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SCCM Abstract

= D PROPELLANTN. J. Sanchez, R. L. Gustavsen
, L. L. Gibson and D. E. Hooks Shock & Detonation Physics Group, WX-9 Los Alamos National Laboratory
Los Alamos, NM USA 87545 Gas-gun driven plate impact experiments were performed on High
Performance Propellant (HPP) to measure the shock compression behavior and Hugoniot. HPP is a
proprietary blend of ammonium-perchlorate, aluminum, and plastic binder. A small amount of FeO2 gives the
propellant a rust color. The primary diagnostic was embedded magnetic particle velocity gauges. The
Hugoniot was determined by performing multiple experiments using different impactors and a range of
impact velocities. Impact stresses ranged from 0.3 GPa to 15 GPa. Even at the highest stress no reaction was
observed; none was expected. At low stress HPP exhibits viscoelastic behavior with rounded wave profiles.
Hugoniot data can be described using a model based on a Murnaghan isotherm with a small amount of

porosity.
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Goals of this studx

HPP composition: Ammonium-
Perchlorate/Aluminum & plastic binder

-Measure a possible shock to detonation
transition (Safety)

-Measure Hugoniot (P-V curve reached
by shocks) Equation of State

-Provide “wave profiles” at high pressure
(mechanical response)

HPP test wedge
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Gas gun driven plate impact experiments were used to

measure shock propertles of HPP
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Magnetlc gauges based on Faraday’s Law of Inductlon measure in-

material motion
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Finished HPP target
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Target assembly was difficult due to the eraser like texture of HPP
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In-situ wave profiles provide material response at high
pressure

15.1 GPa 8.48 GPa 3.83 GPa

2.00 T —~ T T T T - Y Y 1.75 T T T T T T T T 1.00 —
2 3 o @
L 2 = P o A (i _ "

_ 1 g8 2 g Y5 3 2 35 8 o 1.50 %
0
2 150} E €
£ i] ™ 'V"r | 'h ' £ g

1.25 F E >
2 5 £
2 100} - % o

[d

3 > >
o 075 o o
o L ]
£ o050 t €
o o
a a o

0.25 |

0.00 _—_ . 5 Ik et

000 025 050 075 1.00 125 150 175 200 225 000 025 05 075 100 125 150 17§ 0.00 025 050 075 1.00 125 1.50 1.75 2.00 2.25 2.50
Time (us) Time (us) Time (ps)

2s-403 wave arrival data

HPP inert up to 15 GPa

Particle velocity (U;) & shock velocity
(U,) are measured for Hugoniot data
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Viscoelasticity was observed at low pressures

0.327 GPa 0.619 GPa 1.378 GPa
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Rounded wave profiles indicate viscoelastic behavior
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Viscoelastic materials exhibit both viscous & elastic
characteristics when undergoing deformation

-Slow transition from state 1 to | = Maxwell Model

state 2 caused by viscous damping
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Viscoelastic materials are difficult to model because they
have an mstantaneous Hugonlot & equmbrlum Hugoniot
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Hugoniot seems to soften at low pressure due to crush
out of voids

HPP Hugoniot
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Equation of State for porous energetic materials

Constructing a complete thermodynamic potential function based on
the Helmholtz Free Energy

F(T,V) = C, [(T -T) (1 + g(vo _ V)) +Tin (%)l + % (%)N_l (N 1) (1 - %) - 1]
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Analytic function fits the data well
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Summary

=  Concluded that HPP is inert up to 15.1 GPa

=  Provided in-situ wave profiles for mechanical response at high
pressure

= Provided an equation of state at high pressures
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Questions?
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