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1. M 2 Fig. 1 Equivalent circuit model of battery.
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Fig. 2 Proposed algorithm to describe terminal voltage.
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Fig. 3 Comparison and verification of described voltage.

s it
Q‘E
e
}‘O, on.
N
X
= &
o= =
b o
offt
%

o2
R
>~

o Loy
K
1o
=)
- X
>,

o

- | =
Aotsle Mot BAF SuElEe ¥4I geuHE s
4w Harzsit, o5 f8) 11 2
AR Vi) B AR ) E 083k 102
d AA (e V& ECMY gt w414
& 2ol At} o] wj, Ry OCVE SOC
C rateo]l W2 look up tables T3] THEHIL L FHS
1 A9 (Vi(to+10)& 2 (2)9] A3t
NNEoz A (19 H3tE 10x Bt Festo] =g & 9l

2 r
X
2
o

e
fo
o
—
(e}
P
An,
i
>

N

-

@
V; . (t,+10) &)

= 0CV(t,+10) — v, (t,+10) — V, (¢, +10)
= OC‘/kilt,sen ° Rsﬁk

At At
Bk B iCrx

7{1151‘ Ry e (1—e

2 Qako] ALg

4G BAPH ol Fol i AlZh Bok %A
= £ A% BA 2R EV) S

e 71E BOM ), Astels
105 B A5AS AgS] Wil st Gstel wAE)
= oxte Aast @ 4

. Feedback 2%

P

Imax 3cycle

HF lnax &8 10sec
¢ 14 _
t
Vi
ST —— HY DAL
Viimit Error Z+4
g
8 4 Mokshe 1w F8 22215
Fig. 4 Proposed lnx estimation algor ithm.
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Fig. 5 Flowchart for In estimation.
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(b) NMC-type battery
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Fig. 6 Experiment apparatus and NMC-type cell.
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Fig. 7 Verification for charging/discharging combined
profile.
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Table 2 Maximum voltage error according to describing method.

2d 1 2 3 4 5 6 7 8 9 10 HT

SOC [%] 429 457 505 558 606 658 705 758 806 8.8 -

Vi tadder [mV] 357 -368 -39.2 241 -23.1 431 -200 -30.5-18.1 165 287

Viest [mV] -91 -140-11.8-101 -93 -86 -93 -90 -89 -83 -99

¥d 1 2 3 4 5 6 7 8 9 10%¥

SOC [%] 861 842 798 744 69.7 645 598 542 498 43 -

Viladder [MmV] 610 195 160 17.3 158 -23.1 966 248 -9.42 153 9.2

Viest [mV] 30 82 176 32 98 34 73 50 106 41 72
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Fig. 8 Verification for feedback based In algorithm.
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