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Abstract: To address the challenges of diagnosing internal short-circuit faults in battery modules
and improving detection efficiency, a diagnostic method for early detection of internal short-
circuit faults in lithium battery modules is proposed. This method leverages the variations in the
ratio of charge transfer resistance to solid electrolyte interface resistance. By using electrochemical
impedance spectroscopy, the proposed method monitors changes in the internal electrochemical
reactions of lithium batteries during the evolution of internal short circuit faults. Through the
relaxation time distribution method, impedance spectrum characteristics are analyzed quantitatively.
Based on the forward derivation of impedance spectra from the cell level to the module level, the

charge transfer resistance and solid electrolyte interface film resistance at full charge state are
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selected as the main evaluation indicators, and an experimental platform is established for
validation according to the threshold diagnosis model. The experimental results show that the
Ohmic resistance and charge transfer resistance gradually increase with the severity of internal
short circuit faults, while the overall trend of the solid electrolyte interface film resistance
decreases gradually. When the number of cells in the module is controlled below 8, the accuracy
of identifying faulty cells within the module through the threshold diagnosis model can reach
100%. Through precise identification and analysis of impedance spectrum characteristics, this
method can effectively achieve accurate diagnosis of early internal short circuit faults in lithium
battery modules.

Keywords: lithium battery module; internal short circuit fault; electrochemical impedance

spectroscopy; distribution of relaxation time; threshold diagnostic models
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Table 1 Test results of the lithium battery consistency

analysis
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YT (mA « h) v AT iR 22/ %
1 3 295. 84 3.61 0.13
2 3 296.62 3. 64 0.10
3 3 308.78 3.63 0.27
4 3 278.17 3.58 0. 66
5 3 262.26 3.54 1.14
6 3 264. 85 3.959 1.07
7 3 255. 20 3.61 1. 36
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Fig. 1 Electrochemical impedance spectroscopy results of

sample cells
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Fig. 2 Analytical diagram of electrochemical impedance

spectroscopy decomposition spectrum
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Fig. 3 Voltage-capacity relationship graph of

lithium battery over-discharge process
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Fig. 7 Test analysis charts of lithium battery in the full charged

state with different number of over-discharge cycles
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Fig. 9 Electrochemical impedance spectra and DRT analysis

spectra of batteries with different SOC states and

degrees of internal short-circuit failure
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