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LrdrlSl& l.lmt!s cdrl bt’medsurcd cm mdteridls ot

re~sonahle thickness. Thin drivers and long

runs alsu keep them as free as possibl~ from

]resjure pulst!s dt the time ot impact. Part of

Lt’risstudy has been devot~d to finding }11. sys-

:erns thdt ht~st maintain the ;Iatness neetied tor

jood pldrle-wdvi! [Ixp(’rlmunts. [t wdS d]SO ~l(!Ll’S-

;ary tu d~termint’ plate v~locit .y-rtistdnc(’curv{’s

for a r~’d>undbl(!assessment ot the problem.

He have invcttigated the use of what we cdll

;he ~ouble tree run (l)}It)systtw. Here drl H!

iriver System (first stdqe) is used to uv(!r-

irive, dnci to mdintain pressure in the I{L ot d

iecond smal ler dldmeter system. Sane work donf?

Iere circd 114(J(Ishowed that some increase in ve-

ocity wdS possible. Because the number of com-

binations for doing this dre really quite Idrge,

:omputtr studies were used to chest! thr systemi

.0 be I?VdlUdted.

All phdSL!S ut th(” progrdnl hdk~ been lnvcstl -

Iated by calculations dnd by experiments. Un{!

Ispect thdt th(! calculdtiuns cdnnot dddrc$i is

rhether the metdl pldtt?s bredk up, dnd it thi!y

10, when? Rf!slllts of smedr cdmerd (!xp(’rimt’nti

K2re us~d to Pstdb; i$h critprld for thdt,.

‘. 1111[)IA(;N~I!Il1(.’,

lhl’pf’rformdrl(.rlof Lh(’ ‘>y\[(Illl\ Wd”, (’vdlu(ltl’(l

y m[)rllt(lrl,l lnI:Jd[.f[)r-l)ldtl’ drrlvd I dfltlvl’i-

,~ity dt dlfl(’rl,rlt141v411,,wll,h d multll]l[l ll(l’,tl.

dp ,In,Ily/{,r (MIA), vivw{j,il,y ,,~w,,,,l,irl,j1,1,,,1,,1

dmrrd . III(’MIA lt)n’,l”,tl,01 ,1 PIIIx1(II,I’, 1111111111

dr 011 wlll(.tl~flv(,rdlrrl,itlv~}ly thin l’litxl~lld”,

f.rip< Ilrlv!,l]~,f,r!d!.!,,!,lll~da l(Jn,;~rlf. (1(1[)1.,,Wltll

ouhll, ‘,?I(} t.dill’ 11’(!vln’~ !1 “.111,!11 1),111 ill Itll,

(’ntrdl drt’il fI II ,, INIIIL (Id’, . Wlll( II IY1l’ t ‘, I 11/tlt

ht’n (.l(l’,l, (1 by Ill!, \ll(l( b . Illrlt(, of rrror(” lr~},,r’,

f l’ll’Xl~IllIC, wllr(’ 111,1111.,(J 111,11 ,,)1{), } “it rl’rl,llll

oul(l 1)4, (1(. li, rrlllrll .(1 d,, ,1 fIIfl( I IIjrl III f Ilrl,

(.AI(.111/\IIIHJ’,

All 1.)1(111,11illrl”.wllr I. Irl,l(l!, IIl,lrl[t ,1 I w{) 1111111111

11)11,!1 11111. f 1,111 )Iyllll lll,ll,lllll( I !1,11, Wllll III 111,1 II

naLiun drltt prupdqdtion yovern(~d by d Jwl l(J\.

Thr cttec.ts ot confinemt!nt and r(’ldt(’derig(!

effects were studied USlng the full 2-’) cdpdhil -

ities ot the code. Plane-l,4ave calculations were

dlso made to study the effects uf Ill gd[l drld

platt? Lhll.kness ur) p]df-(} v(?locitl(~s. in the PX - ,

II(lrim(’nts [)lcrne-vfdvc HI lpr:sf!~ w(’r(’ IISII(l. 5inr(J

it is d major task to c,)lculatf> t,h(l (1(’t,onation

ut ttlt’If’r)’; , dll calr-u]dtions wur(~ InddI’ with the ‘

primdry 1{1. only. The etfect uf the lens must De

dr.fdcdwh~’rrcumpdriny the Cd]CUldted dn(l expl!ri-

mentdl r{!iults. ]t Wd5 uSSUlll(!d thdt dll dlHlt?H-

sions scdlt? (velocities dre invdrldrlt), dnd t.hdt

ther(’ were no time-dependerrt effects. lho prob-

lem of pldte bredk-up was not dddresst!d. 3pdces

bt!twe~n th:+ pldte5 dfld IIL in thu vxperinlents I

were fill[!clwith hydrogen dnd treated ds voids

in Lh(, f,Jl~uldLIUnS.

4. IWU-I)IMIN>I(JNAL ttll~ls

on(i Ot thu gOdlS Ut this progrdm wd~ to llldXl-

mlz[’ Lh{l u\otu] drt!d tor d giv(?n plane-wave

Inltidtor. [)n~’ wdy to do thi5 is to just US(! d

lar~j(lr didmet(lr 11[. In doinq this Lhv dctuu1

dr(?d Conlp 1 (!t 1’ I y fre(~ fr(xn sidv dtfecl-s r[~mairrs I

Lhl’ ‘,drn(h hut f.h(’ it’v(’rit.y (J f th(’ (ll,ltlt~lriull~

l’lfl’11”,, l’.~l.s Id(jqin(j I’(iIpI,.,or !~ow, (.dllIll’

mlnlml~{’li ‘,um{’whdt. II[)WI*VI’I’ , If Lt!l’t(ltdl Illd’,’l :

() I 1!1 l’) I Irn 1 t.IIIi ,

I)l,lll,r . hI, II,IVI, rlr)t

tldvl’ 1)(11 y ((ml~)dr,’!l

i lIIISmIInf wlttl nr) (t)n

IJIIIto i[)ntrol {lflv{I

Illrlly 1’.lJy -.1,11,11,1

11’,lnll I {)r)f Ir](wlt,rlt Indy 1)(’

‘Itlldl (’(1 I.tll!l (1’. ~ll’( 1. dnil

I III, III fII{ 1. III ~j,lrl,i(ll(on..

nlvu{lrll.. A Illt’t. hl)(l dv(lll,l -

IIl,It,II d(((Il(hItIf ion ,11111 VII-

rlfl I t,,. ! hdl t r{tru r 1111

I)l(ltl,:)y ,1 (1,111. Ill 1~,1”,1,’,I,BII,IIIIIIf} ,1 (Ifl I, {Ilnli,fl

,, Illrl,llId’,llll]r}wlli,lltt:f~y f low ,1(rl,.,,,tIll, f~(lll

‘,lrl(II Ill,~. ,Ir~, 4’n”mi*rllidi Iv ,1t ,Ftllt) I)ri.,,.,(llf,

(Illr Irlll IIIJI f 11111,. Ilow(, vf, r , wh(, rl I tit-y IIl,)f II

[Il,ltl, 1111,,,,.,,r(.~, 1,1111:1 Ill) ,Iflll 1111, l.l~lo’,lvl,

1111( 1 ,, WI II flllw t.zp,lll(l IiIll r(llly II 111!1 ((lIll

l,, ,,,11, ,,,,1 ;,. 11,,. l,,..., III I)fl,’,’,llri, III, ( .III,, II III

WI* Il,lvl, 11,,1, (1 ,,y,, l!vll., .,11111 1,11 10 Ill,]! I II I

WfIILII, ttII, rwll ,YI. 11,111,, ,111, ( IIIIIII(Ifl, fI.
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FIGURE 1. A set of Calculated Dlate orofiles
showing the effect on the edges of confining the
driver plate (the solid areas) with a similar
but slightly different unconfined system (the
open areas). In both calculations the lens and
HE were unconfined, but in one the driver plate
was held in a piece of iron pipe with an inside
diameter smaller than the charge (the long rec-
tangle at top of figure). Th~~ salient feature is
thdt the HE-detonation wave causes the ring to
expand inward a bit and directs the expanding
gases in the cavity in such a fashion that the
plate actually develops a lead in the outer re-
gions instead of the ldg at the edge in the un-

confined system. Such systems would appear to be

almost ideal in thtit if they were optimized long

free runs could be used to reach maximum plate

velocities. This effect hds been verified t~x-

perimeritdlly.

!). Skt]AltAIIN(; 11{1 l{t ANI) [}{1 l)RIVLk

This probltw hds he(~n dddr(>ssed primdrily by

1-[) cdlculdtion~; (.om~)lete (’xporirn(~ntdl v(!rifi -

Cdtion hds not yl!t t)t~en (fOn{’. v,iryln(~ the sei)d-

ration I)t’tw[’(’n tho Ill dn(i drlv(’r provltf(’s anoth-

er wdy to (ontrol ttl(~ v(~locity ot tht~ impdctors

dnd 1)( ’(.orn(”, mott (*t ft’(tiv(’ whorl thin Ill is u<ccl.

lht’ Ia.yloP w,)v(’ (.d II\(I’; t.[’nsiun wdvos in tho

driv~’r pldt(j if th(ty dr~l pld(f~(! in (,ont.dc,t with

th~ tit . Oy \I)d( inq th(’ Ill dwdy from th(t platf’

thesk’ dr(’ rnl IIimi /(’(i. A Somewhdt sur~)ri$in!j re-

sult (Iio. ?) Wd\ thdt ttlv (lriv(*r V(’lo(itic!l h(id

d md I i mm Wh(’f! d rdt,hvr trnal 1 t(lpdrat,i(m was

Us(’(i . Iho (<111’)41of thit ii r)ut un(lvrit.r)()(l Ilor

hn\ ]t 1)( ~rl rnl)rl i t or{’(i 4’x~)~Jrim(Jr:tdl [y ,3( thi~

f Ilnt*. 1111, r(l~,illl ‘, of or), ” ‘,(’ I of (,ll((rl,lt ion’,

,,.
<r, I

\

u-

*,O 0.s 1.* 1.6 .?.0 2.s 3.0
(, A} ’/lif [+AI IOC;

FIGURE 2. Calculated driver velocity vs. gap
size. Here and elsewhere we have used the di-
mensionless ratios of the gap size, HE thick-
ness, and length ‘If run to the driver thickness,
to describe the system. These three parameters
fully characterize the results of the calcula-
tions. Since a l-mm-thick driver is typical ,
these ratios are also representative of actual
size (in nun) of many systems. The <urves are 1
for four run/driver ratios. I

are surmrarized in Iig. 2. One effect that the

separation is believed to have is to elimindte

the large gradients associated with tht’ rrdction

lone of the ~xplosivt~s, a fcdture not prt’5ent in

the cdlculdtions. Grddients art’ ~lso prt’sent bP-

caust’ ot tht? laylor wave, and they (.dn h~l\~(’~(>-

rious effects durin!j t!It’ dccelerdf.iofl ot the

{lri!~(>rs t~’,pt)cldl Iy Wh(fn th(t Ill ii t.hirl. (:dlCU-

Idt(?d vt!lo(.ity protilt’5 (l(!rl)orl\trdf,t” this. 1 II(*

fact that thin pldt(’t (dn I)(I ,1((:(’1(’r,ited without

t)~ing torn up when usin(l s(MTI(* sflparittion dttostt

to tho u\t’fulfl(t s’! (If

Imf]d( t.ur.

(). IW()-31A(115Y311 M!)

Ih (~ ( on( t’pt of ‘ltd(~

it to u~v d ritth{tr mdi’.

With d VPloi ity of fr{rm

~(j~)drdf irlq ttl(’ Ill dn d



!i-to15-rrmthick as the intermediate material.

In the calculations d SS piston moving at sane

prescrlDed velocity impacts the explosive and

the reaction begins. Energy is released as ttte

shock wave passes thruuyh the explosive. Calcu-

lat~ons indi~dte that the rdtios of some of the

cmponents used in these systems dre crlticdl.

IJhen the secondary 11[ was too thick relatlvc to

the piston, Iaryu tt!rrslunwaves developed in the

driver, which caused velocity profiles with

large gradients. These gradients would most

likely destroy its usefulness. In the Systems

where the pressure pulses appeared flat in the

driver, very large tension waves were present in

the piston, but thty caused no bad effects on

the driver. Uhen the Ht was thin, the initial

pressure pulses appeared to be quite large, so

this may cause considerable shock heating.

Results of four calculated systems are shown in

Fig. 3, and sane results ot five experiments are

given in Table 1.
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TABIJI 1. Rcwltg from Two Sling_ Experimen!:i. I
----- ------------- ., ----- ------ . . . . . . . . . . . . ----

WS 9S01 CAP SS RIN 9501 CA? SS RlR4 VEL I
------------ -------- ------ . . . . . ----- ------

Zm 150 6.4 4.0 38 0.0 J.2 .89 13 7.3
------ . . . . . . . . . .

2m 150 6.4 1.1 M 6.; -t.7 “:f19 “-;9” i:i
. . . . . . . . . .

?00 150 6.4 3.1 M 6.0 1.7 .71 “-lfl” n:;”
. . . . .

3CNI 250 12.1 6.4 ‘4: 17.1 6.4
~.

.89 27 a.3

I(XI 25(? 12.1 4.0 64 9.0 6.4 .11 1~ 9,2 i

Tlw vrlorlflc. ~ of Ihr SrImMI +tagt. (undwl VKi. ) AIC km/.., .I
All dimensions ● te in u. The i=ll~C!OIS UFI* all irltacl
for the runs indicated. There wme indications that m
●ddltlorml few -“s of run ■lgfrt cmme sow bremk up.
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FI(HJRL 4. Calculatmi driver velocity vs. HE
thickness for 9501, cotrtpo%ition [1 (CH) and lNT.
lIIC top of e~ch band rt?present! d run/driver I
Lhlckne<s rdtlo of 5(1, and thu bottom a rdk,i(r ofl
it). At t.hickncss ratios 01 2(1 t.ilor~ is still
substantidi pldte dcwlerdt!on and rdtios Ot 30
or mort! arr r[’crnnnendtid. I tw s amr ill driv~r I
sq)ardtion wdt used ill dll (:dlculi.tions. I


