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ABSTRACT: The rapid expansion of next-generation smart mobility systems, including drones, Urban Air Mobility
(UAM), and electric vehicles (EVs), has intensified the demand for high-power-density and fast-charging technologies.
Under high current-rate (C-rate) operation, however, lithium-ion batteries experience severe stress concentration and
lithium plating induced by rapid intercalation and de-intercalation, resulting in irreversible capacity loss and structural
instability. Since commercialization of next-generation batteries remains limited due to persistent technical hurdles
such as lithium dendrite growth and the shuttle effect, optimizing the operating conditions of conventional lithium-
ion batteries offers a practical, immediate solution to enhance stability and performance. In this study, the effect of
external pressure on lithium-ion pouch cells under high C-rate conditions was investigated at ambient conditions.
Surface temperature and thickness variation were analyzed using an IR camera and 3D Digital Image Correlation
(DIC). The results demonstrate that appropriate external pressure effectively suppresses cell expansion and significantly
improves cycle life under high-speed operational environments.
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Fig. 1. Cycling performance of LIBs under different operating
conditions

Table 1. Capacity fade of LIBs under different operating conditions

Cycle 1C-rate 5C-rate 10C-rate
500 2.9% 6.2% 18.8%
1000 6.3% 11.3% 26.0%
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Fig. 2. Surface temperature measurements of LIBs under high
C-rate (5,10C-rate) conditions
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Fig. 3. Infrared thermographic analysis of surface temperature
distribution in LIBs at high C-rate
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Fig. 6. Effect of external pressure on the cycle life of LIBs

Table 2. Capacity fade under different external pressure at 5C-rate

Cycle 0 kPa 30 kPa 50 kPa 70 kPa
500 13.0% 10.8% 11.8% 10.6%
1000 16.5% 13.3% 13.6% 12.4%
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Fig. 7. Thickness distribution of LIBs after 1,000 cycles under dif-
ferent external pressures
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