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Motivation: HE initiation by fragment impact
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3  Previous work: Digital lnline Holography (DIH)
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The fragment impact response of two plastic-bonded explosive (PBX) formulations was studied
using explosively driven aluminum fragments. A generic aluminum-capped detonator generated
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Challenge: downstream particles
obscured by shock-waves

•
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4 Previous work: Phase conjugate DIH
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Challenge: time
resolution requires
new laser sources
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This work:Traditional imaging but at MHz rate

Advantages:

1. Time resolution (up
to 10 MHz)

2. Limited susceptibility
to shock-waves

3. Relatively simple
optical configuration

Goals:

1. Quantify strain and
fragmentation

2. Study PBX initiation

3. Explore larger
scales
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6 Process statistics must be captured

Fragmentation and impact are highly stochastic:

• Experiments on all relevant conditions is impossible

• Models of fragmentation and impact are needed

• Commercial dets are cost-effective for model v&v
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I7 Case strain at 5 MHz

Digital Image Correlation (DIC)

Full-field surface tracking for solid
mechanics investigations

RP-80 Detonator
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8 Fragment tracking at 2 MHz

Experimental configuration: Stereo camera setup essentially
identical to DIC

Three-step custom data processing:

1. Image segmentation using typical image processing routines

2. 2D tracking (next slide)

3. 3D triangulation
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Fragment tracking at 2 MHz
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2D tracking advantages:

• Linear fits in time robustly
locates single fragment paths

• Centroid uncertainty reduced by
linear fits before triangulation



10 Fragment tracking at 2 MHz
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3D triangulation

• 2D tracks from left and right
cameras triangulated to get 3D

•Trajectories eliminated which do
not extrapolate back to start



11 Integration for HE impact experiments

Simultaneous DIH and high-
speed imaging
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Next Steps:

1. Stereo tracking to pinpoint
multi-fragment initiation

2. Repeat RP-80 experiments to
explore fragmentation statistics

3. Exploring other ideas to
quantify shock-convergence
within the PBX



12 Initial model V&V
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Towards Full-scale Fragmentation Experiments



14 
~ i 0 pound fragmenting explosive device at SNL

Reflective Screen
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15 ~ i 0 pound fragmenting explosive device at SNL
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16 ~ i 0 pound fragmenting explosive device at SNL
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1 7

t = 1.48 ms

10 pound fragmenting explosive device at SNL
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20  Alternative 3D diagnostics?

Plenoptic cameras use micro-lens arrays and white light to create a 3D image
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21 Plenoptic Imaging of a RP-80 detonator

3D plenoptic image at t =52 p
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