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Table 1 CT scanning parameters

Scanning parameters Small FOV
FOV/mm 0.5
Optical magnification 20
Geometry magnification 3
Voltage/kV 70
Current/pA 86
Power setting/kV-W' 70/6
Exposure time/s 17
Resolution/pum 0.5
Total time/h 17
Image size 995x995
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Fig.1 CT image of TBCs reconstructed by X-ray microscope
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Table 2 Material parameters of TBCs related to

[15-17]

temperature
Parameter Top coat TGO Bond coat
Temperature range/C 20~1100  20~1100 20~1100
Young's modulus/GPa 48~22  400~325 200~110
Poisson's ratio 0.1~0.12 0.23~0.25  0.3~0.33
Thermal expansion
coefficient/ X 1076°C! 9.0~12.2  8.0~9.3 13.6~17.6
Thermal
conductivity/W-(m-C )" 2.0~1.7 10~4 2.0~0.17
Yield strength/GPa - 10~1 0.426~0.114
Creep exponent, n 1 1 3
Creep prefactor/MPa™s' 1.8 10" 7.3X10"* 1.39Xx107
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Table 3 Other parameters of TBCs independent of
temperature
Parameter Top coat TGO Bond coat

Density/kg'm” 3610 3984 7380
Specific heat/

T-kg ) 505 755 450
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Thermal Stress Analysis on Thermal Barrier Coatings Based on Real
Three-dimensional Structure of Thermally Grown Oxide

Zhong Jianlan, Ao Bo, Gu Yuqi
(Key Laboratory of Nondestructive Testing, Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Thermal barrier coatings (TBCs) after high temperature cycles were imaged with a high resolution of 0.5 pm by X-ray
microscope. Three-dimensional (3D) segmentation and extraction of thermally grown oxide (TGO) were performed. A finite element
analysis model of the TBCs was established based on real 3D structure of TGO, and the effects of creep and thermal cycles on the stress
distribution of the TBCs were studied. The result of finite element analysis shows that the stress decreases greatly due to the influence of
creep at the keeping stage. High temperature creep can release the thermal stress of TBCs. The result of 3D thermal stress distribution
shows that the thermal stress at the interface between the bond coat and the TGO is the maximum. The stress of TBCs increases with the
increase of thermal cycle number, but it tends to be stable after 15 thermal cycles.

Key words: thermal barrier coatings (TBCs); X-ray microscope; finite element model; thermal stress analysis
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