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2 I Background: Digital Volume Correlation

Digital image correlation
• Speckle pattern
• 2D and 3D sucice measurements

•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

Aluminum Foam

Speckle Pattern

Epoxy seeded with
aluminum spheres

Contour Plot

Foam



3 I Motivation

•Elastomeric foams (don't crush)

Used for insulation, flotation, packaging

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

Crash Scenario

Wikipedia BriskHeat®

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.

Linear-elastic

*Develop a new constitutive relationship using machine learning

Typical G-E profile for PU foam

Densification

Plateau

Strain

T foam T foam Tsolid ,
pfoam
Psolid

, =.1, =.2,



5 Experimental Setup
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6 Noise Floor Scans

-Series of identical scans to determine baseline inaccuracies

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

Comparison of 2nd scan with 1st scan
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7 I Compression of 25.4 x 25.4 x 12.7 mm3 polyurethane
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8 1 Compression of Polyurethane Foam
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9 Internal view at different compression steps

250 pm

Z VOXE

743

647

551

455

359

750 pm

° Z [voxE
-mu,4111

743

647

551

139:59

455

94'1%W 

41111011712 
4,7'944

496 X [voxE 
"111111ftill 72° Y [voxE

140 496

140E

0°%t,NIN%„„..114.„,..z

116!
359

647

551

455

743

712

7392

. 94494 

X [vOXE 
1111111104e 72C1 Y [voxE

496

500 pm
E„ (Lagrange)

0.09

1000 pm

yoxi

743

647

551

455

359

0.079

0.068

0.056

0.045

0.034

0.023

0.011

0



10 Compression of Cellular Silicone

• Same setup, different foam

•Larger pore size 4 lower spatial resolution in DVC
results

Cellular Silicone
37 pcf (592 kg/m3)

Porosity: 47%
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11 Vertical Strain atVarious Compression Steps

•Strain concentrations observed within sample

• Can also look at other strain components

•Correlation can no longer relate image to the
reference at 46% strain
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1 2 Incremental DVC

•Select new image as reference to further correlation

• Introduces errors

May need to increase subset

Correlation will not be possible with closed pores
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1 3 Summary

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

• Spec kle pattern determines spatial resolution

DVC identifies strain concentrations within sample

Correlation results can be extended by choosing new reference
image
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