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A fast classification method based on factor analysis and K-means clustering for
retired electric vehicle batteries

ZHANG Chaolong, ZHAO Shaishai, ZHANG Bo
(School of Electronic Engineering and Intelligent Manufacturing, Anging Normal Univessity, Anging 246011, China)

Abstract: In order to solve the problem of a large number of retired electric vehicle batteries with a lack of quick sorting
means, a fast classification and regroup approach of batteries is presented based on Hybrid Pulse Power Characteristic
(HPPC), factor analysis and a clustering algorithm. The maximum available capacity of the battery is calculated by the
voltage data of the battery cell in the Battery Management System (BMS). The primary discharge pulse of the HPPC is
used to extract the open-circuit voltage, ohmic, polarization and concentration resistances of the battery as characteristic
variables. After the characteristic variable data is processed by the normalization algorithm and factor analysis, the battery
sorting and recombination are completed by the clustering algorithm. Experimental results show that the average
separation and recombination time of a single battery is compressed within 30 min using the proposed method, which has
practical significance for classification and regrouping of retired electric vehicle batteries.
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Fig. 2 Curve of voltage change
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Table 1 Relationship between dispersion and consistency of

lithium-ion battery pack
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Fig. 3 Flow chart of experimental design
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Table 2 Partial echelon battery data
ErRe) Con /AN RJ/Q U IV R./Q R, /Q

0001 1.86 0.0481 413 0.0121 0.0181
0002 1.82 0.0431 4.14 0.016 0 0.0103
0003 1.80 0.048 3 411 0.016 3 0.0131
0004 1.89 0.040 6 4.15 0.016 5 0.0179
0005 1.93 0.0499 4.15 0.0109 0.016 4
0006 1.91 0.043 8 413 0.0143 0.0104
0007 1.90 0.044 7 412 0.0107 0.014 4
0008 1.90 0.040 8 411 0.0146 0.0118
0009 1.81 0.0453 413 0.0220 0.0154
0010 1.93 0.044 3 4.13 0.001 4 0.0147
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Table 4 Number and class dispersion of the cascade batteries

25 AR H RN B HUE 1%
1 75 1.40
2 61 1.25
3 80 0.70
4 66 1.08
5 81 1.23
6 72 1.70
7 69 1.29
8 59 1.96
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