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ABSTRACT

Ceramics has become one of the most promising candidate materials in the aerospace field due to its
advantages of high melting point, corrosion resistance, wear resistance, and high-temperature stability [1,2].
However, the inherent brittleness of ceramics makes it prone to thermal shock failure under high-
temperature extreme environments, which can lead to sudden catastrophic accidents in the structure [3-6].
This paper takes the high-temperature resistant ceramic materials in the aerospace industry as the research
object. And the dynamic crack propagation mechanism is analyzed. Through the computational method
based on the extended finite element method (XFEM), the stress, temperature, deformation field, and
dynamic crack propagation process of the square specimen under local high-speed thermal shock at
different temperatures are simulated. The dynamic crack propagation rules and failure forms of the material
under local high-speed thermal shock in extreme environments are explored. On this basis, combined with
theoretical and numerical calculation methods, the stress field of ceramic materials in high-temperature
complex environments, the thermomechanical coupling mechanism, and the crack path selection are
analyzed. The relationship between temperature and the geometric shape of dynamic crack propagation is
theoretically constructed. The overall failure criteria under different temperature conditions is proposed.
And the evaluation of the thermal shock resistance of the material in extreme environments is achieved. A
basic theory for the design and manufacture of related materials is provided for the aerospace industry.

KEYWORDS
Thermal shock; dynamic properties; high-temperature environment; crack propagation; ceramic

Acknowledgement: We gratefully acknowledge the support from the National Basic Research Program of
China (Grant No. 2015CB351904), National Natural Science Foundation of China (Grant Nos. 11222220,
11320101001 and 11227801) and Tsinghua University Initiative Scientific Research Program.

Funding Statement: This work was supported by the National Basic Research Program of China (“973”
Project) (Grant No. 2015CB351900), the National Natural Science Foundation of China (Grant Nos.
11222220, 11320101001 & 11227801), and the Tsinghua University Initiative Scientific Research Program.

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the
present study.

References

® This work is licensed under a Creative Commons Attribution 4.0 International License, which
@ permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.




ICCES, 2024, vol.29, no.3

Clarke, D. R., Oechsner, M., Padture, N. P. (2012). Thermal-barrier coatings for more efficient gas-turbine
engines. Mrs Bulletin, 37(10), 891-899.

Hasselman, D. P. H. (1966). Theory of thermal shock resistance of semitransparent ceramics under radiation
heating. Journal of the American Ceramic Society, 49(2).

Becher, P. F. (1980). Thermal shock resistance of ceramics. size and geometry effects in quench tests. American
Ceramic Society Bulletin, 59.

Sherman, D., Schlumm, D. (2000). Thickness effect in thermal shock of alumina ceramics. Scripta Materialia,
42(8), 819-825.

Li, W. G, Cheng, T. B., Zhang, R. B., et al. (2012). Properties and appropriate conditions of stress reduction
factor and thermal shock resistance parameters for ceramics. Applied Mathematics and Mechanics, 33(11), 1351-
1360.

Wang, Y. W., Yu, H. L., Tang, H. X., Feng, X. (2014). Crack arrest in brittle ceramics subjected to thermal shock
and ablation. Chinese Physics Letters, 31(9), 094601.



