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Effect of non-uniform growth of TGO on stress development and
failure mechanism of thermal barrier coatings
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Abstract: The cohesive force model and the thermal growth oxide (TGO) non-uniform
growth subroutine were used to numerically simulate the stress development and cracking be-

havior of the thermal barrier coating (TBC) under thermal cycling loading. The cracking
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process was firstly caused by the mixed | and [[ cracks due to the tensile and shear stress in
the near peak position in the top coat (TC); it turned to the mode [I crack due to the shear
stress near the peak of the TC and the mode | crack due to the tensile stress in the thickness
direction in the middle of the peak and trough with the increasing number of thermal cycles.
The maximum tensile stress in the overall non-uniform growth and the valley uniform growth
mode almost did not increase with the number of cycles after some cycles; while in the peak
uniform growth and the overall uniform growth mode, the maximum tensile stress increased
continuously. In the global non-uniform growth mode and the valley non-uniform growth
mode, the maximum shear stress of —162. 41 MPa and — 154. 28 MPa appeared at the posi-
tion near the peak after 20 cycles; while in the global uniform wave growth and global uni-
form growth mode, the maximum shear stress were —113. 82 MPa and —111. 98 MPa, re-
spectively. For the uniform growth of the valley and the overall non-uniform growth mode,
interface cracks appeared after 9 cycles; while for the uniform peak growth and overall non-

uniform growth mode, interface cracks appeared in the 17th cycle.

Key words: stress development; failure mechanism; thermal barrier coating (TBC);

thermal growth oxide (TGO); non-uniform growth
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