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Optimization of battery fast charging process using a
GA-PSO hybrid algorithm and a thermophysical
model validated under dynamic conditions

LI Lei
(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The continuous temperature rise during battery charging poses a risk of thermal runaway,
which can be mitigated by optimizing the charging current trajectory. In this study, the parameters
of a second-order equivalent circuit model for the battery were obtained using the hybrid pulse
power characterization (HPPC) test method. A second-order equivalent circuit battery model and a
thermophysical model of the charging process were subsequently established in Simulink. The
thermophysical model was used to calculate the actual heat dissipation caused by convection and

radiation during battery charging, and its calculation accuracy was validated using experimental
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data from the battery under the worldwide harmonized light vehicles test cycle (WLTC) condition.
Fast charging is typically carried out within the state of charge (SOC) range of 30% to 80%. Based
on the proposed thermophysical model, the particle swarm optimization (PSO), genetic algorithm
(GA), and GA-PSO hybrid algorithm were respectively employed to identify the current trajectory
that minimizes temperature rise during fast charging over 500 iterations. A comparison of the
results confirms that the GA-PSO hybrid algorithm yields the optimal charging current trajectory.
The maximum battery temperature achieved with the optimized trajectory is 0.1 597 ‘C lower than

that under the constant-current fast charging process.

Keywords: temperature rise; battery; WLTC condition; genetic algorithm; particle swarm

optimization algorithm; GA-PSO hybrid algorithm
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Fig. 1 Second-order equivalent circuit model
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Fig. 2 Parameters of the second-order equivalent circuit model
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