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Study on Sorting Technology for Lithium-ion Power
Battery of Electric Vehicle

CHEN Yan-hong, WU Wei-jing, LIU Hong-wei', ZHANG Zhen-zhao

(State Key Laboratory of Automotive Simulation and Control, Jilin Univ, Changchun, Jilin 130022, China)

Abstract:In order to improve the consistency for lithium-ion power battery of electric vehicle, to raise
the available power and the utilization ratio of capacity for the battery pack, this paper put forward a bat-
tery sorting method based on the inconsistency mechanism analysis of battery. Firstly, the traditional sor-
ting method, the main factor sorting method and the total factor sorting method for battery were completed
respectively, and the comparative results show that the total factor sorting method is optimal. Secondly,
the dynamic characteristics sorting was carried by fuzzy c-means clustering algorithm based on the total
factor sorting results. Finally, the sorting effect was verified through experiments and the result shows
that this sorting method can improve the inconsistency for battery pack effectively, and has a certain prac-
tical significance.
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Fz1 180 Ah B RS H
Tab.1 Technical parameters of 180 Ah battery

S8 HUE
FrFRZE it/ Ah 180
BB E/(Whe kg 1) 114~120
TAEHRE/V 3.2
FE AR IR/ V 3.65
Gk AN YA 2.5
FE L HL R/ C 0.3
A 80 % DOD =2 000
70 % DOD =3 000
S S B i/ C ;;z oo
AL A/ A <3%
A H W T A/ kg 5.6+0.1

TEHEAT 22 2 B0 1k Z Wil it B0 52 i 78 L 7y
e i Al LA — BorE a9 2 U 300 K4k 2 17 1%
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Fig. 1 Charge and discharge experiment for battery
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Tab.2 Correlation matrix of sorting variable

AE R D E 01 02 B

R 1000  —0.635  0.401  —0.570 —0.618 —0.308
D —0.635  1.000  —0.081 —0.636 —0.823 —0.662
E  0.401  —0.081 1000  0.115  0.023  —0.136
Q1 —0.570  —0.636  0.115 1,000 0.847  0.659
02 —0.618 —0.823  0.023  0.847 1,000 0.633
B —0.308 —0.662 —0.136  0.659  0.633 1,000

#* 3 Bartlett f1 KMO #& 18 & R
Tab.3 Inspection results of Bartlett and KMO

K 4 50 H gk
BRI 379.514
Bartlett Bk B ¥ 16 df 15
Sig 0. 000
KMO {i 0. 896
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Tab.4 Contribution of the main ingredients

W FHAL fi Tk % BB/ %
1 2.966 49. 434 49.434
2 1. 240 20. 667 70.101
3 1..004 16.733 86. 834
4 0.577 9.616 96. 450
5 0.170 2.833 99. 283
6 0.043 0.717 100. 000

T E BRI R F 1 R AR AR AR 5
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Tab.5 Factor matrix
B 4 H¥
B2 b Fl P2 F3
02 0.970 —0.049 0.094
D —0.911 —0.177 0.160
01 0.816 —0.012 0,434
B 0.724 —0.115 —0.488
R —0.065 0.779 —0.526
E 0.039 0.766 0.511
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Tab. 6 Factor score coefficient matrix

A BT
Jii 7
Fl F? F3

R 0.030 0.816 0. 064
D —0.320 —0.194 0.012
E 0.012 0.082 0.798
01 0.252 —0.328 0.305
02 0.320 —0.115 0. 042
B 0.265 0. 260 —0.411
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Tab.7 Result of the traditional sorting method

NRG iR S

1.5,6,7,9,10,11,12,13,14,15,16,17,18,19, 20, 21, 22,
23,24,25,26,27,28,30,31,35,36,37,38,45,58,59,61,63,

L% 64,66,67,70,71,72,74,75,76,77,78,79,80,82,84,85,86,
87,88,89,90,91,92,95,96,97,100

P 2,3,4,8,29,32,33,40,42,43,44,47,48,50,51,52,54,55,

5% 00,51,52,54,55

57,60,68,94,98
A ES 34,41,46,49,53,56,62,65,69,73,81,83,93,99
IV 39

D) EWForikik
TR Tk e 3.2 WAL F e A R
1 3 NENT F1.F2,F3 /A4 iz ] SPSS
BRI RGERIETT I B AT G o AR
i) B 8 2 iy g FH - 5 R I L SR 3 0k ik
P 2275 Mk A5 2 o ek 45 R i3k 8 B,
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Tab.8 Result of the main factor sorting method

Ve BHE 5

1,5,6,9,10,12,13,14,15,16,17,19,20,21,22,23,24,25,
Bk 26,28,30,31,36,37,45,59,61,72,75,76,82,84,85,86,87,
89,90,92,96,97

2,3,4,8,29,32,33,34,39,40,41,42,43,44,46,47,48,50,
51,52,53,54,55,56,57,60,62,68,73,81,93,94,98,99

7,11,18,27,38,49,58,63,64,65,66,67,69,70,71,74,77,
78,79,80,83,88,91,95,100
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Tab.9 Result of the total factor sorting method

ViESE HL bR

1,6,7,9,10,11,15,17,22,23,24,25,28,31,37,38,45,59,

*
HL% 61,72,75,76,78,80,82,87,90,97,100
2,3,4,5,8,12,13,16,19,20,26,29,30,32, 33,34, 36, 39,
o % 40,41,42,43,44,46,47,48.50,51,52,53,54,55,56,57.,58.,
HUR 60.62,65.68.69,73,81,83.84,85.86.89.92.93.94,96.98.
99

2% 14,18,21,27,49.63,64.66,67,70,71,74,77,79,88,91,95
VK 35

x10 FEFHFRBLER
Tab. 10 Test results of sorting methods

G ik ViES H M R il FH A
WS b5 WH %4/ Ah BV
%1% 62 170. 4 0.89%
55 | ES 23 163.7 1.32%
S e EOIES 14 156.5 1.41%
HNE 1 147.1 1.45%
Y O 0 7.5 0.82%
EHF EAES 34 161.7 1.08%
Gyt ik EAIES 25 145.9 1.33%
HNE 1 148. 4 1.78%
"""""""""""" wI% 29 1759 0.51%
BT EAIES 53 164. 1 0.79%
g Mk 17 147.3 1.46%
EAES 1 148.4 1.78%
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Flow chart of the fuzzy C-means clustering algorithm



5 103

WM 45 - WL IR 4R B T s i 0 ek Uy A E 29

IR 2 s iU s ] MATLAB 2 #2523
B NS 232 T S AR e J5 ¥ 0 e IR 45 2R

PASE T 28 HL (29 55 Sy il . dhy T g vl 95 B 2
FRRULSeR Hr O 3 28 FREE X B — AT R C 21
RICAFRNRRARERANE 3 . Hbre %] 0T
13 AR BN T Le— 5. il R BUE A5 B AUE L.

4 1 25:6,7,9,17,22,24,45,59,61,78,80,87,100
—— 38 2 %K:23,37
—o— % 3 %5:1,10,11,15,25,28,31,38,72,75,76,82,90,97

~3.50
wE N

B3 29wy RELER

Fig. 3 Clustering results for 29 batteries
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Fig.4 Clustering results for 13 batteries when n=3
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