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Residual Thermal Stress and Failure Probability Analysis of Solid Oxide Fuel Cell with
Gradient Anode

ZHANG Xi, YAN Zilin, ZHOU Yexin, ZHONG Zheng
(School of Science, Harbin Institute of Technology (Shenzhen), Shenzhen 518055, Guangdong, China)

Abstract: Due to the difference of thermal expansion coefficient between the components in the solid oxide fuel cell (SOFC), there
are some residual thermal stresses in the cell in fabrication. Introducing the functional gradient layer is an effective technique to
relieve the residual thermal stress in fabrication. The residual thermal stress and failure probability were calculated by a commercial
package named ANSYS. The effects of gradient distribution factor n, sublayers number w in the gradient layer and gradient layer
thickness A on the thermal residual stress and failure probability were investigated. The results show that the functional gradient layer
can reduce the stress and failure probability in the cell. The increase of the number of sublayers w has little effect on the decrease of
the stress and failure probability when the w number exceeds 2. The optimum w number of sublayers is 2. When the gradient
distribution factor n is small, the anode failure probability decreases with the increase of gradient layer thickness. In addition, the
gradient parameter for the composition functionally graded anode layer was also optimized.

Keywords: solid oxide fuel cell; residual thermal stress; functional gradient; failure probability
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Table 1 Solid oxide fuel cell (SOFC) material parameters
of dense electrode materials

Material 7/C E/GPa v ax10%C
Ni 20 214 0.3 12.35
Ni 1200 145 0.3 21.10
YSZ 20 205 0.3 8.24
YSZ 1200 167 0.3 10.22

v is Possion ratio; « is coefficient of thermal expansion.
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Table 2 Weibull coefficients of anode and electrolyte

Weibull Weibull strength Reference volume
Component 3
modulus m ow/MPa Vo/mm
Ni-YSZ anode 14.9 272 0.80
YSZ electrolyte 6.7 446 0.35
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