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ABSTRACT: To characterize the internal and external
dynamic conditions of lithium-ion batteries under low-rate
charging and discharging conditions more accurately, this paper
derives a mechanism electrical equivalent model based on the
electrochemical principles of lithium-ion batteries. It clarifies
the calculation methods for related electrical component
parameters of the mechanism electrical equivalent model,
revealing the correlation between them and lithium-ion battery
electrochemical parameters. The proposed mechanism
electrical equivalent model combines the accuracy of
lithium-ion electrochemical models and the convenience
advantages of conventional empirical circuit models in energy
storage control parameters tuning and large-scale energy
storage station equivalent modeling. It is more suitable for
modeling, simulation, parameter setting, and safety monitoring
of energy storage power stations in new power system

scenarios.

KEY WORDS: lithium-ion battery; mechanism electrical
equivalent model; electrochemical model of lithium-ion
battery; empirical circuit model; large-scale storage power

station

T : ST I RALAR A R TR TR 00 it P AN ) 30
AOIRBL, 2SR P 7 it A2 S A 5 — P L
AEFERR, BT B AR E R A R e S B
LI5S T At AL S S AR ORIk . g
AUEH Fi 55 B 2R Sife LA 1 7 Pl 2 A TR PR 2 DL S R
2006 S L B AR TR A fi RE 2 ) S MO8 L AR A R Pt 5
RO HESETE RIS, G TR R 5 T
e R, T SHUEE e il

HE&WE . EFE LAWK TRIDE (2022YFB2402700).
National Key R&D Program of China (2022YFB2402700).

RBEIA): HRE TR HLELA SR, SR AL
R, ZRSERCRE OB RE v

0 38

AR, 18 “Brobie”. “frp A B KRB
T, BRIk R B R .
THRITE 2030 4F DLATA I “BRIE U ” (1) H A%, A 2060
IR B B AN BEE LA, TS EERT AR YR & 3
SHAI B ) RGN BB H ) RG T KR
AR, BT IZREREC. M
X RER. RE IS, BRI R A
s DRI R R TR BRI 1A RE S 72 BT
SRR, R, ST L R L
I T H A ) R G

FEHIBE B R Goh, B T L AR R
WA, LRSS R 2 i 25 g IR S A THRS
JE R A AT S Y. Btk A, BTt
H BN T HAEH S BB E AAEEE . §§
. FEL ERERROR AT DU S 5 B g
R AR 50, HEI AT LA REIE ) R ST
REIS BB, $rmxd 7 B o 0 3R 45 v R A4 S 4%
RESTo [RIAE AR AT LA fL g R GEAT TN D45 2 A 24
T AR, R RV ENERE, RE T I
WF 78 K BUAE BE R G0 508 B He ) R G0 91 0 H LA %
Fpla) . A BARLER BT BLOR B A 2
SR AR Y (equivalent circuit model, ECM)FIHL
EEHLERE AR 3 K2k, Bk T

BRI A 5T b — AE L g S A



10

AXAHGEE T L LA A LR RS A 3917

. IR AR B B, R
K% (state of charge, SOC)AJZMEEAEL 1R R T
WILSRT BRI o X PR AR T V250 S TE B A S M T o A 2
A E BB RS, (HETHAE RN
HHLE., SR X TFERESIEE . B
PEREXT YN R B HE F 2 A i & T BUR S, fEH
R 25 7 FL T S B AT I 7 P /P,

DA RINT #%, RC BBUAI Thevenin K1)y
REMARR G EER, HTHRRSHED>, H
A A% 10 o 55 R0 PR R 4 PN A 58 BOIR 28 2% 18] 7 A 4
S, MR SN SRS AR B (A OC F AR
SRE L AGRAE, B, FESCPhRM Y, JTCHAER
G )7 LN 35 1) 2 HORE 8 55 7 T SCR AR SE . b
Gb, SERH PR AR S 2y A LD A R 31 H i 2H
2, A5 RIS e e sl A 7 T AT S A3
AL E M BB R A I MBS —RAEIEY
RN, HAeEre Lol N — e e EA R E %
LA EE R I AN PR, ToVE TR N B Lt T
FUMOWAA A, e LIRS I i Byt R 12, eV A e
PN AR B A A A T 3 8 PR A1 30 A 1 U8 B0
I, AR RIBR T B R, AR
25| 224 1) Bl i I BRI R, R
FEIXMEBNESE S, Dyl 85+ FRIBAE %M ar F
RETHHKRESISH, TS TR RS
Iy K i 45 14 (hybrid pulse power characteristic,
HPPC)IA, F sk IS Ht JUE T — T,
NP A I R R, FERR bR e TAE 7R
BRE DAL Z2 5[], -0 F b 25 a0 R 1
MR I AR 5 AN TR P AR I 2R L R
TEMT ) R G, RedEnf s B B Htb Py . 4b
R ) 5 20K FL B AR AR A — A HE R

7 A single particle model, SPM)J2: H
T 5 19 B P L T LR (AR AR, FEAIRAS & T R A
AR R LT AR TN S A B R,
e 8 TR N 21 F b PN 0 SR AE L AOu 4 B 1 1) BLAKR 43
ARG, FEHIPEEE T, B, R R 5
TR R 5t N b ge UL N 22 1t o0, B
AERERS . BT RS [ e i3 S SO HL i
HRASOU A BB U, L A S A AT SR R o
SPIEEEAN B, R, TCRRBRAR AR A —
EZH bR E FAETOREN TR, 7R s
HEAT W AT IR AN HR U BR 08 S8 R, A TR B R B AR
SEUOL, R A AR TR AR L 45 220 6 25 20 R TR £

BT AT RS B EDW BRI R R, FER
FUELA e Ll 22 AR HR SR RS A R REFEH R4S
HOBEE TR AR KRS H.

R ERTIR, J5 2 PP AL AR AR B Fh R AR A
AEERERRAE SRR Hik, RSN
R S S A S B Y RS e T, A
I R¥E ARG, FEIBA AN, RS L
PisE i AT E A i AR R EE . i
1, AR SO AR S 1 H 2 BRSSP A T
AT, HEFH PV R SEE RS, TS
1B LR ) H0 P S5 0 B R AH R R S 8 S A
ZHLIRT LG R, A% 5 RS RS AR
T, R BORLT A AR RS BE R Rl , 7] [
LI E R PR HE T HURS T R 72, UE
RIFA TS50 I B FE i ge s | S 80 . R
LA it P vy S5 2SO A T T R AL 3
1 EBETHBZSMBNFEREN

B 1 PR 9B s 1 Lt SR AR . BB H
R FBARTR Al YR O HL A A A 1 2
—3, WK 2 Frs. HIE, SO XA & ATk
RIMRATS B mace PIAHTE, AT B AR RIORL 2R T 1)
JR) B A e L I B T S AH ], RS R N i i
RIS, RS IE O X I8 &4k BT R
] AH AR 25 o A IS LA AR R, il 3 P A
A AR AT DA FH B RO SR AR, AT AL 1 5 G
By — 4R B AR A Y (pseudo-two-dimensional model,
P2D &AL, S AH B T K AR F A AT
) R B B I TRVRRE IR (% A, kT P2D A
RS R E BRI TR R fAs . B2, i
io ST AR ES TR . WBAH T @ @ STIN
BB AHE .

LR AE(Cu) LEAK (AT
o L -
» Ln »la LseD »la LD »

iy i IEAR

° ® ®
o.... 0.0.0.0.0 .o.o.o o.o
000 00944 (LY i
00029 0g ¢ 09 %0
%00 %0000 oo0 %0
:oo::.oo .“::
ecevoece ececef
0 Lo+ Lep+Ly

E1 {EEFHEbENFEEFERILRER
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Scientific modeling of lithium-ion batteries has
became the cornerstone of related research in battery
management systems, and the modeling results will
ultimately determine the accuracy of battery state
estimation and the reliability of safety monitoring.

This paper derives a kind of mechanism electrical
equivalent model based on the electrochemical principles
of lithium-ion battery, as shown in Fig. 1, and clarifies
the calculation methods for related electrical component
parameters of the mechanism electrical equivalent
model, revealing the correlation between them and
lithium-ion battery electrochemical parameters. The
proposed theory consists of two parts: (a) Combining the
electrode's open-circuit potential with the solid-phase
lithium-ion diffusion process, an open-circuit potential
equivalent circuit topology considering the solid-phase
lithium-ion diffusion process is proposed, characterizing
the electrochemical phenomenon of lithium-ion battery
open-circuit potential changing caused by solid-phase
lithium-ion diffusion from the perspective of circuits
composed of electrical components. (b) From the
perspective of the physicalization of the electrochemical
reaction process at the solid-liquid interface, in order to
achieve the equivalent substitution of the
electrochemical reaction process at the solid-liquid
interface with circuit components, the concept and

calculation method of the equivalent resistance of the

electrochemical reaction process are proposed.
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Fig. 1

model of lithium-ion battery (Discharge direction is reference

The complete topology of mechanism electrical equivalent

direction)

The mechanism electrical equivalent model can
continuously update the relevant electrical parameters in
the model according to the charge of state of the positive
and negative electrode at different times, thus achieving
the convenience effect of the empirical equivalent model
while solving the drawbacks of the empirical equivalent
model requiring a large amount of time for calibration
and insufficient accuracy. This paper simulates the
mechanism electrical equivalent model and empirical
circuit model under 0.2, 0.5, 1, 2C constant current
discharging conditions and 1C dynamic conditions.
Simulation results show that, compared with the
conventional empirical circuit model, the mechanism
equivalent model can more accurately characterize the
internal and external dynamic conditions of batteries
under low-rate charge-discharge conditions (1 C and
below), combining the accuracy of lithium-ion
electrochemical models and the convenience advantages
of conventional empirical circuit models in energy
storage control parameter tuning and large-scale energy

storage station equivalent modeling.



