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2 | Background: Digital Volume Correlation

*Digital image correlation
* Speckle pattern R 3
* 2D and 3D surface measurements S

*DVC

° 3D volumetric measurements

* X-ray computed tomography (CT), confocal microscopy,
& magnetic resonance imaging

Typically quasi-static, but synchrotron sources enable
dynamic tests

Seed particles for speckle pattern

* Naturally occurring speckle patterns
* Bone, wood, composites, precipitate metals, foam

Contour Plot

Foam

Epoxy seeded with
aluminum spheres

Aluminum Foam
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Motivation
*Elastomeric foams (don’t crush)
* Used for insulation, flotation, packaging

*Crash scenario: rigid cylinder encased in
foam within a cylindrical shell

Crash Scenario

Shell Response

Shell Response



4 I Objective

*Use X-ray CT and DVC to identify microstructural features that affect the overall response

* Pore size & curvature distribution, mean strut thickness, etc. ) .
Typical o-¢€ profile for PU foam

Densification

%

Stress

Plateau

\

Linear-elastic

Strain

*Develop a new constitutive relationship using machine learning

Pfoam
\ijoam — \ijoam E7 @7 \Ijsolida 7517 527 s
Psolid



5 I Experimental Setup

Fein Focus 225 kV .
Varian

PaxScan2520DX

*3-5 voxels/feature Virtual Strain
« pore diameter: 200-500 um Gage (V5G)

*3-5 features/subset

*Correlated Solutions Vic-Volume

P 5 f Deen.co.
(240 k ?C3) 20 pm3/vox  47vox 16vox  5vox 2.7 mm3
g/m




6 | Noise Floor Scans

*Series of identical scans to determine baseline inaccuracies

*Sources of error: thermal drift, rotation stage precision, detector response

Comparison of 2" scan with 15t scan
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Comparison of 3 scan with 2" scan
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7 I Compression of 25.4 x 25.4 x 2.7 mm?3 polyurethane

£,, (Lagrange)
[voxe 0.09

743
647

743

7 0.079
0.068
0.056
0.045
Z [voxe
0.034
i 0.023
0.011




g8 I Compression of Polyurethane Foam
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Internal view at different compression steps
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Compression of Cellular Silicone

26 ym3/vox 43 vox 14 vox 5vox 2.6 mm?3
* Same setup, different foam

*Larger pore size = lower spatial resolution in DVC
results

Cellular Silicone
37 pcf (592 kg/m3) Virtual Strain
Porosity: 47% Gage (VSG)




11 I Vertical Strain at Various Compression Steps
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12 I Incremental DVC
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Summary

*Care must be taken during setup to minimize artificial gray-scale
variations

*Speckle pattern determines spatial resolution
*DVC identifies strain concentrations within sample

*Correlation results can be extended by choosing new reference
image
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