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21 Our Mission: diagnostics from lab to full-scale ■

• 80 mg PETN
• 123 mg RDX
• Aluminum case

The work presented here is thanks to a very productive team: 
Phil Reu, Tim Miller, Daniel Guildenbecher, Steve Attaway, Mark Anderson, Russ Tetter, Paul Farias, Pat Ball, Frank
Perez, John Korbin, Rudy Navarro, Mike Bejarano, Curtis Jones, Aaron Bowers, Shawn Parks, and Mark Olona, and
many more ....



Diagnostics Born at Lab Scale for DOE Missions
Experiment Digital Image Correlation (DIC)

Full-field surface tracking used
extensively for solid-mechanics
investigations

RP-80 Detonator

Left Camera Right Camera
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4 k Stereo High-Speed Camera Fragment Tracking

RP-80 Detonator
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• 2X Shimadzu HPV-X2 cameras at 2 Mfps
• Backlight with SiLux 640 pulsed diode
• Triggered 56 ms after fireset

RP-80 Detonator End On

Outer Alurninurn Shell
0 7.49 rnrn, 0.18 rnm thick,

20.93 nam long

Inner Brass Ring
0 6.45 nun, 0.69 rnm thick,
11.43 nun long

—35 rnm
overlap in
FOV

Ballistic Gel for Particle
Collection and post-test

X-Ray CT

—20 cm from center
of detonator to

ballistic gel
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61 Fragmenting explosive device at SNL
ir

Explosive Cave

Reflective Screen

DIC Cameras

Trinocular Cameras

—..—

Soft Catch

Fragmenting
Explosive Device



,I Fragmenting explosive device at SNL
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81 DIC imaging of case expansion

Model

• Experiments

Time



Top Comera Vi OW

TriNsilated
Top-Down View
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10 Successful tests conducted up to ~1000 NEW

Fragment Tracking
System Digital image

Munition
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Correlation (DIC)
Camera Box
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Thanks to: Trevor Foust, Dave Johnson, and Brian Sellers



Uncertainty: an ongoing question



12 Stereo High-Speed Camera Fragment Tracking

• 0 = 2 atan(1/2 •x/20 cm)

• Arc length = 1/2 • 0 • Diameter

• Expected particle volume = Arc
length • Thickness • Length

i
Outer Alurninurn Shell

0 7.49 mm, 0.18 rnm thick,
20.93 nam long
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RP-80 Detonator End On

T
Inner Brass Ring
0 6.45 mm, 0.69 rnm thick,
11.43 nun long
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particle measurement length, x

-20 cm from center
of detonator to

ballistic gel
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13 I X-ray CT of Ballistic Gel

CT Output
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• Expected particle volume over —100 mm length =
12.5 mm3 (brass) + 6.9 mm3 (Al) = 19.4 mm3

• Threshold selected to match this volume
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14 I Optical tracking to CT comparison

Stereo tracking measured size/position/velocity
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Triangulated image length (5.8 mm) matches total x-ray length (5.7 mm)

Particles breakup upon impact

CT measured fragment
size/position
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15 I Mass uncertainty questions

64-

63-

60-

59—

• Average image area = 4.5 mm2
• Area equivalent diameter = 2.4 mm

• Volume from area equivalent diameter = 7.1 mm3 (+300% error)

• We can assume the thickness based on the initial geometry
• Volume from image area x initial thickness of brass (0.69 mm) = 3.1 mm3 (+70% error)

• Volume from image area x initial thickness of Al (0.18 mm) = 0.8 mm3 (-60% error)

• Estimated actual thickness from x-ray = 0.6 mm
• Volume from image area x measured thickness = 2.7 mm3 (+50% error)

92

Total volume = 1.8 mm3
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Mass uncertainty
remains a significant
caveat to optical
tracking
measurements



t = 3.00 ms

350 m/s —■

Questions?

5 cm

10
141

a)
4

Sandia National Laboratories is a multi-prop-am laboratory
managed and operated by Sandia Corporation, a wholly

owned subsidiary of Lockheed Martin Corporation, for the
U.S. Department of Energy's National Nuclear Security
Administration under contract DE-AC04-94AL85000


