BEARER 2013 48 4523 3% 454 #9430 ~435

doi:10. 3772/j. issn. 1002-0470.2013. 04. 015

Zh 2 E ity BRI TR 7 AW R

KEHEQ ApkHE EXE
(AREBAFLATRER LK 100044)

W B EATERAEE(CCCV) REEX,MATHAERTRR AL NL T L, X
AREE FEHE AR BV TR RN EL NG, RETETERAR
WL R S o R R O R R O O, A EL AT T IR IR I B o O R R R A O B
HoeRAEERN g, SR%0,5 CCCV kM, RA M E 7k, A7
AT 4642 728.83% , R A BRE 73.32% , AR MEERIK T34.65%

REiE FHAEEM, FEAE, AFEE, DEERTEER

0 3 &

I E SRR BT R IR IR A R AN R R
THIRENRE", M AmtEaEsh it
RERRHAFE. B2, Biisi hEmm TR
WRAR R ERE SR = R B, L R A L R
NAAREERE WREEZ —, SRt ESERE
SE MM REEARZ —, SRR R
YRR RS, EEET TEE THM TR EE
MABRFRIFR . BRsiHEERTERTZRA
{H 15 HE ( constant current-constant voltage, CC-CV)
B ERFTEGEM0.33CHEHRTE, H
P, L o i TR B0 PR P e {EL B (3B % LiMin, O, F Mt
R A2V EAEEFBIER, {5EF Y BT RE
MR ARG EEAL, AR RHERER
BURER FERL G, RIS FE R, s — R 8
BFERT 3h DA B, R BESR A BUAR B T A IR A e
J7EE: SCHR[2 ] 32 H — e T4 A v, F 458 1) A Rl
FREL T N M FE RO AR AR B IR AR
AP TR A R R AIARE i AR
Rt TREMGISHEES FPERNER R, X
BR[5-7 1 5 iz Pl A S sk it S Bk WO R
EU RN FHERRERMNTR S, ER#L
TR T T 5 & M SRR T 3E DA R
JHEBETHE TR T EXEMP R, SCHR[8 ] ¥4
BTHEMEBEEKERS, KK E TN E BT

O HEHERARBFEESE(51277010) BEETE .

Frre S B e H M A e R FE R A A L s R TR R
TR, X TR TR B R A FE L B Rl AT R
MESPIEBET 23% M 1.6% . R, R EH
BEA AL S, FEFELAER ., B 7
ERB B E R TR, R EAERAENK R
R L 30 L AN I 4 B O R P T ELE T TR
Mo A<3CEA LiMn, O, 377 M R4, 2 Tk
fhr AR T R S 447, 47 T CC-CV 7
G206 o W NG R =R o 2 N
R HE TSR, FEREA AR T By
FREIR TR TS, MR AL B TR FEL B Bl TR A
E= N Eam iy e b T R

1 6

SR S UE A E 90Ah [ LiMn,O, H i, %
H AR fEIRAR P B E N 25C, BB RE
SR E Arbin 3 7 i IR R 4, WA F & # AR
WE 1 Bis. BB B EN 3V, Tk E
FEHR 4.2V, HTHEMBEMHRTEENE, RIBES
BB IEELR PR R, B H B, B M 2
HURZS(SOC) BB, M B R Al /b i s et
AR, B LRBIRA 0.33C M ZE 10%,
BB LR AR (1) AR FEHEAEZ0.33C,
0.5C,0.65C,0.8C,1C) CC-CV FH 3Z%; (2)EH
BBk A 1C 7, [E R B RAAR G R T

® H£,1982 4E4E 1L, PHIM BHFT 0 1 - 3 7 s PR B ST s BX R A, E-mail : cpzhang@ bjtu. edu. cn

(IS B #9:2012-09-24)
— 430 —



TR - 3l 0 e M B B U T R TR BT SR

(0.8C,0.65C,0.5C,0.33C) ; (3) ERHEFR AR
[FfE=(1C,0.8C,0.65C,0.5C,0.33C) , {H E B B
KM 0.33C 38/,

L I j
g | i M
T -y i :
[l | EEERR

1"‘ | |

R R Arbin
@ HRE A

” L

1 BHlKRAGERER

2 FEBRAELRF b EFE

2.1 ET—HrERmBRBpnERIEsH

A A B AR 4 7 A2 R SR [R) °T 40 D A 2 R
A ot i R AR E R A S, Bk 2B
BE. B2 RE AR EARERRNRE W, BE
EMERARZ EURERRR, FEREERE .
WAL RS RN M SRR R A o AR AL RN B M 7
BRI Lt R, AR AL /N U SE R R L FE
HL R LR R AR AL, BN IR AR B R L P FE LA
R PR AR A BT ER , T fhl i AR ALK P R SR R i
RRAIRHE ., A SCR A —K RC 4555 i
PR T M TR SIS R, A 2 Fis, Uy
Kb E, U, R BiliinEE, OCV Xn
MR, [ R R, R 2 ft kN
L, R, FEm i tb L. U, Gl e U213 3],
OCV il OCY-50C IR {EH B, R Eid bk
il AR, IO ERE T B RS

HIERIERE . T AR EETEAAN U,
= I —-OC¥ - IR,
I
N A=t
+ - . '

E2 HEi—B RC#ER

BB iR AL R BT IR E N U (0) , e
T i Fad by, MRIE B

du,(¢)  u,(t) _ .
{CPT+ R —L(t) (1)

2
ult) = wpe(2) +i(8) xR +2,01)
upl(t) = Up(0)e™1%0

—w i Rptp)

€ ey R T (23
+ c !IEt}e dt

u () = uge(E) +i(2) xRy + uplt)
AR T L EEERFE e, B
E=
Cola — UL (0™ R0
o BrCp)
AL t(n) Bl e(n + 1) B Ae BTELE, AN C,
AR , S BT T B AR B -

J'( t)e-y(gprrp'-d —

xozgﬁ?ﬁuw—@:%+m%<w
N3 S MRS O, 2

R RS —K S, N S E R 200 n BIERGER
A S
2.2 FRABEFRBLFHFIELHHR

HEIRES 1 IR ST (1) BTk A9 75 vl S it
FIAFERER L, FEEBERMIEINE 3 BFix,
M 3 BT LA H 78 L A R, W 1B 3 B B A {E
B By 32 L it 8] FG I 7], CE 3T A B AR ARt A
Al FERLHE AR, Ha i R B 2k 7 e A 0k R PR
AfEEFER BB, R, i T S AL e AR A ™
B, XoF R AR R B B 7 e S TRT S T

a - ic

B -

- ;

[:-tﬁC

glﬁﬂ'-
E s0- 05 g5
5 il JC

o A\ \

30

o \\\\ \

a .
3 200 S0 ﬁﬂﬂﬂ E»CH)U llf}l:}(lﬂ ]"UD[I
HE)(s)

E3? FRBExEREEEA

MRS RN R EIESE TR 1 Frw,
H13R 1 ] 50,7E0.33C - 1C JE N, A 70 f B T
o, 5 FE By B 3 e, i [] LU ) (35 44 O, T L 7 B A

— 431 —



ROORE 2013 484 H 5523 % S48

B o 1C SIEH R 0. 33C 3R i E] 4 1/2
8, A 1/3 1%, 3R BIHR 70 R i AN BRI LL A5
b 45 55 FEL T T i T, X 3 R T L i B
BIER AR EERR . ARFEREE TR A
HABZRB/N, 78904 ~92. 4AhFERI N, fEHH
B R A B AR 3 KT RIS, B b SE R AR K,
AR AR, S BT ARG, SRR A B/

17T i e B B e P 2 2 L 38 AT 3 K, 3 = TR A
—J7 R TR A By B Y 3 s 3 K, S — T T
LB R AEN . BE XA RS, EEN B
HF TR RN T BB TR AR, R, B
FEHRHGBEEEHER TR EEN - ERRT, &
v fE B BT R R, 4R 4 1B TR By B e B ], 42
55 FEL T 7 L B F) SR BRI ZE o

F1 FRGERxBHESET

fFE(C) 0.33 0.50 0.65 0.80 1.00
HEFE] (s) 12157.00 9181. 00 7933. 00 7052. 00 6344. 00
CV 5 CC By/h)
HA (%) 21.40 32.20 47.10 61.00 77.50
FTEHAE(AL) 90.44 91.98 92.71 91.93 92.50
CC B&(Ah) 83.21 82.11 78.89 74.79 71.17
CV A& (Ah) 7.23 9.87 13.82 17.14 21.33
SERER(C) 0.30 0.39 0.45 0.51 0.57
CVAZ2(C) 0.13 0.17 0.21 0.25 0.30
SRIUPE 3 A R o 7 L 8 A 90 LR 4 =gl
Y7 RT3 2 BT o X1 2 ITHCRE B, S5 5 o
W 4 Frm, TR H, A MARFA IR soc, = 1E=%) | soc
i =iy + ae B 4 C x 3600
PR R RO, Tt B 52 (3) MR, MIFEe e I(-8 xIn =" _ 1080)
5 1E I E B RS PTE Rl R BRI N = 3 600")‘( - +80C, (5)

i =23.60 +227.87 x ¢ B%¥

#2 ARGEExBEREERT SHPLEGET

R (C) T o AT time 1)
0.33 {10015, 303
0.5 (6947, 453
0.65 (5393, 5847
0.8 (4378, 71.5}

1 (3574, 90)

B 4 &5 T a il g B =R, g
4(b) AT FEE R A IS SRR S £2A DA,

LB 4 Fos 2R, o] DA (R A R R L e
TRBT BT IRl . SEPRRL A, Bt KR TAEZE 20%
~80% ¥ SOC X [E ¥, 1M 0. 5C fEF e i BP A LA AR
3, 90% LA |, B DAME FE 35 i By B AT DAAR 438 3K PR AE
WE-25 o MLBEFE H B R 045 AR S B S B A TR
HSE 4 Fraiig, v — 2 WA R T EBRT
R e % 22 1E e 7 H B B e FLIR 2R BR 24T 4R SOC,
B (4) 83

— 432 —

Hr SOC, Fm it SRR 3T R BT DR

100

tay |

w
L=

i A)
2k g

300

4000 3000 a000  TO00 B0y WG 100 1100
LS IEITE)

* {b}_

*

B(A)

-

* 1 1 1 1 1

D00 000 S000 6000 7000 8000 90 1RCOE 1100
ey s

4 B RBARRESN

2
1
0 - *
]
3

ey R SOC M ARkt R AN 5 B 7R o
ALE, BEERE R, SOC, B#E /D,
FEWR/ NS AR B SRR W AR AL B, B AN R 2
S A, W ITT¥E, AT AARYE SCPR R A e B
FERLAY SOC X AR EFEFEH ML o HN R M AR



TR - 3l 0 e M B B U T R TR BT SR

—EER R E 805%  RiEE 5, 5% 80A B
THMRIFE,

0.94
092}
0.9 ““\

0.5%
§ 0.85
P

2 0.8

0.82 .,

0.8 \\\ .
078 \\

0.7
3

0 40 50 &0 ) 81 ar
FRET [A)

5 HHrA SOCHEBRITHL

(R, B 4 B 7 2k 2 o 1 58 i L O A — AR
gk, RAEREETERE, X —BR L T8
T, 7E T, M e i ek B ERRALE, BB <
I e, RBEERKNZ t > T RZ, i >
I, BIAER R BIR ¢ < Ty o ASPRAVBBAE i(1)
FHTHEBRESHN, RATE i(n) <i(1) ZHET
FHEREEN, FTLIE 4 finiiZagiEnR
] 70 R DX, T T 2R A 3R R T SR R X

3 MARRIEET &

8 728 7 FEL B P — T T SR T B A S R ) 7
% o BIZE—Bi R SRR, 5 — BRI PR
FRBL/INSLIE , 3R S 347 B 35 38 00 T, 3 R A T A
T, SUBRTREAR T o iR A K- , {5 7 R ek ] 0 i
HaRBERE. ARINEFCERALE, XK
(2) 5% (3) . MISCHRFEH S MR My HEAE Bk
T A SRR R A, N B AR R AL, BT
LS R R
3.1 BETEERFTROBNEERRTEE

I3 frzs , AR ML, 1C fE R T Bk {E
FE U, B RO 0. 8C H M, LAS MR 8 #, U 38
AT TR B B2 SR 2k, T ASE B e L i
BB R, KRETRINE 6 PTmo

SR 3 WFERSET R, 1C EREER
S EEG BB RE TR SHEETIL, B
18 R B B B i AR A T FL B0 B B B sE L
Bt , WEA BB EAF AU R R g, MEE

B0 —————; [—ICCCcv 1
P o EEREBEEEERRE |

2000 3E00 400 000 000 Toon
FtElisk

M6 HEEEERESTBEERS1C CC-CY TaHkEt

. wREBEEAT (1 Eya R ESTRE
WABYVIXRN, 7 AR LB EE RRBE, B
WMAAIE WA R BA S BB AR AR Ak 5 (2)
M TR ERAR, HER BN EABERNFR S
OCV AR, F#RFEREHEERERMN 1C EEF)
4.2VEE3] 0.8C B AR S5 H 1 0. 8C TH F
4. 2VHPRAS KA

®3 BEEHRRHHERENRS 1C CC-CV SHxtt

FH R 1C CCCV iNE ]
BT BT (s) 6344.96 6326.07
CC BRI (s) 3574.26 3677. 80
CV B (s) 2770.70 2648.27
SR ] NE () 1.76 1.76
FEHAE (Ah) 92.50 93.21
CC B8 (Ah) 71.17 73.76
CVAE(AL) 21.33 19.45
B A E (AD) 8.97 8.97

3.2 ERMEMEERTEE

Bl 7 255 (3) ERB BB AR 5 AR
£33 CC-CV st E 3, SOC M 0 B 25%
BB, [E S BB A e P AR AR A F 5 1€ CC-
CV AR, BEIE RS EE T E R R
Ao B 1C 5N HAMB B 5 R T MRk ra
FeAKSE/NFAE R B B By B B L A=, 7 SOC
R 55% 2 J5 By i BB A A X 1 A Ak B R 1K 0. 33C
M T CC-CV B MR AL rs BB B /)N, BB 4 5
B M RARK T, E 3B B Bk B A A 3R
ALK RIS REFETE 30 ~ 40mV Z N,
A VLB B BB 456 HL I 7 Lk RE AR AU PRI L e 52
AR ALK R

— 433 —



REORER 2013 4E4 A 5523 % 4
o AP RIBEAE T 34. 65% 23.34% .12, 97% . AT,
ol e B o t AR | FRELHE B0 B Ao ok, 2 R P R ]

AL HIT(V)
o = o

03
o2
01
Y% s @ F ®@ S0 10
S0
7 HEEBEREBRREERS CC-CV TRk
HJERE SOC T4k

fER B BH AR REX NS H R R 4 Br
o EIIXFHR 1 A% 4 ZAR AT, =5 By BB
HRLIE AR CV B BUit B R RSR 4, 3/ T 845
RTH CC-CV FERBER, FHIRA TEEH BHFE
R, XN NEERE B iR E ),
WA, BEF TR BIUE, A FER Ty
fEEN0.42C,

F4 ERHEHSERENGT
Prapihse  StRIE(s) FERAE(Ah) BB SOC(%)

- 1083.94 8.97 9.60

1C 540. 06 13.49 14.43
0.8C 720.00 14.38 15.39
0.65C 840.01 13.63 14.58
0.5C 1079.30 13.46 14.41
0.33C 2970. 61 24.68 26.41

cv 1418.95 4.83 5.17

x5 P fERE BB i X 5 A R g3
CC-CV A M A B RES BT L, LB REHA
F5 6 B E] A X 0. 33CL0.5C CC-CV B4 E T
28.83% .8. 74% ; FTHL A B M X} 0. 33C.0. 5C.1C
CC-CVARIRET3.32% .1.60% ,1.02% , FrE %

F5 HEEMBEMBEFIEBES0.33C CC-CV 3tLL

. A FERAR  FTRERA(V)

(s) (Ah) OBt AR 43 )
E\Eg; 8652. 87 93.45 352.44
0.33C CC-CV  12158.71 90.44 539.31
0.5C CC-CV  9481.81 91.98 459.76
1C CC-CV  6344.96 92.50 404.95

— 434 —

TREME,
4 # i

AHE CC-CV FERSEEM E AR EER
EEERIEAT T4, g A BT S AR T
FHAA k. BREN AL BB T RFE AR
FEHE AT 70 e DOIER LA R £ FE FE B S SOC,
FEUCEERS |, %F BT T 1E R B B B B B R TR E L fE
O BB # B 3 o B L CC-CV 75 B A8 =X, 0 70 ol
8, SRR ER BB Y BB R TR kS 0.33C
CC-CV FRH kA b, HoFn B A R 45 40 7 28.83%
FHEAEBERE32%, R ILBEEREKT
34.65% AR T THEAEE AR T Bt /E
B Ak i A B AR AL R

FL b 70 L R 1 32 R B A AR S (P9 REL3E
HEFR) WEWBK, ARG RERENER,
Wb R TR A IR A T Xt e T, B
ZEIEMEARNFTEESR, HILHREEM
ZAARZS X i AS [R5 38 78 L B RS i T — B
FHES

%30k

[ 1] H8. THTH: mEdgiEzsh %™ bk FENE
M ,2010,(19) :10-14

[ 2] WKW SiesnREHER Tl mse s
B [ Ae 0], Jbat bR RERST
F2Be ,2011. 8586

[ 3] Hsieh G C, Chen L R, Huang K S. Fuzzy-controlled Li
ion battery charge system with active state-of-charge con-
troller. IEEE Transactions on Industrial Electronics,
2001, 48(3) : 585593

[ 4] Lyn C E, Rahim N A, Mekhilef S. DSP-based fuzzy logic
controller for a battery charger. In: Proceedings of IEEE
Region 10 Conference on Computers, Communications,
Control and Power Engineering. Beijing, China, 2002.
1512-1515

[ 5] Hasanien H M, Abd-Rabou A S, Sakr S M. Design opti-
mization of transverse flux linear motor for weight reduc-
tion and performance improvement using response surface
methodology and genetic algorithms. IEEE Transaction on
Energy Conversion, 2010, 25(3) : 598-605

[ 6] LiuYH, Teng ] H, Lin Y C. Search for an optimal rapid

charging pattern for lithium-ion batteries using ant colony



TR - 3l 0 e M B B U T R TR BT SR

system algorithm. IEEE Transactions on Industrial Elec- of Power Sources, 2005, 144 ( 1) . 244-254

tronies, 2005, 52(5) : 1328-1336 [11] Zhang S S. The effect of the charging protocol on the cy-
[ 7] Wang L, Singh C. Multi criteria design of hybrid power cle life of a Li-ion battery. Journal of Power Sources,

generation systems based on a modified particle swarm op- 2006, 161(2) . 1385-1391

timization algorithm. IEEE Transaction on Energy Conver- [12] BEI=#F. %80, BBk R s 504 A0 38 487

sion, 2009, 24(1) : 163-172 BB, BUIE T K28 (B TR ,2003,28(1):
[ 8] ChenL R, Hsu R C, Liu C S. A design of a grey-predic- 164-167

ted Li-ion battery charge system. IEEE Transactions on [13] LR, HAE, 0. EFEsESAREPRERAL

Industrial Electronics, 2008, 55(10) : 3692-3701 BB EE. RRSMT(C k%54 T),2009,34
[ 9] Ikeyaa T, Sawadab N, Murakamic J I, et al. Multi-step (1) :46-50,53

constant-current charging method for an electric vehicle [14] E5EH,.¢HER,INEE. ETHRBRESSITHTIR

nickel/metal hydride battery with high energy efficiency FIE bR, b A0 AR AR3R ,2012,36(2) :91-94

and long cycle life. Journal of Power Sources, 2002, 105 [15] cs. i shiRZE e B o b 2 45 384 R LAt o) A

(1):6-12 B [ Ae 0], Jbat bR RERST
[10] Svoboda V, Doering H, Garche J. The influence of fast FE2BE ,2009. 16-18

charging on the performance of VRLA batteries. Journal

Study of a step-current charging method for power lithium-ion batteries

Zhang Caiping, Liu Qiujiang, Jiang Jiuchun
(School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044)
Abstract

The charging boundary characteristics of power lithium-ion batteries were investigated based on the tranditional
constant current-constrant voltage (CC-CV) charging pattern. By taking the parameters of polarization voltage,
charging time and charging capactity as the indexes for quantitative assessment of the batteries’ charging perform-
ance, a charging boundary curve based step-current charging method was proposed, and the charging performance
of the step-current charging at the constant current stage and that of the step-current charging at the constant voltage
stage were comparatively analyzed. The experimental results showed that the obtained charging pattern decreased
the charging time by 28.83% , increased the charging capacity by 3. 32% , and reduced the polarization voltage by
34.65% compared to the CC-CV charging mode.

Key words: lithium-ion battery, rate charging, boundary characteristics, step-current charging pattern
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