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Fig. 1. Comparison of different Li-ion battery models
with regard to their complexity and predictability.

http://wulizb.iphy.ac.cn

238801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.238801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 238801

fig P2D A AL (1) U7 vk, W AR AR IE 2 4 7
Lyapunov-Schmidt 77 % A bR % i Al IE 22 e B 45
B 7 =18 R, BT S R R, P2D A5
UM DA B R N H T FL 3R 4 1) S B 2 il v RN S
W Bk, o F DR — R R RERE
JEE TRV R RS T L AR 22 TR AR T | 72 ORAIE T 5K 2
I EINF, 3mSR

Subramanian %5 [19:20) $ 4 3 T 22 U UL
T TR0V A B 2 T SR A T I, T AR R B X
T BRI T o 5 RE (A, S PR B T H I AL
AT ARSI (2R U7 EARE AN, H 2 T
AT ARLASE R AN AT T A L ) [ A9 5, RS AR 2R
P B 53 77 F2 A0 7F EEOR & vH . Santhanagopalan
2 ) b A 7 3 T R A A R N B R
(single particle model, SPM) 1115 R A1) H 45
B, R SPM B G fEMIC B AE 2 (<1 C) Rk
HOUH S L AL S Bl ) AT O, (H T s Y
RBG T RRES VR A BE S5 AT FNAR B o A, AR
R R R AR R N BBl ) AT N BRI
B2, Smith %5 P2 B 52 i HLAG HE LR Ik AL 22 AT
N HL RS LI MR AE I R AR, 3T B —
Tl T 1) FL A 2 s ) T A ASE Y R A o) L E Y 1R
FE I F PRI R T A PR R R AR AR R AT S
Di Domenico %5 251§t —Fift B [ fr) - 35) R A4 27 45
R 4 5 FEBUE SR R 1%, Prada %5 P4 % &
TVBEAHA FE R g2, BT A AP I B R SR Y —
Foft 7 £ 1 B 4K 2 R A B IR A, Luo 25 191 AN

Rahimian 25 25141 % 4 85 7 H b o5 % 56 78 g0 2
K, ¥R T ET Y HE A AL SPM AL, Moura
S PO R T —Fh I TR o J7 R K S8 - i
FEHUR S 5 IE TR W28, 670 fn2E g 1)
PR T — b L T ORI 2R i Ak 43 T
()P0 B8 1 FL D R G AR B T U R R T
SRTT, M BRI AT T SN, R 2 A AT 2%
T HCR B WO T 3 5 DL T A A R 3
8 O, BN TR R R R R A
AN

Nk, A SCEET 2 L AR AR AR BRI
FoT R T A R A R B 5 it 2 RS A
Tivk, AR B4R M T — BB R AE B )
AT 9 TR B Yt 7 A6 #E — 2 (simplified pseudo-two-
dimensions, SP2D) BEAY, AT FR i #E i b X 41 5 1
PRI  Jok b AR T A 24 L TR AT kAT 1
HAF SRS, e il it BB R JE NMC18650 £
FELth TP A% P2D AR AT SP2D A Hi AL 24 4T Ol B
E AR ST ] A ASE 2R ) R Aff e A A R

2 ETHEHEMFHP2DER
11 5 2 FiL AL 2 0B B T FhL it P2D BT A —
N A0 At F A TR D) T A b R 2

7, BT AL IR GO ER AR IE SRR R A
L B HRAE.

Lsep Lt ot

Anode Separator

> | >

+

Cathode

Current collector

Electrolyte| /

Current collector

ci(ryt)

K2 HEST b P2D MAR B
Fig. 2. Schematic of the electrochemical battery P2D model.
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Table 1. Electrochemical model parameters and symbols.
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Fig. 4. Block diagram of the SP2D model for computing battery terminal voltage.
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Abstract

It is very important to accurately model Li-ion battery and estimate the corresponding parameters that can be
used for battery management system (BMS) of electric vehicles (EVs). However, the rigorous pseudo-two-dimensional
(P2D) model of Li-ion battery is too complicated to be adopted directly to online state estimation and real-time control of
stage-of-charge in BMS applications. To solve this problem, in this study we present a simplified pseudo-two-dimensional
(SP2D) model by the electrolyte dynamic behaviors of electrochemical battery model, which is based on the porous
electrode theory and concentration theory. First, the classical concentration equations of Li-ion battery P2D model are
investigated and introduced, based on which, the approximated method of describing the concentration distributions
of Li-ion battery described by the SP2D model is given by ignoring the variation of Li-ion wall flux density across
the electrode thickness; then, the Li-ion battery terminal output voltage, the solid phase concentration and potential
diffusion, the electrolyte concentration and potential distribution can be calculated based on the averaged electrochemical
dynamic behaviors of Li-ion battery. Moreover, by employing some concentration assumptions: 1) the solid-phase lithium
concentration in each electrode is constant in spatial coordinate x, and uniform in time; 2) the exchange current density
can be approximated by its averaged value; 3) the total amount of lithium in the electrolyte and in the solid phase is
conserved; with the averaged dynamics of SP2D model, the simplified calculation expression for Li-ion battery terminal
voltage is derived. Finally, a case study of Sony NMC 18650 Li-ion battery is conducted, and the simulated comparisons
among the battery voltages at different-C-rate galvanostatic discharges, and the related electrolyte concentration of Li-
ion at 1 C-rate are conducted. Moreover, the proposed SP2D model is used to predict the battery voltage and electrolyte
concentration distribution with respect to the P2D model under hybrid pulse power characterization condition and urban
dynamometer driving schedule condition, and the corresponding test data are used to verify the accuracy of the SP2D
model. It is observed that the simulated data of SP2D model are in good accord with those of the P2D model and test
curve under these two operation conditions, which further validates the effectiveness of the proposed electrochemical
model of Li-ion battery. Accordingly, the proposed SP2D model in this paper can be used to estimate real-time state
information in advanced battery management system applications, and can improve the calculation efficiency significantly

and still hold higher accuracy simultaneously than that from the P2D model.

Keywords: electric vehicles, Li-ion batteries, electrochemistry, model reduction
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