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Charging optimization of Li-ion batteries based on charging time and capacity

LIU Ting, LI Yong, JIANG Li, HUAN Yuduo, WANG Yixiao
(School of Electrical and Information Engineering, Hunan University, Changsha 410082, China)

Abstract: With the wide application of Li-ion batteries, it is of great significance to study the quick charging strategy of
batteries. In this paper, an optimal charging current strategy is presented based on the five-stage constant-current charging
method, and taking charging time and capacity as the evaluation indexes of charging performance. Firstly, the second
order RC equivalent circuit model of the battery is established by hybrid impulse test (HPPC), the GA is used to identify
the model parameters to improve the accuracy of the model. Then the optimal charging current with different weights
combinations is obtained by changing the weights of charging time and capacity, and the effects of different weights of
charging time and capacity on the charging performance of the battery are discussed to determine the final current
combination. Finally, the effectiveness of the proposed optimization strategy is verified by comparing with the CC-CV
charging method. The proposed charging strategy reduce the charging capacity by 2.35% compared with the CC-CV
method, the charging time is 3.02% lower than CC-CV method when the current is 1.5C at the constant-current stage, and
22.9% lower than CC-CV method when the current is 1C.
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Fig. 1 Second-order RC equivalent circuit model
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Table 1 Model parameters

SOC  OCVIV.  Ry/Q Ri/Q Ry/Q C\/F Cy/F

0 3.317 0.062  0.0099 0.0213 1578283 649.355
0.05 3349 0.06033 0.0197 0.0062 903.228 27 337.343
0.1 3.406 0.05267 0.0135 00065 11044 16522.78
0.2 3.522  0.05067 0.0059  0.006 8 11252 1941.5

0.3 3.581 0.04733 0.0029 0.0094 1779.6 4510.6
0.4 3.633 0.04633 0.0026 0.0111 13625 37688
0.5 3.713 0.045 0.0064  0.007 3 1731.1  6490.2
0.6 3.816 0.037 0.0046 0.0086 14374 51919
0.7 3.896 0.03733 0.0089  0.004 1 1797.8 29543
0.8 3.985 0.03949 0.0065  0.0068 10 825 1590.4
0.9 4.085 0.04133 0.0052 0.0042 11211 22255
1.0 4.161 0.04595 0.0183  0.0825 10940  2755.5
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Table 2 Optimization results under different weighting coefficients

a tls  SOC/% Li/A L/A Li/A 14/A Is/A
0.1 5486 99.54 5114 3.034 1.745 0268  0.267
02 4726 99.01 4794 2668 1326 0.293  0.293
03 4227 98.14 4560 3258 2162 0421 0379
04 3593 9757 5108 3.087 1.717 0469 0382
0.5 2344 9357 5174 3462 2322 1447 0.852
0.6 2257 9311 5169 3.555 2,607 1.631 0.925
0.7 2035 9133 5149 3555 2786 1.862  1.280
08 1768 8777 5158 4035 3418 2.833 2.156
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Table 3 Comparison of three charging models
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$EH 1 78 Ha A 3593 97.57
:l: .
3 él:l 'l/t\.

WL T ZBUER AR TE,  PAHLIS 78 FUIN )
AR 78 LRI E A0 hR, P2 T Mg
HLIR A SN o 5345 AR ] T RV AR R 25
PRI S AL T AR SR A, DAS o e TS 2 R
FERUIRI A ) ) SR AR o 3L 3 A 78 RN ) A2
SIS R B IS ) 70 A PR RE R 520, 7938 70 F IS [)
KTREFEN KRR, REFRARMAI T A
e PIEAFKY], ML TAESR CC-CV Jiik,
JIT 43 76 i R I BE Y S gD SE LN IR), BEE A AE IR A
Y& I
&% 3
(1] RFF, Bz, 8, 5. 88T s S5 5K

M]. dbst: A E Iy HRRkt, 2011: 7-8.

(2] K%, WKERT7, FEx, & KEiAER B

TR M 2 HARACTER[T]. ) RGO 5 F,

2018, 46(8): 1-7.

ZHANG Tao, ZHANG Dongfang, WANG Lingyun, et, al.

Multi-objective optimization of active distribution network

reconfiguration considering electric vehicle charging



-10 -

BN AL RE B

(5]

[7]

[10]

mode[J]. Power System Protection and Control, 2018,
46(8): 1-7.

UL, ST, BRIV SRS T B ) A it LRI T
M]. dbst: HPEZ5 AL, 2013: 5-6.

RS, X, BRIEA, A5 HRRSTE) )ik s ik
FARIUIR[]. HIFE2R, 2017, 15(5): 145-151.

WU Haisang, LIU Wei, CHEN Yingjie, et, al. Current
situation of technology in charging optimization of Li-ion
battery[J]. Journal of Power Supply, 2017, 15(5): 145-151.
A B Bl ) it o B BE 7S USRS BIF S [D). U
Fa: IR, 2017.

WANG Feng. Research on multi-segment intelligent
charging strategy for lithium-ion battery[D]. Jinan:
Shandong University, 2017.

X, RigS, S, RIS B b
AE B URE AN 78 HL 2 1) 22 BUE R 78 PR VA )], FRLL L
A2, 2017, 32(9): 113-119.

LIU Wei, WU Haisang, HE Zhichao, et al. A multistage
current method for Li-ion battery considering balance of
internal consumption and charging speed[J]. Transactions
of China Electrotechnical Society, 2017, 32(9): 113-119.
LIU C L, WANG S C, CHIANG S S. SO-based fuzzy logic
optimization of dual performance characteristic indices
for fast charging of lithium-ion batteries[C] / IEEE 10th
International Conference on Power Electronics and Drive
Systems (PEDS), 2013: 474-479.

LIU Y H, TENG J H, LIN Y C. Search for an optimal
rapid charging pattern for Li-ion batteries using the ant
colony system algorithm[J]. IEEE Transactions on
Industrial Electronics, 2005, 57(5): 1328-1336.

LIU Y H, LUO Y F. Search for an optimal rapid-charging
pattern for Li-ion batteries using the Taguchi approach[J].
IEEE Transactions on Industrial Electronics, 2010, 57(12):
3963-3971.

LIU Y H, HSIEH C H, LUO Y F. Search for an optimal
five-step charging pattern for Li-ion batteries using
consecutive orthogonal arrays[J]. IEEE Transactions on
Energy Conversion, 2011, 26(2): 654-661.

(111 A=, e 145 R0 B R AR RO B 30 ) i i 2 50
WEIREATHD]. BRt BRI MR K2, 2019.
EWR, B, B, & T HRIRER IR
PE ) BT P A ) SR [T]. WL ) R GRS
2018, 46(20): 32-37.

WANG Shanshan, ZHAO Jinbin, MAO Ling, et al. A

control

[12]

strategy based on mobile energy storage
characteristic of electric vehicles in DC micro-grid[J].
Power System Protection and Control, 2018, 46(20):
32-37.

IKEYA T, SAWADA N, MURAKAMI J. Multi-step

constant current charging method for an electric vehicle

[13]

nickelmetal hydride battery with high-energy efficiency
and long cycle life[J]. Journal of Power Sources, 2002,
105(1): 6-12.

KB, TRER. BALSTUHLBIREE[T]. BAFEAR, 2000,
11(7): 945-952.

ZHANG Ling, ZHANG Bo. Research on the mechanism
of genetic algorithm[J]. Journal of Software, 2000, 11(7):
945-952.

TYE, SR, KOS, SE. BET RN Z H AU
FER DM BRI 0 RGO 5], 2018,
46(3): 45-46.

DING Danjun, DAI Kang, ZHANG Xinsong, et, al.

Network planning for electric vehicle charging based on

[14]

[15]

fuzzy multi-objective optimization[J].
Protection and Control, 2018, 46(3): 45-46

Power System

ks HEA: 2018-03-31;
fEEE T

x| 45 (1999—), %, MEHRAE, AT R AR F
%R 5 424); E-mail: lting5857@163.com

& B 982—), F, @fhH, R, HEAFT,
R T @A a ) ZRGMRAETEIES] B R ES B
#!; E-mail: yongli@ hnu.edu.cn

£ A1), F, HEHEAE, HRFTE AL
FE5% /443, B-mail: jiangli0924@hnu.edu.cn

&E HER: 2018-08-25



