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Fig. 1. Schematic of the finite-length cylindrical electrode

structure.
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Fig. 2. Radial distribution of Li-concentration (a) and stress components (b)-(d) under different SOCs and z = 0 (solid lines, theor-

etical results; circle symbols, FEM results).
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Fig. 3. (a) Radial distribution of normalized von Mises
stress under different SOC and z = 0; (b) variation of nor-
malized von Mises stress at z = 0, » = R with dimension-

less time.
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Fig. 5. Variation of strain energy normalized with fracture
energy for the cylindrical electrodes with different aspect ra-
tios of L/R.
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Analytical analysis of concentration distribution and
diffusion-induced stress of finite-length cylindrical
electrode under galvanostatic operation
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Abstract

A cylindrical electrode is approximated as a long cylinder in most of existing models in which a generalized
plane strain condition/plane strain is used. Based on the theory of elasticity, analytical expressions are derived
for concentration distribution and stress component in a finite-length cylindrical electrode under galvanostatic
operation. Using the superposition theorem, the Li-concentration is a sum of the concentration due to axial
diffusion and the concentration due to lateral diffusion, and the separation of variable method is used to solve
diffusion equations. By using the Boussinesq-Papkovich function, the generalized stress component distribution
of a linearly combined product of the exponential-type Fourier-Bessel series is derived. The spatiotemporal
distribution of concentration and diffusion-induced stresses are calculated in a cylindrical electrode with
traction-free condition. The results are compared with the simulation results from a finite element software. For
the concentration distribution, the numerical result and simulation result are almost the same. For the stress
component, no significant difference exists between the two results, the largest relative difference for radial
stress in the center is found to be about 4% and state of charge (SOC) = 17.9%. The radial stress decreases
with radial position increasing, and decreases to zero at the surface, which is consistent with the results under
the boundary condition. The hoop stress is tensile stress around the center of electrode, and becomes a
compressive stress near the surface. Owing to the fact that the tensile hoop stress is attributed to the crack
initiation, this implies that when plastic deformation is negligible, cracks first form in the center. The stress
components with different length-to-radius ratios are calculated. It is found that the stress caused by lateral
diffusion increases with length-to-radius ratio increasing, while the stress induced by axial diffusion decreases
with length-to-radius ratio increasing. This is because the lateral diffusion has a greater influence on Li-

concentration distribution in a cylinder electrode with length-to-radius ratio increasing.

Keywords: lithium-ion batteries, finite-length cylindrical electrode, diffusion-induced stress, Boussinesq-

Papkovich function

PACS: 82.47.Aa, 82.56.Lz, 46.05.+b DOI: 10.7498 /aps.73.20231753

1 Corresponding author. E-mail: zhangkai@tongji.edu.cn

1 Corresponding author. E-mail: blzheng@tongji.edu.cn

158201-10


http://doi.org/10.7498/aps.73.20231753
mailto:zhangkai@tongji.edu.cn
mailto:zhangkai@tongji.edu.cn
mailto:blzheng@tongji.edu.cn
mailto:blzheng@tongji.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TR 7S A PR ra AR B 20 A0 R RS S S AR A

ZAE REE KB

Analytical analysis of concentration distribution and diffusion—induced stress of finite-length cylindrical
electrode under galvanostatic operation

Peng Ying-Zha Zhang Kai  Zheng Bai-Lin

5] Fi{i% &, Citation: Acta Physica Sinica, 73, 158201 (2024) DOI: 10.7498/aps.73.20231753

TELR T2 View online: https://doi.org/10.7498/aps.73.20231753
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

— IR A B 1 R Tt R TR RO T R AT 0k
A new method to solve electrolyte diffusion equations for single particle model of lithium—ion batteries

PyFEEEAR. 2022, 71(4): 048201  https:/doi.org/10.7498/aps.71.20211619

ST LN AR SR A BE RS 1 A M R AR I S A  BRL S TE

Simulation and optimization of silicon/carbon core—shell structures in lithium—ion batteries based on electrochemical-mechanical

coupling model

WIEEAEAR. 2021, 70(17): 178201 https://doi.org/10.7498/aps.70.20210455

BTN X A KA P i fh R A 1 5

Surface effects on buckling of nanowire electrode

WIBEAEAR. 2022, 71(3): 033101 https://doi.org/10.7498/aps.71.20211864

PR BT AL BB RE X L
Comparative study of reduced—order electrochemical models of the lithium—ion battery

WAL 2021, 70(13): 138801 https://doi.org/10.7498/aps.70.20201894

VS, VR 1 b SRR AR A 5 — PR B BB 5T
First—principles study of VS, as anode material for Li-ion batteries

Y27, 2024, 73(11): 113101 https://doi.org/10.7498/aps.73.20231681

ST A AR RO A B B 1 Bl i M

External characteristics of lithium—ion power battery based on electrochemical aging decay model

YIBR2E4. 2022, 71(3): 038803  https://doi.org/10.7498/aps.71.20211401


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231753
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20211619
https://doi.org/10.7498/aps.70.20210455
https://doi.org/10.7498/aps.71.20211864
https://doi.org/10.7498/aps.70.20201894
https://doi.org/10.7498/aps.73.20231681
https://doi.org/10.7498/aps.71.20211401

	1 引　言
	2 理论模型
	2.1 扩散模型
	2.2 力学模型

	3 结果与讨论
	4 结　论
	参考文献

