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Long Range Objectives

 To correlate the relationship of non-destructive
evaluation with microstructure for sintered SiC plates

*To quantify the effect of microstructural variability in SiC
materials on static properties



Defining Microstructural Tolerance Limits
of Defects for SIC Armor

Testing Plan

*Objective 1: Define Sample Sets for Experimentation
*Objective 2: Establish Parameters for Comparison
*Objective 3: Determination of Correlation



Commercial Samples
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Mechanical Testing of
Samples
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Tensile surface

Spray dried
granule relic

Electron Microscopy and Fractography
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Post Testing Analysis and Correlation Evaluation
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Primary loading zone
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Primary Fracture Position/Qualitative NDE Analysis
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Attenuation coefficient (o) vs. MOR
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Quantitative NDE Analysis
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Attenuation coefficient (a) vs. MOR

Average value of attenuation
coefficient — 2.15 dB/cm

Tile A

Standard deviation of attenuation
coefficient — 0.05 dB/cm
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Quantitative NDE Analysis



o Study performed on ‘good’
| ¢

commercially available tiles

« Expected to determine

ay corresponding difference in
mechanical properties and

NDE results

 NDE results show that there was not enough detectable variation
amongst the tiles used in the study

* Need to manufacture/alter samples such that there was
a difference - Targeted Samples
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Design of Additional Test Samples



Route |
Reduced-Density SIC
tiles

o Stage | tiles were fully-dense
commerical samples

* Inclusion of additional porosity
— detrimental affect on strength
and increased acoustic
attenuation

« Tiles pressed to a lower green density
o Standard firing cycle
« Intent —> tile with increased porosity
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Design of Additional Test Samples



Route |
Reduced-Density SIC tiles

o 3tiles were produced

e 60X60X6 MM

Tile Tile Tile
1 2 3
Bulk
Density | 3.08 | 3.09 | 3.09
(g/cm?)

« Average of original lot of 41 tiles 3.16 g/cm3
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Design of Additional Test Samples
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NDE Results/Flexure Testing/Weibull Analysis
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Electron Microscopy and Fractography
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Route |
Reduced-Density SiC tiles

Increased
residual porosity

Partially
compacted spray
dried granule
relic
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- Route |l
: : ' Enhanced Boron Content
- : SIC tiles
’ . .  Flexure bar fracture —
: agglomerates of boron carbide
sintering aid

« Spray-dried boron carbide fines added to batch
» Tiles undergo standard firing cycle
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Design of Additional Test Samples



Route Il
Enhanced Boron Content SIC tiles

o 2 tiles were produced

e 101 x101x6 mm

Tile | Tile

e 3.0% boron content 1 s
Bulk

(0.6% for commercial tiles) Density | 3.14 | 3.14
(g/cm®)

« Average of original lot of 41 tiles 3.16 g/cm3
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Design of Additional Test Samples
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NDE Results/Flexure Testing/Weibull Analysis



Route Il
Enhanced Boron Content SiC
tiles

Region Il flexure bar

o, - 130 MPa
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Electron Microscopy and Fractography
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Qualitative and Quantitative NDE Analysis



Summary and Conclusions

af CL20 MHz P
(MPa) | (dB/cm) | (g/lcm®)

Commercial -

samples 485 2.20 3.16

Reduced

Density 317 3.25 3.08
Enhanced

Boron 155 8.65 3.14
Content

» The contributions of individual strength limiting features were not
resolved in the ultrasound scan maps

* However, variations in bulk microstructure corresponding to the three

sample sets were represented in the attenuation coefficient values -
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