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A Study Based on the Open Circuit Voltage to Measure the Remaining Charge
of the Nickel-Metal Hydride Battery

Hiroyuki EMOTO', Takanori KOMURO’

Abstract

The objective of this study is to define the parameters, which especially related to the capacity of
the rechargeable battery, and to quantify the relationships between the parameters and the amount
of charge. In this paper, we focused on the characteristics of terminal voltage during discharge and
after discharge. To grasp the remaining capacity, it can be estimated by the relationship between
discharge stopped voltage and open circuit voltage, which is based on the experimental data. The
open circuit voltage has a repeatable relaxation characteristic. The open circuit voltage, based on

actual measurement data, is considered.
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Fig.2 An experimental result of charge-discharge and

relaxation.

30 M TRRERT e B-39 (2015)

ZEICT D ISR ERIOE, BERTRAX—DOREICHE
HBLRWEIBISDE L DT80, A LB &Icx LT
ERMET T 5. D= Fig2-b OEW = RiEES 7
AL CHEBICEY HE R EE i 5 &, BERO
2450mAh 2> 5 iR ERF O 2194mAh 2 L5[< Z & T,
256mAh 3 7e < &S EIZITE LN R o lor 245 T
HHTERDND.
3. FRREEEMERTEEOM R

Fig.3-a (ICFHEICBWT, MEEK T 2ELEEEE
L&V G OK I EEERE & BRI E R EZ T
EDEED 0.5C DEBIMRCTHEL CWDH72H, KIKER
JERFEIXEZR D BV, TR CORMER TELE, KIS
T DIV E THRESEIGEOKREELRHE LICHEET
%. BARIBREIEIL, MR T EEICEIER 1 FEHIC bz 5
THIIL 7.

Fig.3-a Ol 0 B T EEIL, BEA LD THNT &
DT F)L X —IZZ NW - T b R IRGE & ko2 ofEn
L, BRI EEREEZ AU S D, MEK TR
W72 EBEOZE L BAEEEEDORH D — D> Th 5.

ﬁghﬁ,ﬁga®m*%Tﬁ®ﬁﬂ%o ZHY B

D% OIS EE 4 MEK TROBEME I LICE LD
t%@f%élﬁ@% BEXEDOESR TEEOHATH
- Th, Figd-b D X 5 IZHFH 2 23T TEESFEM L T<

(a) Characteristics of open circuit voltage vs.
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Fig.3 Characteristics of open circuit voltage



B[R 678 % IV 2 = 7 VR E TR L DR A2

%ﬁﬁ&@,%®%M®@ﬁ%%HLTmé.:@%ﬁm
TR TR (Z[EA OEEMEIC ﬁ#itw%@%%
F@%ﬁ#bﬂmj ", T ORI EIT S & ORES TE
TIHEDLOOIHEET HZ LN TED. DFED, %‘//7/1/
IKFE ML A EERICHGE S, B Z LD T b DR & %
DS CTOBIEEI DOIUR, Figd-b 2#FHT 252 LT
7o &b EOMIBIRETRTHIIH D RRDHN00, B
BB DREN O EKR TEEAHET 52 LR TE
HEEZLND.

4 HERTEEELERGFREDOHR
i FEEOREN D, & 2 REHERMME S B BRD&KY

DOEMFEL AR EE LT, BEK TIRROBEE & RFR
B OBREBRAT S, iRIIC= v 7 VK FH BB D
%mﬁrilvkénfwé@f PATAR BT REET
HD IV OB 0BDRIETHD LEZD. BAAREIT
KD TRODDHZENTED.

Crem = [1_ QX

Ql.OV

jxlOO (D

Z 2 C, Crem |\ TEMORGEE, QL& ILETEE 1.0V
WCET 5 E CICBMNRE LZBERE, OxidxVv (Vv >
1.0V) OFIEFEIEIZET 5 F CICEMNKE LI-EXEL
ﬁﬁ‘* X, FEENE & EEBD T DAERT

EIZEET D F TORF#[hour]fE/r TRODH Z ENTX 5.

Fig.4 TI&, MMl B TR, Al BRI 2 T,
FEAE RIS B TELE L RTERE L OBKREZR
LTWD. ERTHW-= v 7K FEME 0.5C OFEE
TECHE S EIGA OB TH 5120, kBB EIIE
BN DR D Z LN TE S,
FRATAR D 20%70° 5 80% DR HE
100mV OB THE
*ﬁ,%ﬂu%@%%fﬁ,WMV®M%%T%V@W
{ECHEEDN 10%REET D, DFED, MABORE
FEWTE, HDWIFREN DT RRRBIZ L, %f@g@
AR T - &V & LI EK TEEOE & Lffﬁhé
TR B A 3 2500 % 5 2 7o G, BT BN R
KT 72 D DL FRE O L FRE DT DR RE ®&%
ThHD. 29 LIRFHEEE 2T, B2 BB RFRRGE L
TIREEDBEM TH > T, ZTOHEMN EOEL Tt s
BT LR NERGREEIRIHET L L
WAGELE S 2 D.

IZBWTIE, BXLx

5. FARIREFEZAWV-BREREHTE
WRESN-EmE 0.5C CEEMMEIE, MEEKT
LTHhE 20 0B OBBEIKETEZREST 5 & 1.28V Th -
7ol 3 5. ZOBEEMEE, BHIEREEOFEUFER A2 ST
%5 Z & TFigh D& HIT, WEWK TEED 1.25V ThEE
2 PHIE T & RS TEIEAY 1.20V THAE 2 BAlRISE

EDZAL THRED 60%FEELET 5.

BHEED—ME (LG - /hE) 31

_ 145 4
140 O 100% (FRAFA B
(0]
135 +
£1.30 -
©1.25 -
Q.
§1.20 4
115 -
o
5110 -
S
gl.OS B 0%
1.00 . . : i D S
0 20 40 60 80 100 120
Discharge Time / minute

80%  60% 40y

Fig.4 Discharge stopped voltage and remaining charge

Fig.5 Discharge stopped voltage estimation based on
characteristic of open circuit voltage
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Fig.6 Remaining charge estimation based on discharge
stopped voltage

JEORICHR SN D EETH D Z EBNbnd. S HITHKE
FTHED 1.20V ThaE 2BERETEMIC L DanZ &
bR THEN D, ©F 0 ERNC L 0 5= EEEE, 1.25V
£ H/hE< 120V 1I2HBRD TEWGEK THEETHE S
BRI ELE FORTH D LHEESND. £ LT, Figb &
A5 Z LT, ZOEBMOBRAFEEDN J0%FRETHDHZ
EWHOND.

PLED IO ZBER O & E IR AR D G T T, BlE
MR A FEHT 5 2 & T, BARRELE & A& TEEE O
BAfR, A& THEE LR AT L OBMREFRIH L T, &
DIRFRBEWET HZ LN TE .



32 M TRRERT e B-39 (2015)

f“wl .

=E{l-exp(- t/RC)}

(i) RC-circuit and general solution of (i) Transient response waveform

transient response about v,
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Fig.8 Modeling of voltage relaxation with RC circuit

model
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Fig.9 Open circuit voltage relating to discharge stopped
voltage and discharge current
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