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Abstract

A foil i{mplosion systeam {s descritzd rhat integrates
an explosive flux-compresa!un generator, a flat plate
feed section with nower conditioning switches, and a
vacuum electrode rcegion containing a cylindrical
foil/plasma load. Power condiitoning, obtained with
an explosive-driven plasma compression opening switch
and explosive-actuated cloeing switches, provides a
subaicrosecond wmultimegampere pulse for the implosion
of an aluminum plasma. The flat plate section is con-
tigured for bidirectional feed to the coaxial vacuum
electrodes. Ilaportant considerations {n the design of
the vacuum power flow region include gap failure, feed
syametry, and radial diagnostic access. The systonm
presently acconmmodates a foil radius of 3 ¢m. Innova-
tive foil fnsertion and clamping techniques are also
described.

Introduction

Experiments are being conducted that employ an active,
compact inductive driver for the fast J x B {aplosion
of a thin cylindrical plasma. The driver consaiats of
an explonive powered flux compression generator and a

fant opening/cloaing switch combinat fon, Thene
Ploneer | experiments are our fivst attempts a4t (ou-
pling an explosfve ygenerator to a fast dynamic load

using Intermediate pulme condittoning techniques. The
Ploneer 1 aysten {r a close-coupled expendeble system.

It combines a proven driver witn flat plate symmetry
and 1 higher-symmetry coaxial feed and load. The ex-
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perimente, when fully optimized, should be capable of
peak load curreants of 4-5 MA at {nput voltiges of
120-150 kV for submicrosecond implosions. The
Pioneer I systea is being used as & test bed for the
development of ctechniques, the validation of codes,
the exercising of diagnostice and the tdentification
of systems probleas. Such experiments are preliminary
to more ambitious ones that will use higher energy
flux compression and switching components in cylindri-
cal geometry for the development of an intense, pulsed
soft x-ray source.

The potential for the high energy application of in-
ductive storage/compression has been demonstrated by
the Air Force Weapons Laboratory in their SHI7A pro-
gram. Their approach, which uses capacitive storage
as a primary source, i{s responsible for much of the
relevant power f{low technology and losd physics. The
Plioneer I gystem described below uses much of  hat ex-
perience.

The discussion here concentrates on the
related 1{esues for the Ploneer I system. Companion
papers by Greene et al.” and Lee at al.” discues sys-
ten expectations, diagnostice, and test results.

design and

Inductive Driver: Components and Feed

The Ploneer 1 system {a
cxpetimentally deterained lourc! character .otice of
the explosive plate generator’ are shown :n FPig. 2.
The lower parallel plate section {s terminated by a

shown {a Pig. 1. The
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plasma compression opening awitch, also driven by ex-
plosive. The svitch geometry and chngnctcrlotlc- are
described in detail by Goforth et al. eleevhere in
these proceedings. The upper section {3 brought into
the circuit through a pair of curved transitions that
contain sultichannel detonator-driven closing
svitches. The upper section also provides
bidirectional feed to the coaxial vacuum power flow
and load regions.
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Fig. 2. Inductance and source inmpedance of plate

generator.

The operating sequence for the nys’enm hegine with the
diacharge of a capacitor bank through the lower part
of the assembly. The discharge establishes conducring
plasma in the opening switch cavities and primes the
generator with magretic energy. After tnjectfon of
fnftial current, the explosive generator {s Aactuated,
firat trapping flux in the generator volume and then
vompressing 1t to saplify current {n the clrcult, At
an appropriate time, the plasman {n the openfing switch
are comprensed, giving rise to a  fast {ncrease in
renistance, As voltuge risen acrtoss the opening
switch, the closfng switchen are actuated to divect
current into the load located tn the upper patt of the
experiment .

The overall length of the lower biplate asection ia
abont 1.5 =, The geometry of the unper biplate {a a
squate with dimenaton 0,76 m, which 1s alao the wora-
fng width for fnductance conatdetatfonn. Thene dimen-
sfonm are a compromine hetween our deaite for a  low
fnductance, close coupled feed (¢ 5 ol {n any direc-
tion) and convenlance In fabricatfon, The experiment
{n deafgned to be driven at negative potential with
teference ground connected to the tap memher  of  the
uppet  hiplate, High voltage tn therefore confined to
the tnner membeta of the asaeably.

The cloafng awitchea ats ahown In cutawavy tn Fig. .
and o profile {n Fig., V. Thewe awitchen are linear
multtohannel avrayn, up to 0 Channeln per line, The
arvavyn  employ  detonatora which fnltiate explonfve
pellotn (72 mm long and  6.) mm dlam)  placed over
V.7 mm diam holen hored 1o 6.4 om thick aluminum, The
clioatng mechaniam  tenutta from a  jet like ntem,
produced by the exploaive fiteraction, that penstiates
| mm of polyethylena aheet In the awltih gap, lLimfited
tamting  hay heen done to quantify afmaltanetty, Two
0 channel arra.e wete temted at O KV D with low
SUEE L tranafer.  The jftter ansoctated with «loeuse
arviay  and V) e for the other,

1O and 1! ne renpoctively,

wam J0 nn for one
Standard
Slmtlay veuttug han not been done under  high  (urrent
pulmed  covdttfonn, although we know that cloaing time
fta voltage dependsnt .

detat{ione werwe
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Fig. 3. Transitfon region from lower biplate to upper
biplate ehowing locsation of closing awitch

array and {nsulated clamp.

Also shown in Fig. )} is one of the four {nsulated
aechanical clamps used to align the asaeably to high
prectsfon. The lower biplate is separated from the
upper by Lexan spacers through which threaded, steel
rods are passed. Nested polyethylene fnsulators
{solate the rods within each biplate, After careful

alignment, the asseably is pulled together and locked
againat heavily torqued steel nuts. The afr within
‘he wpacers is replaced by SPe, which flows through

holes provided in each rod. When properly awnsembled,
axial voncentricity betveen the inner and outer vacuum
electrodea 18 within 75 um; planarity between
horizontal electrode surfaces at reglfons near the foll
tadius fe within 25 um.

The lower biplate 1is insulated with 2.5 mm of Mylar
sheet., The curved transitions also have 2.5-wm gaps
that are filled with various thickneanea of

polyethylene switch insulation and Mylar. The upper
biplate fa fnsulated with the 2.5-mm-thick brim of the
vacuum fneulator and 1.2% em of Mylav.

Vacuum Power Flow: Design and Fabrication

The deaign thatlenges for thia part of our experiment
fa to prevent gap fajlure at ainfmum inductance (n a
vutient —densliy ieglme wheté @agistl.  fuaulatton ias
not  yvet working to advauntage. Principal faflure
mechanisae ate convent fonal vacuum hreakdown, ahblative
closute, and insulator flashover, The latter two
mechaniame ate diiven hy the ultraviolet tadiation
from the plasmr load, Vartous tnpats have gulded the
demign. Plectrlc (leld atrengtha ate  entimated from
the two - dimenstfonal code LAPLACKE, abla fve closure in
predicted from Mt modeling,; and ultraviolet attenua
tion te examined with the Afr Force Weapons Laborato
ty'm oray tracing code STREAM.

The doatgn of the vaiuum power flow peometi v  aw
prusent iy  used tn owr Ploneer 1 ten fng In shown in
¥ig. A, The geometty (e (onmtriatned radially by a
Vom fofl tadiua, eelecteod to teasonably shotten (o
pioaton time, and a 178 om radfun for  the vacuum
tutntface, The geometiry (w further conmtyatned by our
tnteat to view tmploston dynamion radially,




The convoluted vacuuma gap 1is formed from nested
aluminum electrodes. Input to the gap i{s across the
insule or fabricated from high—density polyethylene.
The current-carrying surfaces wersa wmachined, using
numerical control, and hard anodized. The mounting
cap, which completes the outer electrode, is fabri-
cated from copper. An annular array of radial vanes
at 10° iatervals {s machined in the cap using a spark
cutting technique. Each vane 1s 1.5 mm wide. The
winfmum gap {in the power flow region is 1.0 cm. It
opens to 1.5 cm at the to. of the feed and to 2.5 ca
between the foil and the 1.d. of the vane structure.
The inductance calculated for this power flow geometry
is 10.2 nH. We have considered the perturbations that
this periodic vane structure would cause in the
magnetic field that drives the implosion. Effects due
to asymmetry 1in the current feed have also been
examined. On the basis of an snalytic model used to
eetimate Rayleigh-Taylor instabilities, perturbaslon-
from the vane perfodicity and the feed asymmetry’' are
negligibly small for the load geometry of Fig. 4.
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Fig. 4. Vacuum power flow and load regions of

Pioneer [ «ystem.

The diagnostic chamber, shown in Fig. 1, {s equipped
with multifle radial porta and an  upper axial pore,
Pumping for the aystem 18 provided by a wmall
turhomolecular puap connected directly to one  of H‘lg
radial porte. Vacuum quality fa better than i x 10
torr,
Load Foll: Fabricstion and Inaertton

Seamlens aluminum folle of 200-nm thickness are
presantly  bhefug uned 1o our tmplosfon sxpetimenta,
The hatdware used to both fabticate the fofl and
tumert {1t ftpnto the Ploneer | electtode configuration
In ahown in Fig. %, Amneably of the hardware prior to
fofl fabrication beginae by attaching the lightwetght
aluminum apacer to the upper mounting ring. The lowes
mount fug ring s added and the clamp vorew {nnerted
throagh the anaembly, A snet sctev is driven agatinat
the flat {n the clamp woerev, The laap nat is added
and lLightly tightened to diav the asasmhly together,
The eannnttal feature of the hardware {2 the sel avtew
that proventa totatfon, Rotatfonal
tip A foll duttng the (ueettion process.

tortque tendn  to

Foll fabtication Involvea the evaporation of an
aluminum/alouminum oxide Ia-“(ll". onto a4 seamlens,
The mandrel to flrat drawn
aontn the fahrtcation hardware and ponttioned in  an
evaporation o« hamber . A 10D nm layet of aluminum,

polyvinylaliohol  mandrel.

monitored by an Auger techanique, 1s avaporated onto
the rotating mandrel. Oxygen {s then pulsed into the
chamber to form & 10-om layer ¢f Al_O for
strengthening. The additional 100-om :hiz}.‘cu of
aluminum is evaporated over the oxide layer. The foil
assembly {is removed, the mandrel dissolved in water,
and the assembly dried. PFinal foil thickness ie de-
termined from alpha step messurements on an adjacent
witness slide. Oxygen content in a foil is estimated
at about 1X. Catenation for a typical foil 1s
estimated at < ] mm.
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Fig. 5. Assembly for fab.ication and {nsertion of

ultrathin aluminue foils.

After fabricatfon of the foil, the hardvare fn Fig. $
{s lowered into the Plonear I diode on guide posts not
ahown, Two techniques have been used to uniformly
vontact the lower mounting ring o the: {nner alec
trode. The 1irst involves the expaneion of a Tygon
tube that s tnetalled {n the circular channel of the
foner sleactivde (maedistely adjacent to the lower ring
(mne Pig. 4). The tube when energized with externally
supplied alt preasurs acts as a hladder to expand a
negmented copper atrip, which ha. been aepring loaded
inta the circular channel, agafnut the lower ring.
Out preferred technique, for the time being, employs a
vofl spring ineerted fn the circular channel which
wraba the lower ting upon insertion., Roth techniquen
center the foll. After constrafning the lover ring,
the vlamp plate In Fig, 4 ta Insta'led to lock the
upper  asunting  ring., Screwe holding the atigning
apacer to the upper ring are emoved, and the oclamp
nat e retracted. The aet screw {a loosened allowing
the vlamp sctew and washer to dsop. The aligning
apacer  and guideposts are then withdrawn, With the
hardware fn ¥ig, % and the procedures juat  dewcribed,
our  fnmertfon  procesn haa hecome routine and trauna
fiee,
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Conclusions

We have designed the comspact but expendable Piloneer I
systes cvo drive a cylindricsl plasms implosion. The
systes, vhich features c:plouzc’ pulead power, has
been safully 4 trated. '’ A schame to convert
s single-point flat plste drive fato a bidirectional
feed for a coaxial load hse bdeen successfully
incorporated. Innovative techniques for the insertion
and clamptag of ultrathin aluminus foils have beaen
developed and put into routine use. Puture
experiments will push the system for {increased
performance. Additfonul design effort will  Dbe
directed at the vacuum power flow region.
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