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Experimental Study on Thermal Runaway and Propagation in Series-connected Battery
Packs under Different States of Charge
XU Rui, LIU Leibang, CHEN Baixu, DONG Xiaoyang, LUO Li, WANG Yajun
(Lanzhou Longneng Power Technology Co., Ltd., Lanzhou 730070, China)

Abstract: Thermal runaway and its propogation in Lithium-ion batteries have always been a significant
concern in the field of battery safety, and this issue becomes even more pronounced in series - connected
modules with high energy density. Based on a series-connected 18650 NCM lithium-ion battery module, the
thermal runaway of a cell within the battery module is triggered by an externally applied heat source and the
propagation behavior of the series-connected battery module under different states of charge (SOC) is studied.
The study shows that there is a clear SOC threshold for the thermal runaway behavior in series-connected
battery modules. In case of SOC < 50%, the thermal runaway cannot propagate to adjacent cells. In case of
SOC=75%, the thermal runaway can generate instantaneous propogation, with neighboring cells exhibiting
almost simultaneously peak temperatures of thermal runaway. It is known from further energy - balance
analysis that propagation of thermal runaway at high SOC is that since the high - temperature product
injected from the runaway impact adjacent battery, thereby inducing instantaneous thermal runaway. These
findings provide experimental evidence and a theoretical basis for the safety design of series - connected
modules and, at the same time, suggest that such measures as physical barriers, judicious placement of
safety vents/rupture valves, and localized protection can suppress the propagation of thermal runaway.
Keywords: Lithium-ion batteries; thermal runaway; thermal propagation; series-connected battery module;

battery safety design
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Fig.1 Experimental device for thermal runaway
propagation tests
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Fig.2 Temperature and voltage variation during thermal
runaway and propagation at 0% SOC
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Fig. 3 Temperature and voltage variation during thermal
runaway and propagation at 25% SOC
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