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Abstract: The integration of ceramic matrix composites with environmental barrier coatings (CMC-EBC)
represents the most promising thermal structural material system in the aerospace field. This paper provides an
overview of the advancements in research on the failure mechanisms and numerical models of CMC-EBC. It
commences with a concise review of the evolution and primary fabrication techniques of CMC-EBC material
system. Subsequently, it summarizes the typical damage modes and failure mechanisms of CMC-EBC under
operational conditions, identifying that the interplay between the CMC preform structure, porosity defects, and EBC

inner cracks is a critical determinant of the material’s lifespan. However, current mechanistic studies are chiefly
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focused on the performance evaluation of the coating itself and its susceptibility to environmental factors,

disregarding the synergistic effects of the coating and composite architecture during damage progression. This

review proceeds with an examination of the history and current status of research on failure simulation and

prediction models for CMC-EBC, highlighting issues related to modeling environmental factors and simulating

coupled damage evolution. Though much effort has directly developed separate failure models for CMC and EBC,

predicting the failure of CMC-EBC components should account for the coupling effects between damage evolution

and microstructure. In conclusion, this review offers a perspective on development and service performance

prediction methods for CMC-EBC system, which points out that considering the interdependent failure modes of

the CMC substrate and EBC is pivotal. Integrated design and analysis of structural and functional aspects are

emerging trends in CMC-EBC component research.
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Fig. 1 Evolution of material systems for EBC
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Material Averagée C:lIE/ Elastic Mf:ltilgg
(x10°,K™") modulus/GPa  point/C
SiC/SiC CMC ~ 4.75149! 220146 28271261
Si 3.5-4.5147 971481 141617
Mullite 5647 150148 180017
BSAS 457 32148 1300147
Lu,SiOs 6.7 169144 -
Yb,0; 6.8-8.4147 - 2415M7
Yb,SiOs5 7.1-7.4112 158144 19501471
Yb,Si1,0, 3.6-4.5"% 168114 1850147
Y,SiOs 6.9t4 124014 198014
Y,S1,07 3.9014 155114 177514
Er,SiOs 570121 159114 1980M'4
Er,SiOs 570121 159114 1980M'4
Gd,Si0s 10.3M14 - 190004
S¢,Si,04 5.4147 - 1850147
La,Zr,0; 9.1t 6314 22500%
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EABAR KA FEAE (6.4 GPa)FIAH X5 i 1 W 24 ) v
(1.97 GPa).
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Fig. 2 Main damage mechanisms of EBC
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Fig. 3 Coupling relationship between the main damage mechanisms of CMC and EBC
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