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Abet ract——

A foil implosion system la damcrf!:d that lntegratea

● n explosive flux -compress!-, ~ generator, a flat plate

feed section w1:5 power conditioning switches, ●nd a

vacuum electrode region containing ● cylindrical

foil/ PlasM load. Power condi:ior, fng, obtained with

an exploelve-driven plasmm compression opening ●witch

and ●xplosfve-actumted cloeing switches, provides a

●ubmicroaecond ❑ultimegampere pulse for the Implocion

of an aluminum plamma. The flat pltite aectlon ia con-

figured for bidirectional feed to the coaxial vecuum

electrodes. Important ronnlderatlona in the d.?eign of

the vacuum power f low region include gap fai lure, feed

syautry, and radial dlagnontlc eccemo. The syatom

presently accnmnodatec a fofl radius of 3 cm. Innova-

tive foil insertion and clamping te~hnlquea are also

described.

(yt roduv!f on

Experiments are being conducted that ●mplny an acfive,

compact Inductive driver for the fasr j x B implonlon

of a thin cylindrical plasma. The drive r–cnnnints of

an rxpl I)nlvr poweted flux compree.sit)r) Uenerator and a

f~lrt Op?lllngl<lotrirkg switch tomh inat ion. These

Plouet. r I wxperlm-nfm .iIr <,tir fl ret attempts 4t ,ou -

pltng n n rxploatve Keneratnr to n faat dynnmli load

UBIOR intermediate pulne .ondition!ne techniqurm. Th_

Pioneer [ nystem it m ,lose-roupled expend~hle system.

It cnmh!nem n proven driver wltf) flat plate syrnrt ry

and a higllrf-nymmetrv coamlfil feed /tnd Iomd. Th? @X-

pcri~ntc, when full) optimized, ●hould be capable of

peak load currents of 4-5 HA at input v0Lt3gee of

120-150 kV for oubdcroaecond lmplooione. The

Pioneer I system 1s bing ussd ● e ● test bod for the
devalo~nt of tachniquae, the validation of codas,

the exercising of diagnostlca ●nd the ldentific~tion

of ●ystems problems. Such ●xperiments ● re preliminary

to wre ●mbitious ones chat Will use higher ●ner~y

flux comprocoion ●nd switching cmponente in cylfndri-
CS1 geoutry for the devalopmerrt of ● n intense, puleed

●oft x-ray source.

The potential for the high energy ●pplication of in-

ductive ●torage/cospreseion hae been damonatrated by

the Air Porte Ueapone hborator~ la their SHI”IA pro-
gram-l Thair apprOach, 2 ~~ch ueee capacitive ‘torase

● a ● prlmmry source, Ie responsible for much of the

relevant powor flow technology and load physics. The

Pioneer I syetem deecr~bed below uoee much of her ex-

perience.

The dimcuetion here concentrate on the deeign and

relatrd ianueo for
h

t e Pioneer I syo em.
t

Comp*n Inn

papers by Greene et al . and be ● t ●l. dlocuss sye -

teru rxpe,tntionm, dlaRnoatira, and tact results.

Induct IVe Orivcr: Com~onents ●nd F_e~d

Thr Pioneer I ●ymtem Ie ●hewn 1.1 Fig. 1. The

experimentally determined ● ourc
!

charactet .etlce of

t he explosive plate gtrnarator ● ra ●hewn In Fig. 2.

The lower parallel plate ne<tton tm tarmlnated by a
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plas~ comprssoion opening switch, also drivan by ex-

plosive. Thm switch Sco-try ●nd cha ●ctcriatics ● re

daocrlbad la detail b~ Co forth OL ●l.
i

●loewlwre io

thaoe proc~edings. Th@ uppmr oaction it brouSht into

the circuit through a pmir of curved transitions thst

contain ●ultichannel datonator-drivan closing

switcheo. ma upp4r Dect ion ●lao provides

bidlrcctionml feed to thm coaxial vecuum power flow

and load r8gionc.
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Fig. 2, Indut tance and ●<)ur, r Inp?dan,e of plare

generator.

The operat lIIJ sequence for the Ny8*rm bcglna with thr

dimcharge of a capat. itor bank through the I ower pmrt

of the llORellhl V. The dint harge eut~blfshec (onduuring

pla.qma ~n the openlnrn ~wit,h ,rnvttlen ,Irtd prieen t tle

Rrnerator with magret i, ertt. ruy, After injection of

in ftlal <Ihtretlt, the ●xpl, )ntve g?orr,ttor la n,tunted,

flrnt trappinR flux in thr Rrnrr.ttor volume nnd then

vnmpre*min8 it to amplify turrt:tnt in the circuit. At

● n appropriate t Ime, thr planman In the opr I,jnR nwitch

nre ,ompressed, giving rlnr t,, a faat fnk reaae i 11

rcmimtallte. Aa Vnlta, ue riaea 6( IOU* t h? open!ng

IWlt (h, the ,1, )sIIIu !.wi!, hrn aro *, Illlltrd til dire, t

,ul rent Into fhe loud l<), ●t-d [II tt)e IIpp*r par! 111 th*

expcrlmenr .
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Fig. 3. Tranmlt Iott region

bi plate mhowt ng

●rray ●nd lnaulated clamp.

!w lowfu AD
CIAM’YlNt3 31UD

from lower b:plate to upper

location of closing nwitch

Also ahovn in ?!B. 3 is one of t he tour insulated

mechanlt. al clamps used to ●llgn the ●saembly to high

preclmlon. ThQ lover blplate is seperatod from the

upper by Lex.an spacera through which threaded, steel

rodm are paaned . Neared polyethylene inaulatura

lsolat - the rod- within each biplmte. After (areful

allgnmeot , the aebembly in pulled togeth~r ●nd lot krd

ugaln~t heavily toiqued steel nutc. The ●ir ttlthtn

:he ●pacers 1s replaced by SF6, which f 1Owm through

holno provided In am,:h rod. Uhen properly ●traembled,

●xial \on(entric Ity bet-men thu inner and outer vacuua

rlect rodea la within 75 urn; plnnartty batween

hurfzontnl ● lect rode ●urfatem at reuloum near the foil

tadlum 16 within .!5 ~,



The convoluted vacuua gap 1s formed from neoted

aluxinum ●lectrode. Input to the gap 18 ●crooa the

inoulc’..or fabricated frne hi~h-dmsity polyethylene.

The current-carrying ●urfacee were tichlned, uelng

numerical control, ●nd herd ●nodized. The mnunt ing

cap, which completes the outer ●lectrnde, ie fabri-

cated from copper. An annular ●rray of radiel vanes

●t 10° ‘Lnt8rvA18 18 mechined in the cep uelng ● ●psrk

cutting technique. Each vane ie 1.5 - wide. The

minimum gap in the power flow region is 1.0 cm. It

opene to 1.5 cm ● t the to of the feed ●nd to 2.5 cm

between the foil and the id. of the vene structure.

The inductance calculated for this power flow geometry

ie 10.2 nH. We heve considered the perturbmtlone that

this periodic vene ●tructure would cauee in the

magnetic field that drivee the imploeion. Effecte due

to aeymetry in the current feed have aleo been

exmmined. On the beela uf ● n ●nalytic model ueed to

eetimete f(ayleigh-Taylor lnetabl litiee,
5

pmrturbe lone
from the vane perlodiclty and the feed ●e~try are

negligibly smmli for the load geometry of Fig. 6.
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ml? di ANnoat 1, thmher , ,homn in ?l II. I , la equ!ppod

with ●ultirlr radial p,]rtn and aII upper axial port .

Pumping rot t I\e ●yatem 1- provided by ● ●men

t urh(>mol~culat pump t~)n!m,t ed di ret! lY to a)ne o r t h
-t14,!!*Ipc)lt n. Va, utbm qualilv is haltct Iharl ; n 10

t,%tr.

I.<>ati ?,li I : Fahr i, *I I(>I, an(i lnaet t lot,

Seaml*nn a I\bml n~lm f,]lln () f 20()-nm thlt knenm ● re

pVPaOl!t IV bOi,l K ,la~<i I 11 mlt imploalori” *u**t imenf ■ ,

The lIa Iclumr I. ,Iaed t al hot h fahtl, ale t h* foi 1 alv<i

i!lmett It tl, t<) III* 1$1,)1,**1 I ●let I VII(I* , Ilnfifiulat ton

in ●ll<lw!l ill FiR. ‘1. Ann@mhlv a)f the ha Idvat* l!tio)t ICI

roil fnhti, at 1$$11 heglnn hy alta(hina the lfKht W?i Rhl

a Ittmtuttim ●pn, ● I t ,1 t II* uppet m(,tbnl !tln I inn. Thv i owe I

m,btlllt i I,R lin# in a,l,led ●nd t II* 4 Immll 9, tew inwet t ●I4

Iht<),ljlh II)* amllvmhlv. A ●et 8,8*u is ,11 i V*II ●~la!llmt

t 11$. flat !11 the ( lamp *I I*U. Thm ( lamp II II i ● s, 1(1, I,I

lln4! Ilghl Iv t l#ht*n*d 1,) <II*U III* *anemt)l v t ,)#*t I,*1 .

TIIS ea*rnttt l-l f*at$!?e {If lhe har41wal* 1, thm met MC I*W

that plov”!, tm 1#, tat 1,>!, . Rs)t at ia~nal I t,tq$lv t *lltiln t ,)

Itp n roll ,{! ,11,,8 the II!aoltl,lll ptcl$e mm.

Ftli I fahl I,al 11)11 I!lvl)lven I h* ●vapo*at !1)11 <>f a 11

altlmlttttm laltlmittttm *)N181* , j.p(,. it. ,It,ltt a seamlenm,

p,llyvlllvl al, ,$11, )1 malbdtol . The mnndt*l !@ fitmt dta Wll

,,1)1, ) the fahl 1, *! i,~t, hntdwmtm 4 lid ptlnl I ! ot\m’1 Ilt ● ll

*va\lallnt it,l, , I!ttmhe. t A 1011 !19 Inyct ,Ir .j,, ml,,,, m,

monitored by an Auger tmcltaique, ie ●vaporated onto

the rotating mndrel. ~s8a ie then puloed ioto the

chamber to forx ● 1- leyar ef Al Q for
strmngthenlns. The ●dditiomel 100-m thi~?eos of

●luminuxi.●vaporatedoter tbe oxide layer. Thm roll
●semmbly io rewved, tbe memdrel dieeolwed in uxter,
●rtd the eseembl~ dried. flmd foil thickoees ie de-
termined from elphe ●tep measurements on m ●djacent

witneoe●lide. Oxy:encootent in ● foi 1 i. ●otimted
●t ●bout 1X. Catenation for ● typical foil ie

eetimeted ●t < 1 -.
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Coot lwlorw

W. tUV= d8si@td the co,~ct but ●xpendablo PiomQer I

syBt*m co drlva a cylindrical plaoM imploolon. The
systm, uhich faaturas ●xploai Q Pulcad pnwmr, hea

’49beoo ●uccassfullf denwtratmd. I A scheme to convart
● sir@a-point fist plst* drivo loto ● bidiractionxl
f cod for ● coexial load heo bemr tuccasafull~

incorporated. Innovatfm tcchniqueo for tha insertion

●od clampln# of ultrathin ●luminum follc hawa bxen

daveloped ●nd put lnt o rourin8 uae. ?uture

●xperiments Will pwh the system for increased

performance. Additional design ●ffort will be

directed at the vacuum power flow region.
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