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Finite Element Analysis of Structural Stress in YSZ Active Diffusion Barrier Coating
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Abstract: To analyze the stress concentration areas and stress level in the active diffusion barrier coating, a finite ele-
ment analysis (FEA) model of Ni—based substrate/Al; O;/Zr/Al, O; /NiCrAlY bond coating was established under a rap-
idly changing temperature condition. The effects of the thickness and interface morphology of the diffusion barrier coating
were evaluated. The results show that high stress concentration areas were mainly in the alumina scale, especially in the
middle part, the sharp points, inflections and interface irregularities, during the drastic change of temperature. The stress de-
creases with increasing thickness of Al, O; scale and the zirconium layer . Meanwhile, the effect of stress on the thickness of
Al, Oy scale is more sensitive than that of the zirconium layer. Additionally, the maximum equivalent stress on the non—flat inter-

face is 1 000 MPa higher than that of the flat interface.
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Fig. 1 Size diagram of the finite element model
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Table 1

Properties of the substrate and coating materials

Temperature/ Density/ Thermal conductivity/ Thermal expansion Specific heat/

Material

Young’s Passion’s

T (kg * m™®) (Wem' «K"')  coefficient/(10°C) (J » kg! «+ K') modulus/GPa ratio
NiCrAlY 20-1 600 7 380 5.8-17.0 13.6-17.6 450 110-200 0.30-0. 33
Al O 20-1 600 3 984 4-10 8.0-9.6 755 320-400 0.23-0.25
Zr 20 6 511 22.7 5.8 0.27 88
René N5 20-1 100 8 780 8.00-28. 95 14.8-18.0 440 120-220 0.31-0.35
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Fig. 2 Boundary conditions of the simulated model
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barrier coating after 1 100 C heat shock
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1 100 C heat shock simulation
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stress after 1 100 'C heat shock simulation
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