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B> 160 superalloys)[”’ls'
7/°C al X 10°°-C™! E/GPa v
B ee 25 12.6 211 0.3
o 100 - - 0.3
200 13.6 201 0.3
& 400 ; 188 0.3
CE I 600 14 173 0.3
> 700 - - 0.3
s aasss 800 15.4 157 0.3
Bl 1 R SRR o R PR 2R 3 A 900 - - 03
) ANPRERR PR S5 AN 2 1000 16.3 139 0.3
Fig.1 Model of thermal barrier coatings (a) and local mesh maps 1165 - - 0.3
of crack (b)
8YSZ, TGO JZ# ¥4 ALOs, BC ZH# KLl MCrAlY, SUB
®1 TCEHHE (8YSZ) B8 - AL R G A . &R BIR SRR B .
Tabl? 1 Material pa:a:niters of TC layer (8YSZ) TR T traction-separation ok WLk ﬁzﬁ@*ﬁ
T/°C a/ X10°C E/GPa v . TN .
> T - % Y, 48T RS RS T 2 P B R
100 - - 0.2 B R 58 2 i 1D I 8 4 1 PR AR AR A B B, an B8] 2 oo
38 9.7 - gi KM XFEM 75k, A JE T 5ok 2 3 ) i Bt A ik
600 ] ] 0.2 (damage initiation) ¥ 13 T~ g 5 ) Ze VB0 35 4L
700 9.88 - 0.2 (damage evolution) iU,
800 - 0.2 = FNEANYIRCIIISE
900 - 12.4 0.2 2
1000 10.34 - 0.2 SO~ L% (1
1165 - 0.2 o) o

£2 TGO B#M#H (ALO;) ¥
Table 2 Material parameters of TGO layer (ALOy)!"'®!

al X107%-C™!

7/°C E/GPa v
25 5.1 380 0.27
100 0.27
200 0.27
400 - 0.27
600 353 0.27
700 - 0.27
800 338 0.27
900 - - 0.27
1000 9.8 312 0.27
1165 0.27
%3 BC E#MHR (MCrAlY) &%
Table 3 Material parameters of BC layer (MCrAlY)!'"'®
7/C al/x10°-C"! E/GPa v
25 - 183 0.3
100 10.34 0.3
200 11.3 - 0.3
400 12.5 152 0.3
600 - 0.3
700 - - 0.3
800 14.3 109 0.3
900 16 0.3
1000 - 0.3
1165 - 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
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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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