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Equivalent electrochemical impedance-thermal coupling model
for lithium-ion batteries considering skin effect
and high-frequency additional heat
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Abstract: Developing an accurate equivalent electrochemical impedance-thermal coupling model is crucial for
calculating impedance and estimating temperature during low-temperature heating of batteries using high-
frequency alternating current (AC). The NSGA-II algorithm was used to identify parameters for seven equivalent
impedance models across a frequency range of 10 Hz to 100 000 Hz. The study found that a model using a resistor
and inductor parallel module better accounts for the skin effect at high frequencies without increasing
computational complexity compared to a single inductor module. The proposed model, which incorporates time-
varying heat transfer coefficients and high-frequency additional heat, was validated under both constant-frequency

and variable-frequency conditions. It reduced the maximum temperature prediction error from 2.93 °C to 0.35 °C,
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with an RMSE of only 0.23 °C compared with existing models, proving its practicality and accuracy.

Keywords: lithium-ion batteries; electrochemical impedance; high-frequency current; temperature prediction
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Table 1 Main performance parameters of NCR1865B battery
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Fig. 1 Battery test platform
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Fig. 2 Test results of available capacity and open circuit voltage
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Fig.3 Battery EIS curves for SOC=0.4 at different temperatures
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Fig. 4 Different equivalent electrochemical impedance models
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Table 2 Accuracy and calculation volume of different models at SOC=0.4 and 7=-5 °C
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Fig. 5 Optimal equivalent electrochemical impedance model parameter identification results
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Table 3 Verification of the accuracy of the optimal equivalent electrochemical impedance model under different SOCs at -5 °C

MAE/mQ RMSE/mQ
SOC

0.2 1.31 1.08 1.82 1.27
0.4 1.31 1.05 1.81 1.24
0.6 1.39 1.06 1.90 1.28
0.8 1.37 1.09 1.86 1.37
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Table 4 Verification of the accuracy of the optimal equivalent electrochemical impedance model

for SOC=0.4 under different temperatures

MAE/mQ RMSE/mQ
7/°C
VA Z VA Z
-15 6.59 6.24 9.36 9.99
-10 1.57 1.22 2.22 1.45
-5 1.31 1.05 1.81 1.24
0 1.16 0.94 1.57 1.12
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Fig. 6 Battery temperature variation during the resting stage and convective heat transfer coefficient
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Fig. 7 Equivalent electrochemical impedance-thermal coupling model
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Fig. 8 Self-heating topology and related different modalities
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