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Improvement of Step-charging Characteristic for Ni-MH Battery
by Selective Cut-off Method
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ABSTRACT

In this paper, the proposed charging system consists of step charging mode and time—sharing equalization charging
mode. As 4V=0 point is detected, the proposed cut-off method will selectively cut off the only battery to reach the 4
V=0 point, preventing serial-connected batteries from undercharging. In the start of each step, the equalization
charging mode is performed to reduce the capacity difference among the batteries. Though it is added to simple circuit
for selective cut-off, comparing with recently used step-charging method, this system can improve the life cycle of
battery and charging efficiency, and be also very effective for preventing the batteries from overcharging and
undercharging.
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Fig. 7 Bypass switch circuit for selective cut-off method
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e 5EAA Y AFAH FEF o] DA H=d)
ol ] &l FHAE HELY) ) Aojshs FF
A& AXBT. Tk Ax|zte] £3F] B))B,)B,2tw 7t
Aehd, WA B, HAIE &5 180 A5t & B, A
A9} By A& 183 548 £ B, B, B, BE€ JAF 1¥
7t SPHEE Ay o] w) 29 79 vlojsx 29)H)3) R0
e F 13 2t B, AR FHs] el RL,,
RILg& €, RL,Z 341712 B9 B AAE $3:87] YsiA
= RL,, RL;& &, RL,& YA =8, 8 AAE 34
&7) 918l RL, RIS &, RL.S ¢A719 8o 24 A
Al o] Hgto] HA HHte] £5%0 ol EA HW 5%
e At BE A dis) AT 23108 A @)

4. BENAHS T U Ay 2y

4.1 STA|AHle| 1A

A FHGA A S Zhe AvEA Axde] B2
T O 839 Al AAMRlR 1.2V, 1200mAhY] 3%
Zk= NiF-MH AR E #343P7) 98l 2932325 100V,
5A MOSFETE AH-8l%lom 23 Axjwao) dHse &
AAF AGE A7) sl E2A18 AFAx e AgAl
A& AT

T3 ARFAH AV=0F AZ3o] AAA Y HgFo
2 FAGAE "geta 7F AR FEFHEEE Aojsl)
A3l 93 vlelazERAM 80196KCE AH&atch 4A
alo]AREZA| A 18eich ZF ARlel AZH Op Amp?)
23 & UF 108 E A/DE dolsd HAte) GRS
oldel ARz vlwsly GAES AHL HEIt 9
npolAEEZ A s AlojsE 82559 BMH d&E =
EAY 8HE tAg 415F THIEES o]&ald vlo]ajx 2
A 2] 29X TNE /2270, 9452 LERY §
HIE 4138 o[ 83l AAR $48 A3 sl2gers A
FA1 AR 5 ey 93 vlo|aR T2 Ax Y
Aol R = U Mx]o] Gt AYFeTHE 4V=0F



110/24

Microprocessor | Converter

1% 8 ETAIA-Y BER
Fig. 8 Block diagram of charging system

AAs 7t g9 2719 A/DYl dEEE #E AR A
o] eapAgte) A718 winskd AR FR A st
v 1o} whe} eAbH o FHE AN & Age A7)
o whe} 7t WA 9] FAEM L FHAE AR st 27 T2
Vb vlojalx 29]2) 320 ~9XE & 13} 2ol A
FI5E 3} & ulolmlx A9 EE ByolE AMgdln
et A% ERR 2B 1 9o A9 xR dAs
Alzdle) 295 FY F UE A0 7|hdnt

IWhA Q) AdER o3 FHES] 49 A% J" 9
o) JeRAGITE AgEAel Al 1dAlM = 1C(1.2A) & 27

17
B
=0 R
16 — B

¢ (V]

14

13 L -y L " — L i - " PR

1 16 31 4 6 7% 91 16121 13% 151 16
Al b [min]
118 9 7Bl M| Yot HEiAof offt ACEMEY
Fig. 9 Characteristic of step-charging by con- ventional
cut-off method

apRat A 3GAlM = 0.1C(0.128)9) & HFE 29 F
AL 83 vt 28 9o-E FHAFE HA B AL 2
S5 4V,=03 Helld ZE AP} o WA HEEH
Atk Wb, WA B & TEAe og dsit dE Tk
Ao) 9la, AA By FHFA ] nheHgen 4
A ¥t S vehim o) 3 Al19A ZHEA
A B, B, B, 283 A3AA B,%} B, Bt ©AA
stoll Afolrt e AL Mz FHAEG0| BT} FERTY
o] Bd5%E Bolm girh

(2) MEis ZRChH| ZElo) o5 ATk A9,

Ak AR el FATA A R A3 AdE
A AgATE 28 100 YAtk A2 e 27 A
7A@ FHE A AR HA) B, B, Byt A% T AN
4V =07} vebgel] whe} 2t AR 4V=07} 5= Aol
A MER o FavAzt Aasw &S & 7 ek

13 e L . L -t i - — " " _

1 16 31 4% 61 % O 106 121 1% 151 165 18
A] 2+ {min]

12 10 MEE S BEAo| o8 ATENEY
Fig. 10 Characteristic of step-charging by selective cut-off
method



278 EAETHE HOGE #3486 4% 19984 128

12 e
116 31 46 6 % 9 16 12 13
A 2t [min}

I 1 ZEEUL HEH ZECH Mo ATENEYN
Fig. 11 Characteristic of step-charging with selective
cut-off method and equalization method

A

X
Jn fo,

WEGF Aol 24417

Il
3% HZa §ANZ 4 Ak A
2 AN $383 RESHE

®
ol
5
o
2
~
fu
¥
o
IR
B
=l
ol
X
e
o
-
o
s
4
pas
32
o

o 48 Zgon esin] ULl Hol Fhg 7]7lol
A8 5 9e AoE /AT Be § B NiMH A4
o B9l AL A AW A9 A9 W AzE AS
oE B RN AL YA A8 ol A
A% E2e 3} lgEy, med digde] WA Ee S 2
8 3

2 TEe SHENSRc XY Heloaim D2 My NAL BE ‘
2 AlAg oiMlE] o] o] Xiglof ols) SITEUS. ‘

- S ——

ot

b 25

o

(1} D. Linden, “Sealed Ni-MH Batteries , in D. Linder,
ed., op. cit., chap 33. McGraw-Hill, Inc. 1994,

[2) Sungku Song. Keun-Ho Kim, Se-Chun Oh, “A
Dynamic State of Charge Model for Electric
Vehicle Batteries', 12th International Electric
Vehicle Symposium, Symposium Proceedings,
EVAA, vol. 2, pp.519, 1994,

(3} Nasser H. Kutkut, Deepak M. Divan, and Donald
W. Novotny, "Charge equalization for series
connected battery strings,” IEEE Trans. on Ind.
Appl., Vol. 31, No.3 pp.562~568. May 1995,

(4] Robert D. Soileau, "A diagnostic testing program
for large lead acid storage battery banks.” IEEE
Trans. on Ind. Appl., Vol. 30. No.3. January
1994, pp.193~200.

(5) Guan-Chyun Hsieh, Jung-Chien Li and Jiachwen
Hwang, Design and implemention of novel Ni-Cd
battery charger.” IEEE Trans. on Industrial
Electronics, Vol. 7, No. 3, 1992.

[6) Stephen T. Hung, Douglas C. Hokins. and
Charles R. Mosling, “Extension of battery life via
charge equalization control,” IEEE Trans. on
Industrial Electronics., Vol. 40, No. 1,
pp.96~104, February. 1993.

(7] D.E. Reisner and M. Klein, “Bipolar Ni-Mh
Battery For Hybrid Vehicles,” IEEE Aerospace
and Electronic Systems Mag., 9, Apr 1994,

(8) Willian Lynch, Margaret Casaccca, and Ziyad
Salameh, “Linear current mode controller for
battery test applications,” IEEE, Trans. on
Energy Conversion, Vol. 8 No. 1, pp.20~24,
March 1993.



Med FAGA LG o3 Ni-MH #=|e] At2d EA A4 279

(9) Wei Tang. Fred C. Lee, and Isaac Cohen, "Charge
control:Modeling ,Analysis, and Design,” IEEE
Trans. on Power Electronics Vol. 8, No. 4,
pp.396~403, October 1993.

(KA & 2 1)

O S (R7ES)

1969 38 2324, 1990 ZACH B &7|
B0t S 19974 Hidt) chetel &7 B
RICAIAY. BT Fetrh CHEHY 718t el

K

my oH

o}

Y (FEfEX)

19674 28 13204, 19934 At By X7|
Bt Ze. 1996 & chetel AoIBeint B
(44Ah. 19983 & Chetel H7I1Ben} HpAlly

2, 19974 118~3x 8% HITECH 2.

LY (GHE)
1960 123 2724 19834 FE AISH|
Bt Be. 19864 AS0H Chatel H713%
FEAUAAD. 1992 AB0h chetel F7|Zst
It BY(HAD. X Meh STH M7 |F e}

n

2

=]

AAHE (F4kH)

19533 4% 23 1975 M) ®r)138
It £ 19774 Dol cstel Mo |8stnt EY
(MAD. 1990 & CHetd M7(Bsnt Eat
Ab. 19974 £F BUAILIE Visiting Scholar,

SR Mol S0 M7 |35t} e,




