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In response to the increasing demand for electric vehicles and the requirement for battery model
accuracy, this study constructs a comprehensive coupling mechanism model of lithium—ion batteries
that integrates electrochemical, aging, and thermal phenomena to ensure battery performance,
safety, and service life. To solve the problem of identifying a large number of unknown parameters
in the model, a data—driven approach is adopted for parameter optimization. Firstly, a diversified
parameter combination is generated through Latin hypercube sampling, and a coupling mechanism
model is simulated based on this combination to obtain a macroscopic response dataset;
Subsequently, the dataset was used to train an artificial neural network to construct a meta model,
significantly improving optimization efficiency; Further screening key influencing parameters through
sensitivity analysis; Finally, genetic algorithm is used to optimize parameters and minimize the
deviation between model predictions and experimental data. The results showed that among the
33 model parameters, 9 high—sensitivity parameters and 10 medium sensitivity parameters had
a significant impact on the model output; The average absolute errors of the optimized model in
voltage, temperature, and capacity simulations are 0.0147, 0.2132, and 0.0163, respectively. The
research confirms that the proposed method has high accuracy and effectiveness, providing a
robust and efficient solution for modeling lithium—ion batteries.

lithium-ion battery; calendar aging; electrochemical thermal coupling mechanism model;
parameter identification
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