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Abstract: Lithium-ion batteries (LIBs) have become a main energy storage device in various applications, such as portable

appliances, renewable energy facilities, and electric vehicles. However, the poor thermal stability of LIBs may cause explosion
or fire. The thermal runaway is the result of a failure of the separator inside LIB. Damages like tearing, piercing, and collapsing

of the separator were simulated in a mechanical, an electrical, and a thermal way, and small discharge pulses of a few mV were

detected at the time of separator damages. From the experimental results, this paper provided a method that can identify the

separator failure before thermal runaway in the aspect of a potential explosion and fire prevention measures.
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Table 1. Status of ESS installation in Korea.
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Renewable energy

Peak

Division . Emergency Total
Solar power Wind power reduction
Number (EA) 754 24 657 55 1,490
Capacity (MWh) 1,587 272 2,757 157 4,773
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Fig. 1. Statistic analysis of ESS fire accidents. (a) Service purposes of ESS and (b) service conditions of ESS.
]2 ATH7]. 2.0| 2
HH, HVIRbEAl QloiM= HARSl AJAREtQIofA

2018'3 5Fof L AL E Al O 2 20209 10E7HA]
3 14749 SAjAFLIE QLo T [8] Al & X] 0] S 20214
1dof 1739] akxj7t § WAYsto] & R HAF A7 AFEA}
5 371 AFE- 26,699t ol 2] 2= AIAIStATE [7]. o]t #o]
2]Eol viE 22 Qlet Shxl7} BIHSHA WA= HA] A
9l A Bo) AETH B U ehelz] FAAe
(battery management system, BMS) 7§41 2 A X] 7]&
Al 5 ohfst tiAo] AIAI=] AL It} [9-11]. Z3jy o] =
oS 5SSOl HuA AR U A% S RUA o] 24
9 702 QALY BOITE ShAsHA] 2R Ut A
olt} [12,13].

2 =20l UL ESS ®+= LIB A At & 24
sfof LIBO] o]} o] 2 Q15 ShAl WA A] 25 LIBY]

2.1 2| 0|2 HHE{2I(LIB)

2] &0l e 2= 11 29 Zo] F=(cathode), 2=
(anode), A3f|9(electrolyte) ¥ 2] (separator)?] 4
O a4z g 2 e Atete2d 244 222 A4
&3t EYAIE 4F0ls o] xstl 592 5HC

.
2 ® 24 270 YAIE Suno] Y8 AT

==

Anode
(Cu)

Cathode
(A

NN

7

DN

>

2
2
2

N

DI

lithium-ion
battery

NN

™>Cell can

~Separator

3
37
3
37
3
2
o
2}
24
24
2
3
37
3
3
3
3
3
3
2
o
2}
24
2
34
37
4
=
b

AN

3

3
3

Fig. 2. Schematic diagram of lithium-ion batteries.
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Fig. 3. Most common process of thermal runaway.
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Fig. 4. Configuration of the experimental setup.
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Fig. 5. Waveforms of terminal voltage and discharge pulses produced by a needle insertion under storage condition. (a) The 1% trial and (b) the
5t trial.
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