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Abstract: The thermal barrier coatings systems (TBCs) were deposited on the IN738 nickel-based superalloy substrate, and
the stress distribution and evolution under the thermal gradient cyclic loading and the thermal gradient mechanical fatigue were
evaluated for the TBCs respectively. The stress distribution at the thermally growth oxidation (TGO) was analyzed by the
finite element analysis method to predict the failure behavior of the TBCs under different loading conditions. The results show
that the peak region of the TGO is subject to the major axial tensile stress during the heating process under the thermal cyclic
loading. The fatigue crack started from the peak regions and TBCs fails with the delamination between the layers. The thermal
cyclic associated with strain loading leads to the alteration of the characteristic and the amplitude of the axial stress. Under the
thermal gradient cyclic loading, the crack normal to the interface propagates primarily in the metallic bond coat parallel to the
interface by the combined effect of the remarkably increasing axial stress and radial tensile stress, hence the spallation of the
ceramic layer occurrs. The comparative analysis of the thermal mechanical loading with in-phase and out-of-phase
demonstrated that the TBCs will be more likely to fail due to the tensile mean stress in a cycle in the opposite phase.
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Table | Materials properties of different layers in TBCs
Material Temperature / Elastic modulus / v Yield strength / Density / CTE/ Thermal conductivity / Specific heat /
C GPa MPa (kg'm’) (ppm- C ™ (W-m 'K J'kg'"K™h
25 202 0.3 953 8500 11.44 8.72 428
650 165 0.3 817 8500 14.44 19.66 594
IN-738 800 156 0.3 789 8500 15.16 22.28 636
900 150 0.3 555 8500 15.64 24.03 675
1000 144 0.3 344 8500 16.12 25.78 727
25 152 0.3 868 7320 12.59 21 628
500 136 0.3 807 7320 14.33 21 628
600 133 0.3 562 7320 14.97 21.5 635
700 128 0.3 321 7320 15.64 22 645
MCrAlY
800 117 0.3 191 7320 16.30 23 656
900 100 0.3 92 7320 16.94 24 674
1000 74 0.3 52 7320 17.51 29 693
1100 41 0.3 52 7320 17.99 34 712
25 360 0.25 100 3970 8 20 790
AlO3 1000 360 0.25 100 3970 8 20 790
1300 360 0.25 100 3970 8 20 790
25 50 0.25 5100 10 0.70 479
8YSZ 500 50 0.25 5100 9.64 0.70 445
1000 50 0.25 5100 10.34 0.70 445
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Table 2 Creep property of different layers in TBC
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Fig.4 Stress distribution of TGO on the first thermal cycle

(f) Shear stress (=700 s)
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Fig.6 Axial stress distribution of TGO on the tenth cycle under
TGMF-IP
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