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Abstract

Abstract: A new dynamic equivalent modeling method is proposed for the wind farm of directly-driven
wind turbine with permanent magnet synchronous generator (D-PMSG). The wake effect and wind
direction change between multiple wind turbines are considered to calculate the effective input wind
speed, the effective wind speed, rotor speed, pitch angle and output power are selected as the multi-group
indicators after analyzing the wind turbine operating characteristics. Considering the differences and
relevance of the operating conditions between the turbines, an adaptive sample weighting fuzzy C-means
clustering algorithm (ASW-FCM) is designed to optimally cluster the wind farm. The clustered wind
turbine group equivalent model is established based on the principle that the output characteristics
before and after the equivalence are equal. A wind farm system is selected as the example of modeling
and simulation to verify the rationality and accuracy of the equivalent modeling method.
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Abstract: A new dynamic equivalent modeling method is proposed for the wind farm of directly-driven
wind turbine with permanent magnet synchronous generator (D-PMSG). The wake effect and wind
direction change between multiple wind turbines are considered to calculate the effective input wind
speed, the effective wind speed, rotor speed, pitch angle and output power are selected as the multi-group
indicators after analyzing the wind turbine operating characteristics. Considering the differences and
relevance of the operating conditions between the turbines, an adaptive sample weighting fuzzy C-means
clustering algorithm (ASW-FCM) is designed to optimally cluster the wind farm. The clustered wind
turbine group equivalent model is established based on the principle that the output characteristics before
and after the equivalence are equal. A wind farm system is selected as the example of modeling and
simulation to verify the rationality and accuracy of the equivalent modeling method.
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farm
W S 2 % S Bl
HGE /MW 1.5
R 1 5E B 3/(r/min 17.3
Rl JEAE xfmin)
€ T HLBH/pu 0.028 36
5E 1 HLJE/pu 0.1
" . BT 75 2=/MVA 1.6
B R -
FH41/pu 25.5
HAE 2 H/MVA 50
H 125 e
FHHT/pu 500
. FELBH (Q/km 0.17
e (k)
LT (Q/km) 0.365

1 KL SRR R 10.69 m/s, J\i] Dk 45°
I, 2 18 1 Rt KSR A ) AR A (1 5, AR A A
B IE AT S B BT aG 5 AN A . LA Uh
ATH L BT SRR A RN D AR AE R 2 P

WEYIGRELE C=2, AN =24, BEs
PRAURT I €=0.000 1, BOMIHREL m=2, WIAHMIZR
KL 24 VLAV B M E, B
21(0)=(9.31 m/s, 0.92 p.u., 1 091.24 kW, 2.43°), z,(0)
IR B Ry 20 (0) B () — M REA K G, B
22(0)=(9.32 m/s, 0.96 p.u., 1 158.36 kW, 0°), HJZHE
KRB wF={1,1, 1} 104, BUETREL p=8, WIUHFE
AEEAUE 0,={0.25,0.25,0.25,0.25}, FUAH 5 %L
q=2. K 2.2 11 ASW-FCM 55108 24 G KUH
BLLL 53K 4 MHLEE, B Cop=4, HEIMIF3 2 LLARUA
T R R DA 2 0 TR AR BRI 2R
RKoaBEas R, Wk 3 Pir.
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R2 FHAYIEGAR AN

Tab. 2 Initial variable values of each wind turbine

MLl RGE/(m/s)  HEH/(pou) REEA/(C) TIR/KW

1 10.69 1 5.73 1452.35
2 10.69 1 5.73 1452.35
3 10.69 1 5.73 1452.35
4 10.69 1 5.73 1452.35
5 10.69 1 5.73 1452.35
6 10.69 1 5.73 1452.35
7 10.69 1 5.73 1452.35
8 9.98 1 2.28 1302.28
9 9.32 0.96 0 1 158.36
10 8.83 0.90 0 889.62
11 8.34 0.86 0 785.17
12 7.6 0.78 0 650.1
13 10.69 1 5.73 1452.35
14 9.83 1 2.28 1288.97
15 9.02 0.94 0 1014.8
16 8.54 0.88 0 861.4
17 7.85 0.82 0 708.22
18 7.06 0.72 0 490.22
19 10.69 1 5.73 1452.35
20 9.7 1 2.28 1236.27
21 8.86 0.92 0 920.68
22 7.76 0.80 0 692.97
23 7.48 0.76 0 667.46
24 6.95 0.71 0 452.01

#3 ASW-FCM EA/r 44
Tab. 3 Result of grouping by ASW-FCM algorithm

TR AL REREGR
HLEE 1 1,2,3,4,5,6,7, 8,13, 14, 19, 20
WLEE 2 9,10, 15, 16, 21
HLEE 3 11,12,17,22
WL 4 18,23, 24

A HEATRS RT3 AT AR ) 73 R bR, R
FIAE 48 FCM BB op e s 3 40 R
OrRE U BV SRR, DA HE TR 0 oy Bt fie
PRI G R FE S0 FETHIR R EE, L
AT g S AR R BRI 4 R 3K 6.

®4 ALY FCM B REL R
Tab. 4 Result of grouping by traditional FCM algorithm

TR L AL RBREGR
LR 1 1,2,3,4,5,6,7,8,13,14,19,20
HLEE 2 9,10, 15, 21
PLEE 3 11, 16, 17, 22
YLHE 4 12, 18, 23, 24
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Tab. 5 Result of grouping by semi-supervised 251 . _ K4 Kims
split-hierarchical spectral clustering algorithm 20 I
RRA LB eSS Ls|
BURE 1 1,2,3,4,5,6,7,8,13,19 Z 10
HLEE 2 9,10, 11, 14, 15, 16, 17, 20, 21 % '
HLEE 3 12, 18,22, 23,24 03
0.0t
®o NRHENHLR 0.5
Tab. 6 Result of grouping by wind speed 10 e
BRI KLk R N L
BB 1 1,2,3,4,5,6,7,13, 19 . o
LAY 2 8,9, 14, 15, 20 (b) A
HLEE 3 10, 11, 16, 21 Llr
MUEE 4 12,17, 18,22, 23,24 Lol
R A SR IO TET ASW-FCM SERAIR ool &
LI 5 AR 2 12 B R, AR 328503 & |4 ,
o . _— S ol BRI - BRI e L Ritk]
M4, 75 Matlab/Simulink /7 516 B 43 il #8 | Hi%l4 Hinls
T ASW-FCM 4 HIAEHURL(BIAY 1), f£55 FCM 4 ol
PUEF BRI (BT 2) 73 R)Z UG B SR 26 3 ML
0.6 :
SRR (R 3), LUK SRR 4 HLA5 BRIt 312934967 g0
t/s
R A)FITEANBET (RS 5), A RGP ) S v 9] ‘
(c) HLEHhzE
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BEAT 5 HARAIE -
4.1 RN E

PiZCHIIAIR 10 s, 7 =1 s B XU 8 mv/s 54}
WA, RN L m/s, FFEERTRIN 3s, XA F
11 m/s I ORIFANAZ o (7 AT 2 XL HE AR AT 2)
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K5 XN T AL AR B
Fig. 5 Variable responses at the exit of wind farm in wind
speed fluctuation

AL, AERGEIRBIZAT T, 4 BheE i 3k
DL 5 PEAIRE R R — SR i RO 5 (H R 5 e
3 P AEOBLH A EL, SRR SCOT R L
ASW-FCM 4 HLEEHAR I AEAT DDA oD D)3 AN
S s B TEA B RO R T 4 i T X
T 4 FPEERSORAY Ly PEANRIR 2 1] ) dar R 2
Comparisons of 4 equivalent models and detailed model

BT REE T 4 e TR )R 22

Tab. 7 Errors of 4 equivalent models and detailed model

in wind speed fluctuation /%
o HINThH ToTh % LR R 2
SRR - -
17‘:% EP 'ld:% EQ EU
el 1.51 2.38 0.73
Wi 2 3.35 4.84 0.92
R 3 4.47 5.25 1.36
iR 4 4.52 5.69 1.50
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Fig. 6 Variable responses at the exit of wind farm in grid
fault condition
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Tab. 8 Errors of 4 equivalent models and

detailed model in grid fault condition /%
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