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Abstract: To address the low balancing efficiency of traditional single-layer single-inductor
balancing systems, a hierarchical balancing system for series-connected battery packs is
proposed. The system constructs an inner-layer balancing circuit based on a switched-
inductor equalization topology. On this basis, an inductor-capacitor resonant circuit is adopted
to achieve energy transfer among series-connected battery sub-modules, while an inductor
buffer circuit is introduced to reduce the impact on the battery pack during switching
transitions. Furthermore, with the state of charge (SOC) of individual batteries as the
balancing target parameter, both the inner and outer balancing circuits perform intra-module
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and inter-module balancing, respectively, thereby achieving equilibrium among individual cells
and battery sub-modules. Simulations were conducted in Simulink and compared with the
conventional single-layer single-inductor balancing system. The results show that the
hierarchical balancing system improves the balancing efficiency by 15.0%, 14.5%, and 16.4%
under static, charging, and discharging conditions, respectively. Specifically, the inner-layer
balancing method can complete the balancing of individual cells within a series-connected
sub-module within 3 s, while the outer-layer inter-module balancing method achieves
balancing within 11 s under static, charging, and discharging conditions. The proposed system
effectively ensures SOC consistency across the battery pack and overcomes the slow
balancing speed of traditional single-layer single-inductor systems when dealing with a large

number of cells.
Keywords: lithium-ion battery; battery
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