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Fig. 1 The working principle of lithium-ion battery
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Fig. 2 The structure of the model battery. (a)assembly diagram of the model battery;
(b) the real assembled model battery; (c)enlarged view of the observation area
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Fig. 3 The phase shifting ESPI (electronic speckle pattern interferometer) deformation measurement system.
(a) the optical path of the measurement system; (b) the photograph of the measurement system
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Fig. 4 Deformation measurement method based on phase increment superposition
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Fig. 6 Deformation distributions of the thin film electrode at different SOC in the first charging process
(deformation unit: pm). (a) SOC=0%; (b) SOC=30%; (¢) SOC=70%; (d) SOC=100%
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Fig.7 The voltage and the deformation of the center of the thin film electrode in the first three
charge-discharge cycles. (a) Time-Voltage curve; (b) Time-Deformation curve

(the deformation refers to the deformation of the center point of the thin film electrode)
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On the in-situ experimental observation method of lithium-ion
thin film electrode deformation in charge-discharge process

YANG Pan-pan', LI Kai*?, FENG Jie-min®**, LI Da-wei', ZHANG Jun-gian®*
(1. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai 200072, Chinaj;
2. Shanghai Key Laboratory of Mechanics in Enerey Engineering, Shanghai 200072, China;
3. Department of Mechanics, College of Science, Shanghai University, Shanghai 200444, China)

Abstract: The mechanical deformation of lithium-ion thin film electrode during the charge-discharge
cycles can seriously affect the performance and service life of lithium-ion battery. In this paper, an
experimental method for in-situ observation of lithium-ion thin film electrode deformation in charge-
discharge process is presented. By designing a new type of laboratory model battery and using the
phase shift electron speckle interferometry based on phase increment superposition, this method
successfully realizes the in-situ experimental observation of the deformation of the electrode during
charging and discharging process. It is shown that the lithium ion thin film electrode can produce
periodic deformation in the process of charging and discharging. The deformation is corresponding to
the state of charge state (SOC) of the battery and caused by the process of lithium-ion insertion/
extraction of the electrode active material. The proposed experimental method provides a powerful
experimental method for the study of the influence of thin film electrode deformation on the
performance of lithium ion battery.

Keywords: Lithium-ion thin film electrode; Lithium-ion battery; Charge-discharge; deformation;

Phase-shifting ESPI (electronic speckle pattern interferometry)



