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Study on hybrid control strategy of frequency
modulation for battery thermal management system
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Abstract: This paper aims to investigate a frequency-mixing control strategy for battery thermal management systems to
address inter-cluster loop currents in electrochemical energy storage systems. In current architectures of electrochemical
energy storage battery systems in China, multi-level structures are commonly used, resulting in pressure differences
between battery clusters, which give rise to loop current issues. Loop currents can lead to uneven charge and discharge
among battery clusters, causing capacity loss and temperature elevation, subsequently accelerating battery degradation
and reducing the available capacity of the battery system. This paper introduces a frequency-mixing control strategy that
combines battery management system (BMS) strategies with system-level control to suppress inter-cluster loop currents
without increasing system costs. Specifically, the strategy combines frequency regulation with mixed control methods
by adjusting the charge/discharge rates and current distribution ratios among battery clusters, ensuring even current
distribution and reducing loop currents. Experimental verification and simulation analysis demonstrate that the proposed
frequency-mixing control strategy effectively mitigates inter-cluster loop current issues, enhancing the available capacity
and safety of the battery system.
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