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Abstract: Under weak grid conditions, the grid-connected inverter (GCI) commonly employs a type-II
Phase-Locked Loop (PLL) system, which is prone to interaction with the grid impedance, leading to instability issues
characterized by low-frequency oscillations. A traditional solution aimed at enhancing GCI stability by reducing the
type-II PLL's bandwidth. However, this approach compromises the dynamic performance of the PLL and its
adaptability to a wide range of grid impedance variations. To address this, the traditional Type-II PLL was replaced by
Type-1 PLL, significantly improving the stability of GCI in weak grids without degrading the PLL's dynamic
performance. Furthermore, to tackle the phase-locking error issue in type-I PLLs during significant grid frequency
fluctuations, an adaptive feedforward method for frequency control is introduced. This enhancement transforms the
type-I PLL into a quasi-type-I PLL, eliminating phase tracking errors and enhancing the stability and dynamic
performance of GCI in weak grid environments. Both simulation and experimental results confirm the validity and
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Tab. 2 Type-ll PLL controller parameters
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