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Abstract: The increasing electrification of aircraft propulsion systems requires Lithium-ion (Li-ion) 

battery packs capable of combining high power capability, low mass, thermal stability, and reliable 

operation. In this context, cell balancing is a key function of the Battery Management System (BMS), 

as differences in state of charge (SOC) among cells can reduce the usable energy of the pack and 

accelerate degradation. This work presents the development and comparative assessment of passive 

and active cell-balancing strategies for a 3s2p Li-ion battery module representative of aerospace 

applications. The battery cells are described through an electro-thermal equivalent circuit model, 

while the balancing logics are implemented in Simulink using dedicated state-machine control 

architectures. The passive strategy is based on shunt resistors and removes excess charge from the 

cells with higher SOC through controlled energy dissipation. The active strategy adopts a Single-

Switch-Capacitor topology to redistribute charge between cells with different SOC levels. Both 

approaches are evaluated under the same module configuration, initial cell SOC distribution, 

temperature, and constant-current discharge conditions. Their performance is compared in terms of 

SOC equalization, electrical response, thermal behaviour, circuit complexity, and energy utilization. 

The results highlight the fundamental trade-off between the simplicity and robustness of passive 

balancing and the improved energy management capability of active balancing, which reduces 

unnecessary heat generation at the cost of a more complex switching and control system. The 

developed framework represents a preliminary step toward advanced balancing functions for high-

performance BMS aircraft. 


