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RESEARCH ON SMOOTH SWITCHING CONTROL FOR
VSG-BASED PV-STORAGE MICROGRID INVERTERS IN
GRID/ISLAND MODES

ABSTRACT

With the advancement of renewable energy generation technologies,
photovoltaic power generation systems and energy storage units are
increasingly being utilized in microgrids. Virtual Synchronous Generator
(VSG) technology mimics the inertial properties of conventional
synchronous generators, offers significant advantages over conventional
droop control methods. Specifically, VSG technology can enhance the
grid-connected stability of fluctuating distributed energy sources such as
wind and solar power, mitigate their impact on the grid, and help maintain
system frequency and voltage stability. However, traditional VSG control
strategies struggle to dynamically adjust the moment of inertia and
damping coefficient in response to real-time frequency variations, which
may lead to significant current surges during the transition between grid-
connected and islanded modes, thereby adversely affecting grid stability.

Therefore, this paper focuses on the analysis and research of adaptive
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inertia-damping control for VSG and smooth switching control for VSG
inverters during grid-connected and islanded transitions. The main
contents are as follows:

(1) To address the issues of low maximum power tracking accuracy
and weak adaptability of the traditional variable-step incremental
conductance method under environmental changes, this paper proposes an
improved variable-step incremental conductance method. Firstly, real-time
correction of voltage and current differences is implemented to avoid
misjudgment. Secondly, coefficients related to current and power are
introduced to adjust the step size variation on both sides of the maximum
power point, optimizing the step size variation of the incremental
conductance method. Finally, a DC power supply system centered on a
photovoltaic power generation system is constructed, and the output
voltage characteristics of the photovoltaic array are optimized by
incorporating a Boost step-up circuit.

(2) Given the significant impact of virtual inertia and damping
coefficients on the stability of VSG control systems and the poor regulation
capability of traditional adaptive control strategies, an improved inertia-
damping adaptive control strategy is proposed to enhance the system's anti-
interference capability. Firstly, the power angle behavior of the virtual
synchronous generator under minor disturbances is examined, with a focus
on analyzing the mechanisms by which virtual inertia and damping
coefficients, as core parameters, influence the active power output and
frequency dynamic response of the VSG. Secondly, through theoretical
analysis and simulation experiments, the mechanisms by which parameter

variations affect system stability are revealed. Frequency overshoot and
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settling time serve as critical metrics for assessing system frequency
stability, the improved inertia-damping adaptive control strategy is studied.
Finally, to prevent frequent excessive adjustments of inertia and damping
coefficients caused by minor oscillations during normal system operation,
the main control parameters are tuned.

(3) To address the issues of voltage fluctuations and current surges
during the transition between grid-connected and islanded modes of VSG
inverters, a pre-synchronization control strategy based on fuzzy active
disturbance rejection is proposed to achieve smooth switching. Firstly,
virtual active power and virtual current are introduced to compensate for
phase and amplitude deviations during the grid-connection process.
Secondly, a specialized pre-synchronization control module was developed
to dynamically adjust the frequency and voltage amplitude of the microgrid
system. Subsequently, the VSG control framework and the fundamentals
of Linear Active Disturbance Rejection Control (LADRC) were examined,
leading to the proposal of a fuzzy LADRC pre-synchronization strategy
that integrates LADRC with VSG active power-frequency regulation. To
enhance the control performance of LADRC, a fuzzy algorithm is
employed to dynamically adjust the parameters of the linear state error
feedback in the linear active disturbance rejection controller, enabling real-
time optimization of the pre-synchronization process and smooth switching
between grid-connected and islanded modes. Finally, a simulation system
for PV-battery microgrid based on Virtual Synchronous Generator was
developed using the MATLAB/Simulink platform, and verification
experiments of the proposed control strategy were conducted. Simulation

results demonstrate that the developed control strategy exhibits good
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feasibility and superiority in terms of system frequency stability and

dynamic response.

Tao Li (Control Engineering and Automation Technology)

Supervised by Prof.Chun Zhang

KEY WORDS: Photovoltaic-Storage Microgrid System, VSG Inverter
Control, Maximum Power Point Tracking, Inertia-Damping Adaptive

Control, Fuzzy Algorithm, LADRC Pre-Synchronization Control
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