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ABSTRACT

The residual stresses in the interface region of the Thermal Barrier Coating (TBC)/ Thermally Grown Oxide (TGO)/Bond Coat (BC)
were calculated on the TBC-coated superalloy samples using a Finite Element Method (FEM). It was found that the stress distribution
of the interface boundary was dependent upon mainly the geometrical shape or its aspect ratio and the thickness of TGO layer, which
was formed by growth and swelling behavior of oxide layer. Maximum compressive residual stress in the TBC/TGO interface is higher
than that of the TGO/bond coat interface, and the tensile stress had nothing to do with change of an aspect ratio. The compressive
residual stresses in the TBC/TGO and TGO/bond coat interface region increased gradually with the TGO growth,
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Fig. 1. Geometry and finite element model for analysis: (a) shows
a cross-section of the axially symmetric model and (b)

shows a detail of the finite element model in the region
of the bond coat/TBC interface.
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Table 1. Thermoelastic Material Properties and Creep Para-
meters of the Zirconia Top Coat

Temperature E _(; Afn n
(GPa) (107%°c) (MPas)

1200°C 254 033 125  1.85x107 3.0
1100°C 254 033 121 740x10% 3.0
1000°C 254 033 118  257x10° 30
900°C 254 033 114 742x10° 20
800°C 254 033 110 1.70x10° 20
700°C 254 033 106  2.89x107 1.0
500°C 254 033 98  2.10x107? 10
10°c 254 033 76 201x107°° 1.0

Table 2. Thermoelastic Material Properties and Creep Para-
meters of the NiCrAlY Bond Coat
E o A

Temperature (GPa) (107°°C) (MPa s) n
1200°C 1560 027 144 740x10°° 30
1100°C 1560 027 142 1.17x10° 3.0
1000°C 1560 027 140  137x107 3.0
900°C 1560 027 13.8  1.14x107% 20
800°C 1560 027 136  590x107'° 20
700°C 1560 027 134 166x10" 1.0
500°C 1560 027 130 820x107 1.0
10°C 1560 027 120  439x10° 1.0

Table 3. Thermoelastic Material Properties and Creep Para-
meters of the Ni Substrate
E o A

Temperature (GPa) (10°5°C) (MPa™s) n
1200°C 1560 027 193  225x107° 3.0
1100°C 1560 027 188  436x107"" 3.0
1000°C 1560 027 178 3.08x107"% 3.0
900°C 1560 027 169  1.79x10°° 20
800°C 1560 027 159  5.13x107"" 2.0
700°C 1560 027 152 228x10% 1.0
500°C 1560 027 144 1.00x10°* 1.0
10°C 1560 027 120 485x107 10
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Table 4. Thermoelastic Material Property of the Al,04

E N o A
(GPa) (107%°C)  (MPa™"s)
1200°C — 0°Cc 380 0.26 8.6 - -

Temperature n
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Fig. 2. Comparison between calculated and experimental value
of TGO thickness for isothermal treatment at 950°C and
1100°C.
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Fig. 3. The simulated residual stresses for the plasma sprayed TBC. Upper is radial stresses and bottom is axial stresses with a convex
semi-circular asperity of (a) 0.25a, (b) 0.38a, (c) 0.5a, (d) 0.65a, and (¢) 0.8a.
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Fig. 4. Simulated results of maximum tensile and compressive radial (a) and axial (b} stresses at the TBC/TGO interface (rectangular)

and TGO/bond coat interface (circle) as a function of asperity.
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Fig. 5. The simulated residual stresses for the plasma sprayed TBC with a convex semicircular asperity of 0.5a as function of the TGO
thickness of (a) 0.5 um, (b) 1.0 um, (c) 1.5 um, (d) 2.0 um, and (e) 2.5 um. Upper and bottom graph is radial and axial
stresses, respectively.
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