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Method for identifying weak links of power grid based on off-grid load capacity
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Abstract: Aiming at the shortcomings of the existing weak link identification methods in the distribution network, a
method for identifying weak links of the power grid based on off-grid load capacity was proposed, which considered
the effect of the magnitude and duration of voltage sag on sensitive equipment. First, the magnitude and duration
were divided into multiple intervals. Then, the analytical method was used to calculate the probability of the node
voltage magnitude in each interval when the line failed; the probability density function of the duration distribution
was f[itted to calculate the probability of the voltage sag duration in each interval. From this. the probability of the
magnitude and duration of node voltage sag in each interval was obtained when the line failed; that was the occurrence
probability of voltage sag. Finally, based on the occurrence probability of voltage sag and the failure probability of
sensitive equipment in each interval, the failure probability of sensitive equipment caused by line failure and the total

off-grid load capacity of the power grid were calculated, and the off-grid load capacity was used as an indicator for i-
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dentifying weak links of the power grid. Taking the IEEE-39 node system as an example for verification analysis and

comparing it with other methods, the results showed the effectiveness of the proposed method.

Key words: voltage sag;magnitude;duration;off-grid load capacity
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Figure 1

duration intervals within each magnitude interval
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Table 1 Parameters of the probability density
function of duration distribution 107!

x a. b

1 1.78 3.50
2 0. 90 5.27
3 1.33 4.54
4 1.43 3.61
5 0.52 5. 64
6 1.00 4. 00
7 0.03 9. 89
8 0.10 6.76
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Figure 2 Curve of the probability density function

of duration distribution
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Table 2 Integrals of fitting functions in 0~60 s
x ar/10 W2/ %
1 9.89 1.1
2 9.92 0.8
3 9.90 1.0
4 9.61 3.9
5 9.91 0.9
6 9.68 3.2
7 9.82 1.8
8 9.57 4.3
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Table 3 The amplitude thresholds and duration

thresholds of the voltage tolerance curves of

PLC, ASD and PC

U ALK Unine /P- 0. Unaxot /Po 0o Tiine /ms T rmax,r /ms

k=1(PLC) 0.30 0.90 20 400
k=2(ASD) 0.59 0.71 15 175
k=3(PC) 0. 46 0.63 40 205
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Table 4 Capacity of sensitive equipment or it's
controlled load capacity C; and running factor

F', of sensitive equipment

AR A 1 CL (kW) /F,

R
PLC ASD PC
14 112/0. 63 150/0. 61 39/0.33
17 211/0.71 250/0.52 77/0. 35
18 190/0. 65 184/0. 50 50/0. 30
27 223/0.78 170/0. 63 100/0. 29
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Figure 6 The occurrence probability of voltage sag
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Table 5 Total off-grid load capacity caused by line fault

ik AE/KW || &% AE/KW || Ll FE/KW
34 461.6 27-17  440.3 25-26  409.9

15-14  375.3 18-3 365.8 16-19  362.9
2-3 356.8 26-29  299.5 26-27  297.7

16-21 294.1 26-28 273.6 17-16 262.9

16-15 258.7 17-18 232.2 23-24 206. 5

4-14 203.3 2-25 201.0 16-24 159.4
4-5 158. 1 13-14 113.9 21-22 110.5
2-1 109. 8 5-8 69.9 6-11 63.6
6-7 58.3 22-23 38.0 8-9 37.9

10-13 34.7 10-11 32.6 28-29 25.2
5-6 24.4 7-8 24.0

9-39 0.5 1-39 0.5
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Table 6 Sag frequency of sensitive nodes

caused by line fault

23 ﬁl% 2 % i 4 i
27-17 1.96 3-4 1.74 18-3 1.36
15-14 1.23 17-16 1.22 4-14 1.17
4-5 1.16 17-18 1.12 13-14 0.92
6-11 0.75 26-27 0.67 16-15 0.61
2-3 0.58 25-26 0.56 16-19 0.55
16-21 0.49 5-8 0.47 16-24 0. 44
6-7 0.42 10-13 0.39 10-11 0.39
26-29 0. 37 26-28 0.36 5-6 0. 24
7-8 0.03 23-24 0.01 8-9 0.01
2-25 0.00 9-39 0.00 2-1 0.00
1-39 0.00 28-29 0.00
21-22 0.00 22-23 0.00
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Table 7 The weakest link of the power grid after the load

distribution at the node changes
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