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Fault calculation method for a power grid with high penetration of renewable energy based on
adaptive combination of Newton and quasi-Newton methods

ZHENG Tao, QU Rongqi, CHEN Yunfei, Al Jingwen
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources
(North China Electric Power University), Beijing 102206, China)

Abstract: The high penetration of renewable energy into power grids introduces new challenges to the safe and stable
operation of power systems. Existing short-circuit current calculation methods struggle to meet the speed requirements of
modern power systems and often suffer from poor convergence as renewable energy penetration increases. This paper
proposes a fault calculation method for power grids with high renewable energy integration, based on the adaptive
combination of Newton and quasi-Newton methods. First, the influence of renewable energy control strategies on
short-circuit current is analyzed, and an equivalent model for the steady-state fault condition of renewable energy sources
is established. Then, to address the challenge of balancing computational speed and convergence in Newton-type iterative
algorithms, non-convergence prediction and efficiency criteria are developed for renewable-rich scenarios. An adaptive
selection mechanism is proposed to switch between Newton and quasi-Newton methods based on convergence and
efficiency constraints, enabling accurate fault current computation. Finally, an improved IEEE33-bus test system with
renewable energy integration is used for verification, and the results show that the proposed calculation method offers
better performance in both computational speed and convergence than traditional methods.
This work is supported by the Joint Fund of National Natural Science Foundation of China (No. U2166205).
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Fig. 1 Schematic diagram of photovoltaic power source

connected to IEEE33-bus power grid
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Fig. 2 Relationship between photovoltaic power current

and post-fault voltage
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Fig. 3 Inverter-type renewable energy equivalent model
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Table 2 Comparison results of typical node voltages after

12-node three-phase short-circuit fault
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