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Data-driven Approach for Identifying Key Influencing Nodes on Transient Voltage Stability of

Power System with Renewables
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(College of Electrical Engineering, Sichuan University, Chengdu 610041, China)

Abstract: With the high penetration of renewable energy being integrated to the power grid, the weakening of voltage
support has accentuated the challenges of transient voltage stability in power systems. To address the above issues, a da-
ta-driven analysis method for key influencing nodes of transient voltage stability in power systems is proposed. Firstly,
the voltage stability mechanism of the power system and the transient voltage stability evaluation indicators are analyzed.
Subsequently, the arbitrary polynomial chaos are used to model the correlation between the transient voltage stability of
the system and the influencing factors, and the coefficients of the polynomial expansion terms are calculated using a
non-intrusive probabilistic collocation method. Finally, the Sobol index is introduced to define the global sensitivity of
transient voltage and quantify the influence of each parameter on the transient voltage stability of the system. The results
show that the method proposed in this paper can be adopted to quickly and accurately analyze the influence of each pa-
rameter on the transient voltage stability of the power system.

Key words: transient voltage stability; data-driven; transient voltage global sensitivity; arbitrary polynomial chaos; key

influencing nodes; renewable power systems
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Fig.5 Global sensitivity distribution diagram of transient

voltage for three methods in case 1
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Table 2 Comparison of three methods for calculating transient

voltage sensitivity
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Table A1 Input parameters in the modified IEEE 9 system
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Table A4  Average value and ranking of global sensitivity of

transient voltage based on MC

¥y R e
x1 0.170
x2 0.210 4
x3 0313 3
x4 0.532 2
xs 0.771 1
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Table A2  Average value and ranking of global sensitivity of

transient voltage based on aPC
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Fig.A2 Schematic diagram of modified IEEE 39 system
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Table A5 Input parameters in the modified IEEE 39 system

¥y R e
x1 0.056 5
x 0.152 4
X3 0305 3
X4 0.601 2
Xs 0.856 1
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Bl 37,36 34,30 37,36, 31, 34,30
SRS X1, X2 X3, X4 Xs, X6, X7, X8, X9
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Table A3  Average value and ranking of global sensitivity of

transient voltage based on FAST
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Table A6 Average value and ranking of global sensitivity of

transient voltage based on aPC in case2

SH FEME HE
x1 0.083 5
x 0.170 4
x3 0.291 3
x4 0.608 2
xs 0.796 1

o PEME i 95g
x1 2.50x10724 8
x 3.60x102* 9
x3 0.019 3
X4 0.012 5
xs 0.68 2
x6 0.011 6
x7 0.001 3 4
xg 0.75 1
) 0.003 4 7
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Table A7 Average value and ranking of global sensitivity of

transient voltage based on FAST in case2
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Table A8 Average value and ranking of global sensitivity of

transient voltage based on MC in case2

B P kiR SH FIE 5
X1 0.027 8 X1 0.025 8
X2 0.017 9 X2 0.028 9
X3 0.042 6 X3 0.089 5
X4 0.069 4 X4 0.100 3
Xs 0.620 2 Xs 0.700 2
X6 0.092 3 X6 0.097 4
X7 0.054 5 X7 0.074 6
X8 0.770 1 X8 0.760 1
X9 0.041 7 X9 0.053 7
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Table A9 Input parameters in the CSEE-VC system
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Table Bl Comparison of transient voltage sensitivity ranking
under two types of faults

SR T N2 P B N-2 HEFR R N-1 P EE s N1 e

X1 0.034 30 0.007 2 31
X2 0.029 32 0.006 8 32
X3 0.037 28 0.008 3 28
X4 0.036 29 0.007 6 29
Xs 0.025 33 0.0057 33
X6 0.034 31 0.007 3 30
X7 0.104 26 0.049 27
X8 0.130 24 0.098 20
X9 0.088 27 0.056 26
X10 0.166 19 0.170 10
X1 0.215 11 0.180 7
X12 0.137 23 0.160 11
X13 0.216 10 0.110 15
X14 0.117 25 0.079 24
Xis 0.222 9 0.110 16
X6 0.170 18 0.086 23
X17 0.192 15 0.078 25
X18 0.318 4 0.210 3

X19 0.207 13 0.110 17
X20 0.224 8 0.190 5

X21 0.351 3 0.200 4
X2 0.293 5 0.180 8

X23 0.161 21 0.140 12
X24 0.172 17 0.098 21
X25 0.494 1 0.280 1

X26 0.164 20 0.100 19
X27 0.204 14 0.180 9

X28 0.280 6 0.190 6

X29 0.146 22 0.140 13
X30 0.356 2 0.220 2

X31 0.180 16 0.130 14
X32 0.230 7 0.094 22

X33 0.208 12 0.110 18
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