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Fig.2 Voltage waveform at grid connection point
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Mechanism Analysis of Subsynchronous Oscillation in Direct-driven Wind Turbine
Based on Non-smooth Bifurcation

XUE Ancheng, WANG Zizhe, FU Xiaoyu, WANG Jiawei, QIAO Dengke
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China)

Abstract: Recently, the oscillations with the interconnection of the large-scale renewable energy have received extensive attention.
At present, the small signal model near the stable operation point, which ignores the nonlinear characteristics such as limits of
converter, is very popular. In fact, the influence of the limits of the converter on the oscillation characteristics cannot be ignored
under certain conditions. This paper reveals that one of the mathematical mechanisms of the subsynchronous band oscillation
(SSBO) of the power system interconnected with direct-driven wind turbine is the non-smooth bifurcation related to oscillation
limits with the phase portrait analysis. Firstly, the nonlinear non-smooth bifurcation theory related to the limits is introduced.
Secondly, the limit links of the power system interconnected with direct-driven wind turbine and the subsynchronous frequency
band oscillation phenomenon related to the limits is presented. And then, the influence of different limits on the characteristics of
the SSBO is analyzed, and the phenomenon of saturation of the stator DC voltage limit is the main cause of the SSBO is revealed.
Furthermore, the characteristics of SSBO with different short circuit ratios (SCRs) are analyzed and the non-smooth bifurcation
caused by changing parameters is revealed. Finally, the effect of AC fault duration and grounding resistance on SSBO is analyzed,
and the non-smooth bifurcation caused by caused by initial value is revealed. The analysis shows that the SSBO in the power
system interconnected with direct-driven wind turbine after the fault cleared is induced by multiple limits with a sufficiently large
disturbance, which causes large deviation from the stable equilibrium point. Mathematically, the occurrence of the SSBO is
corresponding to the non-smooth bifurcation in the dynamic system.
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