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Identification of grid weak link considering voltage instability patterns at multiple time scales

ZOU Shihao', CAO Yongji, LIU Zhiwen', LI Changgang'
(1. School of Electrical Engineering, Shandong University, Jinan 250061, China;
2. Academy of Intelligent Innovation, Shandong University, Jinan 250101, China)

Abstract: The significant differences in the instability mechanism and process of static and transient voltage makes
united analysis a challenging problem. An approach is proposed to identify weak grid links considering the voltage
instability patterns at multiple time scales. The input features for static and transient voltage stability assessment are
established. Principal component analysis is used for dimensionality reduction, and the improved k-means++ method is
used to partition the power grid and select representative buses for transient voltage analysis. The risk levels of power
system static and transient voltage instability are quantified, and a united multi-time-scale voltage stability assessment
model is constructed based on deep belief networks (DBN) to extract voltage instability patterns. The coupling between
voltage instability patterns and power grid links is analyzed. Quantitative indices are built to identify the power grid weak
links. Finally, the effectiveness of the proposed method is validated through case studies.
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Fig. 1 Framework for identifying grid weak link considering voltage instability modes with multiple time scales
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Fig. 2 P-V curve of static voltage stability analysis
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Table 4 Performance comparison of different static
voltage stability assessment models
%

iy Iacc Ivcc I Iia Ira
PCA + DBN 99.5 99.1 99.5 0.13 0.82
DBN 97.7 95.5 97.7 1.43 3.16
CNN 97.5 95.2 97.5 4.80 0.00
ANN 97.4 94.8 97.3 1.82 3.43
SVM 96.1 92.5 96.2 7.13 0.41

3 4 7743, KA PCA F&4E)5 a5 2 548,
AT TURAE R, e 7R . 5HAR 3
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5.3.2 A ML A E VARSI RE 0 A
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17 115, 20850 X 1~4 FaSEIEE N 56, 28.
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6 7.
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FRIEN Lo ~ Loy RO T ARG, 105R 7 Fios .
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Table 5 DBN parameter design for different partitions
Mg Mz g g die WA RN

X A . A
J61 g2 JB3 WL AR U AR
1 70 30 64 400 0.0l 1400  1.906
2 60 30 55 300 0.01 1400  1.906
3 65 30 63 300 0.01 1400  1.906
4 60 30 55 400 0.01 1400  1.906

* 6 FEIESHRERETERBPIRIT L
Table 6 Comparison of performance of different transient
voltage stability assessment models

%

53X [t Iacc Iucc Ir) Iia I
DBN 98.4 97.9 98.4 1.16 1.86
1 CNN 97.6 96.6 97.6 1.93 2.64

SVM 96.9 96.4 96.9 4.28 3.32

DBN 98.2 97.6 98.3 1.87 2.14
2 CNN 97.1 97.4 97.6 1.94 2.73
SVM 97.3 96.9 97.3 3.33 3.46

DBN 98.6 98.1 98.6 1.13 1.72

3 CNN 98.1 97.8 98.2 1.64 1.69
SVM 97.6 97.3 97.7 1.96 2.78
DBN 98.3 97.1 98.3 1.61 1.54
4 CNN 97.6 97.1 97.6 2.05 3.02
SVM 97.1 96.6 97.2 3.67 4.26

R 7 TEIFRRTSHHE T T M REXTEE
Table 7 Comparison of assessment performance with
different steady-state characteristics
%

TR AR Iacc Iia Ira
33 98.9 0.84 1.63
56 99.4 0.16 0.86
68 99.5 0.15 0.88
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Table 8 Analysis of identification indicators for weak link of

static voltage stability with changing load
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Table 9 Analysis of transient voltage weak link
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Fig. 10 Voltage trend of weak and robust branch buses
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Table 10 Analysis of identification indicators for weak link of

static voltage stability under load limits

2 SR AR RR
6-31 1.014
10-32 0.674
23-36 0.564
16-19 0.325
29-38 0.307
=11 HR=ZESHEEESITITNIHRIERS

Table 11 Analysis of transient voltage weak link

identification index in scenario 3

L Iyy L Iy
5-6 0.6418 0.1046 1.0000
16-17 0.5808 1.0000 0.3014
15-16 0.5060 0.6739 0.3941
2-3 0.4194 0.5499 0.3357
2-25 0.4006 0.6299 0.2477
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