
#

u-IJR- 93-2276

(’[”t.w ‘‘-(
L\,wJLd’~’ I - 1’

Tifk):

Author(s):

sutnnmdto

LosAlamos
NAll(_l NAl [A HollAloll Y”

MEASUREMENT AND ANALYSIS OF THREE 1.5-GPA
SHOCK-WAVE PROFILES IN COPPER

Richard H. Warnes, M-7

Davis L. Tonk~,, X-4

Joint AII?APT/Al’S Conference on tliqh-i~re:;s~lre

Science and Technology,” Colorado SPrirl(lSF ‘.()
American Physical. !+ociet. y

DISTRIUUTIC)RI W 11 Ils ~OCUMEm IS UNLIM-

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



MEASUREMENT AND ANALYSIS OF THREE 1.5-(3PA SI{OCK-WAVE PROFILES
[N COPPER

I?tchartl H. Warms and Davis L. Tonks
lA)S AlimIos Natl.m&I1IAxlriltmy

Los Ahm(w. NM H7545 [ISA

Three wave-profile rxperlmenls wcrr prrformcd on OFE fully iinnealed (MN_)‘T (or OIIC hour) rt)ppcr [IS
Ing a 10 1.6-mm-dlam gias guIl d Impart vclodttm of 86 m/s. A symmetric Impact produmd a 1.5 CII ‘a
shock v:ave III the larget. A sapphire window was bonded LO[he front (m ,n-lnlpa(t] lam’ of (IIC iargri,

and a four- detrclrtr pu~h-pull velodty Inlerferomelcr (VISAR) rnrasured Ihe velnclty of [hr (wp
per/sapphire lIIIerfacr. Thr ln~pil(.tor thickness (4 mm) was Ihr same 111iIll ~.xperlnwnl+: lllr IiIrAtml
Ihlcsknesses were 10, 20, and 30 mm. The stresses ilnd strains, illciudlng lhc (Itwl;llorlc slrrssrs iIINl
strains, have been extract ed I,, III tllcsc dill;l using a III IaSI- [A~grangftin undysls. f’flw wilv~~ ilr(- II(II

Ncmdy.) The usc of thrce separa(c shots III Ligrangiall analvsk+ vickls oI~ly ilpproxllllale rrsulls Ihr tIltm
dmdatorlc stresses: but lhr reslllh+ for [he nomml slrexwe;, iu~d (or the strains, are lilirl~ il(’(.lll-illt>,
Even though Ihe strain r:atrs fall III Ilw I Iopklns(m bar rrglme. the mcchanlslll O( (Ilslo(’athm IUOII(NI ill,
prnr~ 10 be dlslot-nllon drilg, M IS Ilw l“il~~ for slr(mgcr sh(wk wovcs III C1[I.

40 -
H1207

G

~ 30 .

A
= 20 -
8
z
* 10 -

0 ‘ I 1 1 1 1 1
0 0.8 1 1.6 2 2.rJ 3 3.6 4

Tlma (II-)

lu~lll”r I I’;xpm’hllf’111i I 1207: 10 IllIll 1:1[)![’1
‘Ilw vrlof’ltv Is ill Illr (“11/sill~ldllrr Illlrllilf’r

11)111(.s(.Illlrr low HII”(”+H,:I)w Nlrillll 1“.111’1“.\
IWIIIIWIIIH Ilw lIIIl)i II’l I)r tlll(. hlwss W;IS 1 111111.
;IINI IIw I;IU@ Illk,kiwisrw wrrr 1[) IIUII. 2( I 111111.
illlll :10 111111.I)rl; ill% 1)1 111(”rxllrl”llllrlll~ OIlf’
p.lvrll Ill ‘I”:llllrs I :111[12. “1’111.W:lvr 1)1’0111(.%,11 111(,

l;ll”~(.l/x:l l)])lllll. Wlll(ll)w Illlrllil(’1’s ;11(’ 1)11)111’11Ill
1,’1):s, I :1.

I’.llllr 1. I)llllrllsh)llw (I1 t’{l:lll)llllrllls Ill Illr rxllrllllll”llt%

Illll)w’till
—..

“l”;ll~rt :;;I[)IIIIIIC wlllllll\v
I,;slwllllwlll ‘I”llk’hllrq- 1)1;1111 ‘11111.kllfv+l I )Iillll “I”llk’hllr!r+ I )1;1111

N(I [111111) [111111) [111111) (111111) (111111! [1111111

111’?()/ :1, !mtl !l!), !1!)”/ !), !) /() !)l. !l! ):) ti!i. () !!()()
111’2,0M :~,l)}{j~ !l!~ !),1,1 l!l,’l!iY !I.l. !)!):l 2!; () !100”
Ill”,J,’lo :1! )}4H !.l), !),1.; :!!l, !)”/’J :,.1,:).1[) 7.!),[) !)01)



.

Table 2. Impact velocities and VISAR~up.

Impactor Fringe
Experiment Velocity - Tilt (lmsi~nt

No. (m/sj (mraci) (m/s)
H 1207 85.7 m. 1 0.85 3!3.07
tl120fl 85.2 +0.3. 0.66 39.07
111230 86.2 tO. 1 1.21 39.(.)7
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Figure 2. Experime-nl I i i20H: X)-mm lil~~pt.
lh vclocIly IS id the Cu/saiqdlirc IIItm-iiI{*r.

iIlgIlrr :), ih;mhlmll i i I2:10::10 111111t:11gel,
‘ilw vrlo(.lty Is III Ilm (:11/ wili)illrr Illlt-riiu”r.

data available here, however. are from lhree rlif-
[crent experiments w!lh [hree dill_errnt sample
thicknesses. (See Table 1.) Shot-to-shot vari:l-

tions cloud lhe shaighi[oward appiicat Ion ot’ IIm
technique 10 ~hesc data. For exampic. ns seen in
Figs, I -3, experiment I i 1230 has a somewhnt
iargcr peak veiocity than the others. [n order 10
appiy the i~granginn method, ihese vallallons
must be elirninaivd in some fashion. Thcrei”ore,
ihe Frcilies for experiments i-i1207 and Ii 1208
were scaled in veioclty to make lheir peak Ye
Iocilies ideniicai io that of shot H 1230. (The
wijustments were minor, less ihan elghl per-
cent. ) The method of iitlilly~is used iwre ron.
sists (II’ a iagrnngian tmaiysis to~ether with IIIIS
;IIu-i nlhcr nwthnds oi’ eliminating shot -io-sl]oi
variai Ions (io be drsmlbwi shmtiy). it will lx’
ralkd a psrurfo-i~fgangian n[lalysis.

TO csiinl:lte ihe extent oi’ the error, earh wnvr
was analyzed using the steady wave analysis of
Wallace [4] nnd [he resuits were conlpilrc(i 10
Ihni oi’ Ihe psrurfo-Lngranflian mrlhod IIsc(i
ilert.. ‘i’iIv sicmiy wuve resulis :we ,1’riv 1101
correci, I)ui pmvidc wllr wri of lxm II(i Inl ihe
rorreci rw+uli. AS seen Itl Figs. 4-7, ihc rrsllils
i’rmn iwih malyws cmnimrcd Fairly rhwly fm 1111
[Ilmn(iilvs cxrri)l lhe [ieviatorie dress, whit”h IS
[he fiIIaI~iiiy Inosi wmsillvc ICI rrrm. Nrwrllw
Irss. Ihr two versions [)1 Ihe fitwl;llorlr %1I-( bS.+.
Fig. 5, ;Irt- AmiiiIr, [iilfrrlllg :Ii 111(1S1 I)V ill)(llll
:10%.
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