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Fig. 1. (color online) The multi-scale simulation and

design for power battery.
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Fig. 2. (color online) The models and their applica-

tions for lithium ion battery.
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Fig. 3. (color online) Multiple spatial and temporal

scales of lithium ion battery [29].
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Fig. 4. (color online) The scales for lithium ion battery

models.
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Fig. 5. (color online) The distribution of SOC for the battery with different structures at 5C discharge.
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Fig. 7. The schematic of shrinking-core model for lithium iron-phosphate electrode [29].
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Fig. 8. (color online) The schematic diagram of SP

model.

AU RE % BE NV T SCSE AR R,
X RO O AL IE B E T BAT S R LRI, 45
FEAEXS T 5 MR 2R SO ¢ 1 1 5wt 7T
SR TR, £ LS #0550 78 m] A SR
R LA L, RS TDIRZS W AT, A0 A0 I T 4R AT
JiRe, R 2 Rl BERAE T BUR &G & (283t
BT AR A A TN T B, TR RLR S
T (05 FUE TR 1 e R T 17

2.4 NMURERR

ANFPEPSIRNE R R R RLIRI TV Z R SR LRSS
%, WM EHESIT 2770, HIA R RO 45 4
AT S B 2% 1 (0 1 RE A 4% A 3 ke 1k (1 D,
HFEFPSEA AR, BT EDE S AR, il
PERE A A AT, PRI AE BB AR R TN IO
A A RUE SO S5 K B . AR, Bk
YRR T | HE AR RRYA R UR AR T A AR T
e I R AR R R WL — B, B AN
JE B FL IR LS GG A, T 22 L A A ] A 3
JoR AT R AR b T I R B . IR SRR R IR T
L RE, s Ak (LA R ) D9 8 R 2 AL R,
N Y R [ (AR VR AR P 8, B ] A
PR B[ e RLAR BRI BURDIR . X Ee i B0 5 SRR R
BRGSO

% WS ZRY ok L 200 Al R A% A WL 2L PO 72 AT
HLI PN A IR A A (1 e T SO0 SRR R D
I b 438 38 A0 M AN (B A R MR ) 9 WL Al 2 e o
1 R L PR S R 2 S ) 2 ) B A A L B

210202-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 21 (2015) 210202

A, 4 PR 1) BR e F B B DR S 4, DAY
xR (E0 4% B BE) A I s b AT e it 590k, IF
R S B H) B R A LR BE AR L R B I

i T PR F B O 5 A (R A B Vs, R
BEAY S o NP RIS, — e N B4 1] Fa AR L )
TR K HEB HE B 77 2, B i AR AR 45 44,
ASOR FE SUN BN RAY J— R R Tl
R IR = kG B E AT AR AR SR L 22 LA A — 4
TSR, @it AR AL E AR, SRR A R =
YEROM AR A, DL =ZEON A 5 B L S
A 2GR G T 5 o BRI UKL AR, AE T i) H A
FR LA b g ST BUE AR, A SOR L E U E
SEEE AL,

241 JBIAEMAEA

R AL 45 A TR ) A% 0 JEREL AR A SR e TR R
SE [0 AT R I 1 & Uy SNk AT S i g, o
e AR AL B 7 Y o Bk R R BCARG 1R T i L
FE R A, B AT RENLHES, LASRAS AR T
WLZEHE.

Yi %5 73 J@ ik SEM RAEK A 58 51l (SL-20) it
oAb B RS R, I R F BB L 73 A1 BR F50 428 o 46 1R R
L5 F 1 RS T HEL I SRR ) R RS TR A 3 (1
B9 BoR). fEEIEAE b /E 09T 7 B BE A ) S
BT AR 14 RE PR 2, F 25 88 1 FAR PN 38 &2 T
Z TR () ST BE R L AN 775 BORE N SRR R
Z A2 F. Wang %5 715 55 % £ o A 4b 28 R 2
JRERTE, HEF COMSOL fjj B-F & M T B HE 51
FUBEATLHES 8P A [5] () AR SO &5 44 (41 10),
BT TR T R U B2 A0 45 A o) F v 2 1
SR A, B A /N () FEARORE A% 2 R0 U ) L
HeAn 77 X E AR T B R A & K. Goldin
28 (75 0 Hh W SO A B R BR A, A A A T K A
SRR GE L« = WA X AR G5 )« K T 1R 52 4 45 ) DA S
A AL 5 R DUIE TS () 1) F A UKL (1) HE AR
QDA S LB (AR 1) B 8 R B 1R AT 3RAE ) X H
WAT NI (W 11 FTR). BN AS [ 15
W HER 7 B 52 B B 1 () AR, Rt Sk
e XS L, ol T HE —4EA Y ) Bruggeman
RBONAG JUBRL 2 H A . Gupta 5 79 I
BEMUIRERHERA 7, I35 ) BORLA 2 B R 2, 1
BT RER ) RO S R, R AT T AR
[l AR AR B LR VROUR DA B PR LA 0o e B

HLIRL % BE IR BC . Garcia %8 771 B ih T W R AN [F] 45
HE RS o o A, A T A i R
JERER LU AR AR 5 A X FE AT M (52 F T
K, TG =WR a5 H, 5 1l i e s o0
J R T8 T RO R A TRCR R R, AT A
HIBAS e M RE N R 5. RIS B 7 R I, X %5
Gty RS ATI= IR S Uk 35 A | AR S = o e
7 WY 1T) Gl — B SRR A A PR T2 R/ R
JEE r AR AR F) i, R T H SRR A 705 (CFD) AU
fe a2 iz A R C T KL T /K % (SPH) J5i% 5
AN F R A AR i TR T RE s R A0 3 A
TR P AR H A S S 2 B A A A 1 A
FUBEREIR I DL R AR o [ 43 PR 0k R~y 2 2
HREZHL, ML HRT T ARBORL R ) 3 H i AT A
SO HF SPH & — R R i B H
ERHIEOR, X522 2 PRI R LA e 5 1 2R T AR
PR G BAT MR AR 5, Dz R AR A IR T
IREA MR 5.

(a) (b)
9 BEHL o A AR AL A 2 () HUAR M BR BRI BOW 258 (a)
FESERT; (b): SR
Fig. 9. Micro Structure of electrodes developed with
ellipsoidal particles by random distribution model: (a)

Uncompacted; (b) compacted.
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IHEF)
Fig. 10. The particle arrangements of LioMn2Oy4: (a)

Regular array; (b) a random array.
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staggered(TS)

11 VYRR R RS (a) KITHXTFREEH; (b)
SHRERTIRGE; (c) Korihachisit; () =Rty
]

Fi;. 11. Tlustration of the four electrode structures:
(a) Rectangular aligned; (b) Triangular aligned; (c)
rectangular staggered; (d) triangular staggered.
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Fig. 12. (color online) (a) SEM of LiCoO2 battery; (b)
the digitized and segmented image; (c) the grid mesh

image.
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Fig. 13. (color online) Comparison of focused ion beam versus nano-scale X-ray computed tomography for

resolving 3-D microstructures of porous electtrodes.

(b) Pores, etc.

K14 (MTIRE) SHEREE Rk = e diy

Fig. 14. (color online) Three-dimensional images of the reconstructed volume: (a) The LiCoOs particle

(a) LiCoOg MUKLI; (b) 7Bl R AL S oAt A

network; (b) the inverse image with the porosity, carbon, and all other materials.
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Fig. 15. (color online) The total calculation domain

consisting of anode (A), separator (B), cathode(C) and

cathode current collector (D).
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Fig. 16. (color online) Simulation results of Li,Cg particle with 1C intercalation condition, (a) Selected

positions (A, B, C, D); (b) lithium concentration; (c¢) von Mises stress, and (d) Tresca stress.
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Application status and future of multi-scale numerical
models for lithium ion battery”
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Abstract

Lithium ion battery is nowadays one of the most popular energy storage devices due to its high energy, power density
and cycle life characteristics. It has been known that the overall performance of battery depends on not only electrolyte
and electrode materials, but also operation condition and choice of physical parameters. Designers need to understand
the thermodynamic and kinetic characteristics of battery, which is costly and time-consuming by experimental methods.
However, lithium ion battery is a complicated electrochemical system with multi physicochemical processes including the
mass, charge, and energy conservations as well as the electrochemical kinetics. It not only has a typical multiple level
arrangement: across the electrode level, cell level, and extending to the battery module level, which is different from
the basic active material particle level arrangement, but also confronts the challenges to meeting the requirements for
sorting and consistency method for battery. These facts increase the difficulties in designing the battery and evaluating
the overall performance. Owing to the rapid development of multi-scale numerical simulation technology, the multi-scale
mathematical models for lithium ion battery are developed to help battery designer comprehensively and systematically
gain the interaction mechanisms between different physicochemical fields in the battery working process and analyze
the regulations of these interaction mechanisms, which is significant in providing theoretical supports for designing and
optimizing the battery systems. At present, multi-type lithium ion battery models coupled with many physicochemical
processes have been developed on different scales to study different issues, such as thermal behavior, inner polarization,
micro structure, inner stress and capacitance fading, etc. In this paper, we review the research statuses and development
trends of multi-scale mathematical models for lithium ion battery. The primary theoretical models for lithium ion
battery are systemized and their features, application ranges and limitations are also summarized. Furthermore, the
future research area and the difficulty in industry application are discussed. All of these are helpful for the theoretic

research and engineering application of the multi-scale numerical models for lithium ion battery.

Keywords: lithium ion battery, ulti-scale models, umerical simulation technology
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