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Abstract: 1t is an ideal way to improve the performance of composite antioxidant by plasma spraying ZrB,-based ceramic
coatings on C/C composite. To effectively prevent the formation of hot crack and design the materials with better perform-
ance, through the reasonable modeling, numerical simulation was used to forecast the size and distribution of macroscopic
residual stress of the coating caused by thermal mismatch during the spray deposition by employing indirect sequence
thermal-structure coupling. The effect of ZrB,-SiC ceramic coating thickness, SiC bond coating thickness and material com-
position on residual thermal stress was comparatively analyzed. The results showed that radial stress was the major form of
residual stress. Thicker bonding layer could effectively alleviate the difference of thermal properties of materials. When the
thickness of the coating was 0.5 mm, it could ensure that the residual stress at the interface of the coating surface wouldn’t
be small when it was fractured due to pressure. The material of the coating system tended to be ZrB,-30vol% SiC material
with higher thermal conductivity and lower thermal expansion coefficient, which could ensure that the coating wouldn’t warp
due to too much tensile stress at the edge.
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Table 1  Physical parameters and mechanical properties of the

substrate and coating!'®: %)

Material properties c/C SiC 7B,

Density (kg + m™) 1900 3050 6085

Specific heat (J + kg™ « K™') 800 670 430

Thermal conductivity (W/(m - K) ) 8.0 16.7 60

Preparation temperature ( °C ) 25 2300 3245

Thermal expansion coefficient

(10/K) 1.0 4.9 5.9

Elastic modulus ( GPa) 70 448 489

Poisson ratio 0.34 0.14 0.23
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Fig. 1 Schematic of geometric model of round cake sample
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Fig. 2 Schematic of finite element mesh
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Fig. 3  Stress distribution of the ZrB, coatings: (a) radial stress,

(b) shear stress, (c) axial stress
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Fig. 4  Stress distribution at the interface between the substrate and

SiC bonding layer: (a) radial stress, (b) equivalent stress
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Fig. 6 Stress distribution at the interface between SiC layer and the

coating under different coating thickness: (a) radial stress,

(b) equivalent stress
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