageng, LU Zongxiang, MIN Yong, et al. New
dynamic equivalence method for grid-connected wind
farm[J]. Transactions of China Electrotechnical Society,
2009, 24(4): 209-213.

RVE, KIGE, XN, & TR T s HuE KR
Yy s BT IR ST ] KB fE 24 4R, 2011, 32(10):
1543-1547.

YU Yang, MI Zengqiang, LIU Xingjie, et al. Modeling
method of large scale wind farm based on operating
data[J]. Acta Energiae Solaris Sinica, 2011, 32(10):
1543-1547.

SRAR, N, RIERs, S LT HE NAR SR TR

[55]

[56]

[57]

(58]

[59]

(60]

(61]

RS R LA AR [T]. fE ) R 8 A Bk, 2012,
36(4): 22-26.

LI Ran, TANG Fan, LIU Yingpei, et al. Equivalent model
of doubly-fed wind turbine generator systems based on
auto mutation particle swarm optimization algorithm[J].
Automation of Electric Power Systems, 2012, 36(4):
22-26.

MR 53, EHE, B, A5 R TR A5 &
EEP]. T EBEHLTRRSR, 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.

P, Eark, R, & BT R HIER K S A
{ERRARFE[T]. O RGP S, 2011, 39(11):
1-8.

LI Hui, WANG Hesheng, SHI Xuyang, et al. Study on
equivalent model of wind farms based on genetic
algorithm[J]. Power System Protection and Control, 2011,
39(11): 1-8.

Lo, i, S, SRR T N LANE MZ5 I R
FIZERT]. HEIH T, 2010, 43(9): 79-82.

MA Youjie, YANG Haishan, ZHOU Xuesong, et al.
Modeling of wind farms based on article neural
networks[J]. Electric Power, 2010, 43(9): 79-82.

GRS, 10, TR, AF. ORI R KR g S
P RBUR[I]. H L5 REIE, 2011, 27(2): 56-60.
CAO Zhangjie, XIANG Rong, TAN Jin, et al. Review of
current research on equivalent modeling of large-scale
grid connected wind farm[J]. Power System and Clean
Energy, 2011, 27(2): 56-60.

JEE, SREA, B S, S5 BRI SR R O R XU
R B & A U7 2 0). I RG A, 2012,
36(23): 42-47.

ZHOU Haiqgiang, ZHANG Mingshan, XUE Yusheng, et al.
A dynamic equivalent method for doubly-fed induction
generator wind farm based on the Thevenin equivalent
circuit[J]. Automation of Electric Power Systems, 2012,
36(23): 42-47.

CONROY J, WATSON R. Aggregate modeling of wind
farms containing full converter wind turbine generators
with permanent magnet synchronous machines: transient
stability studies[J]. Renewable Power Generation, 2009,
3(1): 39-52.

U, RARR, AR, A EHIKAXHA LA %3]
AEAED]. BMEIR, 2012, 36(12): 222-227.



- 146 -

&) &GS

(62]

(63]

[64]

GAO Feng, ZHAO Donglai, ZHOU Xiaoxin, et al.
Dynamic equivalent algorithm for wind farm composed
of direct-drive wind turbines[J]. Power
Technology, 2012, 36(12): 222-227.

ZENLRN, AR TR L X R AL A R B A S5 AL
JEN]. RGO S5, 2013, 41(1): 204-210.

LI Licheng, YE Lin. Dynamic equivalencing method for

System

wind farms with permanent magnet direct-drive wind
turbines[J]. Power System Protection and Control, 2013,
41(1): 204-210.

SWEL, AR, RKT. K E KR AP KL 2 LS
ASEBA. W RGRY ST, 2013, 41(14):
25-32.

MENG Xiaohang, YE Lin, ZHAO Yongning. Dynamic
multi-machine  equivalent model of direct drive
permanent magnet synchronous generators of wind
farm[J]. Power System Protection and Control, 2013,
41(14): 25-32.

TS, RERHE, mAKAE. HIKOK LA LIS )
SEEERTNEC] /) PEEES IR AR
2RICAE, 2011: 79-81.

(65]

(66]

SU  Xunwen, GAO Changzheng.
Direct-drive permanent magnet wind farms dynamic
equivalent modeling method[C] // CPSSC, 2011: 79-81.

LI H, YANG C, ZHAO B, et al. Aggregated models and

transient performances of a mixed wind farm with

XU Dianguo,

different wind turbine generator systems[J]. Electric
Power Systems Research, 2012, 92: 1-10.

MULJADI E, PASUPULATI S, ELLIS A, et al. Method
of equivalencing for a large wind power plant with
multiple turbine representation[C] // Power and Energy
Society General Meeting, 2008: 1-9.

et HEA: 2014-06-20;

& AHF: 2014-08-14

1EEEN:

kK A0987), K, MEHRA, MR FT@AR N FZ

%541 524, E-mail: 18761683230@163.com

ARTE (1979-), %, 4, 1L, TEHRFTEH

W) ARG 24T 24

%A

HEA 19900, F, MEHRA, MRFEAAHLH A
FIAER) B 3E AR .
(hiE Bl eiE)



