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Residual Stress and Failure Analysis of Thermal Barrier Coatings with Thermal Growth

SUN Jian, XU Ying-giang, LI Wan-zhong, CHEN Ya-ya, LV Kai
(School of Mechanical Engineering, Northwestern Polytechnical University, Xi’an 710072)

Abstract: In view of the interfacial cracking and spallation as primary failure modes in typical thermal barrier coatings
(TBCs) . considering the convex/concave microscopic characteristics and the thermal growth with material property
change method, the influence of thermal growth and material creep on residual stress of TBCs was studied using an elastic
- plastic finite element method. Then, the micro—crack initiation location was forecasted with the estimation of the stress
—strain evolution behavior. It is concluded that the residual stress in vertical interface direction rapidly increases with
thickening thermal growth oxides (TGO). The material creep significantly affects stress relief on TBCs. The micro -
crack will appear in the bond-coat (BC) convex and top—coat (TC)/TGO/BC interface intermediate positions from the
point of view of residual stress and strain evolution behavior, which is consistent with the experimental results.
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Table 1 Temperature dependent parameters of the creep

Layer B/(MPa™ «s™) n T/C
6.54E-19 4.57 <600
2.2E-12 2.99 700
BC
1.84E-7 1.55 800
2.15E-8 2.45 =850
TGO 7.3E-10 1 1 000
TC 1.8E-8 1 1 000
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Fig. 3 Schematic diagram of the oxide growth model
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Fig. 5 Residual stresses in TC and BC with different oxidation time
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