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Abstract: [Objective] As the proportion of renewable energy
in the power system continues to rise, grid-forming converters
have garnered significant attention and research interest due to
their superior voltage support capabilities. However, in
remote low-voltage distribution networks, the ratio of line
resistance-inductance is relatively high. This can lead to
power coupling issues in grid-forming converters, adversely
impacting their fundamental voltage support and power
transmission capabilities. This paper addresses the power
coupling issues in grid-forming converters, considering
changes in the resistance-inductance ratio in distribution
networks. A control strategy employing feedforward
decoupling is proposed. [Methods] The robusiness of the
system was improved by adding low-pass filter (LPF) into the
decoupling channel. The impact of different LPF bandwidths
on system stability was analyzed using the small signal
method. [ Results ] Upon implementing feedforward
decoupling, the coupling between the active and reactive
power control loops was significantly reduced, effectively
resolving the power coupling issues caused by the high
resistance-inductance ratio of the distribution network.
[Conclusion ] The proposed method can achieve effective
decoupling and provides a highly robust control strategy for
power transmission in grid-forming converters.

Key words: distribution network; grid-forming converter;
power coupling; feedforward decoupling; low-pass filter;
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Fig.1 System block diagram of a grid-forming converter
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Fig.2 Small-signal control block diagram of
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The transition to renewable energy sources has
been driven by environmental concerns and the
depletion of fossil fuels. Unlike traditional power

plants, renewable energy sources use power
electronics for grid connection, offering flexibility
and efficiency. However, grid-forming converters,
which are increasingly used in new power systems,
often face stability issues when synchronized with the
grid using phase-locked loop ( PLL) under high
R/X ratios in distribution networks. This study aims
to address these stability and power transmission
issues by proposing an improved control strategy for
grid-forming converters.

The proposed method involved feedforward
decoupling to mitigate the power coupling between
By

integrating low-pass filter (LPF) into the decoupling

active and reactive power control loops.
channel, the system’s robusiness was enhanced,
and the impact of different LPF bandwidths on
system stability was analyzed using the small-signal
method. This approach aims to reduce the negative

effects of power coupling caused by high R/L

X
(L= )ratios in distribution networks.
27r+50
Simulation

the
proposed feedforward decoupling strategy effectively

results demonstrated that
reduced the coupling between active and reactive
power control loops. This reduction in coupling

improved the system’ s dynamic response and overall

S3

stability, addressing the challenges posed by high
R/L ratios in distribution networks. The use of LPFs
in the decoupling channel further enhanced system
robustness, making the control strategy viable for
practical application.

The study presents a novel control strategy for
grid-forming converters, focusing on mitigating power
coupling issues caused by high R/X ratios in
distribution networks. The proposed feedforward
LPF,

and

decoupling method, complemented by

significantly ~ enhances  system  stability
robustness. The simulation and experimental results

the of

providing a practical solution for enhancing the

validated effectiveness this  approach,
performance of grid-forming converters in renewable
energy systems. By addressing the key issue of power
coupling in grid-forming converters, this research
contributes to the ongoing development of more stable
and efficient power systems, paving the way for
greater integration of renewable energy sources into
the grid.

Controlled object

Droop control

Fig.1 Small-signal decoupled control block diagram
with LPF in the feedforward path
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