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Numerical Prediction Model for High-Temperature Oxidation Damage Evolution
and Post-Oxidation Mechanical Property Degradation of C/SiC Composites

LIU Bin', HU Dingguo', LIN Ye’, YANG Haonan', YANG Tengfei', LIU Yongsheng’
(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2. Beijing Electro-Mechanical Engineering Institute, Beijing 100074, China;
3. School of Material Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

[ABSTRACT]
ceramic matrix composites in aerospace thermal-structural components. To accurately predict the oxidation damage

High-temperature oxidation-induced degradation is a critical factor limiting the application of C/SiC

evolution and mechanical property degradation of such materials, a systematic numerical study is conducted in this work.
First, based on Fick’s diffusion law and the characteristics of oxidation reactions, chemical consumption terms and damage
factors are introduced to establish a coupled diffusion—reaction oxygen concentration equation and an oxidation state
evolution model. Using the COMSOL platform, the oxygen concentration field and oxidation damage factor distributions
of a two-dimensional woven C/SiC composite subjected to oxidation at 650 °C for 2 h, 4 h, and 6 h are simulated, revealing
the spatial-temporal distribution and evolution of oxygen in different structural regions. Subsequently, by integrating
continuum mechanics with progressive damage theory, a coupled stiffness-degradation model incorporating limited and
continuous degradation is developed, and the post-oxidation tensile response is predicted using the ABAQUS platform. The
simulation results show good agreement with experimental data in terms of stress—strain behavior and residual strength,
with a maximum error below 10%. This study provides theoretical support and numerical tools for evaluating the post-
oxidation mechanical performance of C/SiC composites under high-temperature service conditions.

Keywords: C/SiC composites; High-temperature oxidation; Oxygen diffusion; Progressive damage analysis;

Mechanical property degradation
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