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Fig. 1. P2D model structure diagram.
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Fig. 2. Traditional LSP2D model strategy!®.
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Fig. 3. Improved LSP2D model strategy.
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PR YRORF R 2 0 B e R4 X iR 224 1.613 mol /m?,
AEXHESE LSP2D RERIT 5085 B4 &7 97.44%.
#1 EEThibSHE

Table 1.  Parameters lists of Li-ion battery.
24 il IR E
o5/ (Sm~1) 0.1 100
&s 0.43 0.58
ge 0.336 0.48 0.28
Brugg 1.5 1.5 1.5
ce,0/ (mol-m~%) 1000 1000 1000
5,0/ (mol-m=3) 16140 30760
¢s,max/ (mol-m~3) 34190 47910
D./ (107 11m2.s71) 7.5 7.5 7.5
Ds/ (10~ 14m2.s71) 3.9 10
k/ (107 1m-s~1) 1 1
Rs/(10~%m) 5.3 2.4
L/(10~%m) 6.8 1.6 5.3
a 0.5 0.5
t+ 0.363 0.363 0.363
A/m? 1 1
2500

Btk 1 Bl 1ER

2000 Fre===]
T — P2D

---- {5 LSP2D
---- IFLSP2D

\
3
N |
N\ —
NS
|
1 N =
1 b RN ———
! ! S
| | S
| | =
| |
| |

] —

WAHB TR / (mol-m —3)

0.2 04 06 0.8 10 12 1.4
HARIEEE /(104 m)

—500
0

Kl 4 1C—7C i3 F P2D. 144 LSP2D Fliifk LSP2D
TROAH P B U 0 A il 2%

Fig. 4. Liquid phase lithium-ion concentration distribution
curves of P2D, traditional LSP2D and improved LSP2D at
1C-7C discharge rate.
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Fig. 5. Comparison of lithium-ion concentration error in li-

quid phase at 1C-3C discharge rate.

WE 6 Fras, 7E 4C AR F T £ 48 LSP2D
B 55 P2D AR AR B B B KA X iR 2
4 106.5 mol/m?® | Btk LSP2D #5741 5 P2D FAIRY
VRORH A B v B B R X iR 25 11.36 mol/m?
FHI AL SE LSP2D #BERVKS BE £ 5 89.33%; 7E 5C i
HL S 3 N A48 LSP2D #iA Y5 P2D A5 A AH 4 5
T e KA R4 M 80.50 mol/m? , Mtk LSP2D
BRI P2D AR TR 1 Y AH 21 B Wk B e R 4 % iR
220 4.572 mol/m® | #H HLf& 4t LSP2D #4 AUk fif
$E1E 94.32%; 7E 6C BUHLAE R T L 48 LSP2D #ifl
55 P2D R 1) WA AR B VR B e K48 R 25
91.29 mol/m?3, Pk iF LSP2D A%l 5 P2D 45 %1 [
TRORF A1 B 1 P B RN R 228 11.90 mol /m? |
FAXT A48 LSP2D #EAUKS B2 £ % 86.96%; 7E 7C i
HI A% 3 T fe48 LSP2D #E A 5 P2D A5 AL i) Wi A
PRS- B e KA X IR 2578 136.3 mol/m? , etk

—— 4CHEZLSP2D  —— 5CHE4ELSP2D
---- ACHGHLSP2D  ---- 5CIFLSP2D
140 - Sl :
— 6CIEHKLSP2D ok n .
120 1 --=- 6CHUFLSP2D of /b
TCHZELSP2D ] TPy
100 + 7C£&ﬁLSP2D 0.9 1.0 1.1 1.2

8ot
bt
=
@ 60t

40+

20 F

0 7 )
0 02 04 06 : . 1.4

AR /(104 m)

6 AC—7C A5 T AR B TR IR 220 1L
Fig. 6. Comparison of lithium-ion concentration error in li-

quid phase at 4C-7C discharge rate.

LSP2D #5274 55 P2D 5% 7Y [ I AH A1 B -1k fe K
Hi X124 8.610 mol/m? | HAXMESE LSP2D Fxi
K EEHE = 93.68%.

e 2 fF 5, ok gE LSP2D AU A 452 1% 45
LSP2D iRl , 1C—7C W53 T A B 1
e JEE TR B 3T 86.96% LA b [A] I ZEAS ISR
AR TT I, 1B58 LSP2D BRIk K st a) g 20 s,
Uk LSP2D B SR AT [R] O 21 s, T FERT 5L
NS

2 1C—TC RO F AR ES o B SR v 2%
Table 2.

ion concentration at 1C-7C discharge rate.

Maximum absolute error of liquid lithium-

i1 GRS {4 LSP2D HGHLSP2D
1C 6.821 mol/m? 0.071 mol/m3
2C 28.89 mol/m? 0.208 mol/m?
3C 63.02 mol/m? 1.613 mol/m3
4C 106.5 mol/m?3 11.36 mol/m3
5C 80.50 mol/m? 4.572 mol/m?
6C 91.29 mol/m? 11.90 mol/m3
7C 136.3 mol/m? 8.610 mol/m?>

4.2 HithimEERBEXTLE

K7 Won i SE P2D AR 448 LSP2D A1
K LSP2D BEARITECRAL 2 1C—T7C Wik
P g i P 2. AR ] 7w B4R BT DUR B A
F it 5 LSP2D MR iR 2E7E 1C—T7C 53R T
1545 LSP2D Y,

4.4
— P2D

---- {E4LSP2D
- BufLSP2D

4.2

4.0
3.8 A\ DD

56l N\ ‘\\\ W \
3.4¢F | \

Ui/ V

3.2
3.0

2.8F L0

" 5¢ 4C '3C e 1c

) 500 1000 1500 2000 2500 3000 3500 4000
HifTa] /s

7 1C—7C ARG T P2D . {448 LSP2D. #tiff LSP2D
4 ity L, s T 2k

Fig. 7. Terminal voltage curve of P2D. traditional LSP2D
and improved LSP2D at 1C-7C discharge rate.
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FEAHXTIRZE. 1C HARATRT, 448 LSP2D Bl
Ui F, R e KR XT R 25 0 0.750%, 1 Be ik LSP2D A&
TR (%) i FL e e AR X R 250 0.022%, A0 L F1E 50
LSP2D A5 FEH T T 97.12%; 2C AR ZR T, 1458
LSP2D AR vt HE, He e KAH X152 250 1.698%, 1M1
Wt LSP2D A st R RAHX TR 220 0.029%,
FHEE TAE4E LSP2D K 27t 1 98.26%; 3C jit
53RN, &40 LSP2D 5 A1 [ sty HL FE Fe KA X iR
2K 3.524%, Tkt LSP2D #7 f1ts i e ft Ao
XFiR 28 0.018%, #H HbF1& 4 LSP2D # & #2 Tt
T 99.49%.

4.0
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Fig. 8. Comparison of terminal voltage error of 1C-3C dis-

charge rate.

9 /R TTE 4C—7C AR T g LSP2D
BRI K A48 LSP2D AR AR X T P2D 71 % i H
FEARXTIR 22, AC HUHBATRT, 1448 LSP2D #iR1fY
Ui HL R R AR 250 16.50%, T ek LSP2D 4
TR (1) i FL e KA X R 250 2.207%, AH L1550
LSP2D A5 EEHE T T 86.62%; 5C G ZE T, {£45%
LSP2D A (14 vt H, e 5 KA X1 254 16.87%, 1
et LSP2D #A s i AR 22 9.137%,
T4 LSP2D K5 FEHETH T 45.84%; 6C JiL
T, A58 LSP2D FE R A i H 1 fie KA X iR 22
H 18.64%, 1 et LSP2D A5 {1y i v, s S5 K AR R
W2EHN 13.13%, M I T4 LSP2D K EE 48 A T
29.56%; TC HHAEHT , 1648 LSP2D HiR i i
PRt RAHXF IR 2E N 24.55%, TiHc# LSP2D FiEIfy
Ui R B RN 2% K 12.81%, AH I 558 LSP2D
FEERTT 47.82%.

e 3 ), AR 1C-3C WEEHE LSP2D
BERUAH L AR 40 LSP2D A5 70 1 sty FEL RS B 247 482 T

97.12% LA I; A% %N 4C—7C W LSP2D
AR 4 A0 LSP2D 455 AU 1Y bty L 1R A% i 2 42 T
29.56% DAL H1# 3 A LAFE H, 4C—7C M MR
T vt FRL R B2 TR B AR 1C—3C A%
NP EETIREE, X & T 1C—3C R
i, ARS8 R v B 3k 6 8/, WA A A vp
FL AR VA P A (R A ik 22 e fb ) 52 /)N,
VROFH AR B AL T Ao R T B R 22 1
B M 7E 4C—T7C 7R i e, [ A 3 o
b AR 2280 Ak | H Ab i SN | AR 24 2 v L
FEAR 22 A, SO IR vk I S i TR
AHY B i AR — e R R AR T i F R T
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T EAYHO AL L Al 2RI A RO S T
— B SIS ).
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Fig. 9. Comparison of terminal voltage error of 4C-7C dis-

charge rate.

E I (G (O G N R B NS SN RO
Table 3. Maximum relative error of terminal voltage at
1C-7C discharge rate.

PG R R f£4L.SP2D MHLSP2D
1C 0.750% 0.022%
2C 1.698% 0.029%
3C 3.524% 0.018%
4C 16.50% 2.207%
5C 16.87% 9.137%
6C 18.64% 13.12%
7C 24.55% 12.81%

5 Zih5REZE

1) PO BT o 19 AL 3 T 2 52 M) F A2
AT BN L A G BRE ZR , BIFT Pl AR B
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Reduced order reconstruction method of lithium ion battery
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Abstract

Electrochemical modeling is of great significance for estimating the operational state, performing full-life-
cycle fault diagnosis, and enabling multi-condition safety management of lithium-ion power batteries. However,
early proposed pseudo-two-dimensional electrochemical models are difficult to apply in engineering practice due
to issues such as numerous parameters and challenging identification. To address the problem that current
liquid simplified pseudo-two-dimensions (LSP2D) models based on approximate reconstruction of solid-liquid
phase diffusion processes struggle to meet high-rate conditions, this paper proposes a reduced-order
reconstruction method for lithium-ion battery electrochemical models based on an improved LSP2D model. By
refining the third-order parabolic approximation of the liquid-phase lithium-ion concentration and innovatively
introducing a liquid-phase diffusion characterization term during the approximation process, the method
achieves accurate characterization of the lithium-ion diffusion process dominated by concentration gradients
under high-rate conditions. Simulation results show that while computational efficiency remains comparable, the
improved LSP2D model outperforms the traditional LSP2D model in prediction accuracy across various rates.
For liquid-phase lithium-ion concentration, the prediction accuracy of the improved LSP2D model is increased
by over 86.96% compared to the traditional model at discharge rates of 1C-7C. For terminal voltage, the
improvement exceeds 97.12% at 1C-3C discharge rates, and remains above 29.56% at 4C-7C discharge rates.
Furthermore, the theoretical reasons for the significantly lower accuracy improvement at 4C-7C compared to
1C-3C are discussed, providing direction for subsequent research on reduced-order reconstruction of
electrochemical models under high-rate conditions. The proposed method offers a new approach for high-
accuracy reduced-order reconstruction of lithium-ion battery electrochemical models and contributes to

enhancing the engineering practicality of electrochemical models for lithium-ion power batteries.

Keywords: lithium-ion battery, electrochemical model, reduced order reconstruction, liquid phase diffusion

process approximation
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