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Analytic analysis and over-limit mitigation of voltage fluctuation interval
under source-load uncertainty

Huang Hua', Zhu Lixuan®, Yu Yiping’
(1. School of Electric Power Engineering, Nanjing Institute of Technology;
2. Electric Power Research Institute, State Grid Fujian Electric Power Co. , Lid. ;
3. School of Electrical and Power Engineering, Hohai University )

Abstract ; In view of the frequent uncertain voltage fluctuations and even limit violations at buses caused by the high penetration rate of
renewable energy generation and emerging loads, an analytical calculation method for voltage fluctuation intervals under uncertain power
disturbances was proposed. This method employed an interval model and a non-parametric approach to characterize uncertainties and
could rapidly obtain the voltage fluctuation intervals of each bus through analytical calculations using only the disturbance intervals of
bus injected power. On this basis, an optimization model aimed at minimizing the adjustment cost was established to determine the
power adjustment measures for mitigating voltage fluctuations, and a voltage fluctuation mitigation strategy utilizing adjustable loads
during voltage limit violations was subsequently proposed to restore voltages to the allowable range. Simulation results on the IEEE 39-
bus system show that the errors of the upper and lower bounds of the voltage fluctuation intervals obtained by the proposed analytical
calculation method are around 1%. Furthermore, the proposed over-limit mitigation strategy is highly effective.
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Table 1 Comparison of calculation results between proposed interval algorithm and Monte Carlo method
T v, - 0 I : _ L ‘

SRERE I ARSCIX S R/ % SRERE I ARSCXE R/ %
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4 1.0045 1.0241 1.0390 1.4549 0.9859 0.9700 1.6127
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