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THREE-DIMENSTONAL COMPUTER MODELING OF A SHOCK-RECOVERY EXF-RIMENT

R. L. Rahie, J. E. Vorthman, ard J. K. Dieners

Los Alamos Naticnal! Lahoratory
Los Alamos, New Mexico

An idral shock recovery experiment would be to subject a sample material to a slnqle,
vell-defined shock followed by a controlled, beniqn release of the stresses and
velacities qeneratad. The process should be such that any chanqe found in the sample
after recovery could be attributed to the shock process »lone. In any real experiment
with finite-sized samples, rarcfartion waves are generated at the edges nf the rample.
In qeneral these rarefdction waves can have a larqe effect an the sample, which is
impossible to separatc from the effects of the shock alone, [t has been suqgested
that samples of certain shapes will have a small reqion In their interiors, which is
substantially free from the effects of edge rareractions. We will present the results
of three-dimensional computer calculations done to test this hypochesis.

1. INTRODUCTION

Vorthman and Duvall employed a star-shaped
sanplo as a means ot mitigating lateral releass
wave offocts at the sample center in their work
on lithiun flouride (LiF).' The particular
experimental arranqgemnent they used was a
modi fication of 4 technique oriqginally proposed
and used by Kumar and Clifton,* foth of these
shock recovery ideas rely on threv-dimensional
attenuation ceffects. Otner techniques, known
to he fairly sucecesstul, i{nvolve the use of
guard rinqs in two-dimenstonal shock recovery
experiments. '™ Numorical calculatinong  of
{mpacts  involying the quard ring contigur:tion
have boon done by Stavens and Jones.™ In  this
paper,  we  present peelininary . pumeric:l
calculatians af a prototype theoo-dimensional
fmpact  problem in which a star-shaped sample,
thin with respect to Its averaue didretoer, s
studind, The shape  selected  §s that  of
Yorthean and Duvall, shown In Fiqure 1, and the
fmpact  of the star s onta a riqid boundary.
The waterial i5 asyumed  to be apnealod 2074
Alartinum and the (mpact eslocity a5 0,17 m/ e,
The constitullive ralation 5 eolastic-perfect ly
plastic,  and we have taken a vield strepgth in
simple tonsinn of 1 khar." Tar comparison,  we
have  also run an tmpact preoblem ustng a thin
square plate a4 a wamnle, The  cases of  the
thin square plate and the thin wtar show, quite
graphicaily, the improayed pesults Tor the 408
Qeornst ry,

2. THLORY

We oy the svmplest eolant dc-plant te conyt ty

tive wisuption,  elasbic pertectly plastte,
The  ystenr behaves as Hne o olast e mater ral
unt il the = altar product ot *he shyesy deviator
Lenwor oweondy, 2/ /”", whaon V” f5 the yteld
stress (o Jdmple ronsian, When yiedd accure,
the  stres devtatae, are rotuenmd normally 'y
the viedd surtace whitch amer by g wdtaplytne
eoach  of the devigtor components by v coastant,

Figues 1o Sample shape and reqion rulatad,
v {s normal to the page,

therehy  raduc ng *he  calar product  of the
wteeesy cdeviators too the value MY The
Lotal strafn ts known and Lhe gmount nf nlasris
deviatar  straon wupportesd hy  the M rgst o
stroags doviator, Is  known, Thewe  facte,
togother with the assumptaion that the trace of
the  velocity qreadient tensor Iy pot altersd by
plantic wtratn allows partitioning of the total
stramn anto the olast e and  plasttc parts,
Hort hardontng 1 atten acenusted Tor by up tng
the  yitold <teength  a fusction of the prostir
wark amtl strews rolaxat ton b5 aceoanted for by
Assriing  the  tactor vaed ta adjust the S1rosy
deviatars, tack  to the yield wurface (s 0
function  of ot me, Netther stress relacat ton
nor  work hardening are yneed " Lhese
calbenlat ton,, This  posglts In more plast (g



flow than would occur 1in the real material
renderir.q these calcuations conservative.

The material hydrostat is assumed Lo be given
by a Gruneisen equation-of-state. This
equattion-of-state Is calibrated to a linear
shock-particle velocity relation for 2024
Aluminum, Equation-of-state and constitutive
parameters are shown in Table [.

TABLE I
Equation-of-State &
Constitutive Parameters for
2024 Aluminum

2.78% q/cc
61,000 GPa
25.000 GPa

Py (densitv)

A (Lame Constant)
u (Lame Constant)
Y. (Yield in Simple Tersion) . 100 GPa

C (Constant in C + SUp) 5.32R mn/us
S {Constant in C + Slp) 1.338

I (Gruneisen Ratio) 2.0

J.  CALCULATIONS
3.1 General

The results of the calculations arr  presentad
as a4 series of views of the samples and their
Interiors. We have plotted only mean pressure.
The perspective plots may be understood by
recourse to the cell zoninag conventinn of the
Laagrangian code. Th: index 1 denotes polnts on
the "a" coordinate axis, j points on the "p“
coordinate axis, and the k points on the "y"
coordinate axts. Thus, ftar a computational
mesh having nx zones of Aa slze tn the "o"
direction, ny zanes of Ap si{ze in the "p"
direction, and ng rones of Ay size in the "y"
direction, a plot  of  pressure  on the
k = b surtace takes a surfuce at "y" - 5 Ay and
plots the pressure contours that exist on i hat
surface at  *ne selectnd times,  We use the
notatton "a," "p," and "y" because the code  we
use  (an exterstve modification of SALY DY/
allews arbitrary boundary shapes rosulting In
"a, " "n," oand " material coordinates that are
gennrally not. llpear or  orthogonal, For
example, In the star calculations prosented in
Lthis paper the sample boundarifes in the g
plane  are Initially linear but they are not
orchoqonal,  One of the consequences of this iy
that. o« surface of constant  crll  index s
generally ot nlanar., Final'y, we omphasize
that the runs we are pesenting and  the
interpretat fons we cmaking are preliminary,
Ihe Flows are ox  enly  cumplex, The star
calculatton  used  a  computing  mesh of
15,07 eolls  (34(a) x 34(0) x 13{y)). This
caleulat bon eoquirmd approximately 1.% hours of
Gray 1 CPU Sfme to obhtaln L0 uy physloal time,

1.2 The Squaie Plate
Asv a peeliminary to *he caloulatfon of the

stbar, wo caloubated a thin waquare plate fmpadct
prohlam, The plate  dlmenstony  were 1150
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Fiqure 2 : Sample shape and reqion calculated

square by 1.5-rm thick. The plate and the
actual reqion calculated are shown in Fiqure 2.

Because of symmetry, we calculated anly one
quarter of the plate on a mesh of
20(a) x 20{p) x 13(y) .ells. Fiqures 3-5 are
views of the plate from  above with pressure
rontours plotted on  the plate midplane
(~0.75 mm from the plate bottom).

The plots are at times ot 0.5, 1.0, and 2.2 us
after Impact, respoctively., Threps features of
the flow are {nportant, First, plastic flow
occurs in the corners where  the converging
rarefactions from the sample edges  result  in
large  tenstons (i) khars at t ~ 0.5 us 1n
Fiqure 3). Second, the edge rarefactions reach
the sample center and metiect there, leaving g
reqlon of tenslon (-4 khars at ¢t < 2.7 us in
Flaure %), Views of thls region from the side,
Figure 6, show a two-dimensiona! flow field gt
the sample center,

Surprisinaly, n.t a qreat deal of yleld has
aceurred at 2.7 us at the sample  center, We
have not. run this cise beyend 2.7 ws.  Third,
the plate §s aliousd to rebound from the rigid
tmpact  surface (y - 0.0), The lateral flow at
the plate odges  causes  the edges to remaln
nearer the bonndary than the plate  center
during the rebound,  Thus, the plate acquices o
curvaturs (mddle high - milges Tow) as it flies
free of the rigld boundary. We will return to
this fact in the case of the star, |inally, (t
is worth noting that the edys rarefactions,  as
they approach the sample centor, are having to
travel throwdh a seeies of waves,  These  wavey
are  alteenate eoloases  and compression., that
travel thrauoh the sample thickness,  They  apre
restduals of the anltial shock and relea o that
Toaded and unloaded the cample, We  houe,  an
yot . hoen dnablbe 1o sort ot all the der g1y of
this aspect of the caloglattons,



Fiqurn 3 ¢ The square plate midplane (~0.75 mm)
at time 0.5 us. Pressure contours

lie  between H = 0,065 i3 and

L - 1.0 GPa .

q, ) -

LN ’ )
o ! .

L

| v ) r

T ' 1 [} 1

I \

,:l . .~ .
hig a0 Vo oy
: ) .. |
. g . |
; { R )
| ’, \ !
i ) : . '
N - . 1

Flaure by The guares plate addplans 7 00,0 o)
at tiee 1.0 g, Doy aure cantoges
I{n helwren - 0,08 G and
Lo 000y G,

Jo3 The Star Mare

The aenoral Tdea heidnd gatng o a s Lar - haped
tmpact  plate  ty bt have The wilge rpeefact tons
divected away Teom the sample contsr 5o that
they sl hgoen the appartynlty o Met Tost "
Peenliminary  analysis of 4 star catrulatton
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Figurn 5 - The sauare plate midplane (~N.7% rm)
at time 2,2 us, Pressure contours
e between H = 0.003 GPha and
L 2 0.38 GPa,

Flaure 6 The squarn nlate In crogs section at
time 2.2 us. The plan» (s p ~ 0,
Presuuro contours lle hetwonn
W 0,040 GPa apd -« 0,414 GPa.

(38(4) « MG « 1)) dndicates  that  come-
*hiea Yike *hiy "qetting  lost™  does happen.
The caloglatton has been pan to 3 ous, 1S Lines
thy t{me required tor Lthe edae rarefact ong  to
reach  the  sample contor, We can  find no
eviderce that  parefactions  have  pedched  Phe
sarple center at o that time. Flgures 7 and o
show the - tare mbdpbhine (0.7 'm team the star
bottom} at 0% and 1.0 s atter wmpact,

In Thigueo 70 the pressurs ranges from 91 to
1e? vhaes and sifage eareticttons have  traveled
tn LY ren, In i tayre A, “he leading adge of
the  rarefactian i beginning  to dissipate
bacaise of  Lhe  diverdence  Intproduced at the



center to an {nside corner, is providec by
Figure 9.
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Figure 9 : The star plate ciuSsection oan o = 0
| at times 0.1 pys and 1.9 us. Pres-

~ ) \ .
e N ;o sure contours, respectively, are
LW _ g Ha=228GPa and L = 0,253 GPa;
ey ) SN H = 0.197 GPa ana L = 0.098 GPa.
\- L~ These views are at & = 0.1 us and 1.9 us and

show pressure contours on the plsne just
described. The view at 0.1 us shows the
fnitial shock. Vorthman notes that the stars
recovered in his work on LiF all had the tips
broken off. Figqure 3 confirms that the star
tips underqo a qreat deal of strain. It is
- oa evident that the flow 1in the bulk of the
L ATE Lo central section on the plane plnttad here s

. ! . one dimensional. We haye not done an extansive
/ﬂp'ﬁf' PR \ ] series of these caleulations, hut  this

Fiqure 7 : The star platn midplane (~0.75 mm)
at t.me 0.5 ns. Pressure contours
e between H - 0.12% GPa and
L = 0.983 GPu.

preliminary result |s enzouraqing.
4. CONCLUSIONS

% . (/ () i Preliminary calculations of a star-shaped
(N sample undergoing shock lnading  indicate that
' {' " l this qeomntry may he an effoctive means nof
/ (\ () _ protecting the sample midsectloan from  the
g N WL ' effects  of radifal rrlesse. While  the
d. i L o ! L calculations yre encouragivrdg, mare calculationy,
i . L Vo " with increased spatial  resalution and lopger
T - . BN runtime must bo done to contierm this fact.
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