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h(t) = Hﬂli exp[—(ZPZ;lzzl;i? /R?)r] (35)

n=1

SO BT, hOWPRATAE BEEH T fiche=h(ts),
t 1. R
[ 9(rydr= -5 dt-(hiAn) (36)
KA EEIAKEB)F, A

N 1 R2
y(©) = > {ky.[Sdt == (h, —h, )]}
) 8 D
(37)
RZ N 1 N
= _z [kN+1—n (hn - hnfl)] + _dtz kN+1—n
D n=1 8 n=1

KA GB7)AA(B0)F, R ice(tn)=gn, FEEGENE TH T IREREHGEIIEK

FEATT A«
4R R? X 1.
€ (tN )5 _{Jogn - _Z [kN+1—n (hn - hn—l)] - _dtz kN+1—n}
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Table 2. Errors under dynamic profiles.
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ARaNO(c0)WLTC 0.0463 0.1565

3.3 HERE S

DAIWLTC LI A, LhComsol & ik 22 13 B NTe=1e-3, UK T2 kAT
No=200. 600. 1000Mloot541 S5, J-Kf Comsol & iR 7 1 B N Te=1e-5HIIK LA
NZEAE. [FN, KTe=le-5HIKARMT EIVE NS A, RICHXS KA 8]

RT(reference time, R7RSZHG R AR 7] 5 Te=1e-53R R ] 2 bb) AE i & oK g it
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IR FR . A VR ZE R E N Te(Lle-5)Hf, WLTC LI Comsol =K fig i [A] 45.18s .

F* 3WLTC L MEHREES Comsol Hhst
Table 3. The comparison between the convolution algorithm and COMSOL under the WLTC.

ZH (N FAA
Te(1e-3)WLTC 0.1218 35.14
AnaNO0(200)WLTC 2.6767 0.06166
AnaNO(600)WLTC 0.1405 0.06765
AnaNO(1000)WLTC 0.0472 0.09490
AnaNO0( o )WLTC 0.0463 0.09573

F3T R T S S (115% ZE RMMSEE A HH S8R 48 A5 2L o BEE N2 K,
GEIRBR S A PR, X 5 @O T ST & . fE3(@0)H, =
Nodf KH, FT 75 i+ H Akns1n(hn-hn) TG £, /SR AET G B, (HAX R
fig st [ B ANk 1 1/1000 . £ No=600 , A5G2I 45 S AnaNO(600)WLTC 5 Comsol
25 3 Te(le-3)WLTCAHHEL, 38 SKRAFAE FEHE, (R BT3GR B0 (R R AR I 1R Ay
Comsolf#)1/500.

4 % #

ARSI T — P SRAR A 55 7 HE th R 2 A TR YRR B S R YR 7 0 2
T FE R BB R B SRf , S28b, UREE 1S4, B
SR A 1% 22 BE A BTN R T (B BS INTTsk/)

S BBV EAL R T O PR AR AT AR T S H B USSRkt 1 s v 11
. fE DSTA JNEDC 1 WLTC T4 F, AT 1F1% % Te=1e-5 ) Comsol 15
RURMIRSE T, ATt Sk B W iR 22 oK (T BR Z AU 3%, I BN iR 22
/N TR Z AN 0.04% 54, BA ML S ITHERE . £ WLTC T4t
T, ZBREA LU TR T 798 1/500 F SR AR 18] BUAS- 5 )5 2 AH I FRORS B

TEBIERAFAE AR T, 1% B HCE U F5 A7t L s ISR R £ g (1)
RIS No MREAME, BIEFMHED. Wik, Pk BT eib E e
R R B SER N o RN E IR S AL, R R A S, HIE
& HPER I — P 5. £ T —I B ITAEF, BRET ZEHEHEATEEE T
Ha v LA S BB A Y b R B
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Batteries’
Xie Yi-Zhan  Cheng Xi-Ming '
(National Engineering Lab for Electric Vehicles, School of Mechanical Engineering, Beijing
Institute of Technology, Beijing, 100081, China)
Abstract
To obtain lithium-ion concentration in the electrolyte is one of primitive
tasks to solve the electrochemical models of lithium-ion batteries. ln.order
to balance the computational efficiency and electrolyteé.dynamic, it is
assumed that reactions only occur at interfaces between the collectors and
the electrolyte. Based on the analytical solution to“the liquid diffusion
equations, which is in the form of infinite \series, a new method is
proposed to solve it. Under galvanostatic‘profiles, the analytic solution is
an infinite time series transformed int0>a converged sum function by using
the monotone convergence theorem. Under dynamic profiles, the infinite
series solution is simplified to~an infinite discrete convolution of both the
input and the sum, function. The sum function is truncated by its
characteristic -of monptonic decay approaching zero over time, thus to
obtain a finite discrete convolution algorithm. Reference to the results
from a professional finite element analysis software, the proposed
algorithm can produce high accuracy with less computation time under
both galvanostatic profiles and dynamic profiles. Also, there is only one
parameter to be configured. Therefore, our algorithm will reduce
computation burden of the electrochemical models applied to a real-time
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battery management system.
Keywords: lithium-ion battery, electrochemical model, electrolyte diffusion, sum function,

finite discrete convolution
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