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Abstract: In a weak grid, the phase-locked loop (PLL) of a grid-connected converter will dynamically interact
with the current loop and further lead to a small-signal (or harmonic) instability problem. To solve this problem, a
small-signal modeling method is used to establish an equivalent impedance model of the grid-connected converter. On
this basis, the impedance model of the converter is combined with a system stability judgment method, and the
instability mechanism of the grid-connected converter under the weak grid condition is analyzed by using the pole
variation trajectory and the Bode plot. For a multiple-input multiple-output system, an active damping control strategy
based on minimum phase digital filters is proposed while considering multi-loop coupling, so as to improve the system
stability margin. At the same time, a specific implementation scheme of the control strategy, a parameter design method
and the impact of the control strategy on the multi-loop coupling part are given. In addition, to study the effectiveness of
the proposed control strategy under different operating conditions, the system stability margin under the proposed
control strategy in the cases of different grid strengths, PLL bandwidths and current loop bandwidths is analyzed, and it
is compared with that under the traditional control. Finally, the correctness of the proposed theory was verified by the
result of a hardware-in-the-loop experiment.

Keywords: Distributed new energy grid-connection; active damping control; decoupling control; phase-locked
loop (PLL); current loop; impedance modeling; stability analysis
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