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Algorithm for Improving the Efficiency of Storing Electricity using Experiments of
Charging Characteristics for Industrial Lead-Acid Battery

A2 B OB o R
(Youn-Ho Park + Soon-Yong Chun * Bo-Hyeok Seo)

Abstract - It is difficult to analyze the charging characteristics of the lead-acid battery, because of the influences by
various non-linear and time-variant parameters. In this study, the charging characteristics of high capacity industrial
lead-acid battery 630 Ah was investigated through experiments with respect to the variations of temperature and the
aged state of battery during the charging process. The database of those characteristics is established from the results
of experiments, and the fuzzy logic charging algorithm is suggested using them. The results of experiment shows that
the industrial lead-acid batteries can be always fully charged within the saved charging time by the proposed charging
control algorithm adapting to the variations of charging condition. This new charging concept will be useful for
developing the advanced battery charger improving the efficiency of storing electricity.

Key Words : lead-acid battery, charging characteristics, the aged state of battery, fuzzy logic charging algorithm,
efficiency of storing electricity
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Fig. 1 Lead-acid batteries for experiment of the charging
characteristics
(a) battery in good state, (b) battery in bad state
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Fig. 2 Switching regulator type charger
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Table 1 Experimental resuits of the charging
characteristics for the battery in good state

SHNANBIE | BUESHE | BT | BHLAR | BIGEE
(2E2) (amm) lez(c]|Aze] (%]
1.09 1.28 14.40 552 91.8
1.09 1.27 15.20 556 85.6
1.10 1.27 18.50 563 84.6
1.09 1.27 21.27 610 78.1
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Table 2 Experimental results of the charging characteristics
for the battery in bad state

B EHE ST EEERE I TSIEREE
(BBB) | (4E3) |2=(C)|A2]] (¥
114 1.24 11.90 | 545 | 48.9
1.12 1.22 17.00 | 581 | 45.9
1.12 1.23 19.71 [ 613 | 47.9
.10 1.22 2136 | 619 | 51.7
FHAE ARl 2#H ] =¥ HolRd me §
AT TAZAAF, AR, TE)AA FHedE FHA
el e 4714 A=Al ¢ HasA doh o8
4Hez EES7 skl o wEAN e

(efficiency of storing electricity)e]gte €018 AH st A}
|34t FHEELE F20A weAy
I gxuAge] Add wFel zele
7hE Had wFe gy, A 489
EEFHARBAIY ¥ ES F& e W

oz Asjaw A1) 2ok

_ [pe—ps] _ts_t o
= x100[ %1 (D

= £Les s q000%]

re
A
3
R
Jo
on
o
0
R
A
-2
H o

. = AA A28 &4
, ke ty ypEM FAA FHA o

15, oM A& dFHx| 7
Hud, g SHARL Well Aaf

>
i
o
e
o)
=
n
i
@

ACA
£
= oL
(o]

— &
2o
2 Ay
~
= ox
tlo I

o

b
A
oy

o 4y

e

fob (2 M2 of
%
3 12
nx 3o
o o =

i
KU o iy
ofj
P
off ki of

it
o m 7
i
o
i
e
E g
o
do 2
ot rir
2 Mo r>4
N, fo
=
13
BN
.
_u‘ L
Mo
N
i )
Bis B
2 © o=
N
x

H
—_
2
>
e
Lo fr
S
ol
o
e
O _}.1)4,
W
>
N }.g

2
it
of
O“_,
o
=)

o
>
o
rfo
H
N
g,
ofj
2
B gy
ko ¢
>

2
>
>
N oo
SN

¢

oo oX
o i}
o
o)
=
e
9
)

40 o2 3O oy

ko ok~
£

T

>

o 208 AE A
29 =33 HAA

N
o2
}o{v
<
Mo
o
)
(o3
H off oy ¥

+
o
-

o

o,

Loy 2 4o M
B

)

lo v oy & oo L

L

X

fol

o

rlo

-

S

o

(=)

ox
oX
K1
lj
2
v
o}t
ot
NN
N
2
iv)

» Holo

ol o
r’pll
o r|
rlo
r
H1 f-
2
A
=2
M o
gl
to
b
)
of
o
o
A
ki
30
rir

434

& 130

=[] 125

120

115

110 ;

108 bttt 4y
6 1 2 3 4 5 6 7 8 9 10 11 12 13
SFAIZ [HR]

(a)

ey ALLLLLE]]
(J

110

105 L VI PN i R s

o 1 2 3 4 5 6 7 8 9 10 I 12 13

ST HR]
(b)
8 4 2 Halof st S™A| HEEN
(a) 2B HHX|, (b) =HB SHX|

Fig. 4 Specific gravity characteristics for the variation of
temperature during the charging process
(a) battery in good state, (b) battery in bad state
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Fig. 5 Experimental results of the charging characteristics
at high temperature
(a) terminal voltage of the battery,
(b) specific gravity of electrolyte
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Fig. 6 Characteristics of terminal voltage for the variation
of the aged state of battery during the charging
process
(a) battery in good state, (b) battery in bad state
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Fig. 7 Specific gravity characteristics for the variation of
the aged state of battery during the charging
process
(a) battery in good state, (b) battery in bad state
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Fig. 8 Characteristics of terminal voltage for the
variation of the aged state of battery during the
charging process
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Fig. 9 Various types of voltage curves in the aged state
of battery during the charging process

22 A

i

£

o

SHHo gdaeld

ol

3. 5d
3.1 &Moo SEMT

°f @M= 27 103 o] AAH FH7) e
FEE fFASEA, W F UreEg AR =
Aol HFAES AogdneF e FHNGY. s
Lol Aol 3

L) e =
7 AXE FHE AR oy, FHIE Fue oy
A

2
)
f
ox
)
ol

2!
A
of
2]
g
i
m L i
2o o 2 g ofw

i o Ju
ok ¢
rir -
ofj o
X, )
Y 1
b 1 o
[E !
mg -
tlo Tg
A )
flo
H
I
o
o o
o0 B ook o
(AT N A T < < A )

ZU oo A
o Fobx® A

%
AR Ao Ha A%

2
3 =Y
o o to

fon

ox u
S off
2
o]

oo o R oto Lo
B
i3]
m
2
2
iul
2
i)
N
ox
2
)
=)
2L
2,
2
2
X
o
offt
%
£




Fass»{zuuzazy|
av HHNEIEMPCS Software
dt Timer®

Ol&tAl SASC
(2E HA)

doll M85k XIsd Il SHHO

Fig. 10 Flow chart of the charging control for intelligent
charger adapting to the charging condition
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Fig. 11 Typical charging characteristics of the lead-acid
battery in bad state

STAIZH
Y 12 EX| dXEe HEkg
Fig. 12 Slopes of the terminal voltage for the battery
in bad state

H AY HYE Vs, A BY HYE Vp A CH AUE
Ve, B Dol dE€ 47 vk sy, $1FEA4
Ve € 2 8) 3] AT, B 48 o] &3t ZHE

end
4 ok
4y=Vg—Va
(N
Azz VD_ VC
Vena= VutAv 1d;— 4y (8)
71, Ay B HAFES B3 4& HA FHYFEA,
FAFRAEY 2529 HUARSESE HAYH AFE 3o
29 AYgAoa ot}
Av = C; - [defuzzifier( Ap)] )

438

A7)4, Ce HAgE F& BYFLE WY F F
S AEd UxAF7] H4H 2AY 8 A&(scale
factor)ol™, ApE 03} 1Ate|e] A fste HAFE AARS
24 R 49 Aol Adoluiga o ZAlstE

k3 4 SMFaMe EH
Table 4 Determination of the battery terminal voltage
at the end of charging

ENEIHY
- MR A
|4y~ 44 X AE Vs V1
0.2 0|2 ) 58.5
0.2~0.5 [ A1(4-8)
e =3
A}k
0.5 01 (Z=®X ns)

g3 5 Mol &e Hel
Table 5 Definition of the control rules

’;“f‘"r‘:;’ IF |dy— 4] AND T THEN Ap
i sm lo sma
2 sm mid mde
3 sm hi hg
4 md lo mde
5 md mid mde
6 md hi hg
7 bg lo mde
8 bg mid mde
9 bg hi hg

E 5NA FAA gk 71€7] Aol oidt dojw
4 sm(small), md (middle), bg(big), XA FHEEd o
3k oW lo(low), mid(middle), hithigh), 28] A
Aojgio g doj¥4  sma(small), mde(middle), hg
(high) o W& Ztzbe] 4434 (membership function)s I
d 133 Zoh

o]71A, HAF2 WAL Mamdani® min-max@¥-E ol
f3t¥on, R PPoZ e HHAFAHE AT

E 62 HAAFES T3 AdE dgA’49 look-up
HolBz A ZAAcjA] ZTEaPoz s 7|EHe 2
oF 1 Ut

x 6 XML Ay
Table 6 Voltage control factor Av

2Z[T]
-9 -9 0 9 19 29
|Az—d1|
0.2 0.0} 1,51 30|45([60]7.5
0.3 1.6 26| 36| 46| 5.6 | 6.6
0.4 25132 40| 48| 55| 6.3
0.5 301361 42|48} 54]6.0




Trans. KIEE. Vol. 49D, No. 8, AUG. 2000

=60
A7 xFase F94 AsdAFe B3P Tl fe o
sgsd Rsn GAUAL FFE dHAM T T2 5 56 5 e
oz 2AEANYL F5t9 @& doEHE o &¥ #HA 354
z2ge $3q, 2AAY =5 we FHFIAUYE Mep
WMAANA 2ALQAZ] OA dFHdeE dfHe 8F 5
& BEANFd THHEE FIAFLEN FHAFE T
A Bt “®
46
"X( |12‘_ A1|) 44 1. 1 1. k. 1. i ). i L 1 1 i it 1
b 01 2 3 4 5 6 7 8 9 10 11 12 13 14
1 : : g . 9 EHAIZE [HR]
il
sm 12 14 8E 2¥sto g EFX XN §4
Fig. 14 Terminal voltage characteristics of the battery for
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