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Traditional Arena Test Methods



Image Credit: U.S. Air Force/Airman 1st Class Anthony JenningTypical Pressure Transducer








Convert pressure gage data to a single Equivalent Explosive Weight

• Follows the process outlined in the 61 JTCG/ME 
1-9 recommendations (Section 4.8).

• Useful for making comparisons between lots or 
as munitions age

• Complicated by data loss caused by line cuts or 
by disturbances in the air caused by reflected 
shock waves or passing fragments. 



Advanced Arena Test Methods



Digital Image Correlation (DIC) Fragmentation Tracking

Blast Pressure



Scalable Arena
R = radius based on munition NEW
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Bundle target (4x6x8 ft)

2512s (Backlit panel)

R

DIC Box

4ks (Sky view)

•2 fragment tracking systems
•Standard narrow stereo but with backlighting

•Captures large and medium fragments
•Azimuthal coverage 5-10 degrees at R radius

•Sky view over narrow stereo
•Captures larger fragments
•Azimuthal coverage 45-60 degrees at R radius

•DIC System
•Armored/protected containment unit at 50 ft radius
•Wider angle stereo

•Max resolution and frame rate based on size of 
munition and camera capability

•Overview Camera
•Blast Overview
•Not used to track fragments

Stadium 
lights

Overview Camera



• Leica MS60 can survey and laser scan the arena
• Re-sectioning (×3) retro points are needed for moving the Leica to 

different locations in the arena. These need to be surveyed in for each test 
series.

• KEY POINT: Surveying allows the exact Polar Zones to be known relative to 
the bundles and the Fragment tracking systems

Leica MS60

Re-sectioning Retro Cube

Munition

Backlight panel

Bundle








Digital Image Correlation






• Turning mirrors to view the bomb
• Argon flash bulbs for lighting – Megasun capacitor banks

~700 msec of good light
• Used two Phantom TMX7510 camera.

>200,000 fps
• Timing/Triggering

Tight time constraints








PDV vs DIC results at Point 4

DIC Test 10 (2003) 
DIC Test 3 (2003)

DIC Test 17 (2016) 
DIC Test 30 (1991) 
PDV Test 14 (2003) 
PDV Test 18 (2003) 
PDV Test 19 (2016) 
PDV Test 20 (2003)
PDV Test 21 (1991)

+ + + + + + ++



Fragment Tracking Cameras








Narrow stereo 
system 1

Wide view 
system 2



Wide FOV Results Narrow FOV Results









Data from all tests of one particular lot overlaid



Trajectories fit to optical tracks 
to identify intersection points 
with the bundle

Soft catch collected and optical 
track intersections overlaid to 
identify matches



• Nearly 100% tracking efficiency over 
a certain size
• 2 larger missed fragments due to 

fragment overlap and possible ricochet

• Over 90 % tracking efficiency for 
very small fragments

• Drop off  in tracking efficiency to 
nearly no fragments tracked for 
fragments that are extremely small

Soft-catch bundle collection region overlaps 
Narrow Stereo System 1 FOV Bundle deconstructed in field



More azimuthal 
coverage towards 
nose (0°polar angle)

Camera station 
(location not to 

scale)

Less azimuthal 
coverage towards 

tail (180°polar 
angle)

Large change in azimuthal coverage due to relatively 
large FOV to standoff ratio.  Stand off from bomb

FOV



Large high aspect ratio enters bundle

Single fragment 
entry separates into 
multiple burrows

4 fragments 
recovered from 

single entry
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