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Abstract

Regarding the inconsistency problem in series-parallel lithium-ion battery packs, this paper improves
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the conventional Buck-Boost circuit to realize energy transfer between non-adjacent cells, enhancing
equalization flexibility and efficiency. A fuzzy control strategy taking SOC deviation and inductor cur-
rent as inputs is adopted to replace the traditional mean-difference method for dynamic duty-cycle
adjustment. Three equalization schemes are built for comparative simulation in MATLAB/Simulink.
The results show that the double-layer Buck-Boost topology reduces the equalization time by approx-
imately 68.4% compared with the conventional single-layer topology. For the identical double-layer
topology, the proposed fuzzy control method further cuts equalization time by about 19.9% relative
to the mean-difference method.
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Figure 1. Conventional Buck-Boost equalization circuit
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Figure 2. Hierarchical Buck-Boost equalization circuit
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Figure 3. Intra-module equalization topology
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Figure 4. Operating circuit in Stage I
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Figure 5. Operating circuit in Stage II
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Figure 6. Inter-module equalization topology
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Figure 7. Flowchart of the equalization control
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Figure 8. Flowchart of the fuzzy logic control scheme
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Figure 9. Membership functions of the input and output variables
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Figure 12. Experimental result diagrams of the static equalization test for the battery pack
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