Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

— T RARE B T A Bl AR RS O R v

WEE 4259

A new method to solve electrolyte diffusion equations for single particle model of lithium—-ion batteries
XieYi-Zhan  Cheng Xi-Ming

5] Fi{# B Citation: Acta Physica Sinica, 71, 048201 (2022) DOI: 10.7498/aps.71.20211619
TEZE [T View online: https:/doi.org/10.7498/aps.71.20211619
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

P T L R AL BT AL R RE X [
Comparative study of reduced—order electrochemical models of the lithium—ion battery

WIFEAEA. 2021, 70(13): 138801 https://doi.org/10.7498/aps.70.20201894

BB RO O R AT A A P S vl ol R e A Y
Electrochemical model of lithium ion battery with simplified liquid phase diffusion equation

YIFIEH. 2019, 68(9): 098801  https://doi.org/10.7498/aps.68.20190159

ST AL - PR AR T TR R AL R AS AL 0 B  1 r M BE A R MR BIL )

Mechanism of influence of separator microstructure on performance of lithium—ion battery based on electrochemical-thermal coupling

model

YrHE2E4R. 2019, 68(1): 018201  https:/doi.org/10.7498/aps.68.20181726

ST AL A R AR A S B 1 5l g v Tt MR

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

YIBR2A 4. 2022, 71(3): 038803 hitps://doi.org/10.7498/aps.71.20211401

ST LA AR - R R A AR B B L e A S A M R B S
Simulation and optimization of silicon/carbon core—shell structures in lithium—ion batteries based on electrochemical-mechanical

coupling model

YIBR2FAf. 2021, 70(17): 178201  https://doi.org/10.7498/aps.70.20210455

i TR A A 2P AR ) R R T IR AR S WL 2%
An interconnected state observer for lithium—ion battery based on reduced electrochemical model

YFEEEAR. 2018, 67(22): 228201 hitps:/doi.ore/10.7498/aps.67.20181429



) 32 3R Acta Phys. Sin. Vol. 71, No. 4 (2022)

048201

— MOk fRSE R TR BN TR R
IR R TTIE

R &

& 7 ]t

(AT TR S A2 B, P s - K R S s, Jbat 100081)

(2021 4E 9 A 1 HUgFl; 2021 4F 10 A 20 HUEEIMEHR)

P A YA ) L A B R T L S 1 R il F A S B OR i Y AR 55 2 — . O TP R T A R A TR
FR 2 PERE AN T3 R00R, MBS AN 2 A 1 4 v Al R R it B TR Dot 4 HH — i TR T BT R TR ST
SRR ATT AR 1) S T SRR O i AR IR T BT, MR8 B S S DU i A A 2 A DR — S W SEORT R
TESNAS T LT, A 32 ik A it 180 A A B A 55 700 R 80 T BR 2 A AR ) P R e 250 I 14 B 30 s el O W B 2
R P X AT AT, DT A 3 A R IO FROR A Bk X L R AT BROT A B AP, 107 IR AR AR IR T R B 2
LT B RE LAB A B T3 I 18] SR A AH S 4 RS BE . 0 EL, 1207 AU — NS E SR R, B e 07 0 30

ZINJSE T S I R A PR AT b Y AL S B T B

KEEIRE: HE T, A AR, WO, MeREL, A PR EECE R

PACS: 82.47.Aa, 82.80.Fk, 66.10.—x, 75.40.Mg

1 5 =

PR TR R A RE R S DR
WA AR 1, A2 R SR m £ gl )
RETR B B Y R R s A T OB g 1 i i AR
A, WNHLIR LI N TIREE | fr AR | RS
SR S I R AE B L PRI G b T TS
[y G = R Rt R TN E T g e ERTR VA

FIAT, BT F T ik R R LR~ 5
U5 SR AT R A A R =R ML )
Jr ki i SCRp AL A AL R A L
W28 55T 1% I I~ FHRAE SR IR 4 A R
WO ZR B0, ML > J5 I AT 2T figk e il A A2
Ze R A R EAT SO R A TR AR AY O A
{HUR, BLg: 07 i6 T AU A Kt B S
Bl /D BT P B SC, A MRS SEALR AR
Fe ML A A B AL A S IR R 8, FFAI S

DOI: 10.7498/aps.71.20211619

IR HE R BRI S 700, SE iU BRI HA S8
A RERET R 5 T ERP R AL, (RS
[ E e/ LA iy PR S, L LA 5 i L3t 1o FL it
A ARAE LA EAT A A2 AR A 3 i ARy PR
H L P ER TAERLER, B IR s . i, —
BEILTF P 4R (pesudo-two-dimensional model,
P2D) [ L A2 B B 10 e 1 FH 480 H il A
0N Horh PR R R, OB (single
particle model, SPM) #J vz FH 12131, 4R 177, SPM
T Z W B Y HiGE B S BOLAE = OB AR T
WEBK. R, V52U R B (enhanced
single particle model, ESPM) %5 J& T ¥ AH Y H
FRLASRE SRR i (14091,

ESPM S 17 FH 5 e s 75 T [ AR 5O R A0
A ) Jo A% iy Oy A DR T v B8 3R Hor
FET BRI R 118 A T AR RO 78 4 558 Hf SR i )
B &g, 200 R 200 Padéif U
T AT i 1 B O RS =D v v AR AT R

* EFE S RIH AES: 2018YFB0106104) FIESR H AR ARG S 51677006) ¥ BRI

T BfEVEE. E-mail: cxm2004@bit.edu.cn
©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

048201-1


http://doi.org/10.7498/aps.71.20211619
mailto:cxm2004@bit.edu.cn
mailto:cxm2004@bit.edu.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 4 (2022) 048201
fige 6L, 1t ESPM F AR O AR H R A A, j(t,—L) = j(t, L) = j(t), (5)
BRI A AT T ROTTE | A% 3 PR 1 Ao, () R IE SRR AL AR S5 O R B S 38
2 0819 Fn 2 I Uk 0020 A AT IR BE S 1S Huil %% (mol-m s 1).
IR SR, R RN S T RA X0
822V otk FEA A RRITIT I A BARE R i® The electrolyte i
AW, SFEHE I R TR B, ST — |
ENMWSERZ HitAE s K. A TR A, _L 0 7 .
BB AL 32 pRFIGR U Z 30 G B 2 A8, SR R —
B T T80T RO RS, I L ff i iSO e 1. The setrolste morel
28 A kb — e 21
AT DS/ B s )R K Al ESPM WA TSRS 22 BE AN AL /AR 4 5], OB 251k
B R, S A2 S A A AP R 5 B (0, 2) = co, (©)
Sk, U R A UL S T e 1 b 3, S L4
A T ASAS T0 T R S D) =0, -
;ﬁ; zggﬁf“ﬁ*ﬁﬁ WOTRRESTRICAIREC o s Mok T o TR S5 WA 530
FAb KA N, MR YE Bulter-Volmer J7 2, W AH{Y
X e SR ECYRRE T A0 P R S A B R R A R
2 BAEEA o(t, L), e(t, ~L), ¢ (t, L) F1 é (t, ~L).
2.1 oSk Bz (1) 2L (2) AL (3) =KL (5) A (6) =L, 15

e ORI R 25 RO RS, IR
BEIE T S BRI R L 5 | 3 B B LA A P

HHIE], BARFEAAS, IR A WA R R s IE IR
jt,x) = — DVe(t,x) + %i(t,x)@,
dc(t,x) 0j(t,z)
ot or 0 2)
i(tvx) :j(tax)F7 (3)

K, (¢, o) WELESFAERAR IR B 5 0] o A7 ¢ B
ZIFA R E (mol-m 2-s1); DAY HAREL (m?/s);
o(z, )W AR R BE 7 ) o ik AE ¢ B 20 G vk
(mol/m?); i(t, z) JRAHIEREJ5 0] x AbTE ¢ B 1)
R LR/ (A/m?); ¢ R, M 1,
FRFHIEHEG L RRAREE R )—F (m).
L3RS RN

i(t,x)=—0Vo(t,z)+ (1—t4)Vine(t,z), (4)

X, o HBAHH T (S/m); ¢(x, t) K RAHERE
Jrla] o AbTE IR R (V) RO E R T
N (K); fEekt oA An sl 1 iR
RUFT 7, A [ AR 55 VA B g A AR RO i AL
Wl @=L, LAHEN, W20

20R,T

de(t,x)
ot 1—t,

t>0,
¢(0,x) = co,

D de(t,—L)

—_ :'t
TEr— (),

1 f)u dcg;;L) = ().
i (8) AR AEIE] c(t, L) F c(t, —L).
¥ (3) CA (4) R, IR (4) XEATEYY, 15

/ [0(t, L) —
2

R,T

D 9%c(t,x)
Ox?

—L<x<L,

:O’

¢(t, —L)]

(1 —ty)[Inc(t, L) —Inc(t,—L)] . (9)

(1) 20 (3) 2Usr, 15

Jjlt,z) = — _Dt Ve(t, x). (10)
+
¥ (7) R0 (10) A (9) A, A
- Tt 1) — elt,~L)] = ~op(t, )]
N
+ QU?HTQ —t)[Ine(t,L) — Inc(t, —L)].  (11)

M (11) ZCAT, ¢ (¢, L) ATER (¢, L) F o(t, —L) H

048201-2


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 4 (2022) 048201
Bk, - \ pZCW _ o) =,
S5 1, B R TR TR AR 43 SR Ak O
(8), ITTEEGAPIM IR EE c(t, L) A c(t, L). _ Dacé—” _ Joonst. (13)
X S
2.2 WiRFEREEIE _ p9Cl) _ Jeonst
Ox s’

221 M®BAIA

e (8) s\, IEF8 R AL ¢ RERIURE G HEY LR
D, FRON— T HUR B, IR £ A
0 FFATEM KA (8) XI5 i) — et IR IRk
BEN 0, IBATEMEWR 00T, B8 5 AR Y fld
Rl o3 7 R B HAI G 2 | LI R A i
oc(t,x) ?c(t,x)

ot Ox?
t>0,
c(0,x) =0,
de(

=0

—-L<z<L,

L)

t,— .
-D dz = Jconst,
de(t,L) .
do = Jconsts
Y, Jeonst ATRAHPIN P IE %% (mol-m 2s71).
ZH
T

Xt (12) ABEATHOE R,

- D

. R AR S
CL(t) = _]constﬁ +]const6 ngl {(277/

A, Ola) & ct, o) SR AR 4. SRAF (13)
i, 1§
. 1 1
C(l‘) = ]const;ﬁ
" cosh[v/s/D(x — L)] — cosh[y/s/D(x + L)] (14)
sinh(24/s/DL) '

UL BROAH P e P25 o7 S 48y
_ . 1 1 cosh[\/s/DR] -1
~ ) sD sinh(/s/DR)

C(-L) (15)
_ . 1 1 cosh(y/s/DR)—1
C(L) = ]consts <D Slnh<\/3/7DR) . (
AR, C(L) F1 C(—L) T RAAARERL, BIAE T LA
% 18 C(L). ¥t (16) AP TRIE-Fihnd A e,
15 LA s R

16)

M T (17) SR —J055 L, 5 BT R AT R A WS SIORT e £

n=1
%
al 1
fn@t) = nz::l { (2n — 1)2712
T
al 1 1
J\}EllmfN(O):]\}gnoon;ng' (20)
HAfn(0) i — i 38581, B LA
fn(0) < é v N. (21)

MR fult) > 0 HBE ¢ B 08, BT AT &
t >0, B {fy() R s HA LR A M,
IO VEFER PR, B (18) =X 1% f(t) AAE H2—A

g el n 1) ()1} (a7
————exp[—(2n — 1)27[2(]?2)t]} : (18)
exp[—(2n — 1)%n2 (gz)t]} (19)
|
FLeRL.
KL, (17) X HE A
CL(t) = jconst% |:f(t) - é:l . (22)
é\
1
g(t) = f(t) = 3 (23)
B4, (22) AT KB N
CL (t) = jconst%g(t)' (24)

048201-3


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 4 (2022) 048201
222 HELR erlt) = 200 ~y@]. (30
I -
SIS TH T, (12) AREH AR, (30) SUHIRAETAET: (20) 2o (1) HOsKRAR
dc(t,z) Dazc(t,m) —0
ot x> 2.3 EIETIRKAE
t>0, —L<z<l, 2.3.1 Bt
0,z) =0, _ .
(0,) (25) (29) S y(1) BB THUIREER A (30) 0
R )] WA i, FE KT [0, ] 50N NANKIE, 85 0
dolt. L) XA [t,1, t,), t, = ndt, BADXBEVNA de = t/N.
- Dcdig’s = —j(1), HAyp, AR AR I (worldwide harmo-

2 (1) AP AT (mol-m 2 1).
1 (24) S RGE A b 1
4R

5u() = Lo, (20)
WRBAR L AN A
_ iR / (t—7)g (27)

X (27) SRR,
qﬁ>§pmmm43ﬁﬂMﬂM]<%>
i

(20)

M (28) AT EHE N |

nized light vehicles test cycle, WLTC) . #r KK
PE Ik (new European driving cycle, NEDC)
TAEERILL 1 s — R, IR de = 1 s,
IS R IR AR BT, FFTIC j(t,) =
T WU
Jn = Jn—1+ kndt, (31)
Jtn-1+7) = jn-1+ knt, (32)
A, k, 2§00 FE X8 [t,q, t,] FRIREER. A,
(29) AT E

-l [ arar) @)

n=1 n—1

/Otg(r)dT /Ot [(NHHmOOi {GXP[(

1 al 1
— —t+ lim S
8 Nﬁw; (2n —1)*n2 Jo

1, R al 1
= — -t+ — lim —_— =
8 D N—>oo§_:1 (Qn_]_)4n4

1053 — WS R

N 2
: exp[—(2n — 1)"n*(D/R?)7]
h(t) = lim_ ;:1: o D . (35)
5 f(t) BT, h(t) B BRAFAE LR 5. fa

iE,' hn == h’(tn)’ ﬁ
tn 2

/ g(r)dr = _édt — R—(h — hp-1). (36)
tn—1

# (36) ZACA (33) K, A

2n — 1)*n2(D/R?)7] } - 1) dT]

2

D N—>oo

(2n — 1)°n2

/ exp[—(2n — 1)*n®(D/R?)7]dr

exp[—(2n — 1)%n
Z (2n —1)*n

D/ )

z{ o P )])

T, — hnfl)]

G\?E;

N
Z kNJrl n

1

5 (37) A (30) o, IEFETIE g(t,) = g, EHE
JJ"‘I(RT(ZU“ B B BCE IR T i Ry

048201-4


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

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 4 (2022)

048201

4R R 1 X
cL(tn) = 5 {jogn - Z knt1-n(hn = hn-1)] — gdtz kNJrln}

4R R
—DJOQN 2DJN Jo

2.3.2 & BF

AR (38) MTHRERBES ¢ Y KM L3

K, A HAE (AR RN B Al A7k, 75 20 H gt
fifarte. FEREIRE n(t) b ¢ BPERED, HA

hm h(t) = 0. (39)

e % 1 SELHA h(t) R ER I 2
Bz, AR, 4 ¢ RTIAME, FOyBsm & T, H
Bt Ny = T/dt, vk n = Ny W by, — b,y =
0, I XA, i (38) AT ALA5uk B (1A PR
e E A ERT Sy F

4R . R . .
cr(Ndt) = co + T Jogn — E(JN — Jo)
rR &
4ﬁ [kN+1—n(hn - hn—l)]7 N < NO
n=1
_ . .
4ﬁ knt1-n(hn —hn-1)], N =Ny
n=1
(40)
*®1 BRISHC
Table 1.  Model Parameters".
S8 {8 N
PHARED 7.5 x 101 m?/s
WA BRI R 3.35 x 104 m
PIARRE ¢ 2000 mol/m?
1 CTCRBNEAEM A EHE & jic 1.74 x 10* molm 2s!
*ComSol
0.012
0.010

0.008

0.006

h(t)

0.004

0.002

0

0 200 400 600 800 1000 1200
t/s

B2 h(t) Rk
Fig. 2. The curve of h(t).

R
) — 15z > [kns1-nl
n=1

hn — hn-1)]. (38)

|
3 ESH4XR
3.1 LI{FEIRAA

FH T30 L R 7 B 50 P 98 VPR {00 % T 8 o 1Y)
DTl AR R, PRI AR A SR TR A T o oK A
ITERITERE. — e, SEr SR A I R G
EBRCERTRRMIT 3 C, ik, SR 6 F T,
5025 C, 1 CF1 3 C =Fpa i v To0 AL iR g
fE% % 3 C ) NEDC, WLTC, DST =FffzhZ& T
B0, BUERERR AR Ik, IR S5 A BRITITEE (Comsol
BRA) MRS IR LG, S B AR R R 22 AT
SRR, Hrp R 1 IR ARSI NS AMD
Ryzen 5 4500 U, Radeon Graphics 2.38 GHz 4b
FRERF 16.0 GB (15.2 GB A ) HAE.

R AU A 5 L8 SR W ST B0 AT B ] R
Comsol HAFHIZE1FIRZE ep(torelence error) X'E A
1 x 10°. #F TR, Comsol R4 1Y 5L g5 2%
WTE ep = 1 x 10° T4, TR HI A S50, A
SCRHILATE 2 Mo i 25 1) X MR 22
(reference root mean squard error, RRMSE), &
PIor iR 2E 53R 1 IR B Z 1 2) SR AHH
X5 (reference maximum absolute error, RMAE),
It KA iR 2E SRR Z L.

1 |1 & 5
RRMSE = — - U; —v;) , 41
J P DICEIRN
1
RMAE = —max|u; — vjl, (42)
Co 1

Kb, g MR TP WIREE; m AFEAREH;
u; MR, v, WS R
3.2 RESWH
3.2.1 T 111.‘-1/)&

FEfEI 0T, B AR PR B kR (24) =K
F 3l amT =AMER T.A 025 C, 1 C I3 C

HYSCIRgE R [ 3(a) | 18] 3(c) FIEl 3(e) Won T —FiHE
TAEAR B AR 2 AnaC(0.25), AnaC(1),

048201-5


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

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 4 (2022) 048201

2000
L(a) er(1x10-5)C(0.25)
+ AnaC(0.25)
1980
% 1960
g 2000,
°
Y
< 1940 1950 |
Q
1900
1920 0 200 400 600
1900 : :
0 5000 10000 15000
t/s
2000 -
+(c) er(1x10-°)C(1)
1950 | + AnaC(1)
1900
% 1850
g 2000,
< 1800}
)
< amsof 1800 |
1700 | 1600
0 200 400 600
1650 |
1600 ) - - - -
0 500 1000 1500 2000 2500 3000 3500 4000
t/s
2000
+(e) er(1x10-5)C(3)
+ AnaC(3)
1800
~ 1600 |
T
g 2000,
< 1400 -
) 1500 f
~~
S 1200}
1000 | .
1000 | 0 200 400 600

300 . . |
0 200 400 600 800 1000 1200

t/s

3 fE R TAL5 HAS

(b) Err(Ana—er)C(0.25)

Err/(mol-m~3)
|
w

0 5000 10000 15000
t/s

(d) Err(Ana—et)C(1)

Err/(mol-m~—3)
|
= |
S o

|
-
o

|
)
=}

|
N
ot

0 500 1000 1500 2000 2500 3000 3500 4000
t/s

Ju—
[}

Err(Ana—er)C(3)

|

—

o o
.X.

Err/(mol-m~—3)
| | | |
A S )
S & & o

|
=3
=

|
=
=

200 400 600 800 1000 1200
t/s

[}

(a) 0.25 C¥REE; (b) 0.25 CiR2%; () 1.0 CHKBE; (d) 1.0 CiR2; () 3.0 CHEE; (f) 3.0 C iR

Fig. 3. Simulation results of the galvanostatic profiles: (a) 0.25 C concentration; (b) 0.25 C error; (c¢) 1.0 C concentration; (d) 1.0 C

error; (e) 3.0 C concentration; (f) 3.0 C error.

AnaC(3) S H X Wi i) Comosl 15 B I 159 & 11 2k
er (1 x 10°)C(0.25), ep(1 x 10°)C(1) F1 ep(1 x
109C(), TR RS

i & 3(b). & 3(d) A&l 3(f) AT %0, =Fp iR
1 i KR ZEMRK IR 5.5 mol/m?, ~22.5 mol/m? FI
—67.8 mol/m?3, HIAATERI UG I 2. [ I [A] 1
K, RZEBWAL/NRNE. TR R RIRZEZ IR
X LA AR Z M, R R AT REAE T Comsol 1
A BRI R A A T — 2 (R P P AL 2R, A
158 Comsol FYTHEZE 5w K, T X — -1 b PR T 2L
WRZE SRR L. (HJ2, BEA IR HERS , A

AR M AE A, 845 Comsol HTHE45 3 5 FiE
fif s AR, 5Ll 4 Comsol BIAT BRI 24
Lo, FETEVE TO0T, B A & — Rl AT i, (R
(24) 2 g(t) PRECLL ARG REESHL, TR fE.
3.22 FHBIR

FEANAETHUT, AR PIER BTV Bl (40) =X
HES. A AE DST, NEDC il WLTC = Ff
T, FH5 08 (40) =01 Ny (E 3 ER 200, 600,
1000 Fl oo (Fe7 h(t) TCHEWT), X% 5k TG
FR e i (] A 50IE. i F—> DST TRzt

048201-6


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

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 4 (2022) 048201

¥ 360 s, {UAFAE Ny = 200 Al Ny = oo FAMEDL. 1
NEDC #1 WLTC T.A4A PuFEae, —IA 10 4H
S, 4L K 5 FE 6 KB R T DST, NEDC,
WLTC 0L BRI v BE fih £ Fnie 22 il £k

Discharge rate DST

— ep(1X10-5)DST

7

5 1850 | - - AnaN0(200)DST
) 1800 L AnaN0(00)DST
é 1830 A
> 1750 AN

18201

1700 b 1sigb 2N ~
272 278 |
1650 h . : . A . .
50 100 150 200 250 300 350 400
t/s
60
© ,
40— - Err(Ana—er)NO(200)DST > ll
D\; 20 f----- Err(Ana—er)NO(co)DST | ll' | :
- bay, 11 7
'—g‘ 0 —w—-—v-'“\'-'\——-»—"—'ﬂ——v—-'\‘—v--}---I':-{'-n f1_ '--:
' [ B
= —20r ey
° _aof T N
)| \~
—60 I I I I r I I
0 50 100 150 200 250 300 350 400
t/s

KBl 4 DST THFEELEHR (a) BHEMGR; (b) WEE; (c) 2
Fig. 4. Simulation results for the DST profile: (a) Profile;

(b) concentration; (c) error.
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Fig. 5. Simulation results for the NEDC profile: (a) Profile;
(b) concentration; (c) error.
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(b) concentration, (c) error.
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Table 2. Errors under dynamic profiles.
2 RRMSE(%) RMAE(%)

AnaN0(200)DST 0.9955 2.8533
AnaNQ(«)DST 0.0880 0.6093
AnaNO0(200)NEDC 1.8787 4.882
AnaNO0(600)NEDC 0.0991 0.3123
AnaN0(1000)NEDC 0.0373 0.1635
AnaNQ(« )NEDC 0.0383 0.1779
AnaNO0(200)WLTC 2.6767 6.0554
AnaNO0(600)WLTC 0.1405 0.3221
AnaN0(1000)WLTC 0.0472 0.1425
AnaNQ(= )WLTC 0.0463 0.1565
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Table 3. The comparison between the convolution al-
gorithm and COMSOL under the WLTC.
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Abstract

It is one of basic tasks to solve the electrochemical model of lithium-ion batteries for obtaining the lithium-
ion concentration in the electrolyte. In order to balance the computational efficiency and electrolyte dynamic
property, it is assumed that reactions occur only at interfaces between the collector 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
into a converged sum function by using the monotone convergence theorem. Under the dynamic profiles, the
infinite series solution is simplified into an infinite discrete convolution of both the input and the sum function.
The sum function is truncated by its characteristic of monotonic decay approaching to zero over time, thus
obtaining 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 the computation burden of the electrochemical model applied to a real-time battery

management system.

Keywords: lithium-ion battery, electrochemical model, electrolyte diffusion, sum function, finite discrete

convolution
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