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Abstract—Converters with grid-forming (GFM) control
strategy can provide support to the grid, which is regarded as an
important measure to improve system stability. However,
distributed generation (DG) units are usually connected to the
low-voltage grid, and there is a serious power coupling problem
between P and Q due to the large impedance ratio (R/X). Virtual
impedance (VI) is the most commonly used power decoupling
method, but its voltage compensation capability is limited, which
makes its decoupling ability restricted. In this paper, the causes of
power coupling are analyzed, and a droop-controlled converter
decoupling method based on reactive power compensation is
proposedto address the shortcomings of the traditional VI method,
and simulations are built in PLECS to verify the correctness and
effectiveness of the method.

Keywords—Power decoupling, grid-forming, droop control

. INTRODUCTION

Under the trend of rapid development of renewable energy,
more and more distributed generation (DG) devices are
connected to the power grid, as most of the existing grid-
connected converters use grid-following control (GFL), i.e.,
direct current control using phase-locked loop (PLL)
synchronization principle. However, with the further increase of
the scale of new energy grid-connected and the increase of
transmission distance, the grid-connected point gradually shows
the trend of weak grid, and the stability of the grid is reduced. In
contrast, grid-forming control (GFM) uses power
synchronization to connect the DG to the grid, such as droop
control, virtual synchronous generator control, generalized
droop control and power synchronization control. And their
voltage source characteristics are effective in supporting weak
grids, which makes them well suited for low-inertia, power-
electronics dominated grids.

However, all grid-formingcontrols, includingdroop control,
encounter the power coupling problem, which is usually
analyzed by assuming that the equivalent impedance of the
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transmission line between the output voltage of the converter
and the voltage of the grid-connecting point is purely inductive
or purely resistive. However, in practice, the transmission lines,
especially the low-voltage lines, show resistive-inductive
characteristics, which causes the coupling of active power and
reactive power, affecting the control performance.

In ordertorealize thedecoupling control of active powerand
reactive power in distributed generation devices, reference [1]
proposes a virtual power control strategy by introducing a
transformation matrix related to the line impedance, whose
essence s the elimination of the power coupling in the control
loop, while the actual active power and reactive power still exist
in the coupling. References [2-3] introduced virtual frequency
and virtual voltage through the transformation matrix to realize
power decoupling, and the core idea of this method originates
from virtual power control. Reference [4] used relative gain
matrix to deeply analyze the power coupling mechanism and
proposed a control method based on the objective function
diagonalization decoupling. Another mainstream method of
power decoupling control is the virtual impedance technique,
which changes the resistance-inductance ratio of the system
impedance by means of virtual inductance [5], virtual resistance
[6], and virtual negative impedance [7] to achieve the purpose
of decoupling. References [8] systematically analyzed the
causesofvarious power decoupling methods and the reasons for
the limited decoupling ability of virtual inductance, and
proposed a g-axis voltage drop power decoupling control
(QVPDC) to overcome the shortcomings of the virtual
impedance, and although the power decoupling ability has been
improved, the damping ability in the dynamic process has been
reduced.
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