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Fig. 1  Single line diagram of wind farm
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Table 1  Initial state parameters of wind turbines
WL el P WL el P Wl el P
I m*s” kW ’ Y m-s” kW ’ Y m*s” kW ’
1 12.32 1405.52 -0.2 11 9.49 778.17  -0.196 21 8.72 872.59 -0.11
2 8.22 70597 -0.197 12 8.07 685.32 -0.086 22 7.66 558.52 -0.2
3 6.95 445.79 -0.2 13 6.99 458.32 -0.086 23 10.10  1006.38 -0.2
4 10.05 1066.75 -0.2 14 10.58 1205.7 -0.2 24 7.07 489.90 -0.085
5 9.59 970.58 -0.196 15 9.39 929.39 -0.2 25 8.59 870.59 -0.2
6 8.21 728.97  -0.085 16 10.95 1277.67 -0.2 26 9.21 928.90 -0.196
7 6.75 1185.30 -0.2 17 9.76 994.63 -0.2 27 7.25 460.61 -0.085
8 10.51 969.75 -0.2 18 8.59 742.36 -0.2 28 10.51 1185.6 -0.2
9 9.45 1174.03 -0.2 19 7.49 538.95 -0.11 29 8.46 869.72 -0.2
10 10.65 958.63 -0.2 20 11.35 1159.45 -0.2 30 10.65 1174.05 -0.2
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Fig. 2 Varying curve of cluster index
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Fig.3  Varying curve of contour value
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Table 2 Cluster results of wind turbines

LSS RIibLgi= BEHL e Rt
1 3,7,13,24,27 (-1.4749,-1.5688,1.9264) 0.6381
2 2,6,12,18,21,25,29,30 (-1.0716,-1.1886,1.1328) 0.7585
3 4,5,9,11,15,17,23,26 (-0.4082,-0.3009,-0.504) 0.7903
4 19,22 (0.3863,10.3563,-0.5852) 0.8264
5 1,8,10,14,16,20,28 (1.2240,1.1801,-0.5340 ) 0.8681
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Fig. 5 Output power curve under wind speed changing
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Table 3 Error indices of equivalent model

PN AR HININRIREI% TN %
PR 0.86 0.45
LR 0.48 0.33

432 ZRGMIEEER X AT

WE REIGTE 2 s B IE S K AR = A i
B, 2.1 s JEs B, 6 45 T it AL (E AR
Y Z2 B A (A R R TR 20 A5 0 7 XU 37 9 0 0
Iy T DR AR 2R

[ e
ol - SIS
—— BN
. 45-3 -
s sl O V
S N
15} /
of L7 1 /
g i 2 3 4 3 6
1/s
a. GRS TR i<k
30¢
20F =
of T
; 0 T
@—10; —
B 1 — R
200 il - U
-30 - ﬁ*ﬂ»%(ﬁ*ﬁﬂ
405 i 2 3 4 5 6

t/s
b. RGBS T TR A Hh 28
El6  ZRGuMIbk b b o 2

Fig. 6 Output power curve under system fault
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RESEARCH ON DYNAMIC EQUIVALENT OF WIND FARM BASED ON
IMPROVED K-MEANS CLUSTERING ALGORITHM

Wu Hongbin', He Ye', Zhao Bo’, LiPeng’, Ji Yu', Wu Ming’
(1. School of Electrical Engineering and Automation, Hefei University of Technology , Hefei 230009, China;
2. Zhejiang Electric Power Corporation Research Institute , Hangzhou 310014, China;
3. China Electric Power Research Institute , Beijing 100192, China)

Abstract: In the study of grid connection of wind farm, computing scale and calculating speed will be greatly increased
by simulating on each wind power generator, so it is necessary to study the equivalence modeling of wind farm. A
dynamic equivalent modeling method based on improved K-means clustering algorithm is proposed, the method is based
on three state parameters of the wind speed, output power and the slip as the clustering index to cluster wind power
generator dynamiclly, and then the wind power generators in the same group are equivalent as a wind generator, in order
to realize the dynamic equivalent multi-machine representation of the wind farm. By texting the example system to verify,
the simulation results show that the proposed method is more accurate to describes the dynamic characteristics of the
wind farm of the doubly fed induction generator at the grid connection point.

Keywords: wind turbines; clustering algorithm; dynamic models; equivalence research



