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Abstract: [ Objective] The output of renewable energy is
characterized by randomness and volatility, which can
negatively impact the stable operation of power grids when
directly integrated. To improve the grid connection
characteristics of renewable energy generation systems, a
hybrid energy storage system ( HESS) has been introduced.
To fully wutilize the energy density and power density
advantages of the HESS in DC microgrids, this paper
proposes a fuzzy logic-based second-order high-pass filter
control strategy with variable time constants. [ Methods ]
Firstly, a photovoltaic hybrid energy storage DC microgrid
model was constructed. Secondly, the power allocation
strategy for the microgrid was designed based on power
balance relationships, along with corresponding control
strategies for each unit. The photovoltaic generation unit used
fuzzy control to rapidly track the maximum power point,
improving the energy utilization efficiency of the photovoltaic
system. The grid-connected inverter adopted a double closed-
loop control method, with an outer voltage loop and an inner
current loop, to ensure stable power delivery to the
distribution grid. A fuzzy logic-based second-order high-pass
filter with variable time constants was designed to allocate
power by frequency within the HESS, thereby improving the
accuracy of unbalanced power distribution in the DC
microgrid. Finally, a photovoltaic hybrid storage DC
microgrid simulation model was built based on Matlab/

Simulink to verify the effectiveness of the proposed control
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strategy. [ Results ] The simulations analyzed the HESS
power, DC bus voltage, and state of charge of the
supercapacitor. The results showed that the fuzzy variable
time constant second-order high-pass filtering control not only
facilitated the frequency-based allocation of unbalanced power
in HESS, but also alleviated issues such as over-charging and
over-discharging of the supercapacitor during long-term
operation, thereby ensuring its stable performance and
extending its lifespan. Moreover, the proposed method
significantly reduced the total harmonic distortion of the grid-
connected current. [ Conclusion ] The proposed control
strategy improves the operational reliability and stability of the
photovoltaic hybrid energy storage DC microgrid, providing a
robust guarantee for the high quality operation of the grid.

Key words: DC microgrid; hybrid energy storage; state of

charge; filtering control; fuzzy logic
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Fig.2 Photovoltaic unit control block diagram
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Fig.7 Fuzzy HESS control block diagram
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Fig.9 Nyquist curve of second-order HPF
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