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Abstract

The battery model plays a crucial role in the design and optimization of battery
management systems. This study focuses on the modeling and subsequent application of
multi-state battery models, aiming for use in practical field environments. Unlike most
other studies, it considers the temperature variable and the estimation of the dependency
relationship between battery parameters and temperature.

This study investigates the importance of battery models. Battery models are used
for battery parameter estimation, algorithm development, battery characteristic definition,
and optimization of control systems. In this study, various battery models using different
types of algorithms were explored, and experiments were conducted to compare the
accuracy differences between different models.

Additionally, this study also investigates the performance of battery management
systems utilizing this battery model under different noise conditions, exploring the
performance when the battery monitoring device is affected by environmental noise. In
the future, this battery management system can interact with 10T components, ensuring
the balance and safety of the battery charging and discharging process while achieving
the operability of the battery management platform, improving the performance and
lifespan of battery packs, thereby promoting the widespread application of green energy.
The selection and application of the battery model will have a significant impact on the
performance and reliability of battery management systems and energy storage systems.
Keywords:

Energy storage system, Battery management system, Battery model, Kalman filter,

Co-estimation algorithm
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wSoT enfp iRt » - Befiedl B BB ER ERIT A 20 Bk > fud TP
2o EATRAPITARERF LR ABBRRTERLE LI NEF20
¥~ & (Parketal., 2020) > i # 8 B Bep U E I BmEHET A B R DE Ko -
BRGZIRNZ I URTRFERFE > 2T HEBAGRNTE ARA S
PRBRARE-HEZ P MR IFT R REMABRRBERPITOTE L0 IEAR
T E AP REARANSENRINT SRR LM AR ERT G EET L S
BEREr v D - 2 A RS R oB) 2-6 #7o7 (Park et al., 2020) -

fort 0K b SOF ot ik i SOP » A ARgi f s b o 3 F 37

3

=

A
Bab A VENAS O ATARLA F - R FIREFRAPRIOEPF S A
TR S FRLET A PO AT R KB R R] - Shen ¥ 4
(2018) & i o erR 3 P b T M ABIRR E0 G 0 & FERR T SRRl (Hybrid pulse

power characterization, HPPC) ~ SoC 2412 14 2 T B4 - H ¢ SoC T4 {r
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W TR

SRS IIER Sk

e

B I A

# 2-1 SoC =

B
SR
o
(i
o3
3
%
ws

r“’

IR T

» HPPC = i B 4.

B A i

SoC-OCV ¥ s

BEFV 2

+E A FEE

R

e

* 4T £ e B

XL EHFR

TRZ Y &

% A B Sdcx

SOC #chhit = 4o

F41 SoC & i
S figr 4 ik

i

AT R §o BB EIE B HF R
TR EG  FEEAAELE

W RERYESE BMPRTER FRREE Badf ot
2 T2 Z R ETA ERLP A R FEVEE

F %3 eu ] f(Taborelli et Meizgisz &€ (Duttetal,

¢ ERFALAH  al, 2014) Fr % AR By 2020)

(Liang et al., #-(Youetal.,

2023) 2016)
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#2-2 % A4 % Jmik B A A

EKF

UKF

SRUKF

Dual SRUKF

B

Wb kR

E M

R

G

# 3% (SRUT)

®* SR

SRUKF %~ & iz

SR PR S
Ly Tt A 2 LM REBBUKF [ B lmR

% £
'ki. ,ﬁ ,?V".»

Lk ezt
¥ Jacobian
(Feng et al.,

2022)

fe dicid B o
(Dutt et al.,

2020)

fo { B ag
i# & (Dutt et

al., 2020)

Yk SLpF

A4

23
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TR

SEEE TR

SLUKF 5 =+
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I SoC estimation

2 P

N -,

: I | |

I | | |

I | | |
i — '

I | | |

I | | |

I | I SoF estimation |

I SoH estimation :

Voltage

Battery
thermal

B 2-5 T4 Fdcdp k14T X H

power
dissipation

Temperature
difference
model

Temperature
difference +

Cell temperature
+

Surface
temperature

W26 % & HAlE A4 R
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23 B Gy i

dem 2 2289 A o R S BGMAEDSIE ST AT £ w B
1 > SoC ~ SoH ~ SOF %2 SoP #p % ' § 5 M 55 » @ SoT { 4_& ¥/ AR T »
oo FAAUEIEZRA Lok flclr R WA ALY R TSGR %G e
B] 2-7 #1777 o pH e ip 3t ,fﬁwzxi{%ﬁriﬂ;g LR Bz Fepielt o E2 TR
Mt d B o B3 fced > AP PFeF f R SR o APy 2 wH 8
FEF W o B HIE GR AIE S lcE B 0 T2 d R R R Hoed 2 R 8 Kk R R
I{AEFELES £ % (Parketal.,, 2020) - e 7 & #Fwl/L g chd_» T 5%

Pl mid 2@k fap el Gr AR EsiEr RV EREFMEZA
»% o (Liu et al., 2023)

Ma % 4 (2022)4% % 7 SoC ~ SOH % SOF eijp ik 2Bl 4 » ¥ 4448 # fogp 3 §
pEZIRPRRZTAER UBHEF L RAFEEZAHS FRISC £
¥ SoC-OCV ¥ & % e & Sfcdp ik M o5 @& * i fFdo ] T2 22 55 SoH » &
7 SOH Ap M Bcdp to e & T 4 A A Sl K90 SOF » £ -4 372 AP M Sl 3
2 SoC fipl? o T UFEKFEM o d TS FEE M S BOTEL I R FEE
F 2 B R BT H I GRS FE

@ Fang ¥ 4 (2019)2 = 7 — {3 & 3hiw B 2 H0A1 1 B R4S F 4 2 SoC 2
SOH » 343 7 W3 S HHEZ 85~ > & AafdRY #P 0 kX B 572 5 SoC-
OCV # % o @ Cacciato % 4 (2015)f] JA»> %8 143+ 8 f 32 p ch B3 1 A5 PILR
RlEBath e B3 FE 2 A > TREER Y EKF 522 #0340 > U F BRE P

TREF R CE R LT HE 2 FRHAETR 2 B RE KGE §
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58 4 A (GADRERE

Bl 27 fa b 3w ik AdT A

24 % gt BE

2.2 Eﬁénxiil'l—‘ﬁ/}%&(ﬁ%/ﬁ-ﬁ‘/; "ki/}%l/ﬁtﬁ/ﬁ‘ﬁ/ {— fé?r%/\\?v /*

SR R 2 LK YT RSl A 0 AT AT
PR RS T B o+ B AR BANEE SRR Bfe kAR Eo]

G Lens £ o Hpru yy tﬂd\ﬁﬁ'ﬁb’ﬁ}’ﬁ 3%k R m?}:\%j\ﬁzr_ﬁ}"hlp”‘m
Brglh o + 8 Rk BEHEA BALHI I FFRACLAT AIFRHIY A BA
R AR A T AR R KT - BRE - BLATHEY o R BR AT

Rl R TR KRB T IER o A S L FRAR A B e

Xk+1 — Axk + Buk + Wi (2)
Yi = Cxy + vy (3)
X =Kpzp+ (1 - Kp) X4 (4)

F2)% FNEB)A B R A FRT AR AR gk AR 2 A2 B P xR
2ERADRESE >y N AT R FEPe £ w v s B £ SR oEuR]

!

S ASBNCRIE *ARft B Y chiteE st o 2T HAIE A T

o
fq,

e N(4)5 RAHE B RAER R i FTRERT 0 R W IORE R

BoKpiFEHE > Az REAg HRIEE -

Xp = AXy-1 + Buy_4 ®)

P,:=APk_1AT+Q (6)

K; = P; CT(CP,C" + R)™! (7
15

doi:10.6342/NTU202403842



X =X + Kp(yi — CX;) (8)
P, =(1-KC)Py (9)

PO (6)F F ki BE Y AERIAZE B P S RRIEL X #E Kk

e (Covariance matrix) » @ Q 5 ki sifesnz £ B #iar't » A4 it Rk i 2 28

T EA X frPfs YT R A B¢ B E - IR FR - A (7)) S O)R
LA E Rk B ATHS > 2P RERIEN > B LATH Y LR e &
PHcEi PR N FEREK, R UEPIEYy, ot E MEK B R EFE
X B {ATNB TR R HELP, -

+ & A B 2o LB A B A QBRI MRE ¢ e 0 T
REFEAT IR R R BRS KRR E SR H S AP A ER
e bR - AEBRIEEY T TR - BIERIE (AT BT T - maOREE
Ve e EA - > &5 X ERY BIHAEFEPTEHEK, > BB FRFALS
AB PR T RABEZIBRESEY B AP R EETE BRI Y
P A BARR GNP PP FARFWEP R AR FEF L RAE
(Extended kalman filter, EKF) & ;2 > # 4 chff < & {rig iz 124 £ 7 pi(Huang et
al., 2018) > @ T & BA2z EEY 2R AR B EBAHFTRT ol FAF

<

e

—\
Fﬂ

TRIER GRS G F R RABEEHT - 2 BRC G TR A
ﬂﬁiééﬁi’,%%*"‘lﬂw/m“f? BE o FF L AfEF LR BAMRLE S Z0R
g
EFEIFRABATRERPBERIERZ > L AL RER Y B2y -
LR .

B FRPE

&3
e
\\\?{r

Beenfp iRy € p Aa AR- HiwE N (Maetal, 2022)
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TP 22832487 AFETHEFE ST HIER S 2R ERR O RS H

&3

JEmjga;{jE;@w ¢ HBTS gﬁ,}«}ﬂbpn’_,pfr@@i‘_‘; MERo-% o Ra o é_gv
R LA T RS BTREELTS e UEELEE R TR d

fe G ALE o @ TR e d WEBEASNH BR S s o B DT Rl g

L% 2R - TS BTG DA BT G T LR A B AT

AT 4 RAE AR IO R o d MHESEC E AT S 2 BN TR R D

P KA EB TP B eT o ¥ LT T Ve R T
EadLfEa fd o pE T ol £ L EROT IR @R AL E TS g
dAE S N d ko (HY2213, 2 i]’x ) LA SR 2-8 o o § B 2-8 ¢

pin2 2 45 » & VDD i 31 & ¥ iR R @55 0 i MOSFET QL > P % T

R2 k-5 4is B3k o d WS T Rl BHE SN BH Ik > kg A
e A PR TFENLRKL > mA A FEA AT A EBHTHES N
RS RN PR e S PRI VS T T R RS LT TR T

T e N o g /R R 4% DC/DC converter = 5% o & F/T R N H P

RAM - LT R/ REFT S Y DSBS HB Mo~ 2R

e o P T ETRERARRE R S ERA A PR AR PR

N
&

Ik

@m DC/DC converter > ;X H 32 4 B #-F BT Al s - BEMW  FRERER
®

SEH BT enSoC» o E BT w3l i DC/IDC converter #-it £d B it £ 7 #
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I BT A A Ren %4 (2019)3 111 — B Y B4R B R/E T E

(Dual-bridge DC/DC converter)sfj B § 74 & T fim3 45 - 4o Bl 2-9 777 - Ren % 4

(2019) & Fd 5= N2 T4 v > FIMR T ABHT e T B Y R
P 2450 P HAER S 2 SOC & SoH ZFEF <2 1% & AT T A

PR OTREM TS MU ETF ETFEIET R IM T AT
PO REAFLRE D T PHBTA R ERTEE AN T T T
A T T R WA AT IR R T EALELATRAE ERD

WGP A E > Fla ot LR ER YRS o

A1

100 7 ?s%
11
LED
wAdnc  ouTpR WM LED{0B05_G
2lyDD  NCpE¢
VES NC L v

Te
=
21¥

Bl 2-8 % ﬁi:}i HY2213B i & 7 #-§l

Charge equalization
controller in BMS

Cell 1 Cell 2 Cell n-1 Cell n

+ -
Bl 2-9 & * DC/DC converter i& {7 1 - ff=2_ 7 » =7 £ Bl (Renetal, 2019)
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¥=% By

Aams kit > T FKR A SoC ez pl H b 5 Mtz — I » Bar it p
SOC #*+ L R BB 2 i1t R ¥ 2niv frd #4075 ¥ %E%?r’ﬂ?;‘ff‘ o #8m SoC
FTRFFFZUEFLRTIPIESFTA > a ZENEF A HFET A FEEFE
v o ¥ LT E BRI 2TG EER2 (Direct measure methods) ~ # 3z (Book-
keeping methods) ~ iF /& % %t;* (Adaptive systems methods) & - & £ & |/ i i 7
PREFEEEETEL RN G ERERERSOC ¥ LB EKERZY G
A B % /&% (Open circuit voltage, OCV) » [efrix 2 T2 ER 2 & o Hizi2 v

7 e

&I‘"

anl,
q»
E“}\

%Qﬁf%éﬁ%a%ﬁ?ﬁiéii%?ﬁ$ag%?%ﬁ@ﬁ

SoC 3+ » B &4 ~ i# (Coulomb counting) if 2yt &7 & 3] o i§ & % si% Pl L EiT &

=

Al femBiz®len mima 2 T RINTE AL L BAMT X HINFF
BB AR ek R AR B S P Sk SR kA

—_

L

R4 S0C o F Rt hodd SR~ B0 B 482 (Fuzzy logical) ~ £ # % £ 1

R

5 (Support vector machine, SVM)4r+ & gt % (Kalman filter, KF) % -
AR R AR * R & 2 % (Hybrid methods) » # 472 e B B E U2 EAF AR
PEORFUETRA A Z LR ORRPTE > AT RA BH S Sk

B AR R AFLEY EMF ¥ St 8 A B2 P s oo o

(s

o4+
(=

Fas g P AT RUETHRFENTH 2 EMFERY s> 1

nY

i W AU & (Curving fiitting) - & 58 & %2 & SoC T it S licie 7R 1 B

S

o
IS

Vﬂ‘

lL }élﬁﬂgﬁ‘ Jrﬂ;j‘—a OH':'B:";_? Gk‘]'ﬁe}]f‘lp/ﬁja—r’\soc "Fﬁ/}a/ﬂ; _\be\}:

B ATt B o { ATF B G SoT 2 B K iE SoH ° B & & & SoT i i

&

#] = 3% (Recursive least squares, RLS) fz | s 57§ 4

\ﬁr
—\

s 2L EIS TR BT

il 1§ 4p 4% (Phase change)few &%t & [T 4 SoT o i i SoH F #kif i RLS
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B TR HE S RCP AR TR AP MR SUBE 0 18 5T

PRRTRFEIES BRI R R M SRR E L T B 2

BT 33K P Eit o P FFLAE R F S22 SoCyE s AR 1 IFL R
P AT S PR EHEF L g BRI EAT L SoC 2 Bp o B4R R
BT 2 34 A o LRGSR BIIFE 2 et 2 SoT #Ee 2 SoH R w

B w00 EIS HAl2 Ap 4 G FRFTE TR

g
w
[

ke

BT R G E
RH B RRIEERE ) £ F RIS bl ML RS R

3.5 & it o

RLS algorithm with fading factor

1
I_ — | |_ _____ S O_C zst;naTor I 3 SoT estimator | SoH estimator
|
1 oCV HPPC I | Initialization I EIS model update SoC-OCV
| | | curve fitting
I test test | I lv : -‘ T
| I , Phase shift -
! L l Parameters update : calculation C apacity
| i ! I 1 i SoT estimati on calculation
1 Curve fitting in I | | SoH estimation
L— Thevenin equivalent f¢ I ! - I Estunated SoT
: circuit model I : EKF algorithm — : output Estu:nated SoH
: | | SoC estimation : output
I \ 4 J 1 ¥ |
| )
| Battery parameters | I Estimated SoC / I
I (RoR; R;,CoC) - 1 / output | e :
1 output I e | == = = I : Process noise and | |
—————————— measurement noise | I
Battery parameter ! update I
identification Estimation 1 1
is over?
B 3-1 fafe o3 B2 A S HEm > J T4 SBrRR R - SoC #8 R B ~ SoT

FEERHIZ SOH FRERH LA - B B R E 2 0 AR B Ak s 3 6

FhowAEy Y TEPIREBE O FWEET R 36 &
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32 RHERE

AFEIBEPNF EHT A R TN K T URT 7R Tk
RILRGF R AT o d HREE ] 2 AT SRR RTF L ETAN
EanAERREE > P UEAFREORXTHIRE B LI EIUPRE T AR
IR * HIOKI B 78 # 152 BT4560 % BT b 2 B e iar &7 » ¢ ¥

cRPIE BR BERRT A A ERARFER Y RIRE R BESRE R R & -

B E e E MR Y IR EEE 0 o oA TR @ R i
* Arduino #cdr 4] B2 LabVIEW #25% & F:2 (7 » 15 > MATLAB/Simulink % 3
PR THpAIE R T4 AR BRI R T S E Rl 3-2 AT o

AT T e L ICR18650-K » H 3tedrd 3-1 %7 » HEE 23 £ 5
2600 MAh > 3F 2T /B % 37V F THRERAN L 42V 2 30V £ 2EITER
BO0ZASHEART > DAREARY BERGNTERBEZ BHEEY o Ay
PRERFZEMERIBBEARASIL-S5FEAAEZ ASFELRE > DT AAHRIAR
2HCER o % 223 § 45 Chroma 63640-150-60 > # Rfekhrk 3-2 #rift > &
B2 ETRE 10V X1 FF 5 60A fx# F 5 400W o T RELRIH
BAeT LRI R A4 B 5 0.05%% 0.1%;~ & 4 & (Full scale, F.S.) - H s ix B2 &
frdrd 339 HART AL WL XFH FHDTF ¢ (Chroma 63640) -
TRERE (NPS306W)2 T % #ipl ik (HIOKI BT4560) - #4108 B 2 i 244
(EYELA WFO-400) % <8 32 % 44 (Sanyo MIR-153) » # 3t 3 Badr 412 FE = % 22 i

AR TR R TR
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Main control
computer

Save
Test result

Test is

No

over?

4

Data processing
platform

A ———
N T
- L - -
- - -
. © 8 ¥ |
o | S————— P
===
31— |
 EEEINEAAEEE

Battery test
system

Test
setting

F132 95T 5 % H

Battery in temperature
test chamber

Note: Foht R iF"ERX T I NEFHEE I fpR » w3357 RIS

AN
,%Ef';f.li,—;;‘c

100% SoC 2z 7 I 0% SoC

# 3-1 7 # & ICR-18650K .12 %

~ICR 18650K_

Lo

T e

HLFE 2600 mAH

2 TR 3.7V

FRLRE 42V

B TR 3.0V

L 0.13A

1 e Charge:0°C ~ 45°C

Discharge : —20°C ~ 60 °C
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%327%

+ f §* Chroma 63640 L1 %

Chroma 63640-150-60

T e v
3 ) ' = ) = @ ) -JK—\
oo o0 o0 . OQQQO QQQQ QQ
| .mlqdoml-ul ol on{ "':i _:'3' o
B TR 150 V
B R 60 A
Bk #F 400 W
TR R 0.05% F.S.
T R 0.1%F.S.
XM R 0.1%F.S.
B SR 50 kHz
233 FHKRFE &AL
FHRRE I F
" A e ICR-18650K
RV B Chroma 63640-150-60
FANE T RAERE NPS306W
RSl L ot B S HIOKI BT4560
SRR B R R GY-906
A TLP-250
Hedr 4] B Arduino mega2560P

Node-MCU

MR B R 8 Sanyo MIR-153
H R4 EYELA WFO-400
Fy s U 1) LabVIEW 2023Q4

7 A gAY

MATLAB R2023b
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AFHEHP TSI ASFENRZRE - E2 EMFY Ren> 21 B3 RREL
FEHTRIEE > PRALERET A7 SOC THEHT A BFRBLT A

TERFRL-BEEF > G2 TRETNS > T TSOCHERTRE; 7 TR

2]
H—
N
e
ﬁm
«_\_
=%
s
et
“3
S
ppas}
=
eﬂ
Fn,
8‘}
2

T AR B F MR LT AR

PRLBERLZFALLRET ]2 RAFFL Rl BE TR

Z2 o ARHIICR 33477 c TRIIDZ 2P ELBBERTE PR Fo
HTRA- LRG0 B SOCHBEN LT R RERCT T RETIEEFNE
BB dei (10) -8 (12)977 c B P o Vg s RRFZ TP HBTR S Vygg » R

P

{w,

TPRRR VW BRI R V5 5 e RCITE AL 21
TR Vocs DA BRITR -m R BRI 2 - A BT I %D T inauE 2
B AR PR SR FA A < 0 A 5T Bergveld ¥ 4 (2002)7F ¢ i -

EHERY 01Crate 2 TR TF % 0 WA Y 2 74 e ICR18650-k 5 & 5

0.26 A -
Veng = Voev + Ve + 1 (10)
Vdsg =Vocv — Vg — Vp (11)
_ Vchg + Vdsg (12)
oc=—" 5
2
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PO L REHREIRERT AT S R E20T B2 7B 43 SoC W

i\

R
WMo EBRTR PG AT RV ELE AT LR - FmANE 2 FLERE F T
20 F#H S RCEf AR E T RAA > IR AT SRpEEZ (Hybrid pulse
power characterization, HPPC)#s fie. MATLAB/Simulink % = 4p e § %R 8 &2 &
WE TR HY T RIITF i\ﬁsﬂ] MR R 2 MBI #-50C B IR
% 3.85% > HF W % A RAcH] 3-4 1T 0 Bk D 7 SOC K imT 2 %% ffFoL
TR g s o HPPC R i 72 5 - HPPC Jp| 38 e77% e 22 7% e b z
TR ELE 2RIT iis?] PRBEH HFD SEGRRFRELEHRES F b
EHBAERETT N3k SoC Tohm# /e st TlEEitg 3 o 2
5% B 75 4c B 3-5 #r 7 o

FZMA LU ETRTEE2 HPPC Rtz #dp = & 7 % 2 T B S ces
4o @) 3-6 7ot ’ﬁi\% NP RCE AP ESCT RIS T 7 @ F T Jn Le g plEd
IR E TR SRS LR SRR P RS EP A IE R R T IE RN R
2R T Co~Coo Hep DB V7 38 (13)4 71 o @ Bodd p J2 Rs 7 i i %% P8
R R AL FABRE AL Z T RAVALG R 2D BHEPMEAL 0 st
(14)% B 3-5 #v7¢ - =@ il ¥ Matlab 2 cftool (Curve fitting toolbox)1 £ 48 i& 7 Ry »
Ro~ 71 "2 2 S8R E > PHET 7 2ANFERCZTZE CL ~Co2 B0 et

(15)% 5% (16)% 7 o

_At _At 13
Vt: VOC - ILRS_ ILR]_(]._ e Tl)— ILRZ(].— e 1.'2) ( )
—_(Va—Vp Ve—Vg 14
Rs = (=¥t 4 = Vayp (14)
Ry
R
L FArEA SRR AL A B RC E T L7 U BIH TR RO

WEEAL G AR T 4 R e (Overfitting) R 4 #3142 > 4 b

25
do0i:10.6342/NTU202403842



B % %k RCEMEH - Wang % 4 (2019)2 F 5 #5247 425 2 B4
Heeif Fr 45 ) 0 @ i Ramadan % 4 e 3 g TR 2B F RV TR B
BRAek A B EAK L2 ATHRS BRCIBTHZ 28R~ C1 ~Ro~Co &

WEE G EEENDRIERs BEECTF Crso A EHECTIERLE £ R R

? CT|_ ’ 'Qr'ﬁ] 3-7 BTIR o

RS R LACEAL PRA SR R MY

¥
(Xie, 2023)2 + 1 5% % w A Fd]a » ¥ BREELRTETFER TrLivel &

B IR Tisa &7 A —‘ﬁi'fr;f;» 100% > 9 Tvs : Tt & (5%-45%) : (95%-

550%0) » 1t T EREFT R S FES o T2 Y R TIFEMY MRS PR &
L

TERCTREZERE Y T RA 2 A %% Wang ¥ 4 (2019)2. %
et w FHEEETS OS0F £ kit FHEEER Z 2000 F -
TR SRS %Y > DRI %2 HPPC RIRF &% AP (77

IR TAERIATS KRR 5% Y > MERPE TR ERTRES
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h A

Setting CC-CV

- —
temperature full charge _‘
CC(0.1C)
=»| Rest 8 hours [ discharging to
cutoff voltage
CC(0.1C) charging
-»| Rest 8 hours [ to maximum

voltage
L Interpolation Change
to find EMF temperature
curve and repeat

B 3-3 7 R -T 192 F %428
Note: % Z ¢ in 5 026 A=0.1C-rate> ;8 & 5 —5°C~5°C ~15°C ~ 25°C
35°C~45°C  *# W RAEEF =P i THEFNGE > FERFFBHER S

FARF %
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_"' . CC(0.5C) pulse e
| charge 10 seconds
Setting y
temperature Rest 3 minutes
: {
CC-CV CC(0.5C) pulse
full discharge discharge 10 seconds
v ¥
Rest 8 hours Rest 3 minutes
¥
CC(0.1C) charge
3.85% SoC(0.1Ah)

¥

Rest 30 minutes

B 3-4 HPPC pl:& 7 2% i 47 ]
Note: % ¢ in s 026 A=0.1C-rate> J§ & 5 —5°C~5°C~15°C~25°C

35°C~45°C  # w B RIEFZHAHRETHENGE  FERFRBHFR >

—

%

w7 &

)

28
d0i:10.6342/NTU202403842



4.1
o )
N a
2 4.05
o d
S
=
> 4 -
bl .
395 —
| | | | | | |
2500 2550 2600 2650 2700 2750 2800
Time (s)

B 3-5HPPC Pl % B a 4B > B® ab B2 de 2 "% rAd A ;AT RAL 5 T

BB EM LA o DbcRE ef B2 DR T RL T A RCEELR

» i |, > Vi. . I Vs \
R, R,
R, AN NN I
AN o
[ | 4
1] |
Gi &
Ve
Voc
O

B36 I RCRABLTILE o BT RV, » WM IR~ &1L} LRy

frRe~ it T F CLfr Cole =
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4.05

Voltage (V)

3.9

| I | I I | I I |
200 300 400 500 600 700 800 900 1000

Time (s)

Bl 3-7 B fri B FRFEFTLE T B PRERF > T i & it 5

H

RS > = %0t 0403 Trs - Tro= (5%-45%) © (95%-55%) 2. Bl
3.4 SoC %

%> SoC Bl # -2 4 & MATLAB 2023a 7 Simulink 3 3 ™ » %% #23] (Alterwl,
2022)it 7 T A K T A FA e > B H 2 R AR L AR BY 2
(Extended Kalman Filter, EKF)£2 = pf gt ‘B £ 22 T B3] enie & H {7 % R4cH)
3-8 #r5+ o H ¢ Working condition input F . % & T 0 1 iF kR F R %J
Measurement noise adding ¥ H. 5 HHEBLRE AL o fei 4 £ it F p Pt 31 &

PR BB SEGTR A AR FRPGEL AR S TR 0.05%%RE L 2 6 s
Mo TR A 01%IEE X2 0 M o BRI BEPFELIIAELITRTINY A
0.0001% 483 £ 2 v $230 » w3k 27 4 3.6 & o

B 3-9 # Thevenin 2-RC equivalent model % s.#7& % 18 = F# RC L ‘2% & »c
TEHCA o B BLRIT N |_obs #icdp2 18 > B33 SRR S ETH Y KL RS
TR S TR KRB A R RC TR 30T B Sl £ B R By

335 T R eEp ’@]4’11%*“‘f—ﬁ*‘1—_§ o
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Extended Kalman filter block % $.#7¢ 7 B A3 E + & Jjpk BE 2 hg

|

A 85 SoC FE R -] H B 45 458 (15)-38 (19) #17% - Sﬁ_@ﬁﬂ * AR E T B

b

T HIEE T RBELRIE R B RRIEL 0 R R L BLRIE 0 RN M

Bk SoC 3@ » H P R3] 4e @] 3-9 #7T e

Rik-1 = [ (R 1jk-1, Us—1) (15)
Pyk-1 = Ak-1Pr-1j-145—1 + A1 (16)
Ki = Pii-1Ci[CiPrjr-1C), + Rs] (17)
Xijk = Xigk-1 + Kie[Yx — 9Kiej-1, wi)] (18)
Py = [I — KiCi)Piji—1 (19)

397 2T hchz BRI RHALZ B P RC THTEE il aid -

B% C- }F X3nix¥ ¢ % 5. State prediction 3 7 % S8k ik h3pip] > T (15) 0 &
TR FBORE TR T ER AR BT ROFREX = [SoC Vool & T L3mp

% BB A R R BAELP IR R > 5 (16) -
BEis L LIRi>E F Viermina Calculation % #. i@ * 7 £k fp 2 ag 7 RIE R E D 2

CEE L RS

11\1.

¥ ¢ Kalman gain calculation % . ¢ * £ % 8 Jcie'L chip
BlEE+ E R 3 F (Kalmangain)et & > w58 (17) e B i £ & 7,k IR R ehi3 1
MR E SR R IERlaniz 1 > L P & k% d State update ®BLIL R £ T & a0k
¢ Covariance update % 3h » = &+ & Jpil BB 2 ¢ I RIE BT A 3> T59(18)

2 34(19) 0 £ i iRl e Bk fES0CH 3B T SIS R L A4 o
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Working condition

input
Ireal |
Measurement
noise adding
Iobs I l

Thevenin 2-RC
equivalent model

Vobs Iobs

Extended Kalman filter block

!

SoC estimated value

] 3-8 SOC & RIH-2] W] - #y » W L RArfesn i

(Fw

(7R BT B 2

AE Ll § 15355 SoC &

Status s

L dat
% prediction V terminal e
™ calculation

A matrix — Covariance [Zel el
prediction G
B matrix calculation
C matrix Covariance
update

B39 HEF &gk BEEFHPN RS R

32
d0i:10.6342/NTU202403842



E P8 2R EBRAE SOH %k 5 100% - MEF T4 @ B F B kbR 9
F AT PATE A N80% % BPF 0 M-SoH 2E L 0% KA T4 EASR o BR 2

TAHFELCho 59 R# FE 5 Caged PIR# SoH 7 ik 5 54(20) -

FE C VLB REANRHD S S0C §i et F k3 E o 3u %o
SOC it B2 Benb At % » 4o (21)%F 7 » B¢ AAh 5.5 - BEEp
AA TR > SoC(t)frSoC(ty) & % FE%]2. SOC» ¥ r1id 4P 3.3 & 2dkc
e E Az SOC-OCV o s jE B~ -

AAh L2 1(©de
ASoC ~ SoC(tp) — SoC(t,)
e ¥ SoC-OCV v s * > E R RLISER > 2 * N FEFGR 2R FLE

(21)

Caged =

FoApei* ¥ 3 @ L FF 9] - %k (Recursive least squares, RLS)ig 7 OCV 1z
B> RLS ¥ f§ 8 % & 3 5%(22)-54(26) -

_ T

YRLS k = XRLS k WRLS k (22)
_ T

€RLS k = YRLS k — XRLS_ k" WRLS k-1 (23)
K _ PRis k-1XRLS k (24)

RLS_k - 2, TP

+ XRrLs k' PRLS k-1XRLS k
T
_ Prisi-1— KriskXrisk Pris k-1 (25)
Ppisk-1= 1

WrLs k = WeLs k-1 + Kris k€RLs k (26)

B yris f‘*mﬁﬁ?] o xppsEF FRIEEDT T o Wpsd & RIS £ o
Pris i % %A HmL > kpps L L ATH & 0 eprs LH A TR DIPRIEL > L LB F)
3o khBEY w45 099-RLS w822 R AN Sl DA RBY > AP
HEHE PN EE TR FIE Y R SoH it nE A o il RC i
AP o AR Sl SR T > OCV B RS- BN FER S IE
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fe PR T B S Ao ] 3-10 46T o B TR Vi TS ks iy
o ddice Wl e 7 Vocfrg#* R IERs -

MR RAAE SOT ¥ » FAERREY THHFREFIFHIREFTAZEARR
BRI ERFE AT UERHEAE AL AR E T RLIILAR A AP do
311 Rs A& TfRFrEf s Exorfap TR2AT AP & TEE Cdl {frips
AR A A ECIR R R AR TR R PPN L2 AR - §2
SHFER S S > FHRGd RLS # 2 &) 1 S8R A (83817 SoT &l e

TR SOT & N HPw s A f 2 s - 8RR 2
SoC 3 M B e fic » & 45 37 SoC BE B f2 i | ool B 1S I ¥ 3 3 & oo™ U
BB Bk RE SoT gtk > W BHIRTE EIS 2 2 r {7 &2 p = # BE BB
ik SoT 2_ B 7% -

R, A
AP

B 3-10 fj 5 p fo % 22 )

Rct
AN

Rs

Cdl

B 3-11EIS = ;22 § * B T B
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3.6 #-3 f §ERlzE

SERFEATT DA A% 540 ) Feng & 4 (2022)2 7 %
AR 0 B-TOAh = 4B 38 ST R AR R B B R4 P (Beijing
bus dynamic stress test, BBDST) = 3% 2§ §* > 12 SoC & ip|2 #rr i & R4 > »0 —
TEARIAFAREFT S HRPIEMNRBEAZT TR 27 22k 258
& 2 BBDST § 9k im™ 2. S0C K im4r Rl 3-12 #1777 -

A dt—5-5-15-25 35 A5/ A T ANRFZ XL PR &K TR
eAEEPEE S Wiy SoC2 EKFHIE GpliE » Wik * SoCz mpr+ & gk B
(Residual constraint fading factor Unscented Kalman filter, RCFFUKF or UKF) & 78 iz
B2 > @ * SoC+SoH 2. EKF+RLS 2. #38 5 pliz > M2 2 A &z = enifé #
SoC+SoH+S0T 2. EKF+RLS ¢z i i e 2347 & 2 e S0C Bl 4 » ¥d = =%
Pz ToE R T4 A2 SoC Rl B o

BERE P RGRE R S KRB 3-13 9757 > W A4 ¢ 2 e A iR Rk 2
R f 28 0 BERPREA LA FHANF 2 85%F 1 SoC & & &
TR EERAfoRA B2 > Y R E KT N2 24 SoC B £ E oo
SoC & £ 1% 2 #Al Mgt an s A i o B¢ S 4 g pRFL A 22 B

AU P AL BLRIER AR iR BLRIGR AR RS BT X F & 0 Y B T

I

3.2 & & % 2 (i Chroma T F f % 63600-80-60 2 & %2 Fs » 3 1 ¥ ¥ jaLip)
WA TERHTRO005%IEEL 2 6 2en > TR 5 0.1%EH L 2 6 Fe o fp pE

{oo] BLRIEL %A 5 BT A ® 5 0.00010 3 £ 2 6 Se3t -
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Model initialization *

Battery module setting

Working condition (BBDST) input

Measurement
noise adding

AH method

3

Reference SoC

Estimated
SoC value

EKF method
(SoC single

UKF method
(SoC single

|
|
|
|
|
: estimate)
|
|
|
|

co-estimate)

estimate)
EKF+RLS method EKF+RLS method
(SoC+SoH (SoC+SoH+SoT

co-estimate)

+

No

Record SoC
Estimate
error

Test is
over?

B 3-13 -3 f YRR R % 2 7 W

Note: %P2 ~HEGRIZHBETE A B2 A2+ 8 gkt § ~ 7GRl

BEFTE RABE AT 2Z 2GR ZHEFTE gL B2 ¥12 SoC 2 Fip|#

Note: ¥ 5 & 4 2| ¥7i% 2 2. % 2% 2.2

FER WG 3= R
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% 33-35 AR A 1 i (Local)iE (7 enin e 3w AR T A
A LRFREFPFRER PR FAAF R EERRELE A A AP
#5340 & & % 4 (Internet of things, 10T) =~ i 2 2 % 54 03] - 4 WP % - 4 7
o2 THFLT Lo

pEeEe2 T4 E
BT T B PRERLPREPME ARG L D AR T FLEA R A
BATRRYF LI ARG AT EIARFHDA L FRRLAL - B A8
% HBlho ) 3-14 #7 o

Bl 3-14 ¢ i

W

¥ 5 % = 2 (Micro controller unit, MCU) 5 %8 ¢

o RATHAKRAEGRE > BE DT H HFHREEST 25 40 SoC ~ SoH ~ SoT
FREEE AR FRTERPR R FIAFAFTHA T 24
AT sk B T R U R TR (P R4 4

IHEAIRE S P A RS AT TR R T
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I Main computer & : User
| .
| Battery model I-Q—P interface
Electrical ‘ . =| 1
control I | -
- 1 ata
Electrical ! o I recording
control ! 1

| o —-— -
BROKER |
Batteries Battery state

balacing ‘ estimation
Micro controller unit (SoC, SoH, etc)
Battery Data
protection 1 measurement
L ;

(VLT

Data
measurement

(VLT)

F=—=========="="=7

B3t mpldes D9 FRT 2R

g

3.8 AT H B2 T FRIT LR

ZAe T 33335823 AREETAEATRERIFEZR

i
_A

THE 25 §HH T BT RN S T BT A2 SR ¥ 2 36

N

9
(\x,

CREY B AL L RS WA AR R B W E i e v
Prom 8- HRFIALZTF WA/ RS B2 G uE T 3T
GO kb e e DA PET S T AM . AFTREE AR B2
RAEET LEHERFT ARG RR o WY % E R AR 3-15 4T 0 BT %
FAER TR o d A 42T Mk el 8 MQTT (Message queuing telemetry
transport, MQTT):d 2+ T ¥ ficdy 1 B DR R E SEELE SR R e ]
BH S § ARy TS RERT S BT e S AR T 33§
W2 TS AR RIE > WL RIS AR BT LRI > U E 36 &R
VR 38 MQTT 2 2UF PFREUR Bl @ v 4 140 2 2ehie 7 2 0 03] 2
S 5 2 By e b o

AB BTt 2 AT s A u LA 3F ICR-18650K § 74 B B W] 2 & 3F

ICR-18650 7 # T Efe % » H3 » R R FExEF2 CC-CV LT izt (T3 &

I
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RRRCERAEF RV EEFER > TR N (0) - RIERE TS EER A

5o RE B PR le w2 97.18% SoH 2 97.12% SoH » & 3f ¥ B = W] 2. 96.97% SoH %

97.03% SoH » 4 3-4 #7151 o #7ig * 2 ficdrd| BE H 2~ 2 5 Node-MCU » 2 21

ORI g T i

EH

edrd 35907 o B2 R mepid i D-Sub s i T
(7808 He (1 Rl 2 T3 B RPe 1 1% o B A IR AR NI 8 MQTT i 4

RE R @ 2 B PIRE 5 HiveMQ » i Sk R 1Hz -
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I Battery module |
= I OCV test I I

| BPPCtest | |

I Load test II

r—_—

MCU: Node-MCU

Data
measurement

| Data transport |

I Main computer

estimation

Battery state ‘

No

L

Meet

Data recording termination
= 9O condition

W 3-15 ] AT # e d BT L E R

Note: Termination condition 1345 T # % * @ 48 3 > 75 33 &% 3.6 &
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T SoH (%)

3 3F ICR-18650K @) 97.18%
¢ e (b) 97.12%

3 3F ICR-18650K ) 96.97%
b il (d) 97.03%

% 3-5 fedrHIBHE ¥~ % Node-MCU R 4

B It

Node-MCU Lua V3

R
HiELR
H-P 2z g 48 (Flash memory)
# iz Bt (SRAM)

pFe% ik 5 (Clock speed)

ESP8266

3.3V

4 MB

64 KB

80 MHz
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fa 47 HApRE s 20650 BEE 07 T > T EAPET A ER
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4 B AR
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4.4 SoT = & % %

SoT % & = 24035 & #7if » i 2 EIS T B d] Sodic ) 38 e F
zAp M ¥ SoT M fhz = TR ERREHRL - FHFHKRY T4 LIPRR
BT4560 i {7 » 9 2Tk 8 < R4c-B 4-4 #757 » & % 245 WFO-400 % <8 32 % 45
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s —¢— Model estimation

\ —— [E[S test measurement
0.12
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Temparature (°C)
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]

3 4-2 FATERIZ FEE R A EL

Error (degree) Error (%)
MAE 0.0067 4.1%
RMSE 0.0041 2.3%
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i

# a-1 EMF 9 % $icd} & 4 1(unit: V)

SoC(%) | —5°C-1 | —5°C-2 | —5°C-3 | 5°C-1 | 5°C-2 | 5°C-3 | 15°C-1 | 15°C-2 | 15°C-3

0 3.079 3.118 3.140 3.071 | 3127 | 3.216 | 3.141 | 3.183 | 3.191

5 3.185 3.206 3.252 3.248 | 3.275 | 3.336 | 3.463 | 3.469 | 3.536

10 3.243 3.269 3.274 3291 | 3319 | 3.338 | 3.478 | 3.531 | 3.548

15 3.202 3.296 3.306 3.278 | 3.320 | 3.369 | 3.401 | 3.582 | 3.588

20 3.242 3.257 3.365 3.267 | 3.365 | 3.413 | 3.489 | 3.560 | 3.600

25 3.294 3.312 3.346 3.356 | 3.366 | 3.413 | 3.552 | 3.568 | 3.640

30 3.300 3.323 3.342 3.334 | 3395 | 3.431 | 3.565 | 3.581 | 3.615

35 3.295 3.369 3.420 3.361 | 3.417 | 3.456 | 3.595 | 3.627 | 3.629

40 3.321 3.361 3.382 3.381 | 3.429 | 3.457 | 3.595 | 3.624 | 3.666

45 3.344 3.359 3.372 3.380 | 3.452 | 3.469 | 3.632 | 3.639 | 3.646

50 3.316 3.376 3.476 3.429 | 3.458 | 3.470 | 3.626 | 3.658 | 3.680

55 3.391 3.449 3.467 3.459 | 3.496 | 3509 | 3.666 | 3.676 | 3.748

60 3.439 3.472 3.494 3490 | 3516 | 3551 | 3.709 | 3.724 | 3.746

65 3.441 3.503 3.532 3432 | 3584 | 3.618 | 3.700 | 3.760 | 3.802

70 3.422 3.534 3.544 3.505 | 3538 | 3.639 | 3.672 | 3.796 | 3.817

75 3.527 3.535 3.572 3.570 | 3.601 | 3.619 | 3.717 | 3.834 | 3.865

80 3.541 3.547 3.604 3.625 | 3.644 | 3.652 | 3.804 | 3.861 | 3.878

85 3.601 3.611 3.654 3.597 | 3.681 | 3.752 | 3.840 | 3.871 | 3.922

90 3.613 3.647 3.666 3.646 | 3.705 | 3.798 | 3.820 | 3.966 | 3.971

95 3.670 3.703 3.728 3.690 | 3.755 | 3.849 | 3.956 | 3.969 | 3.993

100 3.698 3.781 3.856 3.788 | 3.794 | 3.912 | 3.924 | 4.080 | 4.096

Note: # ‘e 8 RiE (7= #hF % > %idh 5 SoC & » Hdh s ¥R A 2 F % 2l
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% a-1 4 EMF 9 5% #icdf & 4% 2(unit: V)

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0 3210 | 3.246 | 3.281 | 3.252 | 3.281 | 3.309
5 3.582 | 3.605 | 3.666 | 3.580 | 3.625 | 3.677
10 3.628 | 3.647 | 3.679 | 3.619 | 3.661 | 3.698
15 3.667 | 3.684 | 3.684 | 3.647 | 3.662 | 3.757
20 3.624 | 3.679 | 3.782 | 3.684 | 3.704 | 3.708
25 3.692 | 3.709 | 3.716 | 3.670 | 3.718 | 3.743
30 3.680 | 3.690 | 3.771 | 3.662 | 3.744 | 3.748
35 3.673 | 3.734 | 3.760 | 3.714 | 3.719 | 3.743
40 3724 | 3.730 | 3.751 | 3.681 | 3.757 | 3.790
45 3.696 | 3.77/0 | 3.787 | 3.735 | 3.787 | 3.801
50 3.716 | 3.799 | 3.805 | 3.712 | 3.787 | 3.856
55 3.744 | 3.811 | 3.833 | 3.796 | 3.812 | 3.828
60 3.736 | 3.837 | 3.892 | 3.785 | 3.869 | 3.877
65 3.823 | 3.856 | 3.874 | 3.790 | 3.876 | 3.920
70 3.831 | 3.897 | 3918 | 3.849 | 3.897 | 3.925
75 3.872 | 3923 | 3.947 | 3.893 | 3.923 | 3.968
80 3.885 | 3.921 | 4.043 | 3.938 | 3.963 | 3.973
85 3.967 | 3.969 | 4.031 | 3.938 | 4.012 | 4.055
90 4024 | 4030 | 4.043 | 4.018 | 4.021 | 4.089
95 4018 | 4.079 | 4.139 | 4.055 | 4.073 | 4.151
100 4103 | 4.139 | 4.180 | 4.110 | 4.147 | 4.195

Note: & ‘e 8 RiE(7= #hF % > %idh 5 SoC & » Hdh s ¥R A 2 F % 2l
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% a-1 4 EMF 9 5% #icdf & 4% 3(unit: V)

SoC(%) | 40°C-1 | 40°C-2 | 40°C-3 | 45°C-1 | 45°C-2 | 45°C-3
0 3303 | 3.303 | 3.314 | 3.298 | 3.311 | 3.430
5 3.602 | 3.627 | 3.670 | 3.655 | 3.702 | 3.711
10 3.647 | 3.650 | 3.729 | 3.659 | 3.696 | 3.767
15 3.662 | 3.709 | 3.745 | 3.642 | 3.732 | 3.753
20 3.664 | 3.680 | 3.768 | 3.677 | 3.733 | 3.744
25 3.674 | 3.708 | 3.758 | 3.707 | 3.739 | 3.740
30 3.695 | 3.729 | 3.747 | 3.705 | 3.735 | 3.783
35 3.714 | 3.737 | 3.742 | 3.739 | 3.770 | 3.788
40 3.679 | 3.768 | 3.833 | 3.728 | 3.779 | 3.816
45 3.737 | 3.810 | 3.829 | 3.772 | 3.817 | 3.823
50 3.774 | 3.788 | 3.862 | 3.813 | 3.822 | 3.846
55 3.772 | 3.854 | 3.863 | 3.829 | 3.843 | 3.876
60 3.742 | 3.885 | 3.935 | 3.851 | 3.855 | 3.917
65 3817 | 3.896 | 3.928 | 3.825 | 3.889 | 3.989
70 3.869 | 3.876 | 3.983 | 3.887 | 3.924 | 3.980
75 3.851 | 3.963 | 4.007 | 3.941 | 3.970 | 3.974
80 3.956 | 3.960 | 4.008 | 3.906 | 4.026 | 4.048
85 3.930 | 4.023 | 4.084 | 3.971 | 4.046 | 4.068
90 4013 | 4018 | 4.133 | 4.039 | 4.068 | 4.093
95 4052 | 4114 | 4.136 | 4.056 | 4.109 | 4.157
100 4113 | 4.142 | 4212 | 4.109 | 4.201 | 4.205

Note: & ‘e 8 RiE(7= #hF % > %idh 5 SoC & » Hdh s ¥R A 2 F % 2l
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% a-2 Rs % #cdi 5 9 % #icbh & & 1(unit: Ohm)

SoC(%) | —5°C-1 | —5°C-2 | —5°C-3 | 5°C-1 | 5°C-2 | 5°C-3 | 15°C-1 | 15°C-2 | 15°C-3

0.00 0.045 0.046 0.055 0.046 | 0.049 | 0.050 | 0.052 | 0.054 | 0.058

3.85 0.031 0.037 0.048 0.036 | 0.037 | 0.043 | 0.048 | 0.053 | 0.058

7.70 0.044 0.048 0.048 0.043 | 0.045 | 0.052 | 0.055 | 0.055 | 0.058

11.55 0.036 0.041 0.044 0.035 | 0.037 | 0.050 | 0.047 | 0.058 | 0.060

15.40 0.044 0.044 0.046 0.040 | 0.046 | 0.049 | 0.053 | 0.055 | 0.056

19.25 0.042 0.043 0.043 0.042 | 0.042 | 0.044 | 0.046 | 0.047 | 0.056

23.10 0.036 0.036 0.046 0.036 | 0.041 | 0.041 | 0.041 | 0.048 | 0.056

26.95 0.045 0.050 0.050 0.044 | 0.049 | 0.051 | 0.049 | 0.054 | 0.057

30.80 0.042 0.043 0.052 0.041 | 0.048 | 0.048 | 0.048 | 0.052 | 0.054

34.65 0.042 0.042 0.043 0.038 | 0.042 | 0.046 | 0.046 | 0.050 | 0.062

38.50 0.040 0.041 0.043 0.038 | 0.042 | 0.044 | 0.048 | 0.049 | 0.057

42.35 0.042 0.042 0.042 0.040 | 0.043 | 0.043 | 0.050 | 0.057 | 0.060

46.20 0.036 0.038 0.038 0.036 | 0.037 | 0.040 | 0.048 | 0.053 | 0.057

50.05 0.042 0.043 0.044 0.041 | 0.041 | 0.047 | 0.046 | 0.048 | 0.051

53.90 0.032 0.037 0.050 0.034 | 0.038 | 0.048 | 0.043 | 0.053 | 0.053

57.75 0.030 0.042 0.047 0.037 | 0.039 | 0.042 | 0.044 | 0.051 | 0.052

61.60 0.044 0.050 0.054 0.047 | 0.049 | 0.052 | 0.053 | 0.054 | 0.060

65.45 0.036 0.037 0.044 0.037 | 0.037 | 0.043 | 0.048 | 0.052 | 0.056

69.30 0.035 0.044 0.046 0.037 | 0.041 | 0.046 | 0.048 | 0.050 | 0.053

73.15 0.032 0.034 0.050 0.030 | 0.039 | 0.047 | 0.041 | 0.057 | 0.063

77.00 0.035 0.042 0.043 0.038 | 0.039 | 0.042 | 0.049 | 0.050 | 0.057

80.85 0.041 0.047 0.049 0.040 | 0.048 | 0.049 | 0.050 | 0.054 | 0.061

84.70 0.048 0.051 0.052 0.050 | 0.051 | 0.051 | 0.054 | 0.056 | 0.060

88.55 0.039 0.042 0.043 0.039 | 0.043 | 0.043 | 0.049 | 0.055 | 0.059

92.40 0.039 0.043 0.050 0.042 | 0.044 | 0.046 | 0.052 | 0.053 | 0.056

96.25 0.047 0.054 0.059 0.048 | 0.055 | 0.057 | 0.055 | 0.062 | 0.063

100.00 0.048 0.049 0.055 0.047 | 0.052 | 0.053 | 0.057 | 0.060 | 0.064

Note: # % BiE (7= #h¥ % > 5idh: SoC & - i HIBEA 2 7 % 2y
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% a-2 § Rs %¥cit 5 9 5% Bedh & 4 2(unit: Ohm)

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0.00 0.064 | 0.064 | 0.074 | 0.0/71 | 0.074 | 0.076
3.85 0.057 | 0.062 | 0.074 | 0.066 | 0.076 | 0.079
7.70 0.066 | 0.067 | 0.071 | 0.072 | 0.073 | 0.075
11.55 0.061 | 0.068 | 0.070 | 0.068 | 0.073 | 0.078
15.40 0.065 | 0.065 | 0.067 | 0.068 | 0.073 | 0.074
19.25 0.060 | 0.062 | 0.066 | 0.068 | 0.074 | 0.075
23.10 0.058 | 0.061 | 0.067 | 0.066 | 0.073 | 0.077
26.95 0.066 | 0.066 | 0.069 | 0.070 | 0.073 | 0.073
30.80 0.062 | 0.066 | 0.070 | 0.069 | 0.074 | 0.074
34.65 0.057 | 0.065 | 0.068 | 0.064 | 0.072 | 0.081
38.50 0.056 | 0.067 | 0.068 | 0.070 | 0.073 | 0.074
42.35 0.060 | 0.065 | 0.074 | 0.066 | 0.070 | 0.080
46.20 0.057 | 0.066 | 0.067 | 0.067 | 0.071 | 0.077
50.05 0.061 | 0.064 | 0.065 | 0.068 | 0.072 | 0.076
53.90 0.059 | 0.065 | 0.066 | 0.068 | 0.070 | 0.078
57.75 0.053 | 0.065 | 0.070 | 0.067 | 0.070 | 0.078
61.60 0.060 | 0.067 | 0.073 | 0.071 | 0.073 | 0.074
65.45 0.057 | 0.062 | 0.071 | 0.070 | 0.073 | 0.074
69.30 0.061 | 0.063 | 0.063 | 0.068 | 0.072 | 0.074
73.15 0.062 | 0.067 | 0.068 | 0.070 | 0.071 | 0.072
77.00 0.060 | 0.063 | 0.065 | 0.071 | 0.072 | 0.074
80.85 0.060 | 0.062 | 0.072 | 0.070 | 0.076 | 0.077
84.70 0.065 | 0.067 | 0.069 | 0.067 | 0.075 | 0.079
88.55 0.063 | 0.069 | 0.075 | 0.077 | 0.077 | 0.077
92.40 0.066 | 0.069 | 0.070 | 0.068 | 0.079 | 0.082
96.25 0.070 | 0.070 | 0.073 | 0.074 | 0.078 | 0.080
100.00 | 0.068 | 0.070 | 0.075 | 0.078 | 0.078 | 0.085

Note: & 2 B RiE(T=#hF %% > %dhs SoC & Hihi HRER 2 F % 2l

75

doi:10.6342/NTU202403842



# a-2 § Rs $-#cdn v F 5% #cdy & £+ 3(unit: Ohm)

SoC(%) | 40°C-1 | 40°C-2 | 40°C-3 | 45°C-1 | 45°C-2 | 45°C-3
0.00 0.080 | 0.081 | 0.084 | 0.100 | O0.111 | 0.117
3.85 0.074 | 0.084 | 0.089 | 0.103 | 0.105 | 0.108
7.70 0.080 | 0.085 | 0.085 | 0.104 | 0.114 | 0.115
11.55 0.078 | 0.085 | 0.087 | 0.111 | 0.114 | 0.116
15.40 0.079 | 0.082 | 0.086 | 0.112 | 0.113 | 0.116
19.25 0.079 | 0.080 | 0.084 | 0.105 | 0.105 | 0.115
23.10 0.079 | 0.082 | 0.083 | 0.105 | 0.108 | 0.110
26.95 0.078 | 0.082 | 0.087 | 0.110 | 0.111 | 0.115
30.80 0.075 | 0.083 | 0.085 | 0.113 | 0.114 | 0.121
34.65 0.073 | 0.083 | 0.084 | 0.101 | 0.101 | 0.106
38.50 0.075 | 0.080 | 0.086 | 0.099 | 0.100 | 0.107
42.35 0.076 | 0.083 | 0.083 | 0.099 | 0.105 | 0.110
46.20 0.077 | 0.082 | 0.083 | 0.100 | 0.104 | 0.111
50.05 0.076 | 0.079 | 0.086 | 0.107 | 0.111 | 0.112
53.90 0.079 | 0.081 | 0.083 | 0.107 | 0.114 | 0.117
57.75 0.077 | 0.083 | 0.088 | 0.106 | 0.115 | 0.117
61.60 0.077 | 0.079 | 0.091 | 0.108 | 0.110 | 0.121
65.45 0.073 | 0.084 | 0.088 | 0.106 | 0.112 | 0.115
69.30 0.077 | 0.081 | 0.087 | 0.111 | 0.113 | 0.115
73.15 0.077 | 0.081 | 0.086 | 0.101 | 0.103 | 0.111
77.00 0.080 | 0.080 | 0.084 | 0.100 | 0.104 | 0.110
80.85 0.077 | 0.080 | 0.087 | 0.099 | 0.105 | 0.108
84.70 0.077 | 0.080 | 0.086 | 0.096 | 0.110 | 0.116
88.55 0.076 | 0.081 | 0.089 | 0.107 | 0.108 | 0.109
92.40 0.076 | 0.082 | 0.084 | 0.109 | 0.114 | 0.114
96.25 0.081 | 0.082 | 0.084 | 0.117 | 0.119 | 0.123
100.00 | 0.079 | 0.085 | 0.086 | 0.123 | 0.125 | 0.129

Note: & 2 B RiE(T=#hF %% > %dhs SoC & Hihi HRER 2 F % 2l
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% a-3 Rrs %8t s F % #cdp & 4 1(unit: Ohm)

SoC(%) | —5°C-1 | —5°C-2 | —5°C-3 | 5°C-1 | 5°C-2 | 5°C-3 | 15°C-1 | 15°C-2 | 15°C-3

0.00 0.065 0.065 0.065 0.065 | 0.065 | 0.065 | 0.048 | 0.049 | 0.049

3.85 0.058 0.058 0.059 0.058 | 0.059 | 0.059 | 0.047 | 0.047 | 0.048

7.70 0.069 0.069 0.069 0.068 | 0.069 | 0.070 | 0.052 | 0.052 | 0.053

11.55 0.068 0.068 0.068 0.068 | 0.068 | 0.068 | 0.052 | 0.053 | 0.053

15.40 0.063 0.063 0.064 0.064 | 0.064 | 0.064 | 0.051 | 0.052 | 0.052

19.25 0.062 0.062 0.063 0.062 | 0.062 | 0.063 | 0.052 | 0.052 | 0.052

23.10 0.061 0.062 0.062 0.061 | 0.062 | 0.062 | 0.048 | 0.049 | 0.049

26.95 0.059 0.059 0.060 0.059 | 0.059 | 0.060 | 0.047 | 0.047 | 0.048

30.80 0.058 0.058 0.059 0.057 | 0.058 | 0.059 | 0.047 | 0.048 | 0.048

34.65 0.063 0.063 0.063 0.062 | 0.063 | 0.064 | 0.046 | 0.047 | 0.047

38.50 0.061 0.061 0.062 0.061 | 0.061 | 0.062 | 0.048 | 0.049 | 0.049

42.35 0.061 0.061 0.061 0.060 | 0.061 | 0.061 | 0.046 | 0.046 | 0.046

46.20 0.065 0.065 0.066 0.065 | 0.066 | 0.066 | 0.050 | 0.050 | 0.050

50.05 0.062 0.063 0.064 0.063 | 0.063 | 0.063 | 0.048 | 0.049 | 0.049

53.90 0.062 0.062 0.063 0.062 | 0.062 | 0.063 | 0.045 | 0.045 | 0.047

57.75 0.058 0.058 0.059 0.058 | 0.058 | 0.058 | 0.047 | 0.047 | 0.048

61.60 0.065 0.065 0.066 0.065 | 0.066 | 0.066 | 0.051 | 0.051 | 0.051

65.45 0.062 0.062 0.063 0.062 | 0.062 | 0.063 | 0.050 | 0.050 | 0.051

69.30 0.061 0.062 0.062 0.061 | 0.062 | 0.062 | 0.048 | 0.048 | 0.048

73.15 0.060 0.062 0.063 0.061 | 0.062 | 0.062 | 0.046 | 0.047 | 0.047

77.00 0.060 0.061 0.061 0.060 | 0.061 | 0.062 | 0.049 | 0.049 | 0.049

80.85 0.065 0.065 0.066 0.065 | 0.065 | 0.066 | 0.053 | 0.054 | 0.054

84.70 0.104 0.105 0.105 0.104 | 0.105 | 0.105 | 0.090 | 0.090 | 0.090

88.55 0.119 0.120 0.120 0.119 | 0.120 | 0.120 | 0.103 | 0.105 | 0.105

92.40 0.132 0.132 0.133 0.132 | 0.132 | 0.132 | 0.119 | 0.120 | 0.120

96.25 0.156 0.156 0.157 0.156 | 0.156 | 0.157 | 0.141 | 0.141 | 0.141

100.00 0.209 0.209 0.209 0.208 | 0.209 | 0.209 | 0.196 | 0.197 | 0.197

Note: # % BiE (7= #h¥ % > 5idh: SoC & - i HIBEA 2 7 % 2y
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# a3 Rrs#diicg S Py e 4% 2(unit: Ohm)

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0.00 0.026 | 0.026 | 0.026 | 0.029 | 0.029 | 0.029
3.85 0.027 | 0.027 | 0.028 | 0.029 | 0.030 | 0.030
7.70 0.028 | 0.029 | 0.029 | 0.029 | 0.030 | 0.031
11.55 0.030 | 0.031 | 0.031 | 0.030 | 0.031 | 0.031
15.40 0.030 | 0.030 | 0.030 | 0.031 | 0.031 | 0.032
19.25 0.028 | 0.028 | 0.029 | 0.029 | 0.029 | 0.029
23.10 0.027 | 0.027 | 0.028 | 0.029 | 0.029 | 0.029
26.95 0.024 | 0.025 | 0.026 | 0.028 | 0.029 | 0.029
30.80 0.024 | 0.024 | 0.025 | 0.029 | 0.029 | 0.029
34.65 0.025 | 0.026 | 0.026 | 0.028 | 0.029 | 0.030
38.50 0.027 | 0.027 | 0.027 | 0.029 | 0.029 | 0.029
42.35 0.024 | 0.024 | 0.024 | 0.028 | 0.029 | 0.029
46.20 0.028 | 0.028 | 0.029 | 0.029 | 0.029 | 0.029
50.05 0.026 | 0.026 | 0.026 | 0.028 | 0.029 | 0.029
53.90 0.025 | 0.025 | 0.026 | 0.029 | 0.029 | 0.029
57.75 0.025 | 0.025 | 0.025 | 0.029 | 0.029 | 0.029
61.60 0.027 | 0.028 | 0.028 | 0.029 | 0.029 | 0.029
65.45 0.026 | 0.026 | 0.027 | 0.029 | 0.029 | 0.029
69.30 0.024 | 0.025 | 0.025 | 0.028 | 0.029 | 0.029
73.15 0.026 | 0.026 | 0.027 | 0.029 | 0.029 | 0.029
77.00 0.028 | 0.028 | 0.030 | 0.029 | 0.030 | 0.030
80.85 0.030 | 0.030 | 0.031 | 0.033 | 0.033 | 0.034
84.70 0.068 | 0.069 | 0.069 | 0.068 | 0.069 | 0.070
88.55 0.083 | 0.084 | 0.084 | 0.085 | 0.085 | 0.085
92.40 0.098 | 0.098 | 0.098 | 0.102 | 0.104 | 0.104
96.25 0.120 | 0.121 | 0.121 | 0.123 | 0.123 | 0.123
100.00 | 0.172 | 0.173 | 0.173 | 0.173 | 0.173 | 0.173

Note: # 2R B EF =T % > %dhi SOC & Hihs $HREAE 2 F % wikdh
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# a-3 i Rrs $-#icd v F % #icdp & £ 3(unit: Ohm)

SoC(%) | 40°C-1 | 40°C-2 | 40°C-3 | 45°C-1 | 45°C-2 | 45°C-3
0.00 0.027 | 0.027 | 0.027 | 0.026 | 0.026 | 0.026
3.85 0.027 | 0.027 | 0.027 | 0.027 | 0.027 | 0.027
7.70 0.030 | 0.031 | 0.031 | 0.029 | 0.029 | 0.029
11.55 0.032 | 0.033 | 0.033 | 0.029 | 0.030 | 0.031
15.40 0.026 | 0.026 | 0.026 | 0.033 | 0.033 | 0.033
19.25 0.026 | 0.026 | 0.027 | 0.023 | 0.023 | 0.024
23.10 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
26.95 0.025 | 0.026 | 0.026 | 0.022 | 0.023 | 0.024
30.80 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
34.65 0.025 | 0.026 | 0.027 | 0.023 | 0.023 | 0.024
38.50 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.024
42.35 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
46.20 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
50.05 0.026 | 0.026 | 0.026 | 0.022 | 0.023 | 0.023
53.90 0.026 | 0.026 | 0.026 | 0.022 | 0.023 | 0.024
57.75 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
61.60 0.025 | 0.026 | 0.027 | 0.023 | 0.023 | 0.023
65.45 0.026 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
69.30 0.026 | 0.026 | 0.026 | 0.022 | 0.023 | 0.023
73.15 0.025 | 0.026 | 0.027 | 0.022 | 0.023 | 0.024
77.00 0.025 | 0.026 | 0.026 | 0.023 | 0.023 | 0.023
80.85 0.034 | 0.034 | 0.034 | 0.034 | 0.034 | 0.034
84.70 0.045 | 0.045 | 0.045 | 0.044 | 0.044 | 0.044
88.55 0.092 | 0.092 | 0.092 | 0.089 | 0.089 | 0.089
92.40 0.113 | 0.113 | 0.113 | 0.103 | 0.103 | 0.103
96.25 0.141 | 0.141 | 0.141 | 0.134 | 0.135 | 0.136
100.00 | 0.221 | 0.221 | 0.222 | 0.200 | 0.201 | 0.202

Note: # B BT =T % > %hs SoC & > Hohi R AR 2 F 5% e
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# a-4 Ry $-#cd 5 F % #icdp & & 1(unit: Ohm)

SoC(%) | —5°C-1 | —5°C-2 | —5°C-3 | 5°C-1 | 5°C-2 | 5°C-3 | 15°C-1 | 15°C-2 | 15°C-3

0.00 0.014 0.014 0.015 0.014 | 0.015 | 0.015 | 0.011 | 0.012 | 0.012

3.85 0.014 0.015 0.016 0.014 | 0.015 | 0.015 | 0.012 | 0.013 | 0.013

7.70 0.014 0.014 0.015 0.014 | 0.014 | 0.015 | 0.011 | 0.012 | 0.013

11.55 0.014 0.015 0.015 0.014 | 0.015 | 0.015 | 0.012 | 0.012 | 0.013

15.40 0.013 0.014 0.014 0.013 | 0.014 | 0.014 | 0.011 | 0.011 | 0.011

19.25 0.012 0.012 0.012 0.011 | 0.012 | 0.012 | 0.009 | 0.010 | 0.011

23.10 0.014 0.015 0.015 0.014 | 0.014 | 0.014 | 0.011 | 0.011 | 0.012

26.95 0.013 0.013 0.014 0.013 | 0.013 | 0.014 | 0.010 | 0.010 | 0.010

30.80 0.014 0.014 0.014 0.014 | 0.014 | 0.014 | 0.011 | 0.011 | 0.012

34.65 0.013 0.013 0.014 0.013 | 0.013 | 0.014 | 0.010 | 0.010 | 0.011

38.50 0.010 0.011 0.012 0.011 | 0.011 | 0.011 | 0.009 | 0.009 | 0.009

42.35 0.012 0.013 0.013 0.012 | 0.012 | 0.013 | 0.009 | 0.010 | 0.010

46.20 0.014 0.015 0.015 0.014 | 0.015 | 0.015 | 0.011 | 0.012 | 0.012

50.05 0.011 0.011 0.012 0.011 | 0.012 | 0.012 | 0.009 | 0.009 | 0.010

53.90 0.012 0.012 0.012 0.011 | 0.012 | 0.012 | 0.009 | 0.009 | 0.010

57.75 0.012 0.013 0.013 0.012 | 0.013 | 0.013 | 0.010 | 0.010 | 0.010

61.60 0.011 0.013 0.013 0.012 | 0.012 | 0.013 | 0.010 | 0.010 | 0.011

65.45 0.014 0.014 0.015 0.014 | 0.014 | 0.014 | 0.011 | 0.012 | 0.012

69.30 0.014 0.014 0.015 0.014 | 0.014 | 0.015 | 0.011 | 0.011 | 0.012

73.15 0.012 0.013 0.013 0.012 | 0.013 | 0.013 | 0.009 | 0.010 | 0.010

77.00 0.011 0.011 0.011 0.011 | 0.012 | 0.012 | 0.008 | 0.010 | 0.010

80.85 0.013 0.013 0.013 0.012 | 0.013 | 0.013 | 0.010 | 0.010 | 0.010

84.70 0.013 0.014 0.014 0.014 | 0.014 | 0.015 | 0.011 | 0.012 | 0.012

88.55 0.014 0.014 0.015 0.014 | 0.015 | 0.015 | 0.012 | 0.012 | 0.012

92.40 0.016 0.016 0.016 0.016 | 0.016 | 0.016 | 0.012 | 0.014 | 0.014

96.25 0.013 0.014 0.014 0.013 | 0.014 | 0.014 | 0.010 | 0.011 | 0.011

100.00 0.013 0.014 0.015 0.014 | 0.014 | 0.014 | 0.011 | 0.011 | 0.012

Note: # % BiE (7= #h¥ % > 5idh: SoC & - i HIBEA 2 7 % 2y
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% a-4 f Rru 5%t & 7 B Bk & 4 2(unit: Ohm)

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0.00 0.006 | 0.008 | 0.008 | 0.007 | 0.007 | 0.008
3.85 0.008 | 0.008 | 0.009 | 0.008 | 0.008 | 0.008
7.70 0.007 | 0.007 | 0.009 | 0.008 | 0.008 | 0.009
11.55 0.008 | 0.008 | 0.008 | 0.007 | 0.008 | 0.008
15.40 0.006 | 0.006 | 0.007 | 0.007 | 0.008 | 0.008
19.25 0.005 | 0.006 | 0.006 | 0.006 | 0.007 | 0.007
23.10 0.007 | 0.007 | 0.008 | 0.006 | 0.006 | 0.008
26.95 0.005 | 0.006 | 0.006 | 0.006 | 0.007 | 0.007
30.80 0.006 | 0.006 | 0.008 | 0.006 | 0.007 | 0.007
34.65 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.008
38.50 0.005 | 0.005 | 0.005 | 0.006 | 0.007 | 0.007
42.35 0.005 | 0.006 | 0.007 | 0.006 | 0.007 | 0.007
46.20 0.006 | 0.007 | 0.008 | 0.006 | 0.007 | 0.007
50.05 0.004 | 0.006 | 0.006 | 0.006 | 0.007 | 0.007
53.90 0.004 | 0.005 | 0.005 | 0.006 | 0.007 | 0.007
57.75 0.005 | 0.006 | 0.007 | 0.006 | 0.007 | 0.007
61.60 0.005 | 0.005 | 0.006 | 0.006 | 0.007 | 0.007
65.45 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007
69.30 0.007 | 0.007 | 0.007 | 0.006 | 0.007 | 0.007
73.15 0.005 | 0.006 | 0.006 | 0.006 | 0.007 | 0.007
77.00 0.005 | 0.005 | 0.005 | 0.006 | 0.007 | 0.007
80.85 0.005 | 0.005 | 0.006 | 0.006 | 0.007 | 0.007
84.70 0.007 | 0.008 | 0.008 | 0.007 | 0.007 | 0.007
88.55 0.007 | 0.007 | 0.008 | 0.008 | 0.008 | 0.009
92.40 0.008 | 0.009 | 0.009 | 0.008 | 0.008 | 0.009
96.25 0.006 | 0.006 | 0.006 | 0.008 | 0.008 | 0.008
100.00 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008

Note: & 2 B RiE(T=#hF %% > %dhs SoC & Hihi HRER 2 F % 2l
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% a-4 § Rru 5%t & 7 5% Bk & 4 3(unit: Ohm)

SoC(%) | 40°C-1 | 40°C-2 | 40°C-3 | 45°C-1 | 45°C-2 | 45°C-3
0.00 0.007 | 0.008 | 0.008 | 0.008 | 0.008 | 0.009
3.85 0.008 | 0.008 | 0.008 | 0.008 | 0.009 | 0.009
7.70 0.008 | 0.008 | 0.009 | 0.009 | 0.009 | 0.009
11.55 0.007 | 0.008 | 0.008 | 0.008 | 0.008 | 0.010
15.40 0.006 | 0.008 | 0.008 | 0.009 | 0.009 | 0.010
19.25 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
23.10 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
26.95 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
30.80 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
34.65 0.006 | 0.007 | 0.008 | 0.007 | 0.007 | 0.008
38.50 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
42.35 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
46.20 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
50.05 0.006 | 0.007 | 0.008 | 0.007 | 0.007 | 0.008
53.90 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
57.75 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
61.60 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
65.45 0.006 | 0.007 | 0.008 | 0.007 | 0.007 | 0.008
69.30 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.008
73.15 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007
77.00 0.006 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007
80.85 0.006 | 0.007 | 0.007 | 0.008 | 0.008 | 0.009
84.70 0.007 | 0.007 | 0.007 | 0.009 | 0.009 | 0.009
88.55 0.008 | 0.009 | 0.009 | 0.011 | 0.011 | 0.011
92.40 0.007 | 0.008 | 0.009 | 0.010 | 0.010 | 0.011
96.25 0.008 | 0.008 | 0.008 | 0.009 | 0.009 | 0.009
100.00 | 0.007 | 0.007 | 0.008 | 0.008 | 0.008 | 0.009

Note: # B BT =T % > %hs SoC & > Hohi R AR 2 F 5% e
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# a-5 Crs $-#cdt v F % #cdy & £+ 1(unit: F)

SoC(%) | —5°C-1 —5°C-2 —5°C-3 5°C-1 | 5°C-2 | 5°C-3 | 15°C-1 | 15°C-2 | 15°C-3
0.00 934.267 934.844 934.902 | 934.339 | 934.719 | 934.955 | 949.005 | 949.077 | 949.643
3.85 935.914 936.737 937.080 | 936.228 | 936.645 | 936.858 | 950.095 | 950.497 | 950.565
7.70 935.005 935.876 935.940 | 935.254 | 935.647 | 935.920 | 949.816 | 950.056 | 950.392

11.55 934.507 935.251 935.574 | 934.923 | 935.171 | 935.238 | 949.436 | 949.467 | 949.654
15.40 935.387 935.878 936.394 | 935.713 | 935.715 | 936.231 | 950.614 | 950.637 | 950.655
19.25 934.708 934.926 935.403 | 934.791 | 935.049 | 935.197 | 949.061 | 950.094 | 950.220
23.10 935.785 935.832 936.204 | 935.658 | 936.018 | 936.145 | 949.965 | 950.642 | 950.666
26.95 934.490 935.484 935.606 | 934.897 | 935.205 | 935.478 | 949.110 | 949.663 | 949.672
30.80 935.793 936.719 936.767 | 936.141 | 936.566 | 936.571 | 950.610 | 950.633 | 950.819
34.65 935.596 935.779 936.223 | 935.690 | 935.881 | 936.027 | 949.429 | 949.789 | 950.477
38.50 935.740 936.570 936.633 | 935.381 | 936.358 | 937.205 | 949.725 | 950.264 | 950.423
42.35 934.817 935.371 936.137 | 935.343 | 935.391 | 935.591 | 949.511 | 949.766 | 950.750
46.20 935.245 935.504 935.540 | 935.190 | 935.195 | 935.905 | 949.267 | 949.676 | 949.679
50.05 935.350 935.542 935.550 | 935.261 | 935.530 | 935.653 | 949.300 | 949.730 | 950.519
53.90 935.500 935.524 935.549 | 935.283 | 935.624 | 935.667 | 949.610 | 949.706 | 950.530
57.75 935.125 935.332 935.790 | 934.920 | 935.653 | 935.675 | 949.057 | 950.066 | 950.202
61.60 935.747 935.861 937.186 | 935.916 | 936.238 | 936.640 | 950.212 | 950.467 | 951.019
65.45 934.379 934.992 935.096 | 934.144 | 935.063 | 935.260 | 948.790 | 948.883 | 949.415
69.30 936.847 936.927 938.130 | 936.991 | 937.204 | 937.709 | 950.776 | 951.115 | 951.939
73.15 936.206 936.870 937.739 | 936.892 | 936.918 | 937.006 | 950.731 | 951.316 | 951.481
77.00 934.874 935.198 936.037 | 935.135 | 935.390 | 935.584 | 949.040 | 949.378 | 949.713
80.85 936.839 937.221 937.253 | 936.842 | 937.082 | 937.389 | 950.578 | 951.534 | 951.632
84.70 936.152 936.767 937.119 | 936.456 | 936.657 | 936.925 | 950.815 | 951.032 | 951.382
88.55 936.668 936.752 937.404 | 936.568 | 937.064 | 937.192 | 950.867 | 950.982 | 951.378
92.40 935.774 936.060 936.283 | 935.384 | 935.841 | 936.892 | 949.919 | 950.482 | 950.834
96.25 935.519 936.974 937.363 | 936.132 | 936.854 | 936.871 | 950.301 | 950.806 | 950.972
100.00 | 935.622 935.966 936.408 | 935.240 | 935.991 | 936.766 | 948.995 | 950.098 | 950.720

Note: # ® B RET =T % > %dhs SoC & > H#h s HRE R 2 7 % e fichk
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# a5

Crs S8t v F % Bcdi & £+ 2(unit: F)

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0.00 ] 969.375 | 969.683 | 969.948 | 970.303 | 970.568 | 971.041
3.85 ] 969.153 | 969.373 | 970.617 | 969.618 | 970.142 | 971.195
7.70 ] 969.603 | 969.893 | 970.747 | 969.586 | 969.871 | 970.105

11.55 | 969.696 | 969.951 | 970.415 | 969.339 | 969.359 | 969.653
15.40 | 969.291 | 969.930 | 970.357 | 969.914 | 969.984 | 970.617
19.25 | 969.601 | 969.846 | 970.165 | 968.775 | 969.335 | 969.866
23.10 | 969.484 | 970.039 | 970.569 | 969.845 | 970.594 | 970.714
26.95 | 969.727 | 970.090 | 970.549 | 969.195 | 969.273 | 969.887
30.80 | 969.916 | 969.982 | 970.259 | 968.890 | 969.194 | 969.542
34.65 | 969.401 | 969.548 | 970.318 | 969.133 | 969.485 | 970.582
38.50 | 969.872 | 970.508 | 970.544 | 969.147 | 969.351 | 969.579
42.35 | 968.958 | 970.083 | 970.766 | 969.429 | 969.436 | 969.731
46.20 | 968.889 | 969.325 | 969.491 | 969.233 | 969.329 | 969.493
50.05 | 969.874 | 970.168 | 970.347 | 969.619 | 970.523 | 971.686
53.90 | 969.791 | 969.900 | 970.654 | 969.470 | 969.660 | 969.730
57.75 | 969.573 | 970.689 | 970.777 | 968.229 | 969.362 | 970.241
61.60 | 970.238 | 970.455 | 970.511 | 968.491 | 969.449 | 970.828
65.45 | 968.750 | 969.596 | 970.189 | 969.674 | 969.760 | 971.057
69.30 | 970.537 | 970.670 | 970.716 | 970.532 | 970.668 | 970.669
73.15 | 970.426 | 970.816 | 970.896 | 969.856 | 969.877 | 970.019
77.00 |969.416 | 970.019 | 970.244 | 969.959 | 970.168 | 970.597
80.85 | 969.844 | 970.354 | 971.155 | 969.943 | 970.220 | 970.479
84.70 | 970.172 | 970.506 | 971.551 | 969.660 | 970.078 | 970.743
88.55 | 969.952 | 970.411 | 971.216 | 969.005 | 970.086 | 970.416
92.40 | 970.085 | 970.124 | 971.217 | 969.960 | 970.096 | 970.393
96.25 | 969.702 | 969.968 | 970.048 | 968.982 | 969.490 | 969.704
100.00 | 969.310 | 970.135 | 970.928 | 970.198 | 970.544 | 971.547

Note: # % BiE (7= #h¥ 5% > 5idh i SoC & » b i ¥R A 2 7 5% 2y
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# a5

Crs S8t v 7 % Bcdi & 4 3(unit: F)

SoC(%) | 40°C-1 | 40°C-2 | 40°C-3 | 45°C-1 | 45°C-2 | 45°C-3
0.00 | 969.404 | 969.600 | 969.965 | 968.775 | 969.418 | 970.359
3.85 ] 969.599 | 969.658 | 970.607 | 969.872 | 970.343 | 971.478
7.70 ]969.984 | 970.125 | 970.901 | 969.871 | 970.562 | 970.585

11.55 | 969.014 | 969.918 | 970.351 | 970.865 | 970.961 | 971.340
15.40 | 968.663 | 970.012 | 970.315 | 970.263 | 970.342 | 970.635
19.25 | 970.048 | 970.470 | 970.709 | 969.165 | 969.875 | 970.387
23.10 | 969.081 | 969.179 | 969.564 | 969.479 | 969.485 | 970.858
26.95 | 969.965 | 970.071 | 970.487 | 969.832 | 969.955 | 969.965
30.80 | 969.005 | 969.070 | 970.007 | 970.302 | 970.544 | 970.546
34.65 | 970.161 | 970.389 | 971.421 | 971.303 | 971.328 | 971.467
38.50 | 969.485 | 970.222 | 970.772 | 970.160 | 970.421 | 970.859
42.35 |970.016 | 970.288 | 970.529 | 970.708 | 970.797 | 971.792
46.20 | 969.125 | 969.614 | 969.700 | 970.179 | 970.791 | 971.330
50.05 |969.975|970.974 | 971.379 | 970.547 | 971.572 | 971.717
53.90 | 970.329 | 970.948 | 971.012 | 970.570 | 971.549 | 972.345
57.75 | 969.863 | 969.952 | 970.666 | 971.854 | 972.147 | 972.495
61.60 | 969.138 | 969.764 | 969.977 | 970.669 | 970.795 | 971.166
65.45 | 970.292 | 970.747 | 970.800 | 970.894 | 971.257 | 971.318
69.30 | 969.544 | 969.992 | 970.347 | 970.515 | 971.106 | 971.590
73.15 | 969.685 | 969.692 | 969.938 | 971.218 | 971.451 | 971.573
77.00 | 969.146 | 969.600 | 969.786 | 970.886 | 970.894 | 971.142
80.85 | 968.668 | 969.359 | 969.971 | 971.597 | 972.303 | 972.413
84.70 ] 969.913 | 970.037 | 970.575 | 971.187 | 971.709 | 971.760
88.55 | 969.098 | 969.332 | 969.485 | 969.795 | 970.794 | 971.458
92.40 | 970.058 | 970.801 | 971.497 | 970.764 | 970.926 | 971.078
96.25 | 969.745 | 970.016 | 970.200 | 971.009 | 971.351 | 971.419
100.00 | 970.446 | 970.473 | 970.931 | 970.000 | 970.392 | 971.015

Note: # e RiE(7 = #F % > 4idh s SoC & > Hih: HRE R 2 F 2 e ficdy
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# a-6 CrL $-¥cdt 5 7 2% ¥y < 4% 1(unit: F)

SoC(%) | —5°C-1 | —5°C-2 | —5°C-3 | 5°C-1 5°C-2 5°C-3 15°C-1 15°C-2 15°C-3
0.00 | 1790.804 | 1790.869 | 1791.339 | 1926.033 | 1927.047 | 1927.932 | 1969.808 | 1970.287 | 1971.145
3.85 | 1788.614 | 1788.880 | 1789.719 | 1924.828 | 1925.024 | 1925.362 | 1968.943 | 1969.363 | 1969.701
7.70 | 1788.773 | 1789.387 | 1789.454 | 1924.722 | 1925.130 | 1925.761 | 1968.568 | 1968.789 | 1968.967

11.55 | 1789.631 | 1789.759 | 1789.820 | 1925.212 | 1925.842 | 1926.157 | 1970.059 | 1970.430 | 1970.435
1540 | 1790.817 | 1791.478 | 1791.692 | 1927.145 | 1927.379 | 1927.463 | 1969.668 | 1970.297 | 1970.537
19.25 | 1790.535 | 1791.096 | 1791.546 | 1926.033 | 1927.369 | 1927.775 | 1969.329 | 1970.138 | 1970.501
23.10 | 1790.038 | 1790.959 | 1791.550 | 1926.346 | 1926.812 | 1927.389 | 1969.305 | 1969.717 | 1970.388
26.95 | 1789.685 | 1789.752 | 1789.912 | 1925.236 | 1925.434 | 1926.679 | 1969.307 | 1969.688 | 1970.089
30.80 | 1790.934 | 1791.025 | 1791.619 | 1926.811 | 1927.233 | 1927.535 | 1970.665 | 1970.786 | 1971.090
34.65 | 1789.465 | 1789.481 | 1789.956 | 1925.157 | 1925.553 | 1926.192 | 1968.899 | 1969.586 | 1969.720
38.50 | 1788.947 | 1789.695 | 1790.160 | 1924.704 | 1925.959 | 1926.139 | 1968.330 | 1968.486 | 1969.078
42.35 | 1789.949 | 1790.529 | 1791.580 | 1926.022 | 1926.976 | 1927.061 | 1968.818 | 1969.460 | 1970.839
46.20 | 1789.305 | 1790.301 | 1791.054 | 1926.038 | 1926.198 | 1926.424 | 1969.477 | 1969.622 | 1969.682
50.05 | 1790.741 | 1790.774 | 1791.504 | 1926.603 | 1926.845 | 1927.570 | 1970.380 | 1970.529 | 1971.073
53.90 | 1790.301 | 1790.335 | 1791.227 | 1926.536 | 1926.568 | 1926.758 | 1969.529 | 1969.531 | 1969.618
57.75 | 1789.169 | 1789.524 | 1789.541 | 1925.085 | 1925.499 | 1925.650 | 1968.910 | 1969.368 | 1970.708
61.60 | 1789.965 | 1791.583 | 1791.823 | 1926.834 | 1927.068 | 1927.468 | 1968.955 | 1970.053 | 1970.819
65.45 | 1790.328 | 1790.728 | 1791.061 | 1926.429 | 1926.835 | 1926.853 | 1970.348 | 1970.483 | 1971.421
69.30 | 1788.441 | 1789.540 | 1789.593 | 1924.994 | 1925.176 | 1925.402 | 1969.243 | 1969.560 | 1969.908
73.15 | 1790.374 | 1791.405 | 1791.795 | 1926.542 | 1927.040 | 1927.993 | 1970.601 | 1970.641 | 1970.774
77.00 | 1790.149 | 1790.537 | 1791.137 | 1926.449 | 1926.491 | 1926.882 | 1970.062 | 1970.661 | 1970.672
80.85 | 1790.435 | 1790.665 | 1791.188 | 1926.358 | 1926.558 | 1927.373 | 1970.586 | 1970.838 | 1970.867
84.70 | 1788.129 | 1788.491 | 1788.616 | 1923.814 | 1924.381 | 1925.041 | 1968.681 | 1968.707 | 1969.677
88.55 | 1789.671 | 1790.566 | 1791.053 | 1925.947 | 1926.482 | 1926.860 | 1969.404 | 1969.862 | 1970.901
92.40 | 1790.538 | 1790.832 | 1791.288 | 1926.814 | 1926.850 | 1926.993 | 1969.463 | 1969.960 | 1970.015
96.25 | 1528.577 | 1528.785 | 1529.024 | 1664.607 | 1664.843 | 1664.937 | 1692.349 | 1692.526 | 1692.606
100.00 | 1204.900 | 1204.907 | 1205.666 | 1340.927 | 1341.087 | 1341.459 | 1501.249 | 1501.883 | 1502.218

Note: # ® B REFT =T % > %dhs: SoC & H#h s HRE R 2 7 % wfichk
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% a-6

SoC(%) | 25°C-1 | 25°C-2 | 25°C-3 | 35°C-1 | 35°C-2 | 35°C-3
0.00 | 1999.906 | 2000.347 | 2000.602 | 1999.534 | 1999.704 | 2000.289
3.85 | 1998.608 | 1999.342 | 2000.123 | 1999.927 | 1999.984 | 2000.351
7.70 ] 1999.213 | 1999.245 | 1999.610 | 1999.121 | 1999.433 | 2000.644

11.55 | 1999.851 | 1999.915 | 2000.079 | 1999.163 | 2000.321 | 2000.756
15.40 | 2000.267 | 2000.784 | 2001.261 | 1999.300 | 2000.345 | 2000.444
19.25 | 1999.203 | 1999.381 | 1999.604 | 1999.235 | 1999.674 | 2000.012
23.10 | 1999.776 | 1999.908 | 2000.104 | 1998.923 | 1999.777 | 1999.782
26.95 | 1999.427 | 1999.852 | 2000.179 | 2000.002 | 2000.464 | 2001.262
30.80 | 2000.041 | 2000.077 | 2000.687 | 1998.969 | 1999.642 | 1999.654
34.65 | 1999.361 | 1999.374 | 2000.299 | 1999.551 | 2000.296 | 2001.431
38.50 | 1998.884 | 1999.269 | 1999.730 | 1999.547 | 2000.198 | 2000.678
42.35 | 1999.848 | 1999.979 | 2000.420 | 1998.985 | 1999.106 | 2000.134
46.20 | 1999.309 | 1999.401 | 2000.050 | 1999.160 | 1999.475 | 1999.586
50.05 | 2000.361 | 2000.881 | 2001.123 | 2000.283 | 2000.473 | 2000.706
53.90 | 1999.226 | 1999.366 | 1999.514 | 1999.755 | 1999.763 | 1999.947
57.75 | 1999.189 | 1999.700 | 1999.768 | 1999.867 | 2000.215 | 2000.520
61.60 | 1999.549 | 2000.853 | 2001.578 | 1999.925 | 2000.064 | 2000.174
65.45 | 1999.198 | 2000.252 | 2000.630 | 2000.028 | 2000.508 | 2000.668
69.30 | 1998.499 | 1999.530 | 2000.125 | 1999.597 | 2000.006 | 2000.984
73.15 | 1999.829 | 2000.111 | 2000.361 | 1999.779 | 1999.973 | 2001.199
77.00 | 1999.967 | 2000.153 | 2001.137 | 1999.690 | 1999.916 | 2001.043
80.85 | 2000.339 | 2000.361 | 2000.563 | 2000.133 | 2000.711 | 2000.834
84.70 ] 1999.620 | 1999.850 | 1999.956 | 1999.953 | 2000.382 | 2000.893
88.55 | 1999.607 | 1999.612 | 1999.925 | 1998.972 | 1999.344 | 2000.211
92.40 | 2000.112 | 2000.204 | 2000.288 | 1999.569 | 1999.680 | 1999.973
96.25 | 1675.011 | 1675.056 | 1675.503 | 1533.834 | 1534.359 | 1534.577
100.00 | 1442.850 | 1443.304 | 1443.530 | 1340.779 | 1341.275 | 1341.919

Note: # % BiE (7= #h¥ 5% > 5idh i SoC & » b i ¥R A 2 7 5% 2y
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% a-6 ¥ Cru 8cds & F % #cdp & & 3(unit: F)

SoC(%) | 40°C-1 40°C-2 40°C-3 45°C-1 45°C-2 45°C-3
0.00 1999.132 | 1999.612 | 2000.529 | 2000.897 | 2001.928 | 2002.706
3.85 1999.993 | 2000.549 | 2000.865 | 2001.870 | 2002.173 | 2002.482
7.70 2000.123 | 2000.328 | 2000.617 | 2000.761 | 2000.790 | 2001.050
11.55 | 1999.374 | 1999.494 | 1999.539 | 2001.272 | 2002.372 | 2002.827
15.40 | 1999.287 | 1999.443 | 1999.595 | 2000.253 | 2000.752 | 2001.121
19.25 | 1999.513 | 2000.409 | 2001.121 | 1999.469 | 1999.977 | 2000.710
23.10 | 1999.500 | 1999.879 | 2000.028 | 2000.399 | 2001.132 | 2001.882
26.95 | 1999.917 | 2000.076 | 2000.566 | 1999.926 | 2000.235 | 2000.417
30.80 | 1999.432 | 1999.715 | 2000.093 | 2001.717 | 2001.986 | 2002.269
34.65 | 1999.069 | 1999.094 | 2000.272 | 2001.093 | 2001.260 | 2001.779
38.50 | 1999.074 | 1999.340 | 2000.200 | 2001.029 | 2001.399 | 2001.868
42.35 | 2000.426 | 2000.489 | 2000.819 | 2000.277 | 2000.548 | 2000.599
46.20 | 1999.215 | 1999.448 | 1999.820 | 2000.571 | 2001.007 | 2001.168
50.05 | 1998.509 | 2000.094 | 2000.402 | 1999.143 | 2000.039 | 2000.728
53.90 | 1999.219 | 1999.427 | 1999.753 | 2000.842 | 2001.484 | 2001.598
57.75 | 1999.326 | 1999.558 | 1999.947 | 1999.927 | 2000.393 | 2000.792
61.60 | 1999.260 | 1999.988 | 2000.266 | 2000.434 | 2001.095 | 2002.171
65.45 | 1999.398 | 1999.572 | 1999.660 | 2001.620 | 2002.039 | 2003.112
69.30 | 1999.972 | 2000.030 | 2000.429 | 1999.979 | 2000.137 | 2001.465
73.15 | 1999.344 | 1999.613 | 2001.024 | 1999.934 | 2000.777 | 2000.867
77.00 | 1999.839 | 2000.575 | 2000.640 | 2000.801 | 2000.907 | 2001.021
80.85 | 1999.853 | 2000.406 | 2001.468 | 2000.388 | 2000.919 | 2000.934
84.70 | 1999.150 | 1999.680 | 2000.440 | 2001.420 | 2001.462 | 2001.671
88.55 | 1999.759 | 1999.801 | 1999.877 | 2000.869 | 2000.959 | 2000.972
92.40 | 1999.836 | 1999.940 | 2000.832 | 2000.319 | 2000.859 | 2001.597
96.25 | 1444.124 | 1444.251 | 1444.939 | 1279.040 | 1279.053 | 1280.117

100.00 | 1261.337 | 1261.620 | 1262.196 | 1076.909 | 1077.355 | 1077.422

Note: # B RE(FT =T % > %hi SoC & > Hohi R AE 2 F 5% el
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a7 FEw A EARER k& (unit: %)

EMF test-1 | EMF test-2 | EMF test-3 | HPPC test-1 | HPPC test-3 | HPPC test-3

—5°C 98.56% 98.28% 98.13% 98.52% 98.39% 98.01%

5°C 98.52% 98.33% 98.03% 98.51% 98.44% 97.93%
15°C 98.53% 98.35% 98.10% 98.49% 98.36% 98.05%
25°C 98.59% 98.21% 98.17% 98.45% 98.34% 98.11%
35°C 98.49% 98.37% 98.06% 98.57% 98.41% 97.96%
40°C 98.47% 98.38% 98.16% 98.56% 98.26% 97.90%
45°C 98.58% 98.28% 98.18% 98.48% 98.37% 98.04%

Note: i iF = % CC-CV =
G2 By s FHRBILFZTAERER

T2 F E2HEE £(2600MAN) 3 E iR 0 %
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