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Study on Grid-Connected Stability of Squirrel-Cage Induction Wind Farm under

Asymmetric Faults and Its Influence on Reactive Power Compensation Equipment
Li Wentao, Li Yingchen

(Jiangsu Guangheng New Energy Co. , Ltd. , Nantong 226400, China)

Abstract: To address the issues of a sharp increase in voltage imbalance at the grid connection point of wind turbines, intensified re-
active power fluctuations, and potential overvoltage damage to reactive power compensation equipment such as shunt capacitor
banks when asymmetric faults (e.g., single-phase grounding, two-phase short circuit) occur on offshore wind farm transmission
lines, this paper takes the SWT-4.0-146 squirrel-cage asynchronous wind turbine at Rudong Offshore Wind Farm as the research ob-
ject and investigates the grid-connected stability mechanism of the full-power converter under asymmetric faults. First, mathematical
models of the squirrel-cage asynchronous generator and its full-power converter in the three-phase stationary coordinate system, two-
phase stationary coordinate system, and synchronously rotating coordinate system are established, and the influence laws of negative
sequence components on DC bus voltage and grid-connected current are derived. Second, based on the symmetrical component
method, the coupling relationship between positive and negative sequence components during asymmetric faults is analyzed, reveal-
ing the mechanism of double-frequency fluctuations in active/reactive power and their impact on DC bus voltage stability. Then, a
comprehensive simulation model including the wind turbine, LCL filter, grid-connected transformer, and fault point is built in
MATLAB/Simulink to simulate a single-phase grounding fault condition where phase A voltage drops to 0.2 pU. Finally, the system
response before and after negative sequence current suppression is compared and analyzed. Simulation results show that when an
asymmetric fault occurs, the grid-connected phase A current surges from the rated value of 1.2 kA to 2.8 kA, with a negative se-
quence current content of 11.15 A. After adopting positive-negative sequence decoupling control, the negative sequence current can
be reduced to 0.46 A, a reduction of 95.9%, and the double-frequency fluctuation of the DC bus voltage is suppressed within 1% of
the set value. The research demonstrates that the proposed positive-negative sequence decoupling control strategy can effectively
suppress negative sequence current and DC bus voltage fluctuations, significantly enhance the stability of wind power grid-
connected systems under asymmetric faults, and reduce the overvoltage risk of shunt capacitor banks during fault periods, providing
a theoretical basis for the protection configuration and fault ride-through strategy optimization of reactive power compensation
equipment in offshore wind farms.

Key words: asymmetric fault;squirrel-cage asynchronous wind turbine; full-power converter; grid-connected stability; negative se-
quence component;voltage imbalance;reactive power compensation
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Table 1 Simulation parameters of SWT-4.0-146 squirrel-cage asynchronous generator
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Table 3 Comparison of key parameters before and after control strategy activation
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