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ABSTRACT 

/1.. L,.ci-,n.c1ue lias oeen developed, based on the rnanganin Wire trc\.TlS­
(~ L.. CL ::"- , '.,,; J-,~ c J~ ,;c.ab l cs tnl: sLress -time profiles of shock and release 
W ' J.V\.:.:J ;JJ.-OLlUCf.; d in a Dlock of nlagnesiurn by the inlpact of an explo­
."ve,.j uriven ll.YH16 plate :'0 be recorded. The profiles presented differ 
in)rr. "nose th<J.t would be predicted by hydrodynamic theory; in partlc­
,.1Cir, L~IC to? of the rded.se wave is traveling approximately 30 % faster, 
/\. l'C! .. case stress -strain path is derived from the results and it is shown 
tuat thi:;' can be interpreted in terms of elasto-plasticity. 

I;,rTRODUCTION 

There has ;)CU1 consicicr;li)lc eli sc:ussion in 
Li1e literature n~ cently sug-gesting thal thc be­
haviour of soLds und(;,' high shock stresses 
cannot be adequal i?iy deseribcci by hydrodynamic 
theory, and that the eliee~s of YIeld strength are 
imll0rtant [1]. Severa 1 eXIJerimenters have re­
ported the initial )a.l't5 o£ release waves behind 
i.ntense shocks ~J';welling faster than hydrody­
namic theory wou ... ci predi-:t [?:-5 J. 

We have at~cmptcQ to match the manganin 
wu'c transducer 'Lo a metal so tha.i it can be 
used to record t!iC stress-time proElc: of a 
plane wave insi(j\; t.he material, i.nstead of ob­
serving a frec SUl'lacc, ~i'i1e advantage of this 
mci.ilod is tbai, In i)nrlciple, tile interpr,~tation 
vi the res\..llts I~) :;jmpliflcd, ana a cOlllplelc 
r •• <tlhemal.lc.u ;d';l.y:"H ~; l~ possible, um.:ompH­
cated by lateral sU'ain effects which have 
plagued much of ii-IC e:lrlier work on plastic 
waves using rOGs and w(res r6], or by the need 
tv assume ~ t);l:r 'L~cli~~r l:heory of plasticity 0 Out 
:)rC~~min<~: .. y l'esu~~s wiLl -iria.;nesium snow lhat 
; ~J.'c:.,s-i. i. n,(; J}l"o .. ·.l' ; S C..t(i. lJe obscrved and that 

1.;1(;S(: carl be i..t~ {;U tV c..tlculate tne stl'ess-strain 
LJ ... t:1 of l"l. n~~l;,l:':'(J prvcess. 

I ,.. l~·~.l :-:~ ~"". L \ ; .'" U~ ~:>l:(.l on tL\.; lj near p re;"> ..:'Iure­
J..0 ( J:" ,-~u-,c\.- C;j;, ... · '" .:~ L:.:.'J ~::l. LC of m~ijb; .!1 .. 11 !lc.t.S al­
r~;~t(;j t.k~: 11 Ub", ... , .) ({ji::d.Sl.l ... :e :;; t n :s';, a.-::) ~ d.mction 
0; tiIl~e H1 I:: .i.cct.,.'~c;:i.l ~ftSU ... z..tuL:> r7. Tv extend 
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this technique to a metal it is necessary to in­
sulate each manganin wire and its leads f.coln 
the surrounding metal without invalidating the 
stress-time profiles obtained. This maj 0C 
attempted by using an insulator whose sbock 
impedance approximates to that of the melal 
used) and by making the insulating layer so (hin 
that any significant reverberations in it a:.·(; 
over in a time which is short compared witil 
that bemg measured. 

Figures 1 and 2 show the de sign use~. Ti.1E: 
mangamn wire, oi 0,005-inch diameter coc.:.i..ed 
with glass to O.O OS - inch overall diamete:t 1s 
cast in the middle 01 a 0.025-inch layer of epm"7 
resin, loaded with powdered lezl.d borate s·lctSS 

of density 6,1 gm/ cCo Ti1e copper SUppOl'l LU()CS 

are 0.050-inch diameter, sur.tounded by C. : ;:'0-
inch diamctcr socia lunc I:lass Lubil~g', Wil H , i Ib 
a fairly good shock impedance matc..h EO ,TI~'bI1e­

sium. The loading of the- epoxy resin was 
chosen so that the proportional sum of tlle com­
pressed volume::: of the conshtuents was L.:;,ual 
to the specific volume of rnagnesium at ttl", 
pressure of the cx-periment. Glass and c;r:'oxy 
resin were Llsed because in iJreviotls WOL'.. Liley 
have be\'!li found to oe adequate msulatol':-- ··.·;:,cn 
shocked. The eilccLivencss 01 tne J.Dsul .. : J ,! 

was sli0wn oy the ;igreenlL:nt oblained bc,'. ·t. t:D 

the me;lsurecl pc.il<. IJres:.:;urc cdlCl thaL p"" ",-.. d <..:O 
from lne shock and Hyirlt; IJJ.~ltC i mjxu.: t VL\.) t:: ~t~es. 

In addit ion tIle accuracy wi· .. rl which the \Vl .c· ,' J.'e­
slstance re~urned to iib dnL~al vz..lUE: after ~_.t 

passage of the stress wave ina.icatcd tbzl.\ , ,'It 

insulation remained satisfactory and tha'L ":;000 

contact with the wire was probably mairlL l:1ed. 
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Fig. 1 - Arl'a ngernent of rnagne siurn 
block and flymg plate 

7he ;-t.:.G~c ;Jc~wecli the flying plate and tne 
lJ :.Jd-;. i~ aGJ"L.::-,,(;" ~.'I a~; Lo aCiHCV(' pbne (:0111-
.~;(Ji1 . ~.'; f',Ll ;'C :$ ~,,~(;W~, j-,ow ll,e :-;Ilf)\~k ;i IlU rc­
;\,~~t.SC waves J).n/.)al·:~jl.(!. The side:.., and iJac~( of 
the bloc~( are suilic:cntly rCl'1ote frorn the 
transducers [01" rcflected waves not to reach 
t;.em until tIle DH.::aEjUrements are completed; 
>j~ln( ' wave cur .. ci~~i()i1s are tbf:relOrC m<ld,tall1ed. 
'.\ .. e im;hlcl ur ~;le l,;J.tc on the blo<.:k is deter ted 
l,y Cap1d(. 'Ufll·:crlt., .. 'n': ::;wh<.:h p robes £1U::;,l wlth 
,,~! :,UT),lC(;. : .. e~l.l.ll l'OU,1d tne slluare n~gi()n 

'J:' ~Ll H.I "'i~ jj~.l; t' ,c.,IC'Ii.Uli~ Oll.: block i:::; rccov-
1' .. :1;<\ ~n 'n".· i))\ ,:(' ,lllCi JUCI::) n~,L sll(JW _tnY slgn 
{)J. 0C"U);;(1I;,. 
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?'i.g. 2 - Details 0: transducer anu 
Insulator (not to scale) 

to a release wave, which would have to travel 
at nearly infinite velocity, but is somehow .:l.S­

socidtecl w11.11 the shock front. Aaempts i.O re­
late thi s Lill 111 stress to ieatures 01 thE:' G2sit;J'i 
of the I.'XpC r il11ent, such as the shock d11i.Jt.u;il1Ce 

of the iltSuialor or its L:lickncss for exaILl,~eJ 

have nol been sLiccessful. lL could. then'lure, 
IJe duc to elli1cr ~Ol.!le OUler prOj]C.L'lY oi :>1'; 

epoxy rc.sill inSlll~lt()r or to t1h" :"1a~;lleslL;.n .tlloy. 
In a few I.:!xpl!riml.;nts til(' glass lubmg and tile 
resin '\\ ere replaced by thin ?'~F'E sneet; L:02 
profilcs 11"0111 tlh~s e shots tenci~d to bllUW " .:3"1:­
ilar Sil.p.:., but not when the rnagnebll .. m \l"~LS re­
placed uy Clluminitim. A .similar p.·c::, sl.ll'c-,,-ime 
profile r .. a.s lJeen rei)Orte(i in steel ! 8~ . 

TIH' stl"CSS c.rop due to ~.:it; rel(~ase \''. " 0 
begins at aOt)ut ~.2 micrusecc'nds. ';"ne :.'.j .. t. c~ 
the rel.;ase wave i1as a. velocJlY of 7.31. 0 . .:, r:.m/ 
sec rel~i.livc to d:e 111ate .l.' i<ll.. ·,;.'Iiich lS 30':': .• ;;r .. I2'':;'' 

than hya.roc1ynamic theory W0dlc. pl'c c·; ic-.:. ~, .. out 
the same increas2 as has been est.rllateCl~,}l' 
other materialS :2 -5 ]. This hisner \'e~o(. ~ , 
means That tiH: l')lj 01 L1l' l'eleasc wave ht'.u.ic 
caten "IJ v·nth ill.; shoe,,: ;c~ ,i;L·,,; ;iVl' ;J1 .. ,. 
t!Hcknc.·.·,'~s 11,[0 ,i,(' bl'J\.: '~ Ill: ',. ,j.). :.1""'" , 
preol.,::C:(! i.Jy iljT ul',')C,yn.""I .ei. .. , i~'y. /j~ ,,) . ' )I, 

shows ;:. t.Yi.-:-tc..t.i 0bcHiUr:)'am <i.l LV,,; A~J ~.IL ." , •.. L: 

thic1("1c:sses. 
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F igure 3 

L 

1"1" /1" J .... )'(!',:,IJl"r·- · 1(11e ,;scilJugr .... rXlS a.t J a.nd 5 Hying IJlatc thi.ck,-.t.SS(!5 
{v,', 1I,F~C()E;t;<:LJl1(': Ll;iJl. Illdrkeru} 

.. jC' .. :<.Ji~;; to:," ~, ,·~(1 .·;1·~ Sil11i._~t:'~ L;,\/ 01 ~)h,tpC 

".u,·;,' ... ' .1." .,,1.' .... · .• 1.1".,(.;-, :,' .)n c' d,;;U LVe ily,ngpld.te 
\ .• ,.J ... '" • .,.-, . ,,) " •... • ; C. L ,~'J::' ;-,J ,j; e ,0 ,:l"t.: J.·}l'L t tlielTI 

L , •.• : :;~""4)' \, \~ •. ~; 

". ~. \. ... \.- .... " .... ~ .J.. .':' .1. ' ~ ' .. 

,~.~_!' OJ'.,. ~'J ... , ... / 

.,' ) .... ~.~ 'i,J,.I.i..~ Lrr; :,ji~C'Vi()t!5 lnter­

",~' i. ,'le ...... e:,;~·· I': wave C:tt 

. ~~ ..,:» }"( ,(ni .if'c..t.(A!":> 10 a. .... ··C -

j; 1 oJ' vi.! .l\ . .il .•. 4"(" ( ... 4.fl'/.l ... 4 L l()J:S lCj "\-ve l' 

than Ll.d.l P.l'cv J.Ul..,sly fIll :,Sl..d·\.-(l. .d;~.Cl l'l lb 

conciliclec.i that ;_,it' .lna".l faL~ ~n .Sl:i.'ebc· 

Fig. 4b re.tJreser.ts the ll'onl o~ the :~ele<L '\\v/\. 

but itS possibly penurDeci by tile f;illhr;-· , .'1:":).;) 

effect seCJ! !.n Fi~:, 4a. r ... ·,hc il)~i,i.al iall J..~ .... (.\'1<:.:(:. 

by a CCi)St~l;H 5; ... ·"55 rC~ .. ,!Oli . ,j,lt Li'i.:n .l ~~.A·;:.e:: 
fall, I S 1 !;,'.,U:Ch.'il d:3 CVJlII ; ,,\.C ')1' I.j',(, .--;8);: . .•.. h 

of t:ie l' ,,~I"';,~(, '.,'y'LlVt: ira\.! (\; .. ~;i;c ,lL • ~Jl, .. ,I 

CODlJ!UtJ-:ilU:,. Oi..: .i:, unrcsolvcu <It :-",C)J.'L ,,,: -

lance~) as Ht Fir;, .j:l. 
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J..1' ,... .. G .. 1-' ,-!~I ""'~J)'~"'~ ~- l ... J1" .... t"J1~; .. i:·)ll 1'0;:1 jJy" ; I:C 

;) ... \.J.j~S ~l~ ,-", .U' ... l.-.1·.1'-.' 0~~ ~h~()C~\. (lr:-Ctval at the 
-"~-~l;,;) U"L'_.'-'> U'lL :-.r~oc..~ vC.tuc,l:1 C;JI'. 0(' L:alcu-
1~'~'..-1. .1.1. ';;';'~Il """"hU U.(; pc., j{ SLl'L'SS and nll:a.s­
L..J.'V.:l SI,UL"~ <idu L.~i~)(j('l. Vl:~\jt'lLlU; h~.l(i values 
W,iL~h ', '/t, ::l; c(Jll::'~.)LCLL will! L)ubi.l.shed data lor 
JY, u., 1.1 1= 3 ~ \. ::... ~,~ i'Cjf,! "l rJ" ~ J-"-l. );.4 ct tirf1.e and l ~12 

:-)j,(Jl:,'~ VCJ.C n . ;c~l, ; .It. G,~)l;.lill·(:-i.Unc .iJoll1l is cal­
Cl..:,.w:::c1 \" :.,-,'I..! Ld'::: :'"lvC,,( i.{j ~Iie ilYll1g plate 1S 

l'Ci:tCl,·(, ~.L'0!'.1 . 1,', .. ~ .s1.1rLlCe ~l:-; a H.:iease 
w~,Vc, r.J..'.~~s !,oir;~.' ~Ob(:lj'lel' w~Ln l.i-le stress-tune 
p:co;.ie, 8uu.:Jlc.s l-f.C VC~OC.l<1 01 the release wave 
I:v 0"; fOu:,a z,;:' a cor'~;i!L,O'LlS .lul1ctiO;) of stress. 
7r0m L:.is, C:Cl'~,:.i.~y arto particle velocity are 
cz..:culated ubin;; lile iollowin;; equations [7j 
based on con,serva~ion of mass and momentum: 

PI-eo 

)" 
" 

du 
-I' 

• rip 
-= J pc 

p 
o 

}:cr,::: /' represents ti)e den~ilY, p the stress in 
-Cit:; c..in:c~iOn 01 wave propae:ation, (' the wa.ve 
vt:~loc~ty rcla,i.ive to the local material (for a 
con~~r.uoLS w ... ve), <Lid ~ the particle velocity. 
':this calculaUon is Gone cit small stress decre ­
l'i'.cnts dow;;. tLc release wave, The wave veloc ­
ity i~) correci.CO ior movement of the transuLtcer 
v.itd expl'e::-,seu :i'dat.ivc to the local material, 
uSi.n;.; Ule c<"'~(~Ll;dtt::G particle velocily. De:ls1ty 
:,i~cl ,Iarllcil: v('l(i\:iiY at llie top of the 1'<:!1(;:1 .. (; 
Vv,IVt: :1 l';: \'lk,:l. ,j'()iJl puulislicd fllli~()Hd)j (l •• L, 
..,(Jl' m.l;;'nc,sJ1.Jj)} cOl're:...;punding lo Uw li1casured 
... ~trcss. 

/1~'1-lJ,.'2 :; ;·,nv;.;:', ~:,e resll~ting n'LC:1SC v.;­
-'.,1\'-; ,.1:::> :.11(1 "'" " '-' l.ilC cllrrp:'ll()ildil.f; ~;Lr\":-'~­
c.: ';\.In,I' i .. t· 'JI' ,d; .. I:d fl'(J!:1 ·.··xpe l.'dnt'IlU; :lL UI,I; 

~,,)/~ll(, t' Lit~.: \.UC;d1\ .),',. r~'h.c."')c ~ll'C .. ~~':li., n1.''-!(­

('c;ly (.II.I'~\'~'el., fl.")Ail Lit ' II{,.l'u(iYll,i.ftlC 1)1'('((,,'­

',\<,;";:-,. r~"'.I' :".l.',':;j:::-sLrd.lil Cl.tl've Lr::.t J.;1J:" 
:,d:( '" ,",;~'J\': I ;,e; :'lU:'.I)ri.ol and then D(;COi'1C.':> 

:') ,(.l, ... ·)V.'w.;.).'. ~..l"1.1.~.~ ~'~l.ri;JuL(:J "t,,--) elast.)-!)~~l:M)~:c 

~n~:"".J.V~\.I(i .... " . ..J~ \ ~f\' "t.llL~~J. • !"'.i' r~'llC i"'esLllt~1 at lL""le 
"" ... jJo •.• ' AJ''''(\; LllA.l:l\"'.\"..,~..,t..~~ jJ'l.V{' lJfJL .)('~·j1 dsec! itl 
. . •.. -. ( , (. . " . (' • • l' l ' " , .. t'l" .' 0 '- c i 1. 1' .::. 
.. d .. ,) \,./_,~,: ),J,.. ,j .lltL.\\l..l J"i ,Ji.'C,- ui::." ... t: .. \./.l A' .... l,J .. ;>u .... U ...... 

(~, ,\:."t-y l.u .. ; .. :l.~j-'J,.,-'·t:ijdl :;, t4.I~t l1 !'clJ.t If} 

: ... ;\.i'{'."-\"" '4~J"\t..t"·./t.JJ.~, ~ln c:l;':-'l.t;-:JLu!o)lJ.\' lCL'~~,h(; 

'~" ~:IJI.:t; )" __ " tHe, a disco.i'"iJd,lL'J' (,; ~·C Lt.:a~c . . , 
'lid.V:",! V':~')t":;_l.j ~J.:. the reVEl".;.:,,) y!t1j(! ~H illl, a 1i.\.4 

u ,1:'( ...... ,:~r\':~'j_' ~)~;~!..cd.U. ~"' r~t~ lJt.:J."i()(, 01 vii110tJt 

,;CH. '::-(.1,:-.:-' :,l.J.,c~-;~, Si,UWl, ~L L V(; ;.1Y .n~ LJ~:·j.e 

I ....... ~ 

~ile l'(>gH.I!"S ;UJove ~d'ld ;:;eiow i'c Vv:·,.~', ~,le l ~'-'~'-'l ':' 
dnG !L.aSllC parts 01 L:1C rC1C(lE,e ).',Jccss. ~'"c 
siL;e oi Lnc clastic ;~tre3S reh;2L~)O;:' h, Li-:c:;"('.LC,';.'2, 

~l G 1\:'J, clcLcl'milleci uY 'Lhc stress (~~ ;'lCrCl.L '.' JC­
tween tile j)lateau d,', 0 ~.i ... e bei~imiilJt~ 01 i.;u- rc­

lease jH'OCCSS as l'cccrdeci by OJ'n' f ... YU1t::-' ... ~~;:i.l~' 
thickness eXpCril1lcnts , Singi~ ex;,'crime;',ls <:;,~ 
SIX and Cig(ll flyin~:' plate tbici-,:ncs;5es SUi)port 
thiS interpret.a.tion, 

Fig. S - 1.1Cdl1 vclociLc::; 1-,.(',.!. ,'1 d",. L, 

1.'1'0111 ,'.d stress ?rU.l.He", ctt '.,,,L- ~l.'./LI·,;:, 

pj elf (' t!uckne s::; 

Elastic Properties 

Sorne €lastic prOljt~j .. ties CZifJ. rlV\\' ,)C .::..1.1(....:­

laled fl.'om tIle elastic Zi.,;O pi2.SdC \':~L'''L' ,,,,~"J ... :,­
tie!':>·~ ann (' . Bulk mvciulus is ~0 ... "", II, c •• t: 
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