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Quantitative safety evaluation for internal short-circuit
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Abstract

Safety evaluation when an internal short-circuit occurs is necessary for the guarantee of Li-ion battery quality.
Nail penetration test is a method in order to evaluate the safety level of Li-ion cells. However, it's difficult to obtain
the quantitative results because the evaluation is based on mere Hazard Level, such as gas venting, fire, rupture or
nothing. Therefore, we invented the new nail penetration method named Voltage-regulated Internal Short-Circuit
(VISC). VISC is different from the conventional nailing test in that constant voltage charging is applied during nail
penetration and the short-circuit current can be precisely measured. In this paper, we report the quantitative safe-

ty evaluation method for internal short-circuit using VISC.
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Fig. 1 Schematic diagram of conventional nail penetration test (a) and VISC test (b).
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Fig. 2 Equivalent circuit of before nailing (a) and
during nailing (b).
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Fig. 3 Test setup of conventional nail penetration
test (a) and VISC test (b).
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Table 1 Test condition of conventional nail penetration test and VISC test.

Conventional nail penetration test VISC test
Cell SOC 100% «—
Nail Diameter/ Tip angle 5mm/30° «
Nail Material SUS304 —
Nail Speed 0.01 mm/sec «—

CV Charging during nailing w/o CV Charging 4.25V CV Charging
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Table 2 Diameter and tensile strength of the separator.

B1(Ref) B2 B3 B4 B5
Heat shrinkage diameter *! 100 140 120 140 90
Tensile strength MD/TD *? 100/100 170/140 270/<10 240/<10 280/180

#1 Diameter of the hole when a soldering iron with a 2 mm diameter heated to 400 °C is pierced into separator
#*2 MD : machine direcion, TD : tensile direction
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Fig.4 Voltage profile of conventional nailing test .
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Fig.5 Short-circuit Current profile of VISC test .
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Fig.6 Short-circuit Current of the cells with different kind of separator.
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