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Abstract

To address the bus voltage divergence and power distribution imbalance issues caused by independent current control in charging
mode for cascade modular lithium battery energy storage systems, this study proposes a series-connected I-P droop control strategy.
By implementing a current-power droop mechanism, the proposed approach scientifically balances dynamic loads among power
modules across batteries. Building on this foundation, we integrate traditional proportional balancing concepts to develop an
optimized voltage divider coefficient method based on State of Charge (SOC) differences, thereby establishing an improved balancing
strategy that effectively regulates power adjustment and maintains SOC equilibrium. Simulation results demonstrate that this control
architecture effectively suppresses voltage oscillations, enhances power distribution stability, and significantly reduces regulation
time while substantially improving system dynamic response performance under equivalent balancing precision. The proposed
strategy proves particularly suitable for high-density, large-capacity energy storage systems requiring precise energy management.
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