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Flexible virtual inertial control strategy of photovoltaic-energy storage
DC distribution network
LIU Yingpei',ZHOU Suwen', LIANG Haiping', TANG Xiaojun®, MA Shiying*, XIE Yan®
(1. School of Electrical and Electronic Engineering,North China Electric Power University , Baoding 071003, China;
2. State Key Laboratory of Grid Security and Energy Conservation,China Electric Power Research Institute,
Beijing 100192, China)

Abstract: Aiming at the problem of low inertia of DC distribution network caused by the continuous in-
crease of photovoltaic penetration rate,a flexible virtual inertia control strategy for photovoltaic-energy storage
DC distribution network is proposed considering the potential inertia support capacity of energy storage
equipment in DC distribution network. The relationship between battery energy storage and voltage varia-
tion in the dynamic process of DC distribution network voltage changes is analyzed, and the functional
expression for state of charge of battery and DC voltage is established. Furthermore, a hyperbolic tangent
function is introduced when DC voltage changes to flexibly and quickly adjust the control strategy of the
battery converter,so as to increase the system inertia and improve the power quality. Meanwhile,considering
the charging and discharging limit of the battery, the excessive charging and discharging of battery is res-
tricted by introducing the arctangent function. Finally,the small-signal stability analysis of DC distribution
network using the flexible virtual inertial control strategy is adopted,and the value range of key parameters
in the proposed control strategy is obtained. A four-terminal DC distribution network simulation system is
established based on MATLAB / Simulink,and it is verified that the proposed control strategy can effectively
suppress DC voltage fluctuation by using virtual inertia control after system power is unbalanced, thereby
improving voltage quality and transient stability.

Key words:DC distribution network ; photovoltaic; energy storage;flexible virtual inertia;small-signal model
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Table Al Overview of photovoltaic-energy storage DC distribution network
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