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Abstract

As environmental pollution becomes more serious, the demand for electric vehicles (EVs) and
lithium-ion batteries for electric vehicles is rapidly increasing worldwide. Accordingly, the amount
of waste batteries is also increasing, and a technology for recycling and reusing them is required.
In order to reuse a used battery, it is necessary to non-destructively diagnose the deterioration
condition of the battery. Therefore, in this study, we investigate the diagnosis of degradation for
parallel-connected lithium-ion battery cells through non-constructive electrochemical approach. As
the number of parallel-connected cells increased, in addition to linear degradation, abrupt step-like
degradation occurred, which is attributed to the predominant degradation of specific cells. In addition,
it is confirmed that deteriorated cells among multiple cells can be distinguished through a simple

measurement of open circuit voltage (OCV).
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Fig. 1. Photograph and schematic images for experimental set-up.
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Fig. 2. Cycling performances of battery system composed of different
number of pouch cells: (a) 1-cell, (b) 2-cells, (c) 3—cells, and (d) 4-cells.
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Fig. 3. (a) Cycling performance of battery system composed of 4-cells, in which
measured disconnecting the parallel connection every 100 cycles. The dotted line
means the capacity change according to the number of pouch cells when only
linear deterioration occurs. (b) Electrochemical impedance spectra (EIS) of battery
system composed of 4—cells before and after 100 cycles.
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Table 1. Open circuit voltage (OCV) of battery system composed of 4-cells, in which measured disconnecting the

parallel connection every 100 cycles.

Number of cycles

0 100 200 300 400

500 600 700 800 900 | 1000

3.89 3.88 3.97 3.91 3.94 3.99

3.83 3.89 3.58 3.91 3.94 3.99

3.83 3.89 3.58 3.91 3.94 3.99

3.88 3.88 3.97 3.91 3.94 3.99

1 3.82 4.04 4.07 4.08 4.08
Cells 2 3.8 4.04 4.07 4.08 4.08

3 3.8 4.04 4.07 4.08 4.08

4 3.82 4.04 4.07 4.08 4.08
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