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THREE-DIMENSIONAL COMPUTER MODELING OF A SHOCK-RECOVERY EXF=RIMENT

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

Los Alamos National Lahoratory
Los Alamos, New Mexico

An ideal shock recovery experiment wonld be to subject a sample materlal to a slinale,
vell-defined shouck fallowad by a contralled, beninn reledase of the stresses and
velocities aeneratal. The process shonld be such thal any chanqe found In the sample
after recovery conld be attributed to the shock process »lone. In any real experimen:
with finite-sized samples, rarefautlon waves dre ganerated at the edqes of the -ample.
In qeneral these rarefaction waves can have a larne effect on the sample, which is
Impnssible to separati from the effects of the shock a'une. [t has leen sanyqested
that samples of cirrtain shapes will have a small retlan In thelr interiors, which Is
substantially free from Lhe effects of edue rareiactions. We will present the results
of theop<dimenslonal compnter calcnlations tdone to test this hypochesls.,

1. INTRODUCTINN

Vorthiman aml Duvall empluyesl a  star-shapuil
sarmplo as A means ot wltigating lateral release
wave »ffects at the samile cenber in thrlr work
on lithinm flourine (LiF).* The partlcnlar
expirlnent ol arranigpeient, thry nsed was a
modIfilcaLion of 4 techulygae ariqintlly proposinl
aml useml by Knmar amyl Clifton,* Noth of these
shock recavery ideas rely wn o three ellienslonal
attmmmation offects., Otuer technlquaes, knuawn
to e falrly successtul, involve the nse of
guard  rinys in twe-dimenslanal shorck recnvery
experiments, " Numerlcal calenlal tans uf
fmpeacty  Invalying the ynard rlng cont lynre:Lion
have been dee hy Stavens aml Jlaes,™ 1o this
paper,  we  preseat  peellnliary ppoeriee |
calenlwilans af g protabype Lhree-dlmasional
Impaet peabilenr In which & star-shapest sample,
thin with respect ta ILs averdae otlareter s
stmelied, Thrr shapie  selerted  Is Lhet  af
Vurthewa et Hava L1, shawn Ta D lauee 1, g e
Impact, af the  <tar 15 anta a rlgnd lmandarey.
The wiater Lal Ia wsqoreed  En b wimeealedd 070
Aartlnam et the Jegacy, yeloelty o8 D17 m/pe,
Thr canstiinblve rolagtion oo elasbiepeetedt |y
plast Iy, amil we laave Lakew g vield shemoith in
sloaple Teasbon of 1 kFhar,™ Lar  comparisen,  we
have  alva ene an legenct pralilewe astna g it
sy plate gy g samnele, Thir ey af o the
Lhin Seprare plate gud The 1hla w14 shiew, utie
reapeas by, the gegpeaved eosuelty dae e qeg-
fevwer b1y,

2. LHRY

We  ane The soamplest oo las? fe-plant le o vougi it
Plve  wvanepiran,  elasl e peeteed by plast e,
e yuleer dwelaves as Hlue g elga by mgteraal
at 1L the s gl wpmtoct gl Che SLeesy cloviatar
tenaae  vagemby, 2/ Ill". wheee Y 15 the yield
wheens ta lemle towsiamy,  When yleld woeney,
Phe  stresss levbatae, are eplaeaed aarmally ty
the vaeld wactave, wiebel aeee oty g mliaplyiee
each  af The steviaiar caegieealy, by 1 caastant,
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Flanre 1 5 Saemle shape and redglan realat,d,

vy Is nueewtl tn the page,

Lheeotw  rmlie o Phe ealoe pemdart af e
stews clevbatary te the valne 71 Y Thpe
Latal steaty ts kpmwn aml Lhe aempel, nf whasttr
Heviatae  straa sgppocted by the Al pent e
strogs toviatr, Is  Knewr, Theae et
Lot e witle The asqanmpt toan Lhat Lhee Leaee ot
Lhe  velwe ity qegdienr tensar by pul gl bered by
plasite stratn gllows pactittonlan af the tatgl
strarta aate Vhe wlastte aml plasy e gaarets.
Wart e s 15 atben geeaneted tar Dy e o
Lhe  yteldl strengih o e blan at the gty
wWark aml seews eelaxal tan b aeedants] fae Ny
ansuenan  the  Laebar soweel baowel[ust the o1resy
deviataes bavh ta The viehl airtaee 1y g
fame b af t lee, Nielther stress celacrt tan
nar woek Haeelevery ey ar'e nnee| mn Lliene
caleelal tonsy, ey vesalts  tn ennte plast e



flow than would occur 1n the real material
renderii.g these calcuations conservative.

The material hydrostat 1s assumed Lo be given
by a Griuneisen equation-of-state, This
equation-of-state |Is calibrated to a linear
shock rparticle velocity relation for 2024
Aluminnam, Canatlon-of-state and constitntive
parameters are shown in Table I.

TABLE 1
Equatlon-of-State &
Constitutive Parameters for
2024 Aluminum

2.7185 q/cc
61,000 GPa
25.000 GPa

py (densitv)

A (Lame Constant)
u (Lame Constant)
Y, (Yield in Simple Tension) . 100 tiPa

C (Constant in C + SUp) 5.328 mn/ys
S (Constant in C + Slp) 1.334

I (Griineisen Ratio) 2.0

J. CALCULATIONS
3.1 General

The results nf the calculatlons ar  prisentw]
as a series of views uaf the samples and Lhelr
Interliors. We have plotted only maan pressure.
The perspective plots may be understood hy
reconrse Lo the cell zaainn convent Inmn of  Lhe
Lagranyian code, Th: {ndex { denotes polnls un
the "u" conrdinale axls, j polnls on the “p"
conrdinate axis, aml thy k points on Lhe "y
coortllnale axis, Thas, fnr & copentat innal
mesh having nx zones of Aa slzy In Lhe "u®
ifrectinn, ny zones af A slze in Lhe "p"
Mrection, and nz zenrs of Ay slzr tn Lhe “"y"
rection, a  plal of  pressare o the
kK o+ % osurface takes a sarfurr ol "y" - Y Ay aml
pints the pressure contonrs thal exlst i hat
surtace gl tae splecteill Lhies.  We nspe the
natatton e, "p, " and "y" hecanse Lhe code owe
wsr (an exteaslve muliflcatinn uf ALY/
Allews arhiltrary bomtary shapes  resultlig In
“w, "N o "y material conrdingtes Lhat aee
genterally  nut Tlotar  or arthuagmal. o
wxample, it Ll star calenlations presented |n
this paper the saeple lomndarvies In the  “u-p"
rlame  are  Initially linpar fiat Lhery ary nat
orchagaual,  Noe af the consequences al Lhils s
Ll o surface  of constant  cnll hindex s
teorral ly wal thanar, Finally, we omphasize
that the rans  we  werr ueseabing gl the
Interrpeet gl Ty we gk g are el lmbnary,
The  fluwws  arre ox aeely  vonpliex. Ihe slar
calenlat len  nsel g cimmt larg mesh nf
149,001 rells ((«) x 24(n) x Vi(y)). fhis
valvulat lan vequleed appeaxiaately 1% s, ot
Lray LB Sl Lo alibaln L0 s physleal e,

1.2 The Sz e IMLare
A prellminary 1o “he calinlat lan af the

alar, we calenlated a thln weveare plate  mpaet
traleter, I plate dlaeastony were 11,30 em
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Figure 2 : Sample shape and reqion calculatedl

symare by 1.5-rm  thick. The plate and the
actnal renion calcylated are shown in Fiqure 2.

Becans of symmetry, we calculated anly one
quarter  of the plate  on a mesh of
20(n) x 20(0) x 13(¢) olls. Figures 3-5% are
views af the plate frem abovee with pressnre
rontonrs plottird  on the plate midplan
(~0.75 wm from the plake botlom),

The plots are at times o1 0.5, 1.0, aml 2.2 us
after lmpact, respectively. Theep fratores of
the flow are lmportant. Flrst, plastle flow
ocenrs  In Lhe  corners where  Lhy cunvieryging
rarefactions from Lhie samply edgrs  presnll In
larye  tenslans (it khars ol t +~ D% s in
Flynree 3). Seenmel, Lhe vdae rarefact luns rrach
thir  samplie conber and refject there, leaviag g
redqlan nt Lenslan (=4 kbars al. t » 2.2 us In
Ilyer ). Views af Lals roqlon from the sl
Figure t) shinw o bwa-dlimensional flow flald s
thy samile cealer,

Surprlsinaly, n.t a qreat deal at ylald has
neenrreel at 2.7 ps b the sample  peater, We
have anl e Lhls case heyemd ¢.2 ps,  Third,
the plate Is wliownl ta velonmed frwn the  ringld
Impaact suetace (v - D), The lateral flaw 4t
Lhe plate wlges  canses Lhe  wdages ta remaln
wearer the  hemeliey  than e plabe cenloer
darloet the pelmamd, Ty, the plate aegutses o
enrevalure (meeldde il - weles Tow) as It flles
froo at Lthe vighl aamlary. We wlll relim i
this faer o the case af Lhe star, Linally, 1L
{s warth nut Ing Lhat thy edoge parefaclh lons,  an
Lthey ot e sampede coater, are havliog tae
travel thrandh w serles af wiaves.  These  waves
are wlternate celegaes ol compress b, Phat
Lravel thronah the sample [hlcknesy,  They  gee
resbhnals at the caltlal shark winl reles o that
Tengelen] el vt e soample We o, a
vyt heen noalede 1o saet o ant gt Pty et ]y o
Lhls anpeet af the exlenlat tans,



Fiqurn 3 ¢ The square plate midplane (~0,75 mm)
at time P.5 us, Pressure rontours
e belween th = 0.065 3 ant|

L - 1.0 GPa .
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Flgare 10 The spraes glate algqnbaes 4 D00 emd
Al Llewm 10 e, Myps e cnan iy
It ter ] wernen o 0t nlte aned
L= Dodw kg,

Jo1 e star Mare

The swepeeal Tdea bestlaed werae La g s ge - hagest
Impar b whate Iy Lo hgve The ebae eqpelact 1onsy
dbreetml away frae che campede conter o 1hat
they  vaaht tey e Phe appartanily 1o “swel ot "
Mol mloary  analysin at 4 stae ca'onlat Len
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Flaure 5 - The swnare plate midplane (~N.7%5 rm)
at time 2,2 us, Pressnee  contours
Ile between II= 0,NM3 Gl'a and
L = 0,30 GlI'a,

Flanes 1o ;0 The seare nelale In cross seet lon ot
thme 2.2 ns. The plans Is b =+ 1,
[UTRXRIIRD canlagnres 1le belwiten
I D, Gt aned 1 - 0,415 Gy,

(38(+) « M) « 111 ))  Indivates  that  sompe -
“hilea ke chly “qettina Tast™  glaes  lagape.
The caloelab voee By teene e S 3 oen, 1% Lies
the tlee reauieesd tar Lhe eede Peef gl ey Lo
craclt  She  sample  center, We cann find nn
avideree Lhat  rarefact tony,  have  regched The
el oo gt that time,  Flanees 7 oamt 1
shoew The tae mbelbme (L 7% em frme the  star
lat ey ab % g 1D g% gt ter tmpete b,

In tives 70 1he pressave camees g CHal ta
Lo btaar s el sl carefac b bany have  trgvell
ln 1% vet, Iit o tagee 0, he Teadtneg edse a1
the  egretaettan I Dedglaning  ta disspare
becanve 1t Lhe  dlvergeace b rmbaeed gl Phe
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Flqure 7 : The star plate midplane (~0,75 mm)
at t'me 0.5 ns. Pressure rontonrs

Ile between H = 0.12% (Pa and
L = 0.983 L.
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Flomrre 01 2 T star plad mldplaee (-0, 7% mm)
at tlme 1.0 g, Pressary  yanlonrs
e betwernt  H - Dol Kty el
lo= D.ANY ',

stary lnsele carners,  Nule glsn the  gaset  of
Rl presswes pealany b Yhe Tnshde vorners
heranye ot the canvergent tlaw wecarrebe? Lheps,
The  Ebgle pres e eoban e e aeg 1o spraw
the star Lips is unl o clearly  amboes Lo, W
bellove 1L ey I g consitienes af 4 yoevecylng
flow resnlting trom an elastle conlrgcr 1 of
the  eddaes  af ke star Plps. VThe star fesplny
Tta vofmmma Ta Lhe glaty 0 4 aflere Ippact,
In capeeer with Lhe Seare plate, the stae §lps
relimnot with & sl ler velm otw *han Lhe  sbLar
cont e, A owidge glew ot the slar, lauk lay
dowee g aneen ] 1o g pelaee shirawn Cram the  sbgre

center to an 1{nslde corner, 1is providec by
Figure 9.
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Figure 9 : The star plate ciussection an x = 9
at times 0,1 us and 1.9 us, Pres-
sure contours, respectively, are
H = 2,28 GPa and L = 0,253 GPa;
H = 0,197 GPa ana L = 0.098 GPa.

These views are at t = 0.1 us and 1,9 us and
show pressnre contours on the plane just
describel, The view at 0.1 pns shows the
fpnitial shock. Vorthman notes that the stars
recovererd in his work on LiF all had the tips
broken off. Figure 9 cunfirms that the star
tips underno 3 qreat deal of strain. It is
evitlent  Lhat the flow {n the bulk of the
central sectlon on the plane plottad hece s
ontt dimensinnal., We havi not ditne an extanslve
serfes of these calculations, hut this
preliminary result Is enzonraqing,

4. CONCLHSTONS

Prellmindry calcnlatimms  of a star-shaped
sampele wmdernolng shock VYoading  indicate  that
this cleametry mty be an cfleclive npans of
prolectinn  the sampliy midsectlan from  the
effects  of radlal relavsn, Wielle  the
calenlatlons e encemrahicg, cmre ctlenlations,
with Invreased  spatial resvlulfon amd lonyger
runt lme emal b oo L comt lim thils fael,
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