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Charging Curve Analysis Method to Visualize State of Health of Lithium-lon Batteries
through Internal State Estimation
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Lithium-ion batteries are now widely used in electric vehicles (EVs) due to their long operating life exceeding 10 years, although the rate of performance
degradation depends on the actual conditions of use. It is therefore necessary to evaluate the remaining value of the battery to ensure battery health when
purchasing a used EV and reusing the battery itself.

To facilitate estimation of the remaining value of lithium-ion batteries, Toshiba has developed a charging curve analysis method for such batteries
comprising a simple method of evaluating battery cell performance in actual use. This charging curve analysis evaluates the current battery cell
performance, including its capacity and internal resistance, at the time of charging based on changes in the internal state due to degradation of the
active materials in the battery cathode and anode. Experiments on SCiBw batteries have confirmed that the performance of a newly developed
battery state calculation algorithm using our charging curve analysis method is sufficient for practical application.
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Configuration and operating principle of lithium-ion battery
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Relationship between charging curve and open circuit voltages of cathode
and anode
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Internal resistances and charge-discharge reaction process of lithium-ion
battery
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Capacity degradation and changes in internal state of battery
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Calculation flow of charging curve analysis
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Lithium insertion and extraction model at lithium titanate (LTO) anode
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Comparison of analysis results obtained by 1C charge curves at 25 C and
storage test results at 45 C in case of 4 Ah SCiBxy battery
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