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Abstract

The microstructure and properties of SiCp/Al brake discs are bound to change under frequent high-
temperature environments. To clarify the evolution law and mechanism of microscopic damage of
SiCp/Al composites during service, an RVE simulation model of thermal damage of SiCp/A356
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composites was constructed with the aid of Abaqus software and simulation analysis was carried
out. The results show that when the SiCp/Al composites undergo a thermal cycle with an upper limit
temperature at most 200°C, there is no obvious matrix damage or interface cracking. The thermal
cycle temperature determines the mode and degree of microstructure damage of the composites.
Under the action of thermal cycling loading, both the matrix located at the particle tips and the ma-
trix between the particles with a smaller spacing are subjected to large thermal stresses in the
SiCp/A356 composites. The magnitude and distribution of thermal stresses are the main driving
forces for the initiation and propagation of thermal cracks on the friction surface of the SiCp/A356
brake disc. The research has important engineering guiding value for the fabrication of SiCp/A356
composites and the forming quality control of brake disc.
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Figure 1. Microscopic morphological characteristics of SiCp/Al composites. (a) Morphology of SiC particles under SEM, (b)
Particle-matrix interface under TEM
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Figure 2. RVE geometric model of SiCp/Al composites
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Figure 3. RVE model mesh of SiCp/A356 composites. (a) Matrix mesh; (b) Particle mesh
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Figure 4. Temperature cycling curve (Only 6 cycles are shown)
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Figure 5. Equivalent stress of the RVE matrix in thermal cycling
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Figure 6. Damage history of RVE during thermal cycling
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Figure 7. Matrix thermal stress under different thermal cycles. (a) Room temperature <> 200°C; (b) Room temperature <
300°C; (¢) Room temperature <> 400°C
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Figure 8. Cumulative plastic strain of the matrix under different thermal cycles. (a) Room temperature «<»200°C; (b) Room
temperature <> 300°C; (c) Room temperature <> 400°C
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Figure 9. Interface SDEG under different thermal cycles. (a) Room temperature < 200°C; (b) Room temperature <> 300°C;
(c¢) Room temperature <> 400°C
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