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Abatract

A foll faplosion system {a deacrtt:d that Integratea
an exploaive flux-compreasa!.. generator, a flat plate
feed aection with nower conditioning switchea, and a
vacuum electrode reglon containing & cylindrical
foil/plasma load. Power conditioring, obtained with
an explosive-driven plasama compresaion opening awitch
and explosive-actuated cloaing switches, provides a
submicrosecond wmultimegampere pulae for the japloaion
of an aluminum plasma. The flat plate section ia con-
tigured for bidirectional feed to the coaxial vacuua
electrodes. Important conaiderationa in the deaign of
the vacuus power flow region Include gap failure, feed
aymmetry, and radial diagnostic acceas. The syston
presently accommodates a foil radiua nf 3 cm. Innova-
tive foll fusertion and clamping techniques are alao
described.

Experiments are being ronducted that employ an actlive,
compact Indurtive driver for the faat J x B {aplosion
of & thin cviindrical plassa. The driver conaiats of

an explaaive powered flux compresslion geueratur and a

fant upening/vlosing  switch  combina Lun, These
Ploneer 1 expletiments ate anr flrat atteapts 4t  (ou-
pilng  an  explusive generator to a fast dynamic load

uslng Intetmedlate pulae condit luning techniquea., The
Pluneer 1 systen I¢ a cloae-roupled expendrbie systenm,

1t comb'nea a proveun diilver witau flat plate aymaelry
aml 1 higher -symmet1y cuaxlial feed aud tnad. The ex-
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perimenta, when fully optimized, ahould be capable of
peak load currents of 4-5 MA at input voltiges of
120-150 kV for aubmicrosacond imploaiona. Tha

Pionaar I ayatea {a being uaad aa a taat bed for the
davalopment of tachaniquas, the validation of codea,
the exerciaing of diagnoatica and tha {dantification
of ayatema problema. Such experiments are praliminary
to more ambitious onea that will wuse highar anergy
flux compreasaion and awitching c.osponanta in cylindri-
cal geometry for the devalopment of an intensa, pulaed
aoft x-ray aource.

The potentisl for the high energy application of in-
ductive atorage/compresaion has bean damonatrated by
the Air Force Weapons Laboratory in their SHIVA pro-
gram. Their approach,® which uaea capacitive atorage
aa & primary aource, is raapunaibla for much of the
relevant power flow terhnology and load phyaica. The
Pioneer 1 aystem described below itaes much of . hat ex-
perience.

The discusajon here concentratea on the
related {asues for the Plioneer I ayates. Companion
papers by Greene et al.” and Lee at al.” disacusa sys-
tem expectatiuns, dlagnosticea, and teat resulta.

deaign and

Inductive Driver: Componenta and Feed

The Ploneer 1 ayates 1is shown 1.
cxperimentally detarmined aourc
the exploaive plate generator
The luwer paralivi plate aection

Flg. 1. The
character .atica of
are ahown :n Fig. 2.
ia tarainated by a
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plasms comprassion opening awitch, alao drivan by ax-
plosiva. The swvitch gaometry and chagactaristica are
dascribed in datail by Goforth at al, alaewhera 1{n
thaaa procaedings. Tha upper saction {3 brought into
the circuit through a pair of curvad tranaitiona that
contain multichannal datonator-driven cloaing
avitches. Tha upper aection also providaa
bidiractional fead to the coaxial vacuum power flow
and load ragiona.
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Fig. 2. 1lndurtanre and source dinpedance of plate

generatur.

The operating sequence fur the nya'em hegina with the
discharge of a capacltor bank through the lower part
of the asaemhly. The diacliarge eatabiishea vonducting
prltasma {a the opening switch cavities and primea the
generatnr  with wmagretic eacigy. After injectiun of
fulttal varrent | the expriiualve geueratnt 1a  actuated,
firat trapping {lux In the genetatur vitluse and then
compreaaing 1t to ampiify current in the vlvenlt, At
an apptapriate time, the plasmaa 1n the upenlag awitrh
are cumpresaed, giviug rvlae ta a fast lnrease {n
reajstance, As  voltuge rtisesn aitusa the opening
switeh, the vlualug wwit hea ate actuated ta ditedt
cuttent Inte the toad lacated tu the apper part of the
expet {ment

The averall length of the luwet bhiplate aection la
abuot 1.5 @, The geumstiy uf the nuper hiplate la a
aqiiate with dlgension 0,76 m, whirh 1e alan the wita-
tug width far taductamce canalderat taua,  Theae dlmen-
aluna ate a crmpiomliae between uur dealte fur a  low
tuwditame,  cluae coupled feed (¢ 5 ul tu any dires -
tian) and couvenience lu fatnicatinn. The expeiiment
la dealgued ta be dilven at uegative puatential with
teferenre grannd connected ta the tap member  af  the
upiner  hiplate, figh valtage 1a thetefare canflued ta
the funer @embsra of the azseably,

The clualug swltchea ars aliawn 1o cutawav 1o Fig. .
and  lu piafitle tu FiIg., V. Theae awltilien are {lnear
multlotiannel avvava, ap 1o Mo hannets per e, The
artava emplay  detanatara whitih tultiate explunive
peliota (7 mm laug ad b1 ma Jdlam)  placed over
1.2 mm dtam holea hoared tu G4 om thilck alumtinum, The
ctualng  mechanlam  1eanlta fram A jer {tke a‘em,
frraduced by the explualve tateract loa, that penstiates
I mm af patysthytens aheet tu the awltih gap, Litmlted
teatlug  hay  heon duone 1o quantify simattaneliy,  Twa
b hannel aviace wete temted at MRV D with law
trannfur.  The jtiiter aamic lated witth  tumue
waa ) na far ane
Stamdard 10 aml 1) ua 1eapectively,
Mallar rentiug tiaa wat been dane nnder hitgn curvent
pataed ottt fana, atthaoagh we knaw that clasiug time
In valtages dependent .

vt egt
avtay  aud VW oum far the artien,
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Fig. 3. Trauaition region from lower biplate to upper
biplate showing location of cloaing awitch

array and insulated clawmp.

Alao shown in Fig. )} ia one of tile four
merhanical
preciaion,

inaulated
clampa uased 10 align the assembly to high
Tha lower biplate ia aeparated from the
upper by lLexan spacera through which threaded, ateel
rois ate pssaed. Neated polyethylene Insulatoras
isolate the ruda within each biplate. After careful

alignmeut, the assemably ia pulied together and lorked
againdt heavily torqued ateel uuta, The air within
the spacera ia replared by S¥., whirh flowa through

holea provided in each rod. When piroperly amaembled,
axial conrentricity betveen the innet and outer vacuum
electraiiea ia within 7% um; planarity between
horlzontal electrode anrfarea at reglona near the foll
tadina 18 within 25 um.

The luwet bhiplate {a inaniated with 2.5 am of Mylar
atieet. The curved tranaitiona alao have 2.5%-wm gapa
that ate filled with variona thirkneasea of
pulyethylene awitcli tnanlation aml Mylar, The upper
biplate la fnaniated with the 2.5-mm-thick bile uf the
varuum luaniator and 1,2% em uf Mylar,

Varuns Puwer Flow: Deaign aud Fabiirvation

The dealgn challeuge i thia part aof  n
la ta

exjyet lmeut
pievent gap fallute at slulmum fnductance tu a
citienl ~deuglly ieglime whete @agustle ludnlatloa  la
nat  yer  winklug ta  advautage, Priuctipat  fatfure
me hanlama ate rauvent lonal vacune liveakdawn, ablat ive
clomme, awd lnaniatmr flashiiver . The latter twa
meclianlama ate dilyenn hy the altiravioler tadiat tan
froum the plaame toad, Varluoga tupata have gulded the
dealgu. Flecttle fleld atrengtha are  eatimated (1w
the twi-limenalonal code LAMLACYE, alila lve cluame la
predlcted from MUY sodetliug; and altravialet attenna

tian 1a examiued with the Alr Fatie Weapaua Lahurata

ty'a tay tiaclng ade STREAM,
The doalgn  of the  va aum geumel 1V aw
prusently uaed lu vt MHuuest 1 ten lug la atiawn Lo
¥ig. 4, The grumetty la (auatialued vadlally Ly a
Vom (ol vadlaa, aslected ta teasanahly aharten o

pioalan time, and o U7 cm radlun far the  varuum
The geumotty ta further canatiatued Ly

tuteat ta view tmploatoan dynamlon vadlatly,

puwet fluw

tuterfa e,




The convoluted vacuum gap {a formed from neated
aluminum alactrodes. Input to the gap 1a across the
insule“or fabricatad from high-density polyethylane.
The currant-carrying aeurfacsa wera wmachined, uaing
numerical control, and hard anodized. The mounting
cap, which complatas tha outer alectrods, ia fabri-
cated from copper. An snnular array of radial vanes
at 10° ‘ntervala ia machinad in the cap uaing a aspark
cutting technique, Each vane 1a 1.5 mm wide. The
ainimums gap {a the power flow ragion is 1.0 ca. It
opena to 1.5 cm st the to: of the faed and to 2,5 ca
between the foil and the 1.d. of the vane structure,
The inductance calculated for thia power flow geometry
1a 10.2 nH. We have conaidered tha perturbationa that
this pariodic vana atructure would cause in the
magnetic field that drivaa tha implosion. Effecta due
to asymmetry in the current faed have alao been
examined. On the baaia of an anslytic model uased to
ectimste Rayleigh-Taylor inatabilities, perturbaslonl
from the vane periodicity snd tha faed aaymmetry’' are
negligibly small for the load geometry of Fig. 4.
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teglana nf

The dlaguoatic chamber, ahawn {u Fig. 1, la equipped

with multirie vadial puarta and an uppet  axlal parr,
Puaping fur the ayates la prtuvided by a amall
turhomalecular puap conuected divectly tu ane  of lhg
radial purra, Vacuum quallity {a better than  x 107
tare,
toaad Fall:  Fabiolo otlan and luaest oy

Seanleas alumltnm falla uf  200-ne thickuesa are
preanutly hetfug uaed 1u ant fsplostug saxperimenta.
The tatdwate aaed ta buth fabiivate the full  and

tuaert 1t ftuta the Fluneer | electrade coufigurar tun
ta alivwn Lo Fig. 5. Asaeably uf the hardware prian ta
full fataleatlion beglua hy attacrhiiong the tightwelght
wlumluam apacer ta the uppet monntloag tlug.  The loawe:s
mount lug tlug la  added and the clamp aview luaerted
thvoagh the ammemhly. A ast sitew la dilven agaluat
the  flat  An the clamp wirew., The « tamp et 1a added
and fightly tightened ta diaw the aaseahly tugether,
The saanutlal featute uf the hatdware la the ant aview
that jueveurta r1atattan, Ratatlonal
tipe a fall duttug the taasttian o ean.

tatgque  tewdn ta

Fall fatulcattan louvalvea the evapmiation of  an
alamiuum/atouminum axlide -“-punllc auta & avamleaa,
prlyvinylatlo aliad The mandiel 1a float drawn
anta the faloloarttian hartdware  and  poatt faued o an
evaparat ban  «hamher . A I um layer  of aluminum,

matdiel.

monitorad by an Augar techanique, 1a avaporated onto
tha rotating mandral, Oxygen {a then pulsed into the
chambar to form a 10-om layar ¢f Al_O, for
strengthening. The additional 100-om :hl:l‘nu of
aluminum {a avaporatad ovar the oxida laysr. The foil
aagesmbly 1s ramovad, the msndral diseolvad in water,
and tha asaembly driad. Pinal foil thicknasa s da-
tarmined from alpha atap messuraments on sn adjaecant
vitnsas alida. Oxygen contant in a foil is asstimatad
at about IX. Catenation for s typical fotl {a
eatimated at < | mm.
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Fig. 5. Aasembly for fab i{ration and
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inaartion of

After  fabrication of the foil, the hardware in Pig. $
fa lowered into the Ploneat I dioda on guida poata not
ahuwn, Two technignaa have been uead 'o uniformly
vontar! the lower mounting ring o th: {inner elec
tinde. The irat involvea the expanajon of a Tygon
tobe that la fnatallad in the rirrular rhannal of the
tnner elactivde (maedistely adjarent 1o the lower ring
(are Pig, 4), The tube wheu energiszed with axternally
anpiplied alt  prenaure acta an a bladder tu expand a
aegmeuted cupper atiip, which hav. been apring loaded
futn the clrcular channel, agaiuut the lower ting.
Ot meferred techinique, for the time being, amploya a
cull  apdug lumserted In tha circular channel whirch
gtaba tha fawer ting upou inaertion. Both techiniquen
veuter  the full. After conatraiuing the lower ring,
the vlamp plate tu Fig, 4 ta inata'led tu lock the
uppet  moanting 1 lug. Sctewa lmiding the aligning

apacer ta the npper 1ing are emaved, and the lamp
unt i tetrarted. The aat actew ia lunaened alluwing
the vlamp artew and washer tu dtugp, The aligning
apacer  aud  guldepuata ate then withdrawu., With the
hatdwate 1u ¥ig., % and the pruceduran juat  deacribed,
me dnaertlan pareas haa become it lue and 1 anna

free,
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Conc lusiona

Wa hava dasigned the cospact but expendabla Pionsar I
syatam cto driva a cylindrical plasms implosion. The
systes, vhich faaturas nxplonlzn, pulsad power, has
bean succassfully demonatrated.”'” A achame to convert
a singla-point flet plsta driva fato a bidiractional
fead for a coaxial losd hss bean succasafully
incorporatad. Innovativa tachniquaa for tha insertion
and clamping of ultrathin aluminum foils hava basan
davaloped and put into routina  uae. Puture
axperimenta will puah the ayatem for {increased
performance. Additionul deaign affort will be
directed at the vacuum power flow region.
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