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Abstract:

Lithium-ion batteries are utilized as an energy source for electric vehicles because of their advantages such as

excellent cyclability, high energy density, high capacity, high efficiency, and low price. However, lithium-ion batteries use

combustible electrolytes, which have also reported problems related to fire safety. Therefore, research on the fire safety of

lithium-ion batteries is actively being conducted. In this study, detection criteria for the fire safety of lithium-ion batteries were

proposed through incremental capacity analysis (ICA) and frequency analysis. The experimental results showed that the battery

micro internal short circuit (MISC) indicator could be identified through changes in specific frequency bands and fluctuations

in the ICA curve.
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Table 1. Degradation mode and causes of lithium-ion battery [14].
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Degradation mode Potential aging mechanism Effect
Binder decomposition Capacity fade
ct Current collector corrosion Power fade
Electrode decomposition Capacity fade & power fade
Crystal structure disordering Capacity fade & power fade
LAM Transition metal dissolution Power fade
Formation of LI grains Capacity fade
Lithium plating Capacity fade & power fade
Formation of LI grains Capacity fade & power fade
Lithium plating Capacity fade & power fade
H Oxidation of electrolyte Power fade
Electrolyte decomposition Capacity fade & power fade




390

dQ

IC = (1)

A7|A dVe R4 3t ", doe AU A
o & &1t SF2 uisit). SR8 vA2 S8
/9] HEHE Fofl 2l §ol2 v 2ol Yy &3t AEE
O X3F A O]q
TTE T R

2.2 =™ AMLElj(state of health, SOH)

siEl2lE 7 1814 SAa WAt 3782 1 cycleo]
alx gt} 2l gole HlElRlE Ao Zo] E71a4% AAt
Asto] J=o} #1x|A . vjEele At Y42 R A
ao] o} Wo] AlSA|L AbiLe] €elo] d 7h5 Aol
A7 slof wlElelo] st HEg dFste 20| Fast
t}. o2 dl5st7] Y5l AE} AlE2 SOHE Ab&dit.
SOHat HfiEj2]e] 217) AEfL} &A1& 492 UEhye A&
= wjEjelo] £7] @oF ofu] @R 84S Yehjt AR
A (2)9F Zo] ol 2 Qlrt.

SOH = e4rent 5« 100(%) (2)
Cfresh.
0:17]}\—] Cf‘r'esh HHE1E‘]—1 KO Ae o Ccurrent% ?jxﬂ %
< ojo|sict.
2.3 & FE2|0f| ¥ & (fast fourier transform, FFT)

A5 HlolEl: A A% P28t A g 3]

=

7} Qict. efuFstd A7t G 9 (time domain) Glo]Ejgto 2
+ I Xl(resonances), I 3. ¥ =(peak transients)y} 7
o= J5t7] ol 7] diZolt.

5% Hole5e Hats] 54
whatA] QIRIUOIE2 A7 HlolE1 S Ajalr] 93t Tiop
& 24 e Agstid o]  shtel AuEw BA
(spectral analysis) [17]2 AlZF Ho|8|& Zo}4 ATE
Ho g wekgitt oj2igh &4 W
(fast fourier transform, FFT) [18]2 A]7F
£ Ziub4 99(frequency domam)
|5 = ALt drelEoltt FRT+
;qg‘]ol-/\ olotq o] o]l\} /\]7}u
time fourier transform)o]
gr oz 13 2 9lr}[19]. Az =
2 AEste o] MEFH ARFHolE
£o Zuls GOl ubRel s A5 Fupa
g E} oj2igt 7| o= 2] Fol2 uiE 2] Ast
2 xlaysto] HEj2le] UjA] Y% Cel(micro internal

O{N—

g:)l o T
fu
g
r
ol
o
r
il_‘_,'
S~
R

LEX

ol
o
~ A

o ™ re

§—|>*

o

er&" 5
>

(N

o o

u
ﬂ-llﬂl o
3]
551
—
=
=]
ox M X
> [ o) o o

—_

o o o

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 4, pp. 388-395, July 2025: Jin et al.

short circuit, MISC)& AA]7to 2 XThgHo 2 i shrf o
A oldo] AR o g ol TRl S 0t 4 Q= 71 7
42 SH= Stk

g]gol2 HiEg]e] MISC % 2§ HE=2folE(Li
dendrite) [20] €3}= &4 A] &Z(anode) EHO|A] AXI
7<4 o= /\7(] Al oﬂgﬂi X K]—o}nq o] = _‘,__34 E”‘(Separator)
wEsto] UlRo ©(short)2 x2fisto] bl el A
= opP7|AIZIH

2 =204 &= olggt viE2]o] MISC o] 4lset 55
2 & HUd(common mode voltage, CMV) [21]& &A1 5
of lEl2] o] o] 4 A E-2 ASIGCt CMVE T8 /]2
MR RBAR. A4 ARe] 371K AR o2 gHAE o]
o}, B} ESS shAALT Ayt maf7} o] 9HEE] 1 glo
o H714) 2512l & shtel CMV7} sijaglo R

e A= gy AT [22].

3. MEwy

3.1 H| T2 5 MY

& ==oA e gEole siEY ol LS ARl
ol &5t7] ¢foll &2 AMul5 AR&sto] 4F2(257C) d 12

(60°C) 270141 247} ot A FPsloict. WY A7
4 q.oko} 2T

Hoz e AFstEoL B =oAL welalo] 4
4 wAel7] 913 Fhast A

2191 60°C 2747 vl

r
Q.

> A

it

HolE = 4

[9
dst AdL 7H7F [C-rate, 2C rate 27102 42V A
M=-A X constant current constant voltage;
CCCV)rtg =X X8l o 25 VAXE e v
A5ty ). vijE 2] &84 7] NEWAREAIC] CT 4008 &
2 5 YR7]IE AFEshAt Aol ARgst 53 HiE

Apope & 29F 2}

Table 2. Cylindrical battery specifications.

Name Samsung INR18650-30Q
Norminal capacity 3,000 mAh
Norminal voltage 3.6V

Charge cut-off voltage 42V
Discharge cut-off voltage 2.5V
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Fig. 1. The various samples and experimental devices.
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Fig. 3. The incremental capacity curve during the charge and
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Fig. 5. Results of MISC analysis based on degradation experiment
(HFCT). (a) Results of HFCT sensor defect signal and noise, (b)
magnification of signal and noise in Fig. 5(a), and (c) results of FFT
analysis.
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Fig. 7. Results of MISC analysis based on destructive experiment. (a)
HFCT and (b) electromagnetic antenna.
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