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ABSTRACT: Ciritical link location of power system is the key
issue of power grid security analysis. For the brittle branches
based on load flow state, only the static characteristics of the
system are considered. There are deficiencies in ignoring the
system operating limit and the characteristics of the
components themselves. And aso, the influence of voltage
running state is neglected when the brittle branches are-
identified based on complex topology analysis of the power
grid. All of above reasons are prone to causing choice missing.
In the paper, a set of improved load flow entropy indexes is
proposed to accurately identify the brittle branches of power
grid. It consists of two stages and three types of sorting and
screening. In the initial screening stage, two indexes of
improved load flow entropy and branch outage entropy
measure are proposed to more accurately describe the trend of
stable operation of the system after disturbance. In the deep
screening stage, a weighted comprehensive entropy index with
adjustment factor and double measure entropy sum is proposed.
It meets the need of identifying brittle branches in different
scenarios such as power grid design or operation. The classic
|EEE 10 machine 39-node example is used and compared with
other methods. Simulation results show that the proposed
method can identify the brittle branches of the power grid more
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comprehensively and accurately.

KEY WORDS: brittle branch identification; improved load
flow entropy; branch outage entropy; weighted comprehensive
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Fig. 1 Brittlebranch identification process
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Tab.2 Seriousbrittle set 1 of branch
1 22-21 24-23 3.018 29-26 1.068
2 29-28 24-23 1.108 29-26 2.955
3 21-16 24-23 2.159 29-26 1.069
4 28-26 24-23 1.108 29-26 1.849
5 29-26 24-23 1.108 28-26 1.494
3
Tab.3 Table of brittle branch screening and ranking
H H
St S
24-23 1 0.048 32 1 0193
11-6 2 0.026 16-15 2 0161
3-2 3 0.025 27-26 3 0140
7-6 4 0.023 11-6 4 0118
16-15 5 0.022 25-2 5 0116
85 6 0.017 17-16 6  0.090
14-4 7 0.0147 11-10 7 0088
27-26 8 0.0143 7-6 8 0087
11-10 9 0.0128 14-4 9 0077
6-5 10 0.0125 24-16 10  0.070
14-13 1 0.0094 23-22 11 0.067
13-10 12 0.0078 6-5 12 0.063
25-2 13 0.0073 85 13 0.063
3
11-6 85 7-6 6-5 25-2 11-10
14-4 3-2 27-26 16-15
4
S S

24-23

13-10 14-13 17-16 24-16 23-22

4 2
Tab.4 Seriousbrittle set 2 of branch
He
32 1 0.757
16-15 2 0.634
11-6 3 0.546
27-26 4 0.492
7-6 5 0.430
25-2 6 0.351
11-10 7 0.326
14-4 8 0.315
85 9 0.300
6-5 10 0.219
5
Tab.5 High brittle set of branch
HeE
24-23 1 0.500
17-16 2 0.262
24-16 3 0.151
23-22 4 0.143
14-13 5 0.134
13-10 6 0.114
6-5 27-26 17-16
24-23 S S
4.2
50 70 90 110%
100%
4 5
4 5
0.07 ‘ ‘
——50 %%%
70 % 5 E
0.06 i | ———-90%fiEk
-------- 100% 171 2
0/ Th 2
005t ____IIOA)J\%
2 0.04f 1
& - 'l h -
5003 A b
3 i (.
0.02 3 ViV
/ VRV
/
0.01 \ /v
\
- |
==
0 ! L
15 20 25 30 35

RG]

Fig.4 Comparison of load flow entropy under different
load levels
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Fig.5 Comparison of the branch outage entropy under
different load levels
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Tab.6 Comparison of brittle branch in different methods

[8] [27] [19] [28] [20]
1 3-2 32-10° 11-6 6-5 6-5 14-13
2 16-15 30-2* 24-23 3-2 16-15 22-21*
S 11-6 33-19" 13-10 19-16" 2-1 17-16
4 24-23 36-23" 22-21* 16-15 3-2 21-16"
5 27-26 22-21* 11-10 14-4 14-4 19-16"
6 7-6 31-6" 14-13 17-16 26-25 13-10
7 25-2 38-29" 14-14 26-25 8-5 16-15
8 11-10 24-23 27-26 25-2 25-2 15-2
9 14-4 3-2 21-16" 4-3 17-16 24-23
10 8-5 11-6 3-2 21-16" 22-21* 27-26
11 17-16 7-6 25-2 22-21* 14-13
12 6-5 6-5 16-15 11-10
13 24-16 11-10 6-5 8-5
14 23-22 13-10 17-16 11-6
15 14-13 21-16" 24-16 7-6
16 13-10 8-5 23-22
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