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Fig. 1. Battery cycle experiment and data curves: (a) Capa-
city retention rate-cyclic curves under normal temperature;
(b) capacity retention rate-cyclic curves under high tempe-

rature.
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Fig. 2. Schematic diagram of simplified model of lithium ion battery.
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THHRZE, B E 10 min J5, LAMER 58 A (20)
XoF LM HEAT AR, R R FL R D 2,75V, B E
40 s J5 LA 1.5C X R H#EAT 10 s SEAL, SR UL
JE2 4.25 V, FELL0.5C X AT e TACHh
ZnE 3 .
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Fig. 3. HPPC step curve.
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Fig. 4. Power battery test system.
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RN 5 P K05 b B Al TARRYEET, B
AR~ LI, R 100%, X
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Fig. 5. (a) Battery capacity retention experiment; (b) simu-
lation results of ADME model.
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1 100%. P ELEFAR, fert gLt b, ADME
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HEIAER.
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Hor 5 6(a) FE 6(d) 2 WD 00T B L -
LR TR, 18] 6(b) FIE 6(e) g S84 B AT B 45
FXF 2, E 6(c) FE 6(f) 40 B A PRl T 00 F
R RIR2ZE TR, F K 6 W LIE Y, SP2D f7E
T 2 i e ) AR AR S AR AR 0 R 2, B
AR N 5.9% F1 6.1%. %I T M ER %
1E¥) ADME #E71 BT DA R0 HUI e b 1 Fi R A Ak
Y B ARZE MR 1.98% F1 2.16%. S5 45 R
F 0, ADME A58 ] LB 5 B ARG T 5% 2% ) AH 4K
SP2D AL, TR BE 43 il 5 76% 1 55%.
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Fig. 6. (a) Input current curves; (b) comparisons of experimental results with simulation results; (c) error curves; (d) voltage-current

curves; (e) simulation contrast curves; (f) error curves.

6 #ib5EE

1) 8 A7 FR 25200 P2D BB HEAT R 4k, I
g th B BH AR B HLBREE ST T ADME B %
BRI ESE BT RCR AT T, 25 08T s it N R
SR (AR Ak, X6 H AR AR A BORG J3E my HA

=08

2) K F i) MBELS 5 BRI S50, i e
T— /N ik i TR R G R S B0
TEURE 2 20 7 O 125 S P T AL, 08 3 ¥ ol 25 ¢ M2
TR T WA S, R0 EAR A SRR R S e S
B R

3) ML AT, HEST A ADME SRR AT
DL Rt P 25 i AR A, 3 mT DU S5 TA R
AR, A5 2 SR B R ELE

4) £ F 2 TAEH, K51 ATARRF-fir 7 e,
SBT3l Ha it AR Ak AR R R A R 1
FA, X e by FER S S A BRI T B

S 30k

[1] LiuZY, Yang K, Wei Z H, Yao L 'Y 2019 Acta Phys. Sin. 68
098801 (in Chinese) [XIiEF*, # kL, B A ZL, BEAIFH 2019 H3

[10]
[11)
2]
[13]
[14]

(15]

038803-8

244 68 098801

Wei Z B, Meng S J, Xiong B Y, Ji D X, Tseng K J 2016
Appl. Energy 181 332

How D N T, Hannan M A, Lipu M S H, Ker P J 2019 IEEFE
Access 7 136116

Nie W L, Tan W J, Qiu G, Li C L, Nie X F 2018 Proc. Chin.
Soc. Electr. Eng. 38 5415 (in Chinese) [ 305, AR, NI,
AHH, AT 2018 hE AL L 38 5415

Li XY, Wang Z P, Zhang L 2019 Energy 174 33

Goh T, Park M, Seo M, Kim J G, Kim S W 2018 Energy 159
61

Hsieh Y C, Chiu' Y C, Wu W T, Huang Y C 2019 IET Power
Electron. 12 3085

Doyle M, Fuller T F, Newman J 1993 J. Electrochem. Soc.
140 1526

Zeng J B, Guo X Y, Liu L. C, Shen Z Y, Shan F W, Luo Y F
2019 Acta Phys. Sin. 68 018201 (in Chinese) [% @35, HEH5E,
XISEH, PAHSE, R, B E W 2019 PUHIAIR 68 018201]
Pang H, Mou L J, Guo L, Zhang F Q 2019 Electrochim. Acta
307 474

Lotfi N, Li J, Landers R G, Park J 2017 American Control
Conference Seattle, USA, May 24-26, 2017 p86

Gambhire P, Haritharan K S, Khandelwal A, Kolake S M, Yeo
T, Doo S 2014 J. Power Sources 270 281

Pang H, Zhang X 2018 Acta Phys. Sin. 67 228201 (in
Chinese) [JEHF, T/ 2018 PBI~E4R 67 228201]

Jokar A, Rajabloo B, Désilets M, Lacroix M 2016 J. Power
Sources 327 44

Yuan S F, Wu H J, Yin C L 2017 J. Zhejiang Univ. (Eng.
Sci. ) 51 478 (in Chinese) [#1H3E, RLA, B/KR 2017 Wil


http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
https://www.doi.org/10.23919/ACC.2017.7962935
https://www.doi.org/10.23919/ACC.2017.7962935
https://www.doi.org/10.23919/ACC.2017.7962935
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.7498/aps.68.20190159
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1016/j.apenergy.2016.08.103
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.1109/ACCESS.2019.2942213
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.13334/j.0258-8013.pcsee.172196.
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2019.02.147
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1016/j.energy.2018.06.116
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1049/iet-pel.2018.5683
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.1149/1.2221597
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.7498/aps.68.20181726
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
http://doi.org/10.1016/j.electacta.2019.03.199
https://www.doi.org/10.23919/ACC.2017.7962935
https://www.doi.org/10.23919/ACC.2017.7962935
https://www.doi.org/10.23919/ACC.2017.7962935
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.1016/j.jpowsour.2014.07.127
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.7498/aps.67.20181429
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.1016/j.jpowsour.2016.07.036
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://doi.org/10.3785/j.issn.1008973X.2017.03.007
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

71, No. 3 (2022) 038803

[16]
(17]

(18]

[19]

20]

21]

(22]

KEEAR (T) 51 478

Huang L, Li J Y 2015 Acta Phys. Sin. 64 108202 (in Chinese)
[Bse, ZEdm 2015 PRI2EAR 64 108202

Li JF, Lai Q Z, Wang L X, Lyu C, Wang H 2016 Energy 114
1226

Lyu C, Zhao Y, Luo W, Wang L 2019 14th IEEE Conference
on Industrial Electronics and Applications (ICIEA) Xi’ an,
China, Jun 19-21, 2019 p2418

Smith K, Shi Y, Santhanagopalan S 2015 American Control
Conference Chicago, USA, July 1-3, 2015 p728

Xiong R 2018 Core Algorithm of Battery Management System
for Evs (Beijing: Machinery Industry Press) p41 (in Chinese)
[AEZH 2018 7 LA BRSO (LB HUACTl A
1) 417

Broussely M, Biensan P, Bonhomme F, Blanchard P,
Herreyre S, Nechev K, Staniewicz R J 2005 J. Power Sources
146 90

Inoue G K S, Hirota K T T, Kamiya Y, Daisho Y, Inami S

23]

(24]

[25]
(26]
27]

28]

2013 World Electric Vehicle Symposium and Ezhibition
(EVS27) Barcelona, Spain, November 17-20, 2013 p555

Lin S K, Lu R 2016 Physical Chemical (2*¢ Ed.) (Wuhan:
Huazhong University of Science and Technology Press) p160
(in Chinese) [MAHh, /53% 2016 #ypifbz: @I EHRHE K
FHUAL) 71601

Marcicki J, Todeschini F, Onori S, Canova M 2012 American
Control Conference Fairmont Queen Elizabeth Montréal,
Canada, June 27-29, 2012 p572

Pang H 2018 Acta Phys. Sin. 67 058201 (in Chinese) [JE #%
2018 PIHE#A 67 058201]

Wu H J, Yuan S F, Zhang X, Yin C L, Ma X R 2015 J.
Power Sources 287 108

Zhang Y, Yang H Z 2007 Acta Autom. Sin. 10 1053 (in
Chinese) [k, #Eh 2007 A3k 10 1053]

Chen X K, Sun D 2016 Proc. Chin. Soc. Electr. Eng. 36 6254
(in Chinese) [FE3H, #h%& 2016 7 E ML TR 36 6254]

External characteristics of lithium-ion power battery based on
electrochemical aging decay model”

Li Xiao-Jie  Yu Yun-Taif

Zhang Zhi-Wen

Dong Xiao-Rui

(School of Energy and Power Engineering, North University of China, Taiyuan 030051, China)

( Received 29 July 2021; revised manuscript received 13 September 2021 )

Abstract

The current electrochemical models of lithium-ion power batteries have many problems, such as complex

models, difficult modeling, low computational efficiency and poor aging evaluation effect. In this paper, a

mechanism model (ADME) considering battery decay and aging is proposed. In this paper, the pseudo-two-

dimensions (P2D) electrochemical model is first reduced by finite difference method to obtain a simplified P2D

(SP2D). On the basis of SP2D model, a mechanism model considering battery decay and aging is proposed,

which is based on the degradation and aging phenomenon caused by the side reactions between positive and

negative electrodes. Secondly, the multivariate deviation compensation least square method is used to identify

the model parameters. Finally, the terminal voltage output of SP2D model is compared with that of ADME

model and the outputs from the two models are also analyzed through the cycle experiment on power battery

aging performance, constant current and pulse condition. The results show that the ADME model is relatively

simple, has high computational efficiency and estimation accuracy, and can effectively evaluate the aging

decline of battery capacity, and obtain the ideal external characteristic curve of lithium ion power battery.
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