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Fig.1 (a)schematic diagram of the electrochemical dynamic reaction process of the electrode
and its mechanical damage; (b)schematic diagrams of the equivalent circuit and impedance
spectrum corresponding to the electrochemical reaction process; (c)a schematic diagram

of an acoustic emission signal impact
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Fig.3 Battery cycling-impedance-acoustic emission
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Fig. 4 Comprehensive experimental results of silicon-carbon electrodes at C/2 rate: (a)charge and discharge
current-voltage curves; (b)health state evolution curves; (c)evolution of impedance spectrum curves;
(d) evolution curves of Rys Rer and Rsmrs (e)the collected acoustic emission

signals; (f) evolution curve of the impact times of the cumulative acoustic emission signals
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Fig. 5 Evolution curves of normalized impedance

and normalized cumulative acoustic emission

impact times of silicon-carbon electrodes at C/2 rate

1.0

lv*.‘
i

R

. %
2 -

0 100

200

300 400 500

(BN B

0 100

200 300 400 500

i 5 o

IS T A SRR A A R 4 A AR 2 | BELAC A0 75 S R R o OB ) T I ¢

Fig. 6 The evolution curves of the health status, impedance and cumulative impact times of

acoustic emissions of electrode materials at different ratios
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Experimental study on life prediction
parameters of lithium-ion batteries

ZHANG Zilong', XIE Haimei'**, SONG Haibin*, ZHANG Qian'**,
QIU Wei**, WANG Yize"*?, KANG Yilan"?
(1. Department of Mechanics, School of Mechanical Engineering, Tianjin University, Tianjin 300350, China; 2. Tianjin Key Laboratory
of Modern Engineering Mechanics, Tianjin 300350, China; 3. National Key Laboratory of Vehicle Power System, Tianjin 300350,
China; 4. Beijing Jingwei Hirain Technologies Co. ,Inc. ,Beijing 100191, China)

Abstract: Accurate prediction of the lifespan of lithium-ion batteries is crucial for ensuring the
electrical safety of equipment. In the process of battery lifespan prediction, the selection of indirect
parameters is a key link. However, at present, there are relatively few studies on the relationship
between indirect parameters and the internal reaction mechanism of batteries. This paper conducts an
experimental study on the relationship between indirect parameters in battery life prediction and the
battery reaction mechanism, designs an integrated experimental scheme for battery charge and
discharge cycles, electrochemical impedance and acoustic emission, and obtains the nonlinear evolution
laws of capacity, impedance and mechanical damage with the number of cycles through experiments.
By analyzing the evolution laws of charge transfer impedance (Rer) and solid-state electrolyte interface
film impedance (Rgg; ), the mechanism by which Rer and Rg affect the degradation of battery life by
influencing the transmission and transfer of internal charges in the battery was discovered. Further,
the intrinsic qualitative connection among battery capacity, impedance and damage was expounded.
Subsequently, based on the qualitative connection between impedance and mechanical damage, the
Pearson correlation coefficient was used to quantify the relationship between Re;, Rg and the
cumulative impact times of acoustic emission. The results show that the correlation coefficients of Rer
and Rg with the cumulative impact times of acoustic emission are both higher than 0. 9, indicating
that impedance is closely related to electrode mechanical damage. Impedance Rer and Ry contain both
electrochemical factors and electrode mechanical damage information. Moreover, the relationship
between impedance and mechanical damage has been further verified through experiments with
different charge and discharge rates and different electrode materials.

Keywords: impedance evolution; acoustic emission; mechanical damage; life prediction parameters;

lithium-ion battery



