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Fig.1  Model of thermal barrier coatings (a) and local mesh maps 

of crack (b) 
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Table 1  Material parameters of TC layer (8YSZ)

[17,18]

 

T/� α/�10
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·�

-1

 E/GPa υ 

9.68 17.5 0.2 

- - 0.2 
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- - 0.2 

- - 0.2 
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- - 0.2 
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Table 2  Material parameters of TGO layer (Al

2

O

3

)

[17,18]

 

T/� α/�10
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·�

-1

 E/GPa υ 

5.1 380 0.27 

- - 0.27 
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Table 3  Material parameters of BC layer (MCrAlY)

[17,18]

 

T/� α/�10
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·�

-1

 E/GPa υ 

- 183 0.3 

10.34 - 0.3 
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- - 0.3 
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Table 4  Material parameters of SUB layer (nickel-based 

superalloys)

[17,18]

 

T/� α/�10

-6

·�

-1

 E/GPa υ 

12.6 211 0.3 

- - 0.3 

13.6 201 0.3 
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- - 0.3 
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Fig.2  Bilinear constitutive model (a) and temperature 

loading process (b) 
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Fig.3  Mises stress contours of cracks at different locations in the 

extension: (a) valley, (b) middle, and (c) peak 
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Fig.4  Mises stress at crack tips for different locations 
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Fig.5  Crack energy release rates at different positions 
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Fig.6  Mises stress contours for cracks with different angles in 

extension: (a) 15°, (b) 30°, (c) 45°, (d) 55°, and (e) 60° 
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Fig.7  Ultimate crack lengths under different angles 
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Fig.8  Strain energies of cracks under different initial angles 

in the middle 
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Fig.9  Mises stress contours for cracks with different initial 

lengths in extension: (a) 10 µm, (b) 20 µm, (c) 30 µm, and 

(d) 40 µm 
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Fig.10  Crack propagation length and crack propagation rate 

under different initial crack lengths 
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Fig.11  Energy release rates of cracks with different initial 

lengths 

 

 

 

 

 

 

 

 

 

 

 

� 12  yIJ{|>IJ56K MisesB'�� 

Fig.12  Mises stress contours of multi-crack in extension: (a) 3 

cracks separated by 15 µm, (b) 3 cracks separated by 45 

µm, and (c) 7 cracks separated by 15 µm 
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Fig.13  Extension length of cracks with the same number (3) and 

different spacings 
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Numerical Simulation of Surface Crack Propagation in Thermal 

Barrier Coatings Under Thermal Mismatch Stress 

 

Yu Qingmin, Shi Yongzhi 

(Northwestern Polytechnical University, Xi’an 710072, China) 

 

Abstract: The effect of thermal mismatch stress on the surface crack propagation in thermal barrier coatings was investigated by extended 

finite element method (XFEM). The results show that the location, slope angle and length of the crack have a significant effect on the crack 

propagation length, energy release rate and stress level of crack tip under the thermal mismatch stress. Among the cracks with the same initial 

length, the one at the valley has the longest extension length and the highest energy release rate. The larger the slope angle, the shorter the 

length of crack expansion but the larger the strain energy. The larger the initial crack length, the longer the crack propagation length and the 

faster the expansion rate, and the greater the energy release rate. The crack propagation affects each other under the condition of multiple cracks. 

Key words: thermal barrier coating; thermal mismatch stress; surface crack; extended finite element method 
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