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Abstract

The effect of particle property on FOD (foreign object damage) and strength degradation in
structural ceramics especially, silicon carbide was investigated by accelerating a spherical
particle having different material and different size. The damage induced showed significant
differences in their patterns with increase of impact velocity. Also percussion cone was formed
at the back part of specimen when particle size became large and its impact velocity exceeded a
critical value. The extent of ring cracks was linearly related to particle size, however the impact
of steel particle produced larger ring cracks than that of SiC particle. Increasing impact velocity,
the residual strength showed different degradation behaviors according to particle and its size. In
the region the impact site represents nearly elastic deformation behavior, the residual strength
was dependent upon the depth of cone crack regardless of particle size. However in elastic-plastic
deformation region, the radial cracks led to rapid drop in residual strength.
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Table 1 Mechanical properties of specimen and particle

. . Young’s Hardness | Bending Fracture
. Density Poisson’s
Material () om?) ratio modulus Hv strength toughness
grem (GPa) (GPa) | (MPa) (MPay/m)
Sili
Specimen | > con 3.10 0.15 418 27.4 460 3.1
carbide
Sili
Hieon 3.13 0.14 402 25.5 450 4.5
carbide*
Particle Steel 7.85 0.29 210 8.0 - -

*The data of silicon carbide particle were measured for bulk material.
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Fig. 2 Morphology of surface damage caused by a 1.2 mm-diameter particle impact
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Table 2 Critical values for ring crack initiation
Particle Critical Ring crack Max. contact Radial
velocity Ciameter diameter stress
Size (mm) Material ve(m/s) Di(mm) 2a{(mm) o (GPa)
L2 SiC 10.5 0.140 0.135 3.02
' Steel 15.7 0.178 0.166 2.67
20 SiC 9.0 0.183 0.172 2.37
' Steel 11.3 0.240 0.243 2.76
) SiC 6.1 0.227 0.236 2.48
3.
Steel 7.3 0.315 0.326 2.42
SiC JAZAY AF FAR A7lE FT(&A)  AA FEee AdFART P %0 3 &
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Fig. 4 Relation between critical velocity for ring
crack initiation and particle size
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