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Effect of fiber-bundle-missing in fiber performs on flexural properties
of SiC/SiC composites
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Materials, Beijing 100095, China)

Abstract: Fiber-bundle-missing defects of four severity levels (no missing bundle, 1/3 bundle missing, 2/3 bundle missing, and an
entire bundle missing) are precisely introduced into 2.5D braided SiC fiber preforms by deliberate defect engineering, and the
corresponding SiCy/SiC composites are fabricated via a combined chemical vapor infiltration (CVI) and polymer infiltration and
pyrolysis (PIP) process. The effects of fiber bundle missing defects on the flexural properties and failure mechanisms of the
composites are investigated using XRD, SEM, and CT characterization together with three-point bending tests. The results show that
the as-fabricated SiCy/SiC composites possess a well-bonded BN interphase and a dense matrix microstructure. The severity of fiber
bundle missing exhibits a significant negative correlation with the flexural performance of the material. The defect-free specimens
exhibit the highest and most stable flexural properties, with an average flexural strength of 349.2 MPa and a coefficient of variation

of 1.98%. As the severity of bundle missing increases, the flexural strength decreases progressively, reaching a minimum of
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246.6 MPa for the specimens with an entire bundle missing. Specifically, the failure mode evolves from a stochastic, fiber-dominated

failure in the defect-free condition, through an uncertainty-driven failure induced by local fiber absence, to a deterministic, defect-

dominated failure when an entire bundle is missing. Microstructural analysis reveals that fiber bundle missing not only directly

reduces the load-bearing cross-section, but also degrades the load-carrying capacity of the material by inducing local stress

concentration and altering the crack propagation path.
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Fig. 1 Diagram showing the defect distribution of the fiber preforms
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Fig. 3 Microstructure of the SiC¢/SiC composites
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Fig. 2 XRD result of the SiC¢/SiC composites
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Fig. 5 CT results of the SiC¢/SiC composites with an entire bundle missing
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Fig. 6 CT results of the SiCy/SiC composites with 2/3 bundle missing
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Table 1  Flexural properties of the SiC¢/SiC composites

Samples Flexural Flexural Average flexural Flexural strel}gt.h Flexura}l strength. .
strength/MPa  modulus/GPa strength/MPa standard deviation  coefficient of variation/%
No missing bundle 353 105 349.2 6.9 1.98
348 106
351 106
356 99
338 93
1/3 bundle missing 312 96 3154 18.7 5.92
309 98
301 95
348 90
307 93
2/3 bundle missing 278 89 257.4 14.1 5.46
265 84
253 76
244 81
247 82
Entire bundle missing 241 80 246.6 7.5 3.04
255 86
248 77
252 80
237 75
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Fig. 10 Side flexural fracture morphologies of the SiC¢/SiC composites

(a) no missing bundle; (b) 1/3 bundle missing;

(c) 2/3 bundle missing; (d) an entire bundle missing
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