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Initiation Strength Properties of Ring Crack Caused by Sphere Indentation in
Damage-Tolerant Advanced Pore-Free SiC
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Sphere indentation tests were performed to clarify damage properties on surface of Advanced Pore-Free SiC
(APF-SiC) with excellent damage tolerance. The ring crack initiation strength properties were discussed from fracture
mechanics viewpoint based on FEM analysis and detailed observations of growth behaviors of the ring crack and the
cone crack. As compared to conventional SiC, the initiation strength was nearly equal to regardless of sphere sizes.
However, its scatter was increased with increasing sphere sizes. Clusters are formed by uniting some in multi-micro
cracks which occur near surface with increasing the contact load, one of that from which the ring crack occurs.
Therefore, the strength and the scatter are controlled by the cluster size and its distribution, and the size depends on
the generating crack density. It can be explained by the mechanics model which is expressed by the relationship
between strength ratio and crack density based on the energy equilibrium theory.
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Table 1 Mechanical properties of sphere and plates.

. Young’s modulus Poisson’s ratio Fracture toughness 4-point bending strength
Materials E [GPa] v Ky [MPafm | ho [MPa)
APF-SiC 361 0.16 4.1 1021
RS-SiC 420 0.17 4.1 507
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(b) Local view.

(a) Overall view.

Fig. 1 FEM analytical model.
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Fig. 2 R. C.images of APF-SiC and RS-SiC.
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Fig. 3 Cross section FE-SEM images of R. C. and C. C. of RS-SiC and APF-SiC.
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Fig. 5 Relationships between scale parameters of R. C.
initiation strength and diameters of sphere.
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Fig. 6 Relationships between shape parameters of R. C.
initiation strength and diameters of sphere.
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Fig. 7 Surface flaw model.
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Fig. 8 Relationship between crack growth direction
and direction of maximum principal stress.
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Fig. 9 Distributions of maximum principal stress
obtained from FEM and equation into depth.
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Fig. 10 Relationships between stress intensity factor
and flaw size.
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Fig. 11 Equivalent critical flaw sizes distributions
estimated from R. C. initiation strengths.
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Fig. 12 R. C. initiation Model.
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