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Thermal runaway multi level warning method of lithium-ion
battery pack based on impedance distribution characteristics
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Abstract: Thermal runaway warning for lithium-ion batteries is of vital importance. Thermal
runaway detection methods based on battery impedance analysis enable early prediction of
thermal runaway, making them a major research focus in lithium-ion battery safety studies.
Because battery impedance varies with factors such as ambient temperature, and significant
measurement errors may occur in online impedance measurement, especially for high-
capacity battery cells, impedance analysis of a single cell can easily lead to false thermal
runaway alarms. This paper proposes a thermal runaway prediction method for lithium-ion
battery packs based on the impedance distribution characteristics of cells. The method utilizes

WimAHA: 2025-09-29; fEXFREMA: 2025-12-11.

EEWMA: WAREEATIRIR (2024CXGC010806).

F—EE: 8 (1979—), T, Wik, BHEHTAG, MFHEPTE T ORI EAR R BT 4, E-mail: guorui@efire.cn: BIE{EE: ZWIW],
BRI AR, BT )5 10 AT e Ht K o TUE 42 1R, E-mail:  limingming@chungway.com.

SIRASC: 881, 20, XKL, 5 5T rASBHST AR A L T R 2 AR P IS T ). fRE R S HOR, 2026, 15(2): 525-534.

Citation: GUO Rui, LI Mingming, LIU Yuxi, et al. Thermal runaway multi level warning method of lithium-ion battery pack based on impedance
distribution characteristics[J]. Energy Storage Science and Technology, 2026, 15(2): 525-534.



526 itk & A ¥ 5 & K 2026 55 15 %

the trend of impedance variation among individual cells within a pack to forecast thermal
runaway. Two characteristic parameters describing the impedance trend are introduced: the
average impedance trend and the degree of impedance deviation. These parameters are
used as inputs to a fuzzy logic controller to achieve multi-level early warning of thermal
runaway. The online measurement method for battery cell impedance, the thermal runaway
multi-level warning strategy, and experimental verification are presented. The experimental
battery pack consists of ten 30 Ah LiFePO, battery cells, and a programmable heating
element is used to heat one cell to simulate a high-temperature, high-risk condition. By setting
threshold values, a three-level warning scheme is established: when the cell temperature is
below 50°C, no warning is issued; when the temperature is in the range of 50—70°C, the
warning level is set to level 1; when the temperature is in the range of 70—100°C, the warning
level is set to level 2; and when the temperature exceeds 100°C, the warning level is set to
level 3. The experimental results demonstrate the validity of the proposed thermal runaway
prediction method.

Keywords: lithium-ion battery; thermal runaway warning; online impedance measurement;

impedance analysis; fuzzy logic controller
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