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Experimental Study on Thermal Runaway Behavior of Lithium-
Iron-Phosphate Batteries under Fast-Charging-coupled
Overheating Condition

FANG Yuewen', ZHANG Zhendong', ZHU Shunliang’, YI Zhouxiang?, GUO Yang®
("School of Mechanical Engineering, Shanghai University of Technology, Shanghai 200093, China; *Shanghai
Motor Vehicle Testing and Certification Technology Research Center Co., Ltd, Shanghai 200093)

Abstract: To address the thermal runaway issue of high-capacity lithium iron phosphate
(LFP) batteries under the coupled effects of fast charging and localized overheating, an
experimental setup was designed. Using 50 Ah prismatic LFP batteries as the research
subject, thermal runaway tests were conducted under fast charging coupled with overheating
conditions. Parameters including battery surface temperature, voltage, internal resistance,
expansion force, and gas pressure inside the explosion-proof chamber were synchronously
collected. The study focused on analyzing the thermal runaway behavior characteristics of
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batteries at different states of charge (SOC) and proposed a multi-parameter fusion early
warning strategy. The results indicate that as the initial SOC increases from 50% to 100%, the
battery temperature rise after 3C fast charging increases by 7.7 °C, the time from the onset of
heating to the maximum temperature shortens by 244 s, the time for voltage to drop to 0 V
advances by 228 s, the gas pressure inside the explosion-proof chamber rises by 4.1 kPa,
and the battery expansion force increases by 1100 N. The experimental process was divided
into four stages. During the fast charging stage, battery temperature and expansion force rise
slowly. In the heating stage, expansion force increases rapidly, accompanied by a sudden rise
in gas pressure and a sharp drop in expansion force upon valve opening, while the battery
surface temperature briefly decreases slightly. In the thermal runaway stage, the battery
undergoes violent eruption, with a sharp voltage drop, a sudden increase in internal
resistance, peak temperature and gas pressure, and expansion force dropping to a negative
value. In the cooling stage, the battery temperature field gradually evolves toward thermal
equilibrium. Accordingly, a three-level early warning strategy is proposed based on the
parameter variation characteristics of different stages. The findings of this study can provide a
reference for thermal runaway early warning and thermal safety design of high-capacity LFP
batteries.

Keywords: lithium iron phosphate battery; fast charging; thermal runaway; SOC; thermal
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Figure.1 The test device and thermocouple layout
diagram
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conditions after fast charging
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Fig. 4 Thermal runaway characteristics of temperature, gas pressure, and expansion force at different SOC
conditions after fast charging under overheating conditions
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Fig. 7 Characteristic signal responses during battery thermal runaway: (a) surface temperature of the large
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