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Multi-stage constant-current charging method of electric

vehicle considering user charging law
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Abstract: The rapid charging method of lithium-ion batteries for electric vehicles should also consider the influence of
users’ behavior habits when considering the traditional goals such as balancing the safety, life, and charging time of the
batteries. In this paper, a multi-stage constant-current charging method considering users’ behavior habits is proposed.
First, Monte Carlo method is used to simulate users’ charging behaviors, and thus the state of charge (SOC) range of
users’ optimal willingness to achieve is determined. Then, the dynamic equations of charging time and energy loss are
established. Finally, the charging mode to obtain optimal charging current is determined by the particle swarm
optimization algorithm. The results show that the proposed optimal charging strategy can reduce the maximum
temperature rise of the batteries to a certain extent while improving the charging speed. It also significantly reduces
charge loss, compared with the traditional constant-current and constant-voltage (CC-CV) charging method. The
service life of lithium-ion batteries is indirectly improved by reducing energy loss during the charging process.

Key words: users’ optimal willingness; internal resistance function; charging time; charge loss
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Figure 1 An example graph of actual data for a user



5540 55 2 1)

o O, S 2 R ST ML A L 3R

%52 W BT IR A M R .

Z R AR B AL A - P R LRI IR Lo JH P R
AR Loc JH P SRR X 0, o F 78 B F & 06 F
KD T AS A X3, e 2% 8 A P 8 78 f SOC X[
AR BN P R AR R Y T S BT X ks B,
Ay FA P 5 H B BOAIG T 20 B 33X B RO Y Lo 85 5 3
AN AN REAR G b E B S W A R T AR T
Ab 3 2 R R AR

Xt A A5 20 0 B LA 100 47 FH P 8ol S —
A1, 43 12 RO R A7 TAL B . OB 3 2 Ab B4 (4 KU
A IR 12004, 43 51 K BUH P SE A6 Tsoc 5 H
JIFE LR IR Tooc B9 8 AR XD, DA O 0 2 05 58 4%
R LRSS

HARB AR X SR BOS R 4 P 2 T 7

THRREA Bl
11 fil R R 22

2 EERARRTA

Figure 2 Confidence interval finding procedure

5 18 2 7 735 19 AR DX ] R B # v, — Oy
JEAE 100 M REA MR R 22 X A [ —10%,10% 5
mo?ﬁ$%%ﬁﬁ%§&@%[—wa5V]lmo
ANFEAET AR R 22 X [ —3%,3% 1M
Ebﬁﬁﬁ%ﬁﬁ*%%ﬁﬁ%L@ﬁPﬂ%ﬁ%L
K a M 0.05,

K H MATLAB #U{E 158 54, i+ 5845 2 H
FE HL W I A IR 3 Lsoc. 19 B AR DX ) 2 (0.234 6,
0.295 7) 5 FH 7 38 H 28 1k faf HR S Tsoc o 1Y AR X[
$3(0.902 3,0.959 7).
1.3 APRRMREEFRBESOCKIE

P SE Br A AR T, B — 41 P B 2 B AL RO o
R, 7 22 AT 5 T 52 R RO AR T P s A7
AL

A S0 R 2 O L b AT AL R B — 41
PR AL S R 3R B R s L, P LW R
fif HLIR 2 Tsoc s FH P 30 HR 2 0E A HUIR S Lsoc oo FE
Y, 30 R Ml AL AL T A F T B T A X
FH P 78 #A4) B A B AR S Lo 5 P FE L 28 1R A
AR Tsoc . 10 HBUIEL R % T SR 1) 8 45 X TR N o

P 5 R R B i RE A0, | Sl e M 2R 4 A B R i
WU P 3 e Ml s L, FH P 3 HL ) 6 R S Tsocins
FH P 70 L 21 fof RS Lo e, X = A R — 4
B, B T e T P A R DB B AL SR R AT O
P B 30 S R0 0 SRR ST I (E L A5 3 e P O
P B FEHL X)L AN ] 3 T o

A FER M AL AR T P IR I
1 AR A Soci B9 ELAF X, HI 7 58
FL 2 LB 7 R Socie P L £ DX 11)

[ﬁmmﬁﬁmm%ﬁmﬁ*%(

[@mmﬁﬁ@wmh@&ﬁ%]

LR BB Bt

B3 24T FHEEM
Figure 3 Monte Carlo sampling simulation
L5 R P AR 15 B A P R B
HL SOC X Ji] 2 :[0.265,0.931 ], B A P d5e A 7 Ha 4)
U ar FEOR S Tsoe i R 26.5 %6 , P B e 70 L 26 I f HS
R Lsoc. . M 93100 ¢

2 FEHRMERNETL

21 $EETHbER

L - R b ) R R R R ] — B RC 25 250
BEALT A Ay — AE R, — A B LA B —
Xt L 2K L B2 AR, AN A T o FEE AR, Ugey B H
JEVR HL R, Ry b BRI BE, R, A A AL HL B, C, R B b
HLZE, U A R TR T AR HLI

— B RC %5 2% HL [ B 0 E AR 47 b (5 /R 3 480 F b
FEFE R R P R AL B S . S R B A E A
RUAH L, % L BB R BT 25 5 A 3%, R AS [R)RLEE FN
SOC M N E S5, H MR EIE T , 5 F T
PR H

R,

Ry 7
C, +

1 + _
Uoev™ = U U,

4 BEk—HRCFHLEEEA
Figure 4 First-order RC equivalent circuit model of

lithium battery

AR 2 IR G IR — B RC 25 R H A
T B AR AL 4 1 7 e



238 I <

Eid =S 3 2025 4F 3 A

dS(z)

u (1)

dU,(¢) U, (1) 1(2)
de R,(1)C, (1) C,(1)
K (D) (2)i 1) TAER G ;S(2) R e B 211
SOC K- ; Cy 2l Ha M A E 25 1
AT A ) A b ) o LR U ()
U(t)=Upey (2)— U, (1)— R,I(2) (3)
L U.=U,~Uqev, 113 5] — B RC 5 24 H B AR
Y1) 4% 3 R A, B

Ul,(s):7 Ro+ Rh
I(s) 1+ R,C,s

R WL MR 4, 432 % 328 bR RO 5 380728 46 31 =
B B% R G0 0 B ik AL s R AR, X R G B
Al A% 356 B, T LAAS BIB9S 2% o T o

K MATLAB UE AT, i 5 4 A 5t s B 5
i 4 fre /N Ak R I, BEULHE BT A 3 LA
ZH(R,.R,.C,.

22 {EHMFTHEREELR

P4 H B I P9 BH 09 B R R i K
B R R T RN, AR SCR FH — B RC
R B I AR Y BEL A A, Sk GRIE S 5T 1 78 H 8RR
Eo W HERA M, 2506 B Ak H B R, 25 JEAE 9 o T
Ak PR 25 7E IR S %) T PR R AR P O OR S R IR T AR AR
U T o I 2

R 5 DA A LA % R By R AR, A5 B R A
b 7 70 H ) B Y AR B ARLRE B

Ev=[ PRz de

1y

K, R (xsoc) A HL (4 8L HL BE, H: fly BR3P B
R o) G WAL I B R (2o ) 3 R 4L 1K
R(2w)=Ro( 2) + R 20) (6)

AL B B e 2 A . AR L o R
rh W M v B M 5 B — I 20 A e v g S B,
I KR ) PN BEL R R Lo Y PREKC, 3 B AE — o 2
BE AR UE T B 0 o B SR A TR TR Y AT 4
A TR S50

T2 PN B B 8% S R e DR R R b
b g7 FEL DR 2 A A2 Ak Y TR 35 RE A RE R TE P BH bR £ Y
I FHPERTZ M BT R SO H R R SR BE R
U 20,1000 ], #iZ o BH of B0t & 7R
A7 IR S A RSV L

A RHL oR %k 0 B 2 75 22 71 31 MATLAB U{H %K
) S8 E TRM . T S BE 20, &

(2)

(4)

(5)

0 HE Y B A AT TAL B B R Y KA
BH R, A% 1 L B R, B4l 5 Al K, HLJH AP AR K — 3
Sy ECHE Sk A B — O L TR O A R R AR
DU, A7 o B X 3 R IR AT S B O 3 HH AT AL
Bl
TEAUG R A, 38 2 25 5 0 HE A i 2 Ik
B, ek 5k 2 ORI P BH pR B, LR A 08
S (20 )= P12l poxie sl + ()
PeZloc Pt po
Hrp
p1=0.887; py=—2.158; ps=1.757
{p4=—0,532 9; ps=10.052 51; ps=0.052 38
H (7). (8) , BRI A5 21 Y BILIC T SOC Y #Ri %KL
R(zsoc) o il B4R N A2, iR MB R A S B9 iR e
B 9K 4 L A B R 48 (battery management system,
BMS) bS8,

3 BRARSH

FEHREESEERE
T8 52 B B B F Y TS L AR R, AT B A B R AR
FE LR , 4 PR ) SE LI ) ELX R A A
T & H ARG H AR ek BT 2 R I AL 50 EL I
[Fa) 0 70 FEL 5 A

FURT, 22 B B i i 5t i 05 vk 19 0 Be— e 4~5
Be, HE A W86 E 5 280 8 i 78 oL i A X R AR
BT AL . L fE SOC Y RUEETR A ST
Bt 9 25 08 1 T AT O S B 22 BUE IR T L O ik
o0 5 B, AR SOC X [a) #4740 43 1 75 ¥ %) H,
SR MBI/, HE T A [ 2 R A W 3l R 4

H1 =X (1) R A5 H 3 TRF 107 % 78 HL I 1) 2, B

Alsoc Cx

(8)

3.1

! i (9)
F0 LA AR R BE S BRE A
Elosszj[‘lzR(IS()(‘,)dz (10)

K, 1, 0,53 00 S FE L T 46 Y B TA) R S R 45 R
oy TA] o

2 Tsoe WEAE N TETH P S50 P 25 B 78 v IXC JR) oy 28
Ak, 30 U Y T FBLE 0~4C (C A% 2, R IR
ARG BT A B 3T HE RE AR A0 5 BT .
32 BHREAEMEL

FESC bR T AR N R P A
b BB 0% 76 B K6 I 18] N 78 AR 2 R RE i, O LB R
FE R /N A d 0 7 S B R O v R AR AR Y



540 &5 2 )

B O, S 2 R TR LA A L SR A 2 B B i TE L s BRI S 239

P, 5 1Y H bR 7 B R T 70 R B () R AR
Feo HARTFEF WA AN

F=aMt+(1— a)E. (11)
K, o0 5 H T B TR 5 o R 75 R () 7R H bR O R
BT AR 5 MO BE R R, B IR X T A
H b B A A A 9 8 % (4 I=0.5C i} ,a=0.5C) .

250
200
150+
100 +

501

E5 AaHgms

Figure 5 Charge loss curve

33 RUNFHEEERBERARE

LT BESE ¥ (particle swarm optimization, PSO)
SETH R AL B8 SR Y 0 HoH S X 2 S iy — Fh
FEOR S BE A AR T . R T A AR R AT S
IR AT B R R PR R X e A R /N AN R A A A
Bz I T e A AL A 1), 451 4 34 25 Ak )
B A AR R D K 2 H AR Ak R]

I ORL TR S 5 B W) Bk R ] rand () R ERCZE
o 1% PRI — A% G 1Y B B AL B A A R A, R
IR AT RE S LA Y A ), B S A
Jai T e D A8 O B AN R o SR PR il R S T e kL
FHBEDLE R Z e PE . DRI, AR SR TR T e 33 ok
B AL e Oh BEHLECAE T 2

BT PSO Bk 1 R B0 - I 533 325 i e 141 7
B o

A S P R B ST L XA S 1 [ 26,50,
93.1% 1, A TE Lsoc B RUE R A SCT T 1Y 5 18
AT R 2B 2 Betam s i st b5 B, &
P B BF BE A Ao =13.32%6 , e filt FH AL BF 3 3%
S R AT R A S

FEIX 5 Wk AL 7 b, g kA S0 2 # O R
SERMAL o T A SO R AR Tsoc DX TR]#EAT R 43
B, SRR F L R, Lo (B T Bk S 2 (7]
M HEHE B Tsoc 1928 4K, 2 Tsoo 18 3 3K B 5E 19 1 Bt
BRI Bk A B AT — B i AR

1.0 et
0917
0.8f=
0.7¢"
0615
05|,
04f. .
02f 7% T s
0.1 TE T

0 200 400 600 800 1000

i35y

TR

120

100 | i

80

60

40 1

20+

0 0.2 0.4 0.6 0.8 1.0
HEAIR(EN
B 6 Tent Bt
Figure 6 Tent mapping

BT 0 ) f

ETIT e

| A~ £ 70 B b (357 |

[ i g —————

?I‘I\‘

| - b A 03 |

B7 PSOJf&RMiiAs
Figure 7 PSO algorithm solution flow chart
TEZ B A A R b W IR R RE AL N, B
RERWE N GAENE T w, AT W TN
oo, RER 22 2 T8 o0 it — 0 PROIE FO0 45 2R 1Y
TR P 3 20 AR 45 52 PR 7 SRR A A B S R
I R A o 25 I S R T L Lo > 0.9 I, PR ES
5 R Y BB N B 2 R BT D B I R K



240 I <

2025 4F 3 H

g, BUATBE T 0.2C CHL R A% 3R ) B3R X H b 47 7
Mo SR FRFR R G R  Be S i B s
FESE 1A~ SOC X[l Ay, 78 HL LI R 1.20C 5 76 26 2
A~ SOC X Al A, 1, 78 HL L 3 4 0.84C; 76 5% 3 4
SOC X [i] As N, F8 HLHL I 0.67C 5 7E 45 4 > SOC

X ] AgIN, 75 HLHL 3R 0.56C; 245 54~ SOC X 1] As

P, FEHLHL O 0.47C.
4 HEERSSH

e BB 1 L IR SR LG %ﬁlﬁﬁﬁﬁkﬁ
Y FEAT L ST L FL R S B TR D L X 5 R RS T L
%%ﬁﬁ%moI%fWMﬁwﬂmmﬁﬁﬁK%
BF A7 R AT LA R A 9 78 L B R HE T AR
RIS AR SCAR A P e DG S A S fL o DX ) 332
7 S BOFEHLEE L EA B ] P R R R AE ST
Tsoc DX TH) LA B 16 20, BV - 55 1 B A5 9 72 F H 3 1
PATE Lsoc=<26.5%6 I #EAT S0 (H 2 5 BEAY 0 AL AL
TE Lsoc =900 I, 25 J& v ith 22 4 LA K b ik 428 . 3t ]
%x%ﬁ%ﬁ%%Wﬁiﬁmmmfﬁiomf
X A T 12 70 HL O 125 ) M R 8
£ MATLAB/Simulink fff B & 5 22 {5 B A5
R 53 A A SCH i ik S U5 i 5 0.8C
CC-CV FuHL SR M AT 07 Ho b AR W3R 1o
F1 FRRAA®G X T4 AKIETL
Table 1 Comparison of simulation data under

different charging modes

S gt FEALIE /R TR/ AR Q/
S T (mA *h)
ARk 6872 26.3 2263.72
0.8C CC-CV 7478 27.0 2211.36

M2 1AT A1, 5165519 0.8C CC-CV 75 Hy 7 R AH
Bt , SCEE v 4 R Y ik BT 46 58 LI R 606 s, BRI
8.1 %0 o i JT I L R S e v TR R A LA B U Uk
MO 0.7 °Co HLAS SCHE 1 78 L 5 ¥ 1 90 FL 45 o iR
B T8 2 98.4200 , AL T 0.8C CC-CV su L Jr
M FARAR R 6.15% LT A RIS T 2.27
A 3 BERAR T FEH A

e PO o R O R A A S A1 2
Al 8.9 fiim . MEISH AT A M, M & 1
Tt Tsoc=>0.9 B}, by [ AR A fL 9t Y 2 B0 L, 36 FH 0.2C
P I X R Sl AT TR R T R e RS VA AR B S
— B R AT AR . X AT DUAE IR g e
(R T N 3 — 2 ff o 80 R 19 22 4

1.2

1.0

0.8

0.6

1/C

0.4r

0.2

0.0
0.1 02 03 04 0.5 0.6 0.7 0.8 09 1.0
ISOC
B8 AwwATAWL
Figure 8 Charging current change curve
e )12 72 v O 12 10 o el o, P R e it 2 B 1R 9
Fis

3.6 Y /S A— N
AT noor
| ,‘,;",/ | I/ \ II \\ Il N
3.4 iy \\I ANV ARV
I \/ \d
321 Iy Y
L7
.:“//
> 3.0f //
s ’,.r"/
281 // — =Rk
2 0.8C,CC-CV
2.6 f//
2.4
0.0 0.2 0.4 0.6 0.8 1.0

Isoc
B9 Abifed il

Figure 9 Voltage change curve during charging

M ORI LUE Y B 7 il B kAT, i T
70 HL LI A 2 R 2R R Y A R e K 3 BR
il foe e LR S, S B ED R B SRS Ak T BEE
Loc BT, Jic i A 480 fl 3t L R B2 30T 3.6 V45 A 4L
b T 7 FRL 2 32 B T 0 8 AR A AR T P A A
PRALRE R T AR b T A AR RE

F5 92 07 15 0 Bl E AT A o R b A i B AR
AT it 2 an & 10 s .
27.0
26.6
O 262
=
E 258
2541 0 ) e AT
—0.8C,CC-CV
25.0
0 2000 4000 6000 8000
i [
.10 ﬁ%&’? xx’péﬂi?@@

Figure 10 Temperature change curve during charging



5540 55 2 1)

B O, S 2 R TR LA A L SR A 2 B B i TE L s BRI S 241

ME10H A F 1, 5 0.8C CC-CV 7 1 77 2 M
P, AR SCT7 5 SR AE W R B b TR (B R
IR ENE(E 26.3 Cle IR B IA R T REBE . & Hk
fift B 7 Rt A T R A R v 0 IR B DR R AE TR A
WHIZ A,

5 #5iE

1525 )8 T B T R it TS R R P Y T R
M =B AR ATHR T, A SCHR T — M Z I8 P 5
LML Y 22 BefE R sE i T vk o SE AR T P A
IR FEHL Tsoe DXL 57 480 v vt 25 250 v A 8 53
W HRS R HEAT N B R BRI A s AR e S Al
Al FHDE AR 1 B 5 35 0 L AT A A, A5 B i
DL A £ FE it 5 F R AL 5 e e AT O HOR R A
LR 458

1) Jr 2 Hh A9 78 F 7 ik mT LR 28 R it 0 L R 4
7 — A~ BT (3 LAY 4 T L ]

2) BT BEES R ST B A R BRAR T A
i A R FE AL AR R, B A T R R AR X A fi
T FR B

R aE

(1] oy 0 22 30 B0 2 3,55 T o i it R R A S T
FL L 7 i T (0] AL T 2 41,2019,55(20):52-59.
DAI Haifeng, IANG Bo, WEI Xuezhe, et al. Capacity
estimation of lithium-ion batteries based on charging
curve features[J]. Journal of Mechanical Engineering,
2019,55(20):52-59.

[2] HARIHARAN K S. A coupled nonlinear equivalent
circuit-Thermal model for lithium ion cells[J].Journal of
Power Sources,2013,227:171-176.

(3] BRUE . 3k T %504k 5K 2 (1% 480 v, by 300 4 48 P 25 i 000 Oy vk

WFFE[D]. 1 AR BT 25 AT R K 52,2018,
LIN Ya. Research on remaining useful life
predictionmethod for lithium-ion battery based on data
[D]. Nanjing: Nanjing University of Aeronautics and
Astronautics,2018.

[4] BT T @A S Ok FE K g R 5T
[D]. & U5 i K 2,2020.

HUANG Yuduo. Research on modeling and optimized
charging strategy of Li-lIon battery[D]. Changsha: Hunan
University,2020.

(5]  RUFIEHHE MG A BT vl TS B A A DR e Ul Y
JEL BRI [T HE 3, 2009,39(4):206-207.

WU Yun, JIANG Xinhua, XIE Jingying. The reasons of

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

rapid decline in cycle life of Li-ion battery[J]. Battery
Bimonthly,2009,39(4):206-207.

VO T T,CHEN X P,SHEN W X, et al. New charging
strategy for lithium-ion batteries based on the integration
of Taguchi method and state of charge estimation[J].
Journal of Power Sources,2015,273:413-422.

SR, T RV B AR BE T b P BEL A R L Y 3
LSRG [J]. FELR B AR ,2022,46(1):59-63.

WU Yifei, ZHUAN Xiangtao, HUANG Ke. Lithium
battery adaptive charging strategy based on battery
resistance[J]. Chinese Journal of Power Sources,2022,46
(1):59-63.

GAO CHULAN,XIE QINGSONG,LI YANQIANG,et al.
Phased pulse charging method based on lithium-ion
power battery[J]. Electrical
Efficient Management Technology,2016(18):50-55.
RGN B A bR — b T IR R AR AR 1Y B )
B HE 75 LR S [0, LR A ,2022,46(5):518-522.

GUO Jiancheng, WANG Xihui, CEN Hailin. An

intelligent charging strategy of power battery based on

Engineering & Energy

temperature Chinese Journal of Power

Sources,2022,46(5):518-522.
MIN H T,SUN W Y,LI X Y,et al.Research on the optimal

changel[J].

charging strategy for Li-ion batteries based on multi-
objective optimization[J].Energies,2017,10(5):709.

T AE 5K B3 A T e FE R TR B R Bl R R R R
H 32 7 S M A A 5 40 A (9], W T B2 5 EOR 24,2019,
34(4):85-92.

HUANG Tingcheng,ZHANG Yongjun.Optimization and
analysis of orderly charging and discharging control
strategy for electric vehicles considering charging
reliability[J]. Journal of Electric Power Science and
Technology,2019,34(4):85-92.
KRR, X A5 B 5 R A IR L AT IR BE R e Y L B))
TR SR IR SR BT (0], L Bk 5 R 2 41,2021,
36(4):124-131.

ZHANG Xincheng, LIU Zhizhen, HOU Yanjin, et al.
Analysis of charging power demand of electric vehicles
considering the influence of travel temperature[J].
Journal of Electric Power Science and Technology,2021,
36(4):124-131.

R, LR IL, R T 56 AR ) ROBE TR i S TR AR R
AL SEZSON 14 v, B VR 4 S T R O SRS (], R L R BOR,
2023,49(1):85-93.

HOU Hui,WANG Yifan,WU Xixiu,et al.Electric vehicle
charging and  discharging  scheduling  strategy
considering psychological effect of mileage anxiety on a
long-time scale[J].High Voltage Engineering,2023,49(1):

85-93.



242 L - T T - 2025 4F 3 A
[14] TEfafd,4ER M Ee MR KRS0 L b (9):112-120.
T [R) 57 K2 ik, 1984, [19] SAVOYE F, VENET P, MILLET M, et al. Impact of
Wang Fubao,Min Hualing, Ye Runxiu.Probability theory periodic current pulses on Li-ion battery performance[J].
and mathematical statistics[J]. Shanghai: Shanghai Tongji IEEE Transactions on Industrial Electronics,2012,59(9):
University Press,1984. 3481-3488.
[15] 7 e MG 300 PH 2 B2 38 45 L8 - o vl 5 A0 B AT A A [20] E¥ R AEM & E 0,4 B TR ELM i £ 5 7 1 b
SRR T ENTIE ], 1B AR,2017(2):85-87. FEH R LR T 19 SOC I SOH B A Al i [J]. 1 J1 R 48
CAO Lipeng, XIE Yang, LI Lingling, et al. Research on PRI 5 $50,2023,51(11):86-95.
equivalent circuit model and parameter identification MAO Ling, WEN Jialin, ZHAO Jinbin, et al. Joint
method of lithium ion battery[J].Electric Age,2017(2):85- estimation of SOC and SOH at lithium-ion battery
87. charging cut-off voltage based on an ensemble extreme
[16] M3 RO N MW, 4 FETF —Fr RC IR AY 2 learning machine[J]. Power System Protection and
FE R R M [J]. R e FL £ ,2023,59(7):87-94. Control,2023,51(11):86-95.
SHANG Yanyun,SONG Hongwei, YANG Zhaoguang, et [21] TUNG S L,JUANG Y T,LEE W H,et al. An improved
al. Charge and discharge characteristics analysis of particle swarm optimization for exponential stabilization
lithium battery based on second-order RC model[J].High of a singular linear time-varying system[J]. Expert
Voltage Apparatus,2023,59(7):87-94. Systems with Applications,2011,38(10):13425-13431.
[17] CHEN Z,XIA B,MI C C,et al. Loss-minimization-based [22] JIANG J C,LIU Q J,ZHANG C P, et al. Evaluation of
charging strategy for lithium-ion battery[J]. IEEE acceptable charging current of power Li-ion batteries
Transactions on Industry Applications,2015,51(5):4121- based on  polarization characteristics[J]. IEEE
4129. Transactions on Industrial Electronics,2014,61(12):6844-
(18] XA, 58 & fuf 58,55 . — il 2 5 2 H 40 ol vt oY 0 6851.
401 FE 1 70 H R 1 22 B Ul S R U7 VA D] B R (23] REUZAREZE R, 55 5L T E E IR Tl i 2 B

24 4,2017,32(9):112-120.

LIU Wei, WU Haisang, HE Zhichao, et al. A multistage
current charging method for Li-ion battery considering
balance of internal consumption and charging speed[J].

Transactions of China Electrotechnical Society,2017,32

AL 78 HL 7 2 (0], HL T8,2022,52(3):285-288.

WU Tiezhou, LI Zihao, XU Yuhong, et al. Multi-stage
galvanostatic charging method based on constant
temperature rising curve[J]. Battery Bimonthly, 2022, 52

(3):285-288.



