E335F6H
2013 % 6 A

% 2 & % iR S

Electric Power Automation Equipment

Vol.33 No.6
Jun. 2013

Je T e S PR S R RE R KU IS HLEE R 5

WO

iﬂl 1,2

(1. £ HXF HRBREAZABRELERT LT 102206,
2. EHCE R ) g a] e A2 230000)

HE

AT R TG B R A B R AL 6 Ry B R K Oy ik B R TR AR 4 R T — AR R e AL

Bk rik, E R AR LR AR R ABLIEAT E A BRI 8 AR T ke R XA
AT R 3 BHULLE 09 5E MR AT RO AT R E 54T R B R UL Z R 3 A E AT AR a9 ARk | A d SR L AT R
W35 R R UL R R ) 4 it S A IE T PT AR R a9 MUBE R o R 0 R AU

K@, Re¥, HEFME; NS,
HESES . TM 862;TM 614

0 518

W & i e 3R T G Ok g L A 2010 R, R
A A4F X & OB LA ik 18 928 MW, Rt
LA A E] 44 733 MW, 2 BRI B &
) 22.7 %", FE R —

KENEBEIZEE R T EEE L Aa RN AR
MLALZH A%, B 5 R HLAL AR 2 — DN E R M s & &R
gt 7 X 3 1 W R 1 R GE A B A M 25 5 B
5 KU ML E 47 3 40 A AN A i 398 i XL FL 37 5 AR 1)
R I EFRER R S HNAER, Fi, B2
X R A KU S R AT S E, R SR (E AR AT XU
Yt W 43 Fnat A

H A 5 2R HRALEE — D 27 R
M, % TR B XU, i % 1 55 DL R R 7 4
TS (R 52 ) XU REL 3 P R o A AN 35950 ) R AL 2
B XL 2 S K il PRML S Tl SRR
KRB

W5 AU 3 TN BT AT DAL AL AL R AT ML R 43 P
R HE I AILZH AT 5 O S (AL 31 | J2 a7 b XU Ha, 37 45 A4
WA R, SCHER[9-10 148 R & LA iz 17
75 100 8 2 p XU PR S T R I A8 2 1 XL 3 R
) DX 3R 1) KU 25 53 45 XU e L PILZH B 38 4T A A
[F) fy 2 2 L DL T 4 B A 0 2 3 RN X XL FL 3 L
HFEATR I AEAR TR RG89 XU L2 A
A AR ST B S AR AR SCHER [ 11 48 X e X
HLMLALTT 5, e 3 Lb XU o o 1 b i e XU F L2
FIIZ AT 8, T X R 22 5 3 R i o AL XL
SE SLTT — b LA SRR D) B B JRUE AL 2 1 B 38 R AL 3

s B H#.2012-06-06; & E HH.2013-04-24

ESWmB . B ZAH L% (2013BAA02BO1) ; B £ A A #
FRAF R BA A (51190103)

Project supported by the National Sci-Tech Support Plan
(2013BAA02B01) and the Key Program of National Natural
Science Foundation of China(51190103)

wRE, REHLX
MXEkARIRAG . A

DOI: 10.3969/j.issn.1006-6047.2013.06.021

JEAEBR B A HLRE R 3 07 ik

R 2 AL 20T kAR R LUK R HLAL B AT A
(7] BEAH AT 32 A7 A S AL 23 S0 51 LA XL 3 A
ek S e KB AIL A Y38 4T A, A S IR B 45 AL AL
LA A D JC D i R A sk 4 i R R 2R
BT BN BB T BT T 32 KU 1 3l e A
WAL 2852 A7 A5 B (B B XU BLZH £ AU
S B AR S ), LR R A S e XU L
Mzt s, BRI, mT LW T S gt 22 &
2 m X AL B A7 B0 Y e A B 0T R 1 AR 8L Y
L BEAT R IR 77

Xof < AH ) 288 B0 XU ERL AL 4 2H R E) XU R 37, LA R
53 W77 15 5 XU 37 N XL A A1 Ry LS OXUFR, 33 BT A Y
WA EFH VIR SEER X T Rk 761l i 1 K
ML, LI 3 2 1 5 K5 ) 34 B AT 5 R U 2 A
FR, I B0 T 4 BEBLZH Y 22 2 0 B B o0 A 78 32 XL
77 1] L 84 [) HE XL 23 21 (5] — BURE B AL Sl 23 07 ik
JE LAY HR X T M A2 2R A SR AN R A K
HL3% , i T4 & KUBLFT Ak i O 4400 B A1 )R 45
WRAFAERB R 2257 B 5 KPR XORE A RN ]
R 2 Rl HE XUPLIZ A7 9 AR S T Re A R 22 57

AR SCNHL ) B GE I FL B A B BN Y SR 2
A Jey AN LU 1 XU R 3 K53 2R 28 07 9k L T LA 3
oy B T — R X S AL 20Tk 1T IR L
L HILZH BAT () sl AR T 32 47 8 0 HLEH 23 4 ]
JO7 P 4 e S B 10 33 SR 2 R 0 XU R 3 4% L
10 52 I 3 A7 BOE AT R B IR BN X A AL 2
) 3y 2532 47 1 A 5 AR L ) DT 552 B0 XU 3 9 B
AR ALLH B R o, DT AU AL A HL AL
ARG XUFL 3 S 191 5 1 X R 3 S DN 4 o AT K Bl
xR 73 BE Y 23 5 WALEEAT T R0 7 S T
W S EBY . B Jim, 78 PSS/E U5 HF & LAy
ST EC IF 5 XL S TR AR AR DR AT LB A, Bk
TZITERATE



@ ® 0 8 & iR B

8335

1 ETHHmBERERESHAE

T iE 2wt B X 4 ) o LA A R Y
RN | i A A — 2 v A B0 o R T AR AR, #E AN T
e I BE X 22 R T RE K, R T — R
12 I FH T B0 42 1 RV o3 B A 8O A 2 AR
R P4 R A SR 2R — A A R S SR 2 Ty vk L
HErc 32 A R IS8 | a0 Shi Ml Malik #2 H 19
Neut 575 SR Ng S84 HH A9 NJW 3503000 1 S8 R
B R AR i S — A AR R R A
SR 3T B AR5 R 3 7 30 R 4 A R A 1) R
B AR NTERC R . 2001 4F | Meila F1 Shi ¥
VA5 1) ) AP I BE i o o 6 2R T e b i AL U A 1) ARE
B I I 2R AT R M e A RS I B AR A ) i AT
BB T —DMERRETIERAEM

ASCRTR RS R 2w HE LT LA D3R

a. FE T XUHL 375 45 AL 2 1 S0 B0 i i A Ay o —
At e JT AN EE (L 1) TR R 2R 7R A5 ML AL 22 1) B4 1 4 40
PR TEZ B B 1 —A> 7K A R B AL AE 1810 F
Fa I 7R AT A SR A RS I | DAARE 3 1 T Xk R
Bl 5 2 ] A AL

b. Xy IR AT I 5 A B AT 3 o Al FVRRAIE o 4
KR I,

c. TEBUE M 2Z [ BEALUEE MR b, XYL
P B 2020 SR B A 2 ) B ) il ARk
55 255, VR T 22 ) 8 4 F3C 8 R 4 5 0 T DR AL o 3
T 400 5 2 B AH O (4 R | DA T A 5 4% 1 e LA L 5
SRR 5 XRE A AR 5 XU BL AL K] 43 20 AH R R
1.1 GBRAIXEBEENEE

WRREIGNA 0 G KL, BRI IER 5 1k
A X=1X,Xo, -, Xi, X, e Rmn Horfr X, A 5
FERF G JEW A | B IHLA SRR () A
TR — A B R X = (1) ,20(2) o ywi(2) o
xi(m) e T, R FEARSE X A9 3 5 & BT AR 1Y
B G, K 1R, G248 K BT SRR 5
P T =2 A 4R b 9 A {6 7 B0 s 22 R Y
ARARIPE o AH R M, AT LA 3 ] A RO [ B A L R

Bl HBEFEAE X MENTEHNENE G
Fig.1 Graph G with Gaussian weights
constructed from data sample set X

P AeR™ WIF .
Aij:e-ux,x, I1?/20%) (1)

Horb ) || xi—x; || R P s Z IR A BRI FEES o D RUBE
ZA0) TR A BRI A e, R o 22 M) S X A A
Ay W52 WA RE AR B {40 428 1) 7 488 g AR UL Y
A,

B X 9 — A BAT By R ] I B A9 Bl
Pl e 1] AR AHURE 4 A 2 SCREHLIE B AR AR B
X 5 IR ] REEFEFRE PeR™ QIF .

sz:Aif/_zlAif (2)
=

() AT 2) AT 5B R A XK 6 P
SRR HIR AT R MR IE 2 5 XLRI
A Rl —HLEF R HERE
12 BRAIXMERHERLEERNES T

WA Fll s, 53 0 R HEBE P WSS DR IE (A
ST I 22 REAE ) i R R AR ) i R RE PO
FRAEME R B NBFHES, H 12X, == 0= =
A==\, =0, AN A ZEREAE [] £ AUAT REAE ] 3 4 1)
H (25N 25 XN ‘X INRAREN ~FINARRIN (2 Al 1,111\1702\1,[/3\ \‘,bi\"' N
¥, W E IR 0] AR SR M6 B P 0k e S F .

P:V;)\ﬂ/’i@? (3)

X P AR R4 240 3

a. HHE P A g<n A EPFAEE, B A, Ay o0
A, X g MFIEER/IMEZEA KRBT 1, H A<,
WU AT LT g AR AF 5 R0 RR A 1) 5T U B P Y
B g BT RIEERE P,

b. A FE P RRAE(E A T 2 21 a, WL SR JE B
P ARSBRHEAB A 2208 A5 A AR SRIRAL /N R AL
Nyt s BE A = XA = A, o g+ 1<k <n, H A Y
EAR /N T TR T BRI ¢ 4> 9 AE (B FTRFAE 1] 58 T8 1
HE P IR g I RIEERE P,

WA W P Fk R g IR AUERE P, (915 53 i T2
R/ (1

P=SAihel 4)

R P RFAE ) 55 8] (0 BB 200 g, DR 2R
FIIR R RIHBOR , BRI 1 KL 535K
Hq.
13 ¥EEEMNTE
Axib,

T SCHLST oy x> W R ETE R—RY,

Ax,
WAL 2 5 KL x; Al x; BT HUE B

D*(x;,x;)=D(el,e)) = (e - (e) ||’=
M) -] °
: (5)

AL (D) =.() ]



%6

MR R T RO S PR B SR 2T I B KU S LA K 2y @

Hrp e o e, WATRLTF x, - x, FOBAA ]

WUHT ¢ A 3 SRR AE FAE R 09 R AE 1) 5 | AT DA
T3 x, Al x; B0 R B A R AL A K
/\1[‘701(1')—',01(]')1 ’
Dz(-’ci,-"«'j)z : (6)
AL, (D), (j) ]

4 XU 37 UL 14 93 B B0 A B UL 22 [T Rl iR
BRI ARE OL BT >0, & D*(xi,x) <7,
WIFRBIES § G FE & KAV IZ AR — D HLRE 2
D*(x;,x;) >m, WKW i GFE j 6 RXHLAJE T 6 —
BLRE

AR SE PRIz 17 & 50, 76 B R AILIE ) 0 45 2R Y 5k
filh b e NWAE LT ZR G IE 2B s AT O A TR
B9 RUATLAS 07 40 A R — ML 5 XU AR 5 422 30T 1) XUAIL g
IR —HLAE

2 EfISHHh

AR SC TSR FH 00 53 B e o 1T 3R [ A S B XU
Y, AR REAH 23 GRPLAEE R 1.5 MW XL
TR KB B R 34.5 MW, AR S XU
%2010 4 8 H 1 HZ 2010 4F 8 H 31 H iy 5Z I %k
PEHEAT 4017
2.1 SEEHEH AL IR

7 R AR I 2 H e 1 2= R TH R I R A A 5
RIS | H S — R 200 1% 246 %o By L B i e ke JXURIL
BATI AR, 22 (HE XA .

Ay (1) =y(t)-y(t-1) (7)

PURCHL 375 4 5o WT3 KT e B AL R 431 T
2 FEL 3 43008 WT3 BYA DI D38 Py FIAH SR B 20 4
Uy Ty 280 22186 APy

1600

800

Pyis/ MW

0
1000 2000 3000

bR

2 WI3 EXRERAMEININE
Fig.2 Active power of WT3 sample points

1

0

APy / MW

1 . . .
0 1000 2000 3000
FAE A

3 WI3HMRERNENNEEE
Fig.3 Active power difference between two
adjacent sample points of WT3

22 BILDRAIKEREBIER
A28 (1) A (2) &7 KU 3 23 & ML T3 &
I Ty H) B IR 0] RAEREEREHL B Py P e RPS,

0.2244 0.0731 0.0296 0.0176
0.0563 0.2917 0.0253 0.0137
PP=
0.0200 0.0222 0.3315 0.0265
0.0116 0.0117 0.0258 0.3400
0.2948 0.0534 0.0149 0.0076
0.0717 0.3954 0.0165 0.0075
Py=| : : :
0.0234 0.0192 --- 04610 0.0197
0.0117 0.0086 --- 0.0194 0.4545

23 BIRARMEREBEENE ST
SR g IR T A 5 2 A% S I B AR AU AR AR AT )
i, P, P, MAREE RS R,
A=A, A0, A5, 44, -, A% ]=[1.0,0.9055,0.808 1,
0.4187,0.3729,0.3482,0.3359,---,0.1139 ]
Ao=[A1,A2,A5,A4, - ,A5]=[1.0,0.8125,0.7370,
0.5548,0.5105,0.4974,0.4859 ,--- ,0.1686
WS P, BIHT 3 DMRIEEE K, 56 4 AR
fE 28R/ | FF LA 4 A2 5 IR AEAE 2 (8] 19 2218
BN, MR 1.2 715 Bk B REAE R 2 RS | e KU 3 X
HLALZE W] AR 5 3 M HLRE . P, BORRIETE S Py 11
FEAEE EL A S LR A, I 5 OB 2 BILE 2 5k
N3,
24 HENS
ASCHUTHAE =04, WRIEA DRI
AT BV HLEE R 43 45 R oy mln 2k 1 MR 2 fos 2 4>
PURER 3 45 SR IEAAH R, A7 R0 73 5 350G XU LA 2
WTI13 WTI18, AT Ty S8 ME 3 5% B 5 PR 1155 4 1 XL
HLEIY HEE on ,WT13 WT18 5 3 LAY ik
PO B oy B 10412 8,0.367 5,0.389 7;0.434 4,
0.3941,0.3713, i i i JG Ty Ty ZRAE 5 A% 0 B 5
1 WT13 WT18 5 3 DML 1Y i i 9 8 iR 25 43 51
4:0.3583,0.4174,0.4415,0.3609,0.406 4,0.413 2,

R NBENSER (RBEANINENS)

Tab.1 Grouping results(according to active power)

PO 3 E 2
KL= 1~23
T AR E A 3
GIREE R 1 AR 2 S 3 AL
[i] 3 1 1,3,7,9, 2,6,11,13, 4,5,8,10,12,
KL= 14,17,19,21 16,23 15,18,20,22

R2 NBNSER(RIBLININEMS)

Tab.2 Grouping results(according to reactive power)

x5 S8
WML 45 1~23
S HRAE A% 3
LB S5 1 SHLEE 2 SHLEE 3 SHLEE
ERE 1,3,7,9,13,18, 2.6,11, 4,5,8,10,12,
LGS 14,17,19,21 16,23 15,20,22




{16) ® 0 8 & iR B

8335

WX 2 Ay B B 0 A XL WT13 ' WT18 5 3
ASHLURE B3 8O 25 4 5128 . 0.3855,0.3924,0.4156;
0.3977,0.4002,0.3922, XAE WT13 WK A 1 5HL
#E,WT18 Wkl 43 2 3 SALHE, Miifs 2 ansk 3 fros
LR e X R 3 4

K3 NBRENDER

Tab.3 Final results of wind turbine grouping

pUE ZH

WL G = 1~23
T SARE A 3

MLEE S5 1 SHLE 25HEE 3 SHLEE

I i 7 1,3,7,9,13, 2,6,11, 4,5,8,10,12,

LGS 14,17,19,21 16,23 15,18,20,22
B3R 3 s ML R 53 45 51 5 XU 37 19 52 BRAs

B LE AT 40

a. A UL 3 i Ak M e e A2 2% LR 1) ) 40 45
5 A E AR o A R E A G H A SE 4
A AL WT14 5 WT2 'WT6 WT11 WT16 #%
— AR A e E X L H BT WT14 163 &
JE RI A IXUMIL 25 B 3 A e 20 W2 AT R[] HE g JHE At JxU
BN 53 7E [F]— D HLEE N

b. 5Z B MY TN &5 P 2K 52 | A 2 XL
2 [B) PR R B G0 H R VR — D HLRE DY, WXL
WT23 5 WT10 WT12 i H b 0 B B 80T | 4k )
AT (032 3 3 KA UE RS WO RUBIL IR 2 It R4 5%
M, WT23 %A 5 WT10 WT12 % A [/l —HLE

X EE A Ui BH X F MR 52 A A JR AN BRI 1) XL
HL 3, SR FH e b 207 ¥ PR 5 43 RN g XU ML AL i AT
JEURH T 0 S0 ] 3 B 5 SRAE FEAN TR

3 REWIE

3.1 REBHTERZRESSH

BE I B R L ) 2 UHEFE 9 CIGRE B4-39 A
HIF M RS K 4 i 3T PSS/E 1 B4k 1k E
T BT,

e Cnlen » i
11

2 -<—
\C

12 14
X35 1
9 EﬁﬂZZ
| £ @ [X 45k 3

ny

—_

B 4 CIGRE B4-39 K17 M &5
Fig.4 CIGRE B4-39 grid-connected wind farm

R 4 FIFA 23 BHHLE RN 1.5 MW 1R
AL A il 2 RAR AR TR & 230KV,
AR 2.4 F5 B HLEER) 05 50 B A KL 37 55l 3
B REHLAL, o Tz i KR AL o [R] AL
4 U5 XU ML | SR FH SCik [ 24 ]9 25 0 AL 11
SNBSS
32 REBZERAERSEERINHEILE

3 S A XoF ORI e % A R DX S Bl 2 I
AT BRI, [ B AR b A o KU b S5 AR
R B Fm KB S TR o e bs £ {H
32,1 R AR Ay A

WETE 1=1.0s B} ,CIGRE B4-39 R4 H14k 9
K AR L R i=1.12 s BB TE BR . & S
TR

Q/Mvar
.
G o
=
%

t/s
(b) TEYFPE

1.04
A
= 090 f B
0.76 : : ;

1 2 3 4
t/s

(c) MLIRFFE
5 5 B RE B XL ER 37 4 B 75 i SR

Fig.5 Dynamic response of wind farm
to short circuit fault

322 Rakk iy A&

1 F RS R e AR AR IR B AN K, 2z FL
R G MRAYE R R BENL XX B 7 2R G0 00 3h S v e
A T 5 e /0N | RO T I AT A 22 e T BT XL 5
M, B 6(a)— ()2t T 0~50s NI I I 1 5h
S ESER P ET RN RGE » g nE 6

(=]

(DR,
323 AR
DL gl 25 0 7 1) e KA 22 RNV 52 R 1 B[R] R
2 MER,5r meﬁw
R(k)-R(k
5. _Ta(f‘ | (}%(k)( )| (8)
T=|t—1|/1 )



MR R T O B Y

3R 0 XL S LI R 43 17]

0 10 20 30 40 50
t/s
(a) A Ytk

(Q/Mvar
NS

0 10 20 30 40 50
t/s

(b) e
1.003

A
> 0.999
0.995 . . . . '
0 10 20 30 40 50
t/s
(¢) HLEARME
14

v/(m-s™)
©

4 1 1 1 1 ]
0 10 20 30 40 50

t/s
(d) R s

6 R 3h T XU FR 35 B B 75 i R
Fig.6 Dynamic response of wind farm to
wind speed fluctuation

For R ARy 4] S IR 375 45 (B 2R R XL A 37 T 440
PR 1) Bl 250 7 5 K o 20 285 0 7 342 P B SRAE 14 885 ¢
T ¢ 590 S SR XL P, 3 25 (AR R XL HL 37 1 240 A6 7Y
A0 B0 R K S A E B I ]

L o 00 R ke e A0 X 3 8l 2 o gl 2 o R 4 XL
P, 37 S8 A5 TR R XU R 3 9 200 A5 7Y 8 285 ) 7 Al 25 4n %
4 MIZ 5 iR,

F 4 BRI AR E R RUE G EERE
5 MmER 3 3500 5 R =
Tab.4 Difference in dynamic response to
short circuit fault between equivalent
model and detailed model

X4 S T
H IR 2.1% 1.3%
Ty 4.2 % 0.9 %

L 0.023 % 0.17 %

A Iy 285 M 7 ) e R Al 2 FR S A5 R B N TE] 2 A
TEARR A, KU 375 25 (RS TR AR 200 A5 750 5l 25 i 7 22
AN R Xk L Dol ) R S e e T XU 38 50 2 A s 2
I REARAT BLAF BORE L . IXUEW] T AR SCRY ML R 23 T
TEXE T R G R AR,

x5 RUER A KB5S EER
5 i 4042 B B 75 00 B 4 =
Tab.5 Difference in dynamic response to
wind speed fluctuation between equivalent
model and detailed model

Xt 4 B T
HIIR 9.5% 2.2%
TR 7.6% 1.4%
LR 0.2% 1.8%
4 Hig

ARICNHL ) R G B A BE R SR D7 1 19
FUHLAEI 20 b P T — il T U B 2 A SR
AN F) IR 3 B AILARE 3 2605 1 . 7 1 AU AL
HBAT [ A AT 32 A7 a5 D LA 20 A D U AR 30 XL
HL 37 2 HILZEL ) S I A A5 B0 | IO 2 T e g B
WIS R K EEX KA ILH AT BT AR
f 1 B9 HLRE 7028 O g 57 A4 XU HE 37 A R AL RE A8 44
YA b Sz R XU R 3 9 I e 8 3l 2 ke P 3 T 20
KAWL IR ) RGN R BAT H 5 TR
BR300 %75 1% AR KT K i LX)
FIAZ 3 IR T v AL KRR, 373 1) 8l 285 A5 (R 2

SEHR .

[1] Global Wind Energy Council. GWEC global wind report 2010[R].
Belgium, Brussels: [s.n.],2011.

(2] Fega bt G oA B A5 XU 3 JF 99 1 30 2048 1 A5 30005 15 (T .
B LR RS2 ,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.

[3] PERDANA A, USKI-JOUTSENVUO S,CARLSON O,et al. Com-
parison of an aggregated model of a wind farm consisting of
fixed-speed wind turbines with field measurement [J]. Wind
Energy,2008,11(1):13-27.

(4] T4 BURA. ToU U £ S ms 0y XU 7 9 9 & Ge /N3
PERISEI (], B0 B34 ,2012,32(11) :28-33.

WANG Lei,JIA Hongjie. Impact of coordinated var control on
small signal stability of power system with wind farm[J]. Elec-
tric Power Automation Equipment,2012,32(11):28-33.

[5] SLOOTWEG J G,KLING W L. Aggregated modelling of wind
parks in power system dynamics simulations[C]//2003 IEEE
Power Technology Conference. Bologna,ltaly:IEEE,2003:626-631.

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

(7] &g Sk, WHRBEARG G R ERE )] B A
BE#,2010,30(9) :82-84.

JIN Haifeng, WU Tao. Voltage stability after grid-connection of
wind farm[]J]. Electric Power Automation Equipment,2010,30
(9):82-84.

[8] PERDANA A. Dynamic models of wind turbines:a contribution
towards the establishment of standardized models of wind tur-
bines for power system stability studies [D]. Goteborg,Sweden:

Chalmers University of Technology,2008.



1] ® 0 8 & iR B

8335

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

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

[11] KHG5R IRl 3C, b Ay ith | 55 WU 3% 3l 25 55 (R A 1 2 HLRAE

JrE[)]. W THORR ,2010,25(5) :162-167.
MI Zenggiang,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):162-167.

[12] JAIN A,MURTY M,FLYNN P. Data clustering:a review [J].
ACM Computing Survey,1999,31(3):264-323.

[13] KANNAN R,VEMPALA S,VETTA A. On clusterings:good,
bad,and spectral[J]. Journal of the ACM,2004,51(3):497-515.

[14] LUXBURG U. A tutorial on spectral clustering[J]. Statistics
and Computing,2007,17(4):395-416.

[15] SHI J,MALIK J. Normalized cuts and Image segmentation[]].
IEEE Transactions on Pattern Analysis and Machine Intelli-
gence,2000,22(8) :888-905.

[16] NG A Y,JORDAN M I,WEISS Y. On spectral clustering:analysis
and an algorithm[C]//Proc of NIPS 2001. Vancouver,Canada:
[s.n.],2001:849-856.

[17] MEILA M,SHI J. A random walks view of spectral segmenta-
tion[C] //Proc of Eighth International Conference on Al and
Statistics. Key West, Florida, USA: [s.n.],2001:873-879.

[18] RUNOLFSSON T,MA Y. Model reduction of nonreversible
Markov chains[CJ//Pmceedings of the IEEE CDC. New Orleans,
USA:IEEE, 2007 :3739-3744.

[19] SZUMMER M,JAAKKOLA T. Partially labeled classification
with Markov random walks[C]//Neural Information Processing
Systems. Vancouver,Canada:[s.n.],2001:945-952.

NADLER B,LAFON S,COIFMAN R R,et al. Diffusion maps,

spectral clustering and the reaction coordinate of dynamical

(20

systems[J]. Applied and Computation Harmonic Analysis:Spe-
cial Issue on Diffusion Maps and Wavelets,2006,21(1):113-127.
COIFMAN R R,KEVREKIDIS T G,LAFON S,et al. Diffusion

maps,reduction coordinates,and low dimensional representation

[21

[

of stochastic systems[]J]. Multiscale Model and Simulation ,
2008,7(2) :842-864.

MAGGIONI M,MHASKAR H. Diffusion polynomial frames on
metric measure spaces[J]. Applied and Computation Harmonic
Analysis,2008,24(3) :329-353.

DEUHARD A F P,HUISINGA W,SCHUTTE C. Identification
of almost invariant aggregates in reversible nearly uncoupled
Markov chain[J]. Linear Algebra and its Applications,2000,315
(1):39-59.

WA ARG E. WA EEFEMSBERGWEMNINET]
[+ A ,2006,30(4) :26-30.

HU Jie,YU Yixin. A practical method of parameter aggregation

[22

[}

—
N
(95}

[}

—
)
=

Pt

for power system dynamic equivalence[]J]. Power System Tech-

nology,2006,30(4) :26-30.

EEE .

o M(1968-), K, mh A FA AR ML 2 &8t
R @AY RAESH BAT S I 6 B 5 M 5 AT (E-mail .
linli@ncepu.edu.cn);

B i (1987-), 4 A AbA B T A2 M4 £
BIONF BN RGN BT E I 5 @ LA,

Wind turbine grouping with spectral clustering algorithm

based on diffusion mapping theory
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Abstract: For the wind farms with complex terrain or irregular layout,a wind turbine aggregation method
based on the spectral clustering technique is proposed,which groups the wind turbines with same or similar
operating point together. The spectral clustering algorithm based on the diffusion mapping theory is
employed ,which clusters the measured operating data of all wind turbines in a wind farm,captures the
similarity among them in the dynamic operating process,and divides them into different groups. Simulative
verification demonstrates the effectiveness of the proposed grouping method.
clustering

Key words: wind farms; dynamic equivalence; wind turbine grouping; spectral clustering;

algorithms



