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Table 1 Battery parameters

Height/ Diameter/ Nominal capacity/ Nominal End-of-charge End-of-discharge
mm mm (W-h) voltage/V voltage/V voltage/V
65 18 4.6 3.7 42 2.75
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Fig.2 Experimental platform
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Table 2 Information on experimental conditions and parameters

Indenter velocity/ Displacement/ Indentation positions/ Indenter size/
Exp. SOC/% -
(mm-min ) mm mm mm
1 100 10 13 30 5.0
2 20, 40, 60 10 13 30 5.0
3 40 2,10,20 13 30 5.0
4 20 10 13 10, 20, 30, 45, 55 5.0
5 20, 40, 60 10 13 30 5.0,7.5,10.0
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(a) Comparison of load/voltage/temperature-displacement curves
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A3 H Y TRR SR A R

Fig. 3 Experimental results of lithium battery under indentation

450
400
350
300 |
250 -
200
150 |
100
50

Temperature/°C

Time/s

(a) Maximum temperature-time curve (b) After indentation
4 551 HIRMS PR R

Fig.4 Thermal runaway process of Exp. 1
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Fig. 5 Thermograph of the battery under local indentation
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Fig. 6 Force-electric-thermal responses of the battery with different SOCs
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Fig. 7 Force-electric-thermal responses of the battery under different loading velocities
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Fig. 8 Schematic diagram of the indentation location
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Fig. 9 Force-electric-thermal responses of the battery under different indentation locations
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Fig. 10 Thermal images of lithium battery with different SOCs under different indentation positions
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Fig. 11 Force-electric-thermal responses of Exp. 5
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Fig. 12 Force-electric response characteristics of batteries with different SOCs under different indenter radii conditions
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Fig. 13 Temperature characteristics of lithium batteries with different SOCs under different indenter radii conditions
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Experimental Study on the Safety Performance of Cylindrical
Lithium-Ion Batteries under Local Indentation

LI Jie', ZHANG Yunlong’, YUAN Boxing”, TANG Yuanhui’, HE Yongquan®

(1. School of Energy and Electrical Engineering, Chang’an University, Xi’an 710064, Shaanxi, China,
2. School of Electronics and Control Engineering, Chang’an University, Xi’an 710064, Shaanxi, China;
3. Shaanxi Institute of Metrology Science, Xi’an 710199, Shaanxi, China)

Abstract: Local compression of lithium-ion battery (LIB) is the primary form of damage during automotive
collisions. In order to investigate the safety performance of 18650 LIBs under local indentation, a custom-
made mechanical abuse experimental platform was used to conduct local indentation experiments. The
failure mechanism was analyzed through progressive compression, and the failure process and thermal
runaway evolution rules were obtained. The effects of the state of charge (SOC), loading velocity,
indentation position and indenter size on the safety performance of LIBs were also discussed. The results
show that the batteries exhibit a clear thermal runaway pattern under local indentation, and this phenomenon
will not occur immediately after the failure, there is a certain reaction time. The SOC is positively correlated
with the intensity of thermal runaway, and the failure time of the battery depends on the loading velocity.
Moreover, thermal runaway is more likely to occur when the negative electrode end of the battery is
damaged, and the temperature is higher when the damaged area is larger. Finally, based on the experimental
results, some useful suggestions for the safety design of the battery packs were provided.

Keywords: lithium-ion batteries; local indentation; failure mechanism; thermal runaway; safety

performance
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