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Grouping method of direct drive wind farm based on principal component analysis

YAN Xiangwu, LI Junyan
(Key Laboratory of Distributed Energy Storage and Microgrid of Hebei Province
(North China Electric Power University), Baoding 071003, China)

Abstract: In order to establish a more accurate wind farm equivalent model, a direct-drive wind farm clustering method
based on principal component analysis is proposed. Firstly, all the state variables that characterize the operating state of the
wind turbine are obtained by modeling and analyzing the direct-drive wind turbine. Then, three dominant variables are
extracted by principal component analysis, which represent more than 90% of all state variables. It can accurately reflect the
operating point of the wind turbine. Finally, for comparative analysis, the hierarchical clustering algorithm is used for
clustering calculation with three dominant variables and wind speed as the grouping index. The detailed model of wind farm,
the equivalent model of dominant variable grouping and the equivalent model of wind speed grouping are built on
Matlab/Simulink platform. By comparing the simulation results of the dynamic characteristics of the three models under wind
speed fluctuation and grid fault condition, the correctness and high accuracy of the proposed clustering method are verified.
The wind farm equivalent model established by this method has higher accuracy.
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Table 1 Initial anemometer

AL 1 2 3 4 5 6 7 8 9 10
IR/ (m/s) 10 9.24 10 8.21 10 10 8.21 10.35 10.65 10.65

ARG 11 12 13 14 15 16 17 18 19 20
HIHH R/ (m/s) 9.71 9.32 10.35 9.71 9.43 9.32 9.32 8.72 8.21 8.72

AL~ 21 22 23 24 25 26 27 28 29 30
IR/ (m/s) 10.35 6.94 8.21 6.94 7.64 6.94 6.94 8.21 6.94 7.64
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Table 2 Values of all state variables

DIRAIRES B T T. iy iy Ug u, w, o
1 2.28 1 1 0 1 -1 1.03 1 1
2 0 0.86 0.86 0 0.86 -0.86 1.02 1 1
3 2.28 1 1 0 1 -1 1.03 1 1
4 0 0.72 0.72 0 0.72 -0.67 0.95 0.93 0.93
5 2.28 1 1 0 1 -1 1.03 1 1
6 2.28 1 1 0 1 -1 1.03 1 1
7 0 0.72 0.72 0 0.72 -0.67 0.95 0.93 0.93
8 5.73 1 1 0 1 -1 1.03 1 1
9 8.45 1 1 0 1 -1 1.03 1 1
10 8.45 1 1 0 1 -1 1.03 1 1
11 0 0.96 0.96 0 0.96 -0.96 1.03 1 1
12 0 0.88 0.88 0 0.88 -0.88 1.02 1 1
13 5.73 1 1 0 1 -1 1.03 1 1
14 0 0.96 0.96 0 0.96 -0.96 1.03 1 1
15 0.9 0.9 0 0.9 -0.9 1.03 1 1
16 0 0.88 0.88 0 0.88 -0.88 1.02 1 1
17 0 0.88 0.88 0 0.88 -0.88 1.02 1 1
18 0 0.81 0.81 0 0.81 0.8 1.01 0.99 0.99
19 0 0.72 0.72 0 0.72 -0.67 0.95 0.93 0.93

20 0 0.81 0.81 0 0.81 0.8 1.01 0.99 0.99
21 5.73 1 1 0 1 -1 1.03 1 1
22 0 0.52 0.52 0 0.52 -0.41 0.8 0.79 0.79
23 0 0.72 0.72 0 0.72 —-0.67 0.95 0.93 0.93
24 0 0.52 0.52 0 0.52 -0.41 0.8 0.79 0.79
25 0 0.63 0.63 0 0.63 —-0.55 0.89 0.87 0.87
26 0 0.52 0.52 0 0.52 -0.41 0.8 0.79 0.79
27 0 0.52 0.52 0 0.52 -0.41 0.8 0.79 0.79
28 0 0.72 0.72 0 0.72 -0.67 0.95 0.93 0.93
29 0 0.52 0.52 0 0.52 -0.41 0.8 0.79 0.79
30 0 0.63 0.63 0 0.63 -0.55 0.89 0.87 0.87
&3 FFHE. R, RitasEmE x4 FiEmENE
Table 3 Values of characteristic value, contribution Table 4 Values of eigenvectors
rate and cumulative contribution rate R HEAR W R IR R e o35 2 Y 0L 10 A
EERORIEN DUk S e B 0.2150 -0.914 0
7.118 1 0.889 8 0.889 8 T 03723 -0.047 7
0.790 2 0.098 8 0.988 6 T, 03723 0.0477
0.0508 0.0114 1 i 03723 -0.047 7
0.000 8 0.000 1 1 » 03737 0.001 1
0.000 1 0 1
0 0 | Uy 0.366 1 0.2110
0 0 1 w, 0.363 5 0.2379
0 0 1 Om 0.363 5 0.2379
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Table 5 Grouping results with dominant variables

as a grouping indicator

%@ﬂ L4 e %ﬁm
G5 H/(m/s)
1 22, 24, 26, 27, 29 6.94
2 2, 11, 12, 14, 15, 16, 17, 18, 20 9.3
3 4, 7, 19, 23, 25, 28, 30 8.1
4 1, 3,5 6,8, 9, 10, 13, 21 9.9

R 6 LINUEA D BHEIRHI D BIER
Table 6 Grouping results with wind speed as

a grouping indicator

AN . SE A
Gii 5 IR 4/ (m/s)
1 22, 24, 26, 27, 29 6.94
2 2, 12, 16, 17, 15 9.33
3 4, 7, 18, 19, 20, 23, 25, 28, 30 8.21
4 1, 3,5 6,8 9, 10, 11, 13, 14, 21 9.86
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Fig. 1 Operating characteristics of wind farms

when wind speed fluctuates
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