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Abstract

Proton Radiography of Shape Charge Jets Penetrating Teflon and
Explosive

Eric N. Ferm, Michael Burkett, Larry M. Hull, Mark Marr-Lyon, Wendy V. McNeil, Chris L. Morris, Paul M. Rightley, and
the Proton Radiography Collaboration

Los Alamos National Laboratory —

We have used proton radiography at the Los Alamos Neutron Science Center to observe viper shaped charge jets
penetrating inert and explosive materials. A viper jet was observed penetrating both Teflon and PBX 9501. Radiographs
captured the penetration events at several times and are analyzed to determine the density of the materials imaged at
each time. The interfaces and shock waves in the flow are clearly evident in the images. Multiple time images allow the
determination of the velocities of the interfaces and shock waves. Comparisons are made in the Teflon case with
estimates of penetration rates and densities using the quasi-steady approximation analysis used in many terminal
ballistics models. The PBX 9501 clearly detonated from the impact of the shape charge jet tip traveling at 9.1 mm/us.
The detonation wave is examined to see what support it obtains from the pursing jet and the jet is examined to find the
influence of the explosive products on penetration velocity. This experiment gives us experimental results of in-situ
penetration process that can be used to verify common modeling techniques and fluid mechanic calculations of the
penetration process.
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Proton Radiography Experiment of Shaped Charge Jet
Penetrating Teflon and PBX 9501

Very good models of the penetration process
have been created using:

« Bernoulli's Law in the stagnation point coordinate
system

« Assuming the flow is quasi-steady
« Perfect stretching rods of constant diameter

- Both incompressible and compressible models
have been examined along with various methods
of modeling strength

« Modeling of HE penetration has been examined
by Chapyak et al. and Poulsen

Proton Radiography’s high number of multiple images

allows us to look experimentally at the modeling of the
penetration process inside the target and examine the

. Los Alamos assumptions use in the models
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Viper Shape Charge Characterization

Vipers have been well characterized as

b Vi
e stretching rods and used in numerous
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pRad 0422 and pRad 0423 Results

9501:

Detonation wave promptly
initiates

Jet becomes diffuse and tip
seems to “disappear at times”

Jet tip position is not
markedly different than in
PTFE. Tip may be more
deformed in HE.

PTFE (Teflon ®): \

Bow wave is well developed .
at end.

A i ‘I.

e N

g oty

Both seem to have difficulty - o | e |

moving the large tip out of the pRad 0422 pRad 0422

WZ Viper into PBX 9501 Viper into PTFE

> Los Alamos Starting at 59.64 ps Starting at 59.64 ps
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pRad423 Viper into Teflon Cylinder.
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pRad 422: Jet into PBX 9501
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Conclusions

- The tip particle gives is a significant perturbation in the penetration

and must be cleared away before a quasi-steady process is established
in the inert case.

- In the penetration of the explosive, much more 3 dimensional
behavior is observed, the HE products disrupt the jet well away from
the detonation wave, and disperse through out the product (Similar to
Chapyak et al. and Poulsen work).

Maximum (e— zq— 1b
extent of °

l_ backsplash: Po

- The densities both on axis and off r
axis a being examined in the PTFE _
case to examine penetration models Rttt it
and states in the steady bow wave. From: E. J. Chapyak, etal., JAP, 2001.

- Material ID radiography would be valuable in these experiments.
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Density (g/cc)

-30

Further Analysis

Densities on axis at locations before and
after each feature have been measure
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Chris Morris’s Bow Wave Density Analysis

Densities ratios across the bow shock
plotted against normal velocity through
an assumed steady shock.
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Previous modeling of jet penetration of HEs
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pRad 0422 Viper into HE Areal Density Proton
Radiographs
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pRad 0422 Viper into HE Areal Density Proton
Radiographs
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pRad 0422 Viper into HE Volume Density Proton

Radiographs
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pRad 0422 Viper into HE Volume Density Proton
Radiographs

8.5 us 9.5 us 10.5 ys 11.5 us 12.5 us 13.5 us
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pRad 0223 Viper into PTFE Areal Density Proton
Radiographs
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pRad 0223 Viper into PTFE Areal Density Proton
Radiographs
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pRad 0423 Viper into PTFE Volume Density Proton
Radiographs
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pRad 0423 Viper into'PTFE Volume Density Proton
Radiographs

13.5 us 14.5 us 15.5 us 16.5 ps 17.5 us 18.5 us
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pRad 0223 Viper into PTFE Ratio Volume Density to
Initial Density Proton Radiographs
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pRad 0223 Viper into PTFE Ratio Volume Density to
Initial Density Proton Radiographs
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Tip Trajectory very similar in Teflon and PBX 9501
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Steady or Quasi-Steady Supersonic
Penetration of an Inert Material

Penetration velocities can be estimated by application of Bernoulli’s law.

Mesa calculation of 6 and 9 mm/us rod penetrating nonreactive NM at 4.25 and 6.4
mm/us. Calculation is done in the frame of reference of the stagnation point
(penetrator/NM interface note the accuracy of the penetration rate estimates.

The supersonic bow wave structure is similar to that of a detonation, but the
energy supplied to the shock is provided by the jet rather than reaction.

\;V‘-'\*—:\,x“--. 15F
R

h 1, surface

[ Utarget
O ——

- Los Alamos
NATIONAL LABORATORY
=l
Operated by Los Alamos National Security, LLC for NNSA H‘\fl‘b 4

APS SCCM 2011 27 of 11



Curved Shock Waves in Steady Flow

-Shock fixed
frame
Steady
Velocity D

‘ LosAlamos

Shock Polar: Locus of Shock states
attainable from one steady flow velocity
with variable shock attack angle (6).
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initiation experiments
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Shock Polar Analysis of Bow Shock from
Penetration Process

Bow wave states lie on the shock polar

The point on the bow wave where the flow exits at sonic velocity can be identified
on the shock polar.

The calculations show the sonic surface is nearly planar and perpendicular to
penetration axis.
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Application of Bernoulli’s Law to the Steady Flow of a
Supersonic Penetrator

1/p
PS(H) _ PI(H,p) + fPI(H,l/V)dV
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(U(H,Pca ))2 = (C(PI (8’p08 )’pCB ))

25
20 |-
15

m?—-l-Jp Sonic Streamline 6

; < Sonic Surface States

Hugoniot(p,,P,)

P(GPa) |

5

5 Stream line 6

o Streamline 11/2

-20

. Los Alamos

NATIONAL LABORATORY

Operated by Los Alamos National Security, LLC for NNSA A "'D



Results of Bernoulli Analysis

Ne—— . -From Bernoulli analysis and EOS
sl Eorii Exil Paiticle Speed information the thermodynamic state
U | and exit speed at the sonic surface is
(mm] 3) determined for each streamline. With a
“‘:05 few assumptions of scale one can
Particle Speed Behin®Bow Shock associate points on the sonic surface
e with points on the bow shock.
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What Do We Know About Quasi Steady Super-
sonic Penetration of a Nonreactive Material?

-Mesa calculation of 9 mm/us
rod penetrating nitromethane at
6.4 mm/us. Calculation is done
in the frame of reference of the
stagnation point.

-The supersonic bow wave

- structure of the penetrating jet is
similar to that of a detonation,
but the energy supplied to the
shock is provided by the jet
rather than reaction.
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Viper Virtual Origin Description

AAAAAAAAAAAAAAAAAA

Tip Velocity Taﬂ, Ao’ [
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Impact Initiation of Explosives Studies

Nitromethane
(NM)

Density
1.125

Pd Collimazory

/_-...
‘/_, Sound Speed
P 1.65 mm/us
| Det Velocity
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== \*rfll _— Failure
. . - A :
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. .. rness /
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Experimental Results of 6.5 mm/us penetration

4 mm/us - Failure

6 mm/us - Failure ; : .-
> By

7 mm/us - Detonation.
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