SAND2014-1963C

Shock-Ramp Experiments on Z

JOWOG 32mat
LLNL, March 17, 2014

Chris Seagle
Sandia National Laboratories, Albuquerque, NM

anod%mple

~

stress
wave
front

undisturbed material

Chris Seagle, (505) 844-0934, ctseagl@sandia.gov

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States Department of Energy’s National . E ,
Nuclear Security Administration under contract DE-AC04-94AL85000. Sandia National Laboratories




|E’“ |

h. [ i I‘ F ‘—‘ VAHi“! r.|

-.|L

\i
g

\=
-
=
=
=

8 A

weo N
triggered 22 MJ stored energy

i insulator
Marx gas switch

¢ ~25 MA peak current stack magnetically
generator i . insulated
~200-1200 ns rise time transmission

lines










cathode

short

anode

anode

cathode

* pulse of electric current through
experimental load (shorted at one end)
induces magnetic field

« J'B magnetic force transferred to
electrode material
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Ramp compression from a Hugoniot state results in intermediate
temperatures at high compression.

SESAME 3700: Kerley, 1987 () Sancia National Laboratories
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Shock-ramp experiments use coaxial or stripline with

 flight gap

RN

o~

S

SECTION A-A

PICTORIAL VIEW
FOR REFEREMCE OMLY
APPROX WEIGHT 0.20 LB

5

8

g

B
AR

Tl

b

=
*‘.

AL SPOT COATED SDE

T PATHS
L= =t

-Tﬂﬁiﬁhﬂiﬁﬂii

DETAIL B
SCALE 4:1

() sandia National Laboratories



Flight gaps and
pulseshape co-
designed to enable
impact at nearly
constant velocity

This velocity plateau
also generates a “hold”
in the shock state
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- Measured velocities exhibit shock-hold-ramp profiles
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22 GPa Shock

65 GPa Shock Stress
Stress

« Delay between the shock and following ramp at the front (windowed)
surface is critical for analysis
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= Lagrangian Analysis of In-Situ data is Exact

P= [ (1 JCL(uJ)Il_}Liu(l_g)

u
P =p, f C.(u)du — pnusug + po J’HCL(u*)du*
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2 Characteristics leads to errors for large shocks

* This example results in ~2-3% errors in pressure using the correct
(input) EoS. Possibly worse for an Iterative Lagrangian Analysis.

« Small shocks have lower discrepancyl/error

« “Small/Large Shock” is material dependent — Large shock: resulting
isentrope is experimentally distinguishable from the principal isentrope
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’ Case 1: In-Situ LiF Shock-Ramp

* Pulseshape generated at
the load was not the
shape intended due to
machine issues

 Data is in-situ and can
still be used, albeit with
large errors
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2\ LiF Results
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« “Small” because the principal and elevated isentropes are
nearly identical
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« “Small” because the principal and elevated isentropes are
nearly identical
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Case 3: Large Shock in Tin (into liquid)
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* |nitial 65 GPa shock
melts the tin

* Liquid isentrope
significantly different
(experimentally
distinguishable) from the
principal isentrope
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o Backward Integration/Minimization

T Jdv  Jdu

P20 — Integrate hydrodynamic equations backward in

ot Ox’ space to the drive (x = 0) surface
T ou B OP p',is the zero pressure density on the elevated
Po 9% ox isentrope

Boundary conditions derived from:

* (1) measured velocity u(x,, t ) — Umeasured s

* (2) Guess of sample response p(xy, ) — ﬁmmpfe(P windr;rw)g
(window assumed)
U, if X; < Xy
* (3) Hugoniot particle velocity I-f(ﬁ-‘fs(f)) — { P ‘“_ o
(interior) f'fmmsured(rs) f_f Xsg — Xy

* (4) Hugoniot density (interior) p(xs(1)) = P if Xs < *"'l:u:
- ;{}jampfg(owmfr}w [‘f?]) ff Xy = Xy
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« Density profiles from two
sample thicknesses are
compared at the drive
surface from the initiation
of the ramp to the time
when the window release
from the thin sample
reaches the drive surface

!
[k, k) —J (p,(0, 1) — p,(0, 1)) dt
0 () sandia National Laboratories



« Density profiles from two
sample thicknesses are
compared at the drive
surface from the initiation
of the ramp to the time
when the window release
from the thin sample
reaches the drive surface

!
[k, k) —J (p,(0, 1) — p,(0, 1)) dt
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Z Liquid tin equation of state

Results from backward
minimization are
applicable from release
up to compression at t*
(~40-110 GPa for liquid
tin)

Liquid tin is stiffer than
currently available EoS
models
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