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Battery Monitoring Sensor
Prediction of Open Circuit Voltage with Fifth-Order Exponential Decay Function
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Battery voltage in relaxation of over-voltage.
. 600 sec. | 1800 sec. | 3600 sec. [ 18000 sec.|86400 sec.
Time

(10 min.) | (30 min.) | (1 hour) | (5 hours) | (24 hours)
Voltage| 1419V | 1377V | 1350V | 1315V 1298 V

KITH AL hiBB@BBEO Ny 7 1) BEIZIZS VTH D
24 hE#TIZ1298 Ve D, Z0EEIHN05 VThb, —Hh
MlEaRZEMEICL o THETOEITD 20403 VT
SOC20%F ISR L CT\vhe L7e-> T, b LI ORRIERET
DO X 5> T05 VO OCV FHIGEAED T L 7234812
1235% b DSOCHAFMEXELTLE ) LIk D,

4. DEBEFMEEOREHRE

HIFLO & 9 R MEE RS 2720121 12Ny 7 ) BIEAS
LES HETRHOZ LD —FEIETH L H RO & B Y HIEW
TIE 7R\,

Z 2T IO REMZEE) % KT X MK E AL L, b
BAERH TNy TV EEZ BT 2 2 128 oC, HilB%E
DOINHE L LTOCVERD L Z EPHEMRE L TIRBEFT
HHH)LEZ, WROT— 5Ty 7 b7 27 OriginPro7.5]
% T E IR T HTRC /- oAl i 22 BIWT Re s &) DR
WET R o7z M3 TR GBAEMBEN OV TEREREE
TFitting #1717 » 7245 R 2R 4 12R T

B4 T3S EA I, *EBIE, — kI BB 52 B
L CFitting #17% > T\ 5, 3H & T % & BB R
BL=HTLERERL T ENTGDb, LELENPLE
B BN OISR % % 2 72856, Az & - Ty
TOROF X /3 Y ERZRPLE SN, ENHEL T #fE
M BEMBELEEZEZ 200 (R5) kbHARTHSH LER
bo TOF X8V 5 OWEMBEIN Q) DL BYIEMEKTE
HanaZ epHmonTtniga,

HAELIRR 1205 (FR19F9A) 63



HABLIIV-THRERMEIEES oAl - S BB

/Ny T IRERA Y

1801 k’,,,,—y=a—b-m(x+c)
145}
>
® 140
o
9 y=a+b-x+c- x2+dx3
135 /
y=a-exp (—x/b) +c
\
130}
0 20000 40000 60000 80000 100000
Time (s)

X4 FARFEAEEIC X S Fitting D5 H
Fitting results with some basic functions.
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Discharge model of capacitor.

V(#) = Vyxexp (—t/RC) (3)
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Results of high order exponential functions (72 h) .
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Results of high order exponential functions (600 s) .
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Results of fitting with fifth-order exponential function.
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a3 = 05
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Results of parameter fitting with constant initial values.

259200 sec. | 86400 sec. | 18000 sec. | 3600 sec. 1800 sec.

(72 hours) | (24 hours) | (5 hours) | (1 hour) | (30 min.)
al | 0.18165 0.18494 0.18227 0.14229 0.10618
a2 | 04194 0.37675 040751 0.2968 0.26204
a3 | 095336 093074 0.93509 0.66576 0.75472
ad | 026797 0.25342 0.36775 0.9445 0.94309
ab| 0.32843 0.29649 037518 0.95575 095159
bl |-0.016509243 |-0.01360172 |-0.01792191 |-0.02223038 |—0.028785486

b2 |-0.002727987 | -0.00258982 |-0.00284124 |-0.0042573 |-0.005765846

b3 |-0.000477583 | -0.00048713 |-0.00050396 |—0.0009215 |-0.001053355

b4 | -845466E-05|-0.0001018 | -85814E—-05 |-0.00014872 |-898399E-05

b5 | -7.88618E-06|-1.2665E-05 | -17737E-07 |-5.1529E-09 |-288609E-05

v0 | 128099 12.87668 1270014 11.96402 1195193
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Results of parameter fitting with ideal initial values.

K4 FHEREDL ~ D5 L B8T X — gk R
Results of parameter fitting in fixed bl ~ b5 condition.

259200 sec. | 86400 sec. | 18000 sec. | 3600 sec. 1800 sec.
(72 hours) | (24 hours) | (5 hours) | (1 hour) (30 min.)

259200 sec. | 86400 sec. | 18000 sec. | 3600 sec. | 1800 sec.
(72 hours) | (24 hours) | (5 hours) | (1 hour) | (30 min.)

al| 018165 0.18494 0.18223 017777 0.1333

al| 0197363 | 0.186611 | 0.204374 | 0.205364 | 0.203812

a2| 04194 0.37675 0.40746 0.38423 0.31683 az2| 040674 0.380884 | 0403937 | 0.396729 | 0.397581
a3| 095336 0.93074 0.93469 0.93889 1.04206 ad3| 0935731 | 0.94366 0.939298 | 0.952906 | 0.908875
a4 | 026797 0.25342 0.36531 0.2909 0.29118 a4| 0281514 | 0268156 | 0.274624 | 0.255088 | 0.397949

ab| 032843 0.29649 0.29635 0.34785 0.35127

ab| 0331882 | 0351513 | 0361888 | 0.320114 | 0.244141

—

b1 |-0.016509243 |-0.01360172 |-0.01792629 |-0.01768617 |-0.023169338

y0] 1280155 | 12.78899 | 12.77647 | 1282862 | 12.80078

b2 |-0.002727987 | -0.00258982 |-0.00284197 |—0.00300893 |—0.004333842

b3 |-0.000477583 | -0.00048713 |-0.00050416 |—0.00053744 |—0.000671862

b4 | -845466E—-05|-0.0001018 | -86515E-05 | -58933E-05 |-305714E-05

b5 | -7.88618E-06| ~1.2665E-05 |-4.9568E-07 |-4.0105E-05 | -1.34081E-19

yvO| 128099 12.87668 127819 12.8262 12.83263
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bl =— 1.39556E-2
b2 =—254712E-3
b3 =— 44784E-4

b4 =—861326E-5
b5 =—7.37354E-6
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al~exp(n At'bl)
32~exp(n At~b2)
X = a3-exp(n-At-b3) (10)
a4‘exp(n At‘b4)
aS-exp(n At-BS)
y0
YT UFTHIA
exp(at-bl) 0 0 0 0 0
0 exp(A t~b2) 0 0 0 0
_ 0 0 exp (A t-h3) 0 0 0
A= 0 0 0 exp(At-b4) 0 0 <11>
0 0 0 0 exp(A t-b5) 0
0 0 0 0 0 1
B N7 v C:
1
1
1
C=|1 (12)
1
1
1
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WAV V- T A NVYHEE AT ZOWE, XTA—571)
Hi%

al =05
a2z =05
a3 =05
a4 =05
ab =05
y0 =13

L, oo BT E Lz £V AT L)
A XIHEBOFitting HEPHD THW I LA LIHTE 2 b
DEL, B A X3RATREIIBIT DHERESEIT] X
10-7& L7z,

yODHEER R ERIIIRT -

30

Initial Value: 13V
/
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2 15
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v
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K9 I~y T4 NYEHEIZL D y0DHETEER
Result of Kalman-filtering of yO-parameter.

B9 & b yODfiEIZA 1800 s =05 h TH128 VIZHURL Th
IR TN i3 Rl GIE AL = SR Y (W

6.EXRILFHRRELEDEE

IR L7222 B0, 5132 ORISR MEHIEEA 5 K E
B THERCEHTE 2 L RWABER L LT 0T
FEENINY FUNOF X3 ¥ EEFHOHRE L T <t
BEMBELTWLOTIE AV EEZ T (B10),

R1 R2 R3 R4 R5
C1 c2 C3 C4 C5
K10 520 F ¥ /3 712 & 5 EAMmkE 7V
Equivalent electric circuit model with five capacitors.

FHEOBHMII Ny 7)) ORERAFEM A IELT L2 L TH
D, Ny T NOYHBREFEHT 52 L Tldav, LarLx
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1o REMEE LC, EREK10 DM EE T IVICBIT A5
ODF XN Y EF R, EEONy T ) NOWEBISRI2YTIX
DTHIF 2RI T,
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One example of 5 capacitors inside battery.
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