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Table 1 Expectation and mean square error of diagonal
elements of Ji matrix for different membership

function types,and corresponding voltage
stability credibility index

MATCREMRE XM RB 2 RRRE W F P bR
SAAsRE BIERR = AdE BERE =ARIE BB SRR

I T_#

102755 02752 0.0007 0.0041 0.672 0.678
2 48.8930 48.8810 0.0009 0.0003 1 1
3 12,1381 12.1382  0.0089  0.0068 1 1
4 64.1632 64.1630 0.0006 0.0001 1 1
5 55310 55318 0.0034 0.0008 0.982 0.985
6 28.8047 288011 0.0043 0.0011 1 1
7 23.1114 23.1213 0.0006 0.0021 1 1
8 29840 29781 0.0081 0.0062 0.891 0.881
9 38.6141 38.6328 0.0001 0.0019 1 1
10 163318 16.3318 0.0012  0.0005 1 1
11 11.7463 11.7489 0.0003  0.0003 1 1
12 1.7429  1.7458 0.0002  0.0078 0.811 0.792
13 18.9823 18.9798 0.0055 0.0002 1 1
14 62225 6.2213 0.0001 0.0025 0.988 0.989
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Table 2 Expectation of diagonal elements of Jy
matrix for different sampling times
i XA R EE i X ot 2 BHE
9% 90 900 K 9% 90¥ 900 K
1 0.2752 0.2755 0.2757 8 29824 29840 2.9844
2 48.8990 48.8930 48.8930|| 9 38.6129 38.6141 38.6139
3 121368 12.1381 12.1380|| 10 16.3217 16.3318 16.3218
4 64.1634 64.1632 64.1631| 11 11.7478 11.7463 11.7466
5 1.7443 1.7429 1.7428
6
7

5.5290 5.5310 5.5330| 12
28.804 1 28.8047 28.8047|| 13 18.9822 18.9823 18.9823
6.2229 6.2225 6.2224

23.1117 23.1114 23.1113|| 14
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Table 3 Mean square error of diagonal elements of Jy
matrix for different sampling times

i Xt e R Uy 2% a5 Xt E ¥ )5 2%
9w 90 W 900 K 9w 90 900 %K
0.0043 0.0040 0.0041| 8 0.0055 0.0045 0.0043
0.0006 0.0003 0.0003| 9  0.0001 0 0

0.0081 0.0082 0.0079 | 10
0.0001 0.0001 0.0001 | 11
0.0012 0.0011 o0.0011| 12
0.0003 0.0002 0.0002 | 13
0.0002 0.0002 0.0002 | 14

0.0007 0.0007 0.0006
0.0009 0.0008 0.0007
0.0089 0.0083 0.0081
0.0006 0.0005 0.0005
0.0034 0.0030 0.0030
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Table 4 Voltage stability credibility index for
different sampling times

- RS E W AE PE R bR W L R ] A PR FE b

9w 90 W 900 K 9w 90k 900 W

1 0636 0662 0672 8  0.893 0.891 0.891

2 1 1 1 9 1 1 1

3 1 1 1 10 1 1 1

4 1 1 1 11 1 1 1

5 0979 0982 0983 | 12 0.800 0811 0.809

6 1 1 1 13 1 1 1

7 1 1 1 14 0983 0988 0.987
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Fig.3 Expectation of diagonal elements of Ji matrix
for different methods
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Table 5 Expectation and mean square error of diagonal
elements of J; matrix for different distribution

function types,and corresponding voltage
stability credibility index
XMTTEIMEBRE XMoTRY TR R E T E AR AR

Tl EA Weibull EA Weibull EA Weibull
i i i i i i

1 1.9752 14752 0.0302 0.0402  0.698 0.658
2 45.8870 47.8870 0.0011 0.0109 1 1
3 141371 121371 0.0092 0.0897 1 1
4 61.1657 63.1657 0.0011 0.0212 1 1
5 9.5300 6.5300 0.0015 0.0011  0.991 0.976
6  28.8089 29.8089 0.0012 0.0019 1 1
7 28.1107 25.1107 0.0021 0.0031 1 1
8 29821 39821 0.0065 0.0131 0.867 0.799
9 346130 36.6130 0.0001 0.0002 1 1
10 15.3345 16.3345 0.0015 0.0016 1 1
11 13.7459 12.7459 0.0038 0.0006 1 1
12 29448 29448 0.0156 0.0008  0.821 0.882
13 17.9889 17.9889 0.0078 0.0019 1 1
14 82225 6.2225 0.0055 0.0055  0.939 0.922
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AR S AN =X TEEE 30 19 5 R 48
PEAFE R, ZE7Y A5 3.9 12 43l 42 A SUs S5 (B XL AL
E4 S 0 7 NS ] R M O O I A Y [ D2
ML 73 R th 30 B HUE A T HN 2 MW 1YWL
T R XU AILZH 4 B B KL 3 30 & B A T TR
R 1.5 MW A8 528 JXUE BILZH 2H RY G XU EEL 35 T 30 65
SEA YITIRA 2 MW B 7RG [R) A5 2 F BLAH A8 1 AL
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Table 6 Expectation and mean square error of diagonal
elements of Ji matrix for different membership
function types,and corresponding voltage
stability credibility index

L MATTERMEME O MMoTRBIrE WIRERE S bR

E “fskE BIERE SRR BERE AR HIERE
1 14.6951 14.6953 0.0021  0.0019 1 1

2 48.5631 48.5625  0.0005  0.0006 1 1

3 1.5749 15750 0.0016  0.0017 0.7811 0.7813
4 454852 454859 0.0018 0.0017 0.9894 0.9893
5 0.5684  0.5683  0.0004  0.0004 1 0.9999
6 96.4582 96.4588  0.0003  0.0004 1 1

7 7.4825 74823  0.0004  0.0002 1 1

8 5.4824 54823 0.0011  0.0012 1 1

9 0.1568 0.1566  0.0004 0.0003 0.8215 0.8288
10 22.1554 22.1551 0.0001  0.0001 1 1

11 254844 254856 0.0006  0.0005 1 1
12 37.8452 37.8476  0.0009  0.0009 0.8845 0.8849
13 33.4955 334952 0.0007  0.0006 1 1
14 65.7844 65.7849  0.0005 0.0006 0.9915 1
15 2.8473 28471 0.0015 0.0012 1 1

16 17.5688 17.5678  0.0003  0.0001 1 1

17 25.5451 25.5450 0.0008  0.0005 1 1
18 74825 74831 0.0028  0.0032 1 1
19 65935  6.5936  0.0006  0.0009 1 1
20 4.8545 4.8549  0.0003  0.0002 1 1

21 56.8574 56.8569  0.0001  0.0001 1 0.9998
22 964825 96.4823  0.0002 0.0001 0.9865 0.9866
23 5.6544 5.6543  0.0029  0.0028 1 1
24 78.8854 78.8851  0.0007  0.0009 1

25 15648 1.5651  0.0009  0.0008 1 1
26 55478 55473  0.0001  0.0001 1 1

27 55.5447 55.5444  0.0019  0.0021 1 1

28 54.4852 544853  0.0022 0.0021 1 1

29 64587 6.4589  0.0021  0.0022 0.9881 0.9886
30  4.5495 45496  0.0003  0.0005 1 1
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Fig.6 Expectation of diagonal elements of Ji matrix
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Probabilistic voltage stability assessment based on credibility theory

for power system with wind farm
YANG Yue'?,LI Guoqing®, WANG Zhenhao®
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;

2. National-Local Joint Engineering Laboratory for Power System Security Operation and Energy Saving Technology,
Northeast Dianli University, Jilin 132012, China)

Abstract: The variation of wind speed influences the voltage stability of power system with large-scale wind
power,to which,a method of static voltage stability analysis based on credibility theory is proposed for the
fuzzy simulation of wind speed. It not only calculates the expectations and mean square errors of the
diagonal elements of the order-reduced Jacobian matrix with uncertain parameters but also determines the
static voltage stability indexes based on the credibility theory. The calculated results depend on the actual
variation range of uncertain parameter and its membership function type only,the impacts of the statistics of
uncertain parameter and the assumption of its distribution function type on the analytic results are thus
avoided. The calculated results of the proposed method are compared with those of the two-point
probabilistic analysis method and Monte Carlo simulation method,verifying its superiority in the accuracy
and calculation load.

Key words: electric power systems; wind power; static voltage stability; credibility theory; fuzzy

simulation; probabilistic assessment; stability; membership functions
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