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1.0  Introduction 

The National Aeronautics and Space 

 pressure vessels 
  

 These 
include  

- to 
 

Capabilities Development Command (DEVCOM) Aviation and Missile Center (AvMC) at 

-
conducted at the -

 

 twenty-six 

n 2) at 
 individual temperature 

thresholds due to ould 
 

 

 

2.0  Traditional Fragmentation Test Methodology 

  analysis, the standards that 

-
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The test type  is more commonly known as t 
polar ones 

(relative to its central axis) and physically  the  their 
velocities

 

in conjunction with h -speed v   panels 
accurately measured 

  travelled can be derived 
 to provide an 1 

h arena test  

-  identically 
p polar 

b
velocity p

2, is an illust

 

Figure 1: JTCG/ME Standard Horizontal Arena Test 
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-
-  

 

3.0  NASA COPV Rupture Test Methodology 

I  the axi- -

team had to collaborate on the best way to attempt to capture s
It was decided that the most 

polar a
h -speed c h -speed camera view 

 

Blast o team, so the AvMC team 
 

A
scattered, to obtain their mass and physical dimensions

 

team came up with two main test styles  

test type that was conducted was called the intentional rupture test

at a NASA 

Figure 2: Illustration of Axi-Symmetry in Arena Test 
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 ll  
 

 -speed cameras and the blast overpressure data 

all -speed videos and blast 
 

The second test type that was conducted was called the p -until-burst t
-speed cameras would be set up with a special 

I  
-speed video to record 

 

-to-test are 
 

4.0  Test Setup Summary 

 sub-
s  

4.1  Test Area Layout 

 

 it has 
st undisturbe

2 

3 
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4.2  N2 Filling & Heat Mitigation 

 
 

accomplish this, the AvMC team decided to park the NASA-loaned n supply truck near 

supply truck all the way down to the rupture location down-

4 
 

Figure 4: Schematic of COPV N2 Fill System 

Figure 3: COPV Test Area Layout 
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- The 
- -

-

chance that it would have been destroyed in the pr -until-burst tests, hence why it was 
5  

-to-

compression 
-rate control needle valve n supply truck and 

used it to maintain a controlled pressure-
pressure rise rate excessive  

to maintain 

Next to the needle valve, the AvMC team also installed a ball v   the 

 members  the 
-  

   

Figure 5: Pressure Distribution Panel (PDP) 
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-to-exceed” 

  the humid, 
 to 

close to -Up tent 
and a hi-

 
 

-type 
-time 

Figure 7: Fill Control and Vent Valves 

Figure 6: Heat Mitigation System for COPV 
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4.3  DAQ and Protection Bunker 

-
o o

(on the rupture tests) and the 
- -

 
physically reside near the ru  Test personnel could communicate and control all 
subsystems  

be launched vertically 
and, on descent, impact 

press
ure 8 

 

 

4.4  Energetic Rupture Mechanism 

explosive-
-marked each one with a desired rupture 

line 
was to instantaneously 

 

Figure 8: Equipment Protection Bunker, Outside (L), Inside (R) 
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  used was    d
c

The det cord was 
-  (EBAD)  

The cord has a  
9 below det c  

-81 
These 

 volts , 
-81s 

is called an FS-  
-81 d  

Figure 9: 50 gr/ft Det Cord on Spool 

Figure 10: RP-81 Detonator Schematic 
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For this test series, the det c

-

e 

 11 
 

 

exible linear shaped c
also ex l l

ex l V- -based 
explosive surrounded by a dense malleable metal sheath, typically copper or 

 

series, 1 ex linear was implemented, which was the smallest that the 

to start the 
-2 plastic sheet explosives and 

- -81 would 
-

12 
 

Figure 11: Det Cord Installation Schematic (L), and Implementation (R) 
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4.5  Phantom® High-Speed Cameras 

In order to 
placed   h -speed cameras around the test pad and synced the 

Three   cameras were placed near the same level as the tank at 
 and provided a wider-

13 
the cameras (colored blue) were placed around the  

  below in Table 1 is 
 

Table 1: List of Cameras and Settings Used for Testing 

Camera # Camera Model Color Output Resolution Framerate Lens 
1  V2512 Monochrome 512 x  Nikon  24-85mm 
2   Color  Nikon  24-85mm 
3   Monochrome   24-  
4   Color   Nikon  -  

Figure 13: Phantom Camera Layout Map 

Figure 12: Flex Linear Shaped Charge Cross Section (L) and Implementation for Test (C) (R) 
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 14 
 

-test 
tool 

Two  Tape  was 
applied at precise locations on each board 

tool 

 The team would 

-
test data reduction e   

 will then s 
15 tool and an example 

 

Figure 14: Phantom Camera Protection & Resultant Image 
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data recorder, and the 
-until-

 mercially available product that has various built-in 

the tr

-until-
  

-  

See Appendix A -
calculate 3-  

Figure 15: Calibration Tool and Example Snapshot 

Figure 16: MIOPS Acoustic Trigger System (L), and Implementation (R) 
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4.6  Blast Overpressure Sensors 

 

 are 
 

-
tests, 

 three  three 

 and 18 s
 

 
Figure 17: Black Box Biometrics Inc's Blast Gauge System (BOP Sensor) 

Figure 18: BOP Sensor Implementation Methods: Mounted to Sandbag (L), BOP Sensor Array (C), Mounted to Poles (R) 
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p pencil 
pencil 

 

pencil 
  

sensor and the resultant data is recorded on AvMC’
t -

Six  two (2) 
 three (3) sensors  19 

 

It is  to note the in 
-on” measurement 

verses “side-on” measurement and it directly has to do with how the sensor is oriented relative 
- ith 

-on” 
 

passes by the sensor un- -on” measurement implies that the 

happens, the pressure -than-normal 

-on 
d 

side-
the tests where the pencil 

Figure 19: Pencil Gauge Mounting Hardware (L), Sensor Array (R) 
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-on and side- p

method  

One additional point to mention about the pressure data recorded in this test series is that the 
 and resulted in 

 in a mode called 
“personnel-m  the team should have been set in a mode 
called “structure-m  modes

personnel-m
personnel-m

sensor was in sleep mode when the pressure wave passed by, it will not 
  sensors 

 
 -to-

structure-mode, the  m would have recorded 

 

4.7  Overwatch Camera Locations and Meteorology Stations 

 camera 
-Tilt-

 is -Tilt-
 

 

Figure 20: Side-On vs Front-On Measurement (L), Pencil/BOP Combo Mount (R)
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-
 The weather stations 

were Columbia Weather Systems Inc’s Orion Weather Stations  

conditions and 
level versus tree-

temperature, relative 
humidity, and 3-second- - 21 

 

 

5.0  Overall Test Matrix 

5.1  COPV Details 

In all, six 

liner 
, 

Figure 21: Camera Tower Location Map (L), Orion Weather Station (R) 
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psi and  22 eneral 
Dynamics  

and was considered a Type IV 

,  
 23 s  

 

 

has a wo   24 
 

 

 

Figure 22: General Dynamics Type III COPV 

Figure 23: Xperion Type IV COPVs 
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(contains no inner liner  
, has a rated 

  25 
 

 

,   

 

 
 

Figure 24  

Figure 25: Cimarron Type V COPV 
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   burst pressure is 
  

 

 

5.2  Test Matrix and Description 

A  
customer 2 

 

Figure 26: HyPerComp Type V COPV 

Figure 27  
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twenty-six ere 
3 

 

Table 2: COPV Test Series Matrix (Sorted by Manufacturer) 

Table 3: COPV Test Series Matrix (Sorted by Test #) 
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Seventeen 
the twenty-six nine (9) 

ere 

 

  

dded to the test complexity and were used 

-style test in shot seventeen 

 

-until-

 

6.0  General Dynamics Type III Test Results 

4 
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ed, the team decided to 
 

 

On Test 5, u

  and still contained pressure

 The  tank was impacted 

However, due to this non-  

copper conical shaped c  This munition is 
a small pre-  an Army  

, but the tank didn’t 

 

 

 

 

Table 4: General Dynamics COPV Test Matrix 
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6.1  Test 1 – Det Cord Rupture @ Dome Taper 

, the most likely location this 
 

t

 

 

,   
relative humidity, and a wind-

28  

 

Essentially, the top boss separated in-
valve components were driven down into the sand pit so no velocity calculations were 

imated to be 
- -

Table 5 
 

 

-

Figure 28: Test 1 General Dynamics Tank Post-Test (L) and During Separation (R) 

Table 5: Test 1 Fragment Velocity Summary 
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29 - -
 

 

n

 

 

 

Figure 29: Test 1 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 

Figure 30: Test 1 Blast Overpressure Results 
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6.2  Test 2 – Det Cord Rupture @ Dome Transition 

, the second most likely 
 

t

 

relative humidity, and a wind-
31  

 

Upon post-test evaluation, 

analys  
 

 

32 - -
 

Figure 31: Test 2 General Dynamics Tank Post-Test (L) and During Separation (R) 

Table 6: Test 2 Fragment Velocity Summary 
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n

33 
sensor was located, relative to the test area  

 

6.3  Test 3 – Det Cord Rupture @ Dome Transition 

, the second most likely 
 

Figure 32: Test 2 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 

Figure 33: Test 2 Blast Overpressure Results 
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test 3 

 

relative humidity, and a wind-
34  

 

Upon post-

 had been likely thrown 

  

 

35 - -
 

 

Figure 34: Test 3 General Dynamics Tank Post-Test (L) and During Separation (R) 

Table 7: Test 3 Fragment Velocity Summary 
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n

 
sensor was located, relative to the te  

 

6.4  Test 4 – Det Cord Rupture @ Dome Transition 

, the second most likely 
 

Figure 35: Test 3 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 

Figure 36: Test 3 Blast Overpressure Results 
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t 225 CDT and took approximately 39

the pressure was sealed was 4,315  

 CDT under mostly cloudy skies, 8 53
relative humidity, and a wind-  mph S

  

 

Upon post-

-

8 below 
 

 

38 - -
 

Figure 37: Test 4 General Dynamics Tank Post-Test (L) and During Separation (R) 

Table 8: Test 4 Fragment Velocity Summary 
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n

39 
sensor was located, relative to the te  

 

 

 

 

Figure 38: Test 4 High-Speed Frag Footage (L) and Recovered Frags (R) 

Figure 39: Test 4 Blast Overpressure Results 
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6.5  Test 5 – Det Cord Rupture @ Boss 

 

t

The head boss temperature en  

relative humidity, and a wind- cut 
 and still 

  
 

 

AvMC’s risk assessment solution to the 
situation was to setup their remote-

 
  was 

Ten   were recovered -
41 -

 

 

Figure 40: Test 5 General Dynamics Tank Pre-Test (L) and During Detonation Event (R) 
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42 

 

 

As the liner approaches the top boss end, the aluminum material 

43 
 

Figure 41: Test 5 Remote- -Impact Fragments (R) 

Figure 42: Test 5 Blast Overpressure Results 
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6.6  Test 6 – Conical Shaped Charge Jet Rupture @ Boss 

area, the AvMC and NASA teams  
a more traditional conical shaped 

 
small precursor munition 

system

 

 
44 conical shaped  

 

 CDT and took approximately 44

the pressure was sealed was 4,315 2  

Figure 43: Test 5 Det Cord Impression on COPV Dome

Figure 44: Test 6 Conical Shaped Charge Setup (L) and Standalone Picture (R) 
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 CDT under cloudy skies, 
humidity, and a wind- 1 mph  penetrated 

 but did not cause a rupture 45 
 

 

-punch 

propelled downward into the sand 

captured and documented below in Table 9  

 

 - -
 

 

Figure 45: Test 6 General Dynamics Tank During Penetration (L) and Post-Test (R) 

Figure 46: Test 6 High-Speed Frag Footage (L) (C) and Recovered Frag (R) 

Table 9: Test 6 Fragment Velocity Summary 
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conical shaped 
- n

 detonation was not centrally 

where each sensor was located and how the conical shaped c
 

 

6.7  Test 7 – Flex Linear Rupture @ Boss 

“seam-
ex linear shaped c

 

While this is not 

could reas  

test  

 

humidity, and a wind-

Figure 47: Test 6 Blast Overpressure Results 
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48 
 

 

Upon post-

-

assumed to be similar to the one recovered in test 5, so those measurements were used in the 
   

 

49 - -
 

 

Figure 48: Test 7 General Dynamics Tank Pre-Test (L), During Test (C), and Post-Test (R) 

Table 10: Test 7 Fragment Velocity Summary 
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n

 
sensor was located, relative to the t  

 

 

Figure 49: Test 7 High-Speed Frag Footage (L) and Recovered Frags (R) 

Figure 50: Test 7 Blast Overpressure Results 



UNCLASSIFIED 

39 
UNCLASSIFIED 

6.8  Test 17 – Det Cord Rupture @ Dome Taper 

, the most likely location this 
 

 
 

 Based o
the rupture seam and previous tests, ould split into two 

bundles was 
H -speed c

51 -
 

 

t  CDT and took approximately 32

the pressure was sealed was 4,335  

humidity, and a wind-
 in opposite 

 penetrated the bundle and then 
 

52   

 

Figure 51: Test 17 COPV Orientation and Overhead Schematic 
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Upon post-test evaluation, indeed the head and bottom bosses were captured physically and 
in- -

oth 

11  

 

53 - -
 

 

 

 

Figure 52: Test 17 General Dynamics Tank Pre-Test (L) and Post-Test (R) 

Table 11: Test 17 Fragment Velocity Summary 



UNCLASSIFIED 

41 
UNCLASSIFIED 

Due to the test setup complexity added by blast overpressure 
s  

7.0  Xperion Type IV Test Results 

-until-
See Table 12  

 

 

Figure 53: Test 17 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 

Table 12: Xperion COPV Test Matrix 
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, in the ho   

he “top boss” was aimed 
the 

 

Tests 12 and 13 were executed as rupture tests wh

t y 
 

-until-burst test 

 

7.1  Test 8 – Flex Linear Rupture @ Top Boss 

 to be cut was pointed 

d boss, which has a lower 
 

t

 

relative humidity, and a wind-
54 
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Upon post-

measurements can be 
13  

55 - -  

 

Figure 54: Test 8 Xperion Tank Pre-Test (L), Mid-Test (C), and Post-Test (R) 

Table 13: Test 8 Fragment Velocity Summary 

Figure 55: Test 8 High-Speed Frag Footage 
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n
 

pressures  

7.2  Test 9 – Flex Linear Rupture @ Bottom Boss 

 the sky and the head 

 

t

 

 3
relative humidity, and a wind- 5 mph S

 
 

 

Figure 56: Test 8 Blast Overpressure Results 
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Upon post-
t

 

- 14 below 
 

 

58 - -  

Figure 57: Test 9 Xperion Tank Pre-Test (L), Mid-Test (C), and Post-Test (R) 

Table 14: Test 9 Fragment Velocity Summary 

Figure 58: Test 9 High-Speed Frag Footage 
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n
59 

 

7.3  Test 10 – Flex Linear Rupture @ Bottom Boss 

s the sky and the head 
 For Type IV pressure vessels, lib

boss ss than the blin  

t

 

relative humidity, and a wind-
 

 

 

 

Figure 59: Test 9 Blast Overpressure Results 
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Upon post-

e the broken ball valve 

 
they were 

- 15 
 

 

 - -  

Figure 60: Test 10 Xperion Tank Pre-Test (L), Mid-Test (C), Post-Test (R) 

Table 15: Test 10 Fragment Velocity Summary

Figure 61: Test 10 High-Speed Frag Footage 
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AvMC installed pencil 
 The 

is most likely due to the side- -
 

n

 in Appendix C  
 

 

 

7.4  Test 11 – Flex Linear Rupture @ Bottom Boss 

s the sky and the head 
For Type IV pressure vessels, lib

boss ss than the blin  

t

 

Figure 62: Test 10 Blast Overpressure Results 
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relative humidity, and a wind-
 

 

Upon post-

s were not positively 

-dimensional velocity an
Table   

 

 - -  

Figure 63: Test 11 Xperion Tank Pre-Test (L), Mid-Test (C), and Post-Test (R) 

Table 16: Test 11 Fragment Velocity Summary 
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pencil 
, the net explosive 

n
 

in Appendix C  
 

 

Figure 64: Test 11 High-Speed Footage

Figure 65: Test 11 Blast Overpressure Results 



UNCLASSIFIED 

51 
UNCLASSIFIED 

7.5  Test 12 – Flex Linear Rupture @ Midline 

 
e was chosen to hield a 

 
 

test 12 1141 CDT and took approximately 24 minutes to 

5  

221 CDT under partly cloudy skies, 8 4
relative humidity, and a wind-  mph SSE

 
 

 

Upon post-

post- -

yielded  
 

 

Figure 66: Test 12 Xperion Tank Pre-Test (L), Mid-Test, (C), and Post-Test (R) 

Table 17: Test 12 Fragment Velocity Summary 
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 - -
 

 
n

in 
Appendix C  

 

Figure 67: Test 12 High-Speed Frag Footage (L) (C) and Recovered Frag (R) 

Figure 68: Test 12 Blast Overpressure Results 
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7.6  Test 13 – Flex Linear Rupture @ Midline 

 

 
the  and the head boss was pointed towards the test 
12  

test 13 253 CDT and took approximately 24 minutes to 

53  

354 CDT under partly cloudy skies, 8
relative humidity, and a wind- 1 

 
 

 

Upon post-

post- -

tank was approximately 18 
 

yielded 18 
 

 

Figure 69: Test 13 Xperion Tank Pre-Test (L), Mid-Test (C), and Post-Test (R) 

Table 18: Test 13 Fragment Velocity Summary 
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in Appendix C  
 

Figure 70: Test 13 High-Speed Frag Footage (L) (C) and Recovered Frag (R) 

Figure 71: Test 13 Blast Overpressure Results 
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7.7  Test 24 – Pressurize Until Burst 

Test 24 was a p -until-b  
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 -burst-pressure, the NASA team 
provided the AvMC team with 

This 
-rate control needle 

 
 

 

 
 

Figure 72: N2  

Figure 73: Test 24 Pressurization-Until-Burst Fill Curve 
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-speed video views and Table 19 
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Figure 74: Test 24 Xperion Tank Pre-Test (L), Mid-Test (C), and Post-Test (R) 

Table 19: Test 24 Fragment Velocity Summary 

Figure 75: Test 24 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 
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As the burst event was to rupture at an unknown time, no blast overpressure sensors were 
t  

7.8  Test 25 – Pressurize Until Burst 

Test 25 was a p -until-b

 

 CDT and took  minutes to build pressure and 
 CDT), the weather conditions 

were partly cloudy skies, 8 8  mph S
  
 

 

  

Figure 76: Test 25 Pressurization-Until-Burst Fill Curve 

Figure 77: Test 25 Xperion Tank Pre-Test (L) and Post-Test (R) 
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-speed video views and Table  

 

 

 - -
 

 

As the burst event was to rupture at an unknown time, no blast overpressure sensors were 
test 25  

7.9  Test 26 – Pressurize Until Burst 

p -until-b

 

Table 20: Test 25 Fragment Velocity Summary 

Figure 78: Test 25 High-Speed Frag Footage (L) (C) and Recovered Frags (R)
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Figure 79: Test 26 Pressurization-Until-Burst Fill Curve 

Figure 80: Test 26 Xperion Tank Pre-Test (L) and Post-Test (R) 
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81 - -
 

 

As the burst event was to rupture at an unknown time, no blast overpressure sensors were 
test 2  

8.0   

 three 
22 

 

 

Table 21: Test 26 Fragment Velocity Summary 

Figure 81: Test 26 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 

Table 22  
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Tests 14 and 15 were executed as rupture tests 

 

 

8.1  Test 14 – Flex Linear Rupture @ Top Boss 
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relative humidity, and a wind-
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Upon post-
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two composite 

Figure 82 -Test (L) and Post-Test (R) 
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 The top boss was recovered on a latter test so the 
substituted into this  See Table 23 

velocity  

 

 

 

 

 

 

83 - -  

curves 
 in Appendix C  Based on the 

n

84 
 

 

Figure 83: Test 14 High-Speed Frag Footage 

Table 23: Test 14 Fragment Velocity Summary 
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8.2  Test 15 – Flex Linear Rupture @ Top Boss 

For Type IV pressure vessels, lib

 

t

 

relative humidity, and a wind-
85  

Figure 84: Test 14 Blast Overpressure Results 

Figure 85 -Test (L) and Post-Test (C) (R) 
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Upon post-  
The 
 

-
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 See Table 24 bel
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in Appendix C

n 492 
 below 

Table 24: Test 15 Fragment Velocity Summary 

Figure 86: Test 15 High-Speed Frag Footage
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each sensor was 
 

8.3  Test 16 – Flex Linear Rupture @ Midline 

ylindrical portion, so rupture at the midline was 
The tank was oriented such that the pressure 

 

test 1  

 

relative humidity, and a wind-
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Figure 87: Test 15 Blast Overpressure Results 
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Upon post- our 

the same as previous test Various composite portions were recovered but could not be 
-  See Table 25 

 

89 - -  

 

Figure 88 -Test (L) and Post-Test (R) 

Table 25: Test 16 Fragment Velocity Summary 

Figure 89: Test 16 High-Speed Frag Footage 
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 a pressure 

was  n 4,488 

Appendix C
 

 

 

9.0  Cimarron Type V Test Results 

these tests were conducted and they were both 
See Table   

 

-until-burst type, which meant that the tank pressure was to be 

Figure 90: Test 16 Blast Overpressure Results 

Table 26: Cimarron Type V COPV Test Matrix 
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-rate control) was opened too much and yielded a sharp spike in 

- the tank reached about 

 

 

For this 
-increase-until-burst type, which meant 

the pressure on th

t it was 

 
  once 

and caused the same 
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9.1  Test 18 – Pressurize Until Burst 

Test 18 was a p -until-b  
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 in the 
composite 

The maximum pressure recorded inside the tank 
91 

 

 

92  the test and -
   

9.2  Test 21 – Stepped Until Burst 

Test 21 was a stepped-p -until-burst style test, 

 

Figure 91: Test 18 Pressurization-Until-Burst Fill Curve 

Figure 92: Test 18 Cimarron Tank Pre-Test (L) and Post-Test Stress Cracks (R) 
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 CDT and took  minutes to 
stepped increase process and then 

composite that prevented a violent burst 
 (approximately 1  

skies, 43 45 mph E

pressure was 1,433 93 
 

 

94 -
 

 

Figure 93: Test 21 Stepped-Pressurization-Until-Burst Fill Curve 

Figure 94: Test 21 Cimarron Tank Pre-Test (L) and Post-Test Stress Cracks (R) 
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10.0  HyPerComp Type V Test Results 

See Table   

 

-until-
burst method, which meant that the tank pressure was to be continually increased until it burst 

the same 

 

-increase-until-burst type, which meant that the 
 

re that was r
 

 

10.1  Test 19 – Pressurize Until Burst 

Test 19 was a p -until-b  

Table 27: HyPerComp Type V COPV Test Matrix 
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121 CDT and took only 1 minute to build pressure to 

the composite 1123 CDT), 
1 

mph W
 95 
 

 

9  -
 

 

 

Figure 95: Test 19 Pressurization-Until-Burst Fill Curve 

Figure 96: Test 19 HyPerComp Tank Pre-Test (L) and Post-Test Stress Cracks (R) 
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10.2  Test 22 – Stepped Until Burst 

Test 22 was a stepped-p -until-b

 

2  

composite that prevented a violent burst 
 

59  mph N

pressure was  9  
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Figure 97: Test 22 Stepped-Pressurization-Until-Burst Fill Curve 

Figure 98: Test 22 HyPerComp Tank Pre-Test (L) and Post-Test Stress Cracks (C)(R) 
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11.0   

-until-burst 
28 

 

 

-rate control) 

-
was held relatively consistent 
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increase-until-

 

 

 

 

Table 28 Test Matrix 
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11.1  Test 20 – Pressurize Until Burst 

p -until-b  

 
99 

 

 

  

 

The , 
plastic liner and composite pieces were positively  all but one 
were recovered post-

Figure 99: Test 20 Pressurize-Until-Burst Curve 

Figure 100 -Test (L) and Post-Test (R)
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29 below 
 

 

1 - -speed video, as well as a 
 

 

As the burst event was to rupture at an unknown time, no blast overpressure sensors were 
t  

11.2  Test 23 – Stepped Until Burst 

Test 23 was a stepped-p -until-burst style test, 

 

 

Table 29: Test 20 Fragment Velocity Summary

Figure 101: Test 20 High-Speed Footage (L) (C) and Recovered Frags (R) 
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3  

 

, 

were recovered post-  The metallic top-
estimates were assumed to be the same as recovered in the previous test and were 

 
 below 

 

 

Figure 102: Test 23 Stepped-Increase-Until-Burst Curve 

Figure 103 -Test (L) and Post-Test (R) 
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4 - -speed video, as well as a 
 

 

As the burst event was to rupture at an unknown time, no blast overpressure sensors were 
test 23  

12.0  Standalone Energetics Tests 

- and compare the 
 assumption is 

 

ex linear, 
t -11 and 14- ex 

Table 30: Test 23 Fragment Velocity Summary 

Figure 104: Test 23 High-Speed Frag Footage (L) (C) and Recovered Frags (R) 



UNCLASSIFIED 

 
UNCLASSIFIED 

l t test C was a 
det c tests 1-  

12.1  Test A – 4” Halo of Flex Linear 
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ex linear shaped 

c -11 and 14-
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in Appendix C

 

 

 

Figure 105: Test A Blast Overpressure Results 
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12.2  Test B – 10.5” Halo of Flex Linear 

pencil 
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in Appendix C  

 

12.3  Test C – 6.5” Halo of Det Cord 
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Figure 106: Test B Blast Overpressure Results 
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13.0  Full Test Series Data Summary 

 

13.1  Velocity Data Summary 

 

Figure 107: Test C Blast Overpressure Results
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1  
 

Figure 108: General Dynamics Type III COPV Fragment Velocity Summary 

Figure 109: Xperion Type IV COPV Fragment Velocity Summary 
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Figure 110  

Figure 111  
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13.2  Pressure Data Summary 

 Overall, 
-

-on and side-on pressure measurement, 
 

Test A 
t tests 8-

tanks, and test 14- 112 
 

 

 (Test 
A)

-11) have more pressure and volume 
pressures more than the smaller volume  

ex linear 
shaped c

t 113 below 
 

 

Figure 112: Blast Overpressure Comparisons of 4" Halo of Flex Linear 
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Figure 113: Blast Overpressure Comparisons of 10.5" Halo of Flex Linear 
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test C baseline t
-4 and test 5, as test 5 

comparison can be made, it is ass
 

14.0  Conclusion 

AvMC Intentional Detonation  
Facility - Each 
remotely on- -speed video was captured 

 See below in Table 31 test 
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Figure 114: Blast Overpressure Comparisons of 6.5" Halo of Det Cord 
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15.0   
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test 5 was 
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 white  

-
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were occluded by the 
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Table 31: COPV Test Series Matrix (Sorted by Manufacturer) 
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115  

 

Various important lessons were  For 
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when the pencil 
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-
 11  

 

 

Figure 115: Proposed 360 Degree High-Speed Camera Coverage Schematic 

Figure 116: Test 12 Pressure Expansion Relative to Pencil Gauges 
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 not measured 
 

the rupture event, it is much more likely that the true peak overpressure could have been 

 

  



UNCLASSIFIED 
 

 
UNCLASSIFIED 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

3-DIMENSIONAL FRAGMENT VELOCITY DERIVATION 
METHODOLOGY 

  



UNCLASSIFIED 

91 
UNCLASSIFIED 

Appendix A – 3-Dimensional Fragment Derivation Methodology 

Since the traditional DoD 

 

Camera Layout Considerations 

-speed cameras were placed was to provide a 

 
-test analysis, it became 

13, camera 1 and camera 3 were placed 

 

Polar Angle Explanation 

-
-

- -
11  

 

 
Figure 117: COPV Frag Velocity Geometric Space 
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Simple Velocity Measurement Example 

thrown only in the Z-
era views should match very 
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-Axis is 1-
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Figure 118: Simple Velocity Derivation - Vertical Frag
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Complex Velocity Measurement Example 

119 - -
 

-
12  

 

Vertical (Z-  

Figure 119: Complex Velocity Derivation - Test 4, Frag 1 

Figure 120: Camera 1 (X-Z Plane) Frag Track 
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the vertical (Z-  

calculate the true 3-
 

the distance that this (constant velocity) assumption occurs over is still relatively close to the 

 

Figure 121: Camera 3 (Y-Z Plane) Frag Track 
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For this example, it was decided to reverse-

ulated that the 
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Figure 122: Visual of Reverse Extrapolation 
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-dimensional position calculation, 

between the two camer  

Figure 123: Cartesian Coordinate Derivation of Frag Position 

Figure 124: Determination of Z-Component for 3-Dimensional Position 
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will be used to determine the Z-  

- -, and Z- -dimensional position are calculated at the same 
time, the 3-

 divided by the time it took to 

- 125 
 

 

 

Figure 125: Final Calculation of Velocity and Polar Angle Example 
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-speed videos will be displayed, 

re 12  
 

 

n
-

incomplete 3-dimens

 

Figure 126: Example of High-Speed Screenshots with Labelled Frags
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APPENDIX B 

COPV Tank Pressurization Curves 
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APPENDIX C 

Pencil Gauge Blast Overpressure Curves 
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Appendix C – Pencil Gauge Blast Overpressure Curves 
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Appendix D –  

 

   
AvMC  Aviation and Missile Center 

  Blast Overpressure Sensor 
   

   
Det Cord  
DEVCOM Combat Capabilities Development Command 
DoD   
EBAD  -  
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MSFC   
NASA  National Aeronautics and Space Administration 

   
   

   
   
  -Tilt-Zoom 
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