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Abstract: A thermal barrier coating (TBC) prevents heat directly transferring from a high-temperature flame to a
substrate. The TBC system comprises a top coating and bond coating. TBC technology reduces the substrate surface
temperature by about 100-170 °C. In the TBC system, internal stress is generated by the difference in thermal
expansion coefficients of the substrate and coating. The internal stress also differs according to the shape and position
of the blade. In this study, finite element analysis was performed for different curvatures of coin-shaped specimens,
which are commonly used for thermal fatigue tests, and the changes in internal stress of the TBC system were
compared. Based on the results, the curvature at which the minimum stress occurs was derived, and the thermal stress
was confirmed to increase with the difference between a given curvature and the curvature with the minimum stress.
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Fig. 1 The model of Finite Element Analysis (FEA)
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Table 1 Material properties of TBC system

Top Coat | Bond Coat | Substrate
(8YSZz) (MCrAILY) |(IN738LC)
Young’s
Modulus(GPa) >3 156 225
Poisson’s 025 027 0.27
Ratio
Density
(ke/m’) 6037 7711 7890
Specific Heat
o 500 628 456
J/kg )
Thermal
Expansion 1 0 o0 122193 | 116159
Coefficient e 7 T
(10°/7C)
Thermal
Conductivity 1~2.3 11.6~25 11.8~25.4
(W/mK)

Surface film condition
T, =1300°C, h, = 500 W/m2K

T8 III g,

{ Top coat
{Bond coat

|Subslrale
!
!

Fig. 2 The condition of the heat transfer analysis
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Fig. 3 The result of x-axis stress

Fig. 4 The result of y-axis stress
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Fig. 5 The result of x-y plane stress

Fig. 6 The result of z-axis stress
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Fig. 7 The thermal stress in the top coat
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Fig. 8 The thermal stress in the bond coat
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Table 2 The results of the FEA
Curvature Top Coat(MPa) |Bond Coat(MPa)
-50 288.5 -492.5
-20 275.8 -513.0
-10 273.3 -519.1
-5 272.3 -521.5
0 271.7 -523.3
5 271.1 -523.7
10 271.0 -523.4
20 271.6 -520.3
50 276.6 -503.0
4. 8 2
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