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PROCYON HIGH EXPLOSIVE PULSED POWER EXPERIMENTS

J. H. Goforth, H, Oona, B. Q. Anderson, W. E, Andorson, W. L. Atohison, E, Bartram, J. F. Denago, R.
L. Bowors, J. H. Brownel, C. E. Findiey, C. M. Fowler, O. F. Garia, D. H. Hemera, T. J. Herera, G,
Kizorak, J. C. King, I, R. Lindemuth, Huan Lee, E. A. Lopoz, 8. P. Marsh, E. C. Martinaz, W. Matuska,
M. C. Thompson, D, L. Peterson, R. E. Reinovsky, M. Rich, J. 8. Shinohter, J. L. Stokas, L. J. Tabaka,
D. T. Torres, M. L. Yapuncich, W. D. Zarwokh, Las Alamos National Laboratory; N. I'. Rodorick,
University of Naw Moxico; P. J. Turchi, Ohio State Univorsity

Univeranty ot California, Los Alamos National Laboratory, Los Alamas, NM, USA

introduection

Proayon is a two-stage axploaiva pulsod-power systam, consigting of a MK:IX halical ganerator' and an
oxplosivaly tormad tuae’ (EFF) opaning switch, A completo assembly including load and diagnoatica is shown
1 7g. 1. Tho sysiem was ofniginally devoiopod for tho purposo of poworing plasma z2-pinch exparimants and, in
#e original concapl, was couplad to the plaama 2 pinch load through a third pylsed powar alnga, a phama flow
awitch (I'FS)*. Wa have partormod plasma z-pinch axparimania both with and without a P8, and wo havo now
conduatad our tirst hoavy linor oxporimont, In this papor, wo will aummarize the resulls obtalnad o date with
tha systom, and briolly disouss future apphications.

PES Tests

Our origiinal design goala lor ['rooyon wore diivan by tho baliet that (o obtain tho radiation lamperatura
dasired, a sub-microsacond plasma implosion would ba requirod. From previous exparimonts®, wa know that
wo could make an CI'T that would satisty this neod, but tranamission lino voltagas appoared OXCessive, and our
bataline deaign included a alower opaning ETT along with a plasma flow swilch for an intermediate stage
oponing awitch botween tho LI and the implosion. Savaral tasts wora performad in this configuration, and
wn achleved significant 10aults on two ol thase. We reporied the reaults of our inial atatic load tast in tha 1000
ICLC Pulsed Powar Conlaranca Proceadings®. Cusronts measured on oir most auncansiud 2-pinch lond test
am givon In Fig. 2, On this toat wa dallvetad 15 MA trom tha storage Inductor to tha PRS, and tha pinch
occurred at ovir 14 MA, Tha PFS did not employ a conventional 147 gun plasma masa distribution, but variad
An 1/1, causing the swilch to open whila plaama was atil in the barrel, as in Fig 3a. Only minknal radiation was
datoclad by axiarnal diagnoatics, Pacausn of the mass of P8 plaama that fliad the delector viewing port al
the criticil timo, an shown In Fig. 3b. From an anaigy anaiyals using the curronia shown, wa conclude that
«1M.) waa dissipatad on a time scale of intarast for radiation *. Nasad on axparience lrom othor axperimounta, wa
beliave that wn oould hava gencratad as much as 760 KJ of useful rudiation, Lxpatimenta using tho rudiation
putan would ba located in a ponition not alteatad by the PFYU plaosma, angd the oncludod radhiilion probably doae
not posa a aighiticant prablam,

Direst Orive Experiments

Wrr conductod thiee 2rooyoh 0xpanmonts In which wo owitched curront 10 a plasind implogion diroctly
with Vi voltnie produccd by the ki k., Ench of thoose tocin produced usclul mdation, nird our hont radiation
tustitn wote wblined s way, Un our highost fluonco toet, wo dienipatod 2 MJ trom the cirvurt®, and
meanurad 1.6 MJ radation ot 4O oV, Curtotte trom thic st ato shown i Fig, 4, ard e xay puiso shapo
ntewnt i by e WD o tull width at Ball maximuin of - 200 ne we ifat oh avetaye power 1¢ 1o raduibon of - o



Figute 1 Prouyon assembly temly o tost on the fing pad The MKIX getwrator b on tha ki left, the
siotage iducton and opuning switch am in U contial section, and i iplocor and dugnostics
chordzor on He g,
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Fgure 2. Gtorage inductor (A) and PH8 (D) curroms for test with implogion load, Tho fwst di 1n the PHY
ourraM o dua to tho PEH awitohing and tha soaond ie due to tha plasmn 2-pinch.
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Figure 4. Storage inductor (A) and loar (I3) currants for tost producing 1 M iadintion  The dip o - 365
Us Indicates pinch aceurnng,
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igure b, Kimtod tihgrod x ray diodo signal from 1.6 MJ radiation tont, |4l wicit: ot hall manthum & thi)
no indicating an average radiation powar of -8 1W.,



TW, 0mamm1mum-mwmmwmmammmm
hall way aoross the 2-cm gap, starting at approximately hall the inktial piassma radius. The primary purpose for tho
oontour was 10 encourage a high-veloolty jet to be emitted axially from the pinch region. The jet was impacted
on & high-density target o produce radiation. A short-duration (~80ns), high-temporature (~80eV) radiation
mmmmmummmhmmummnnmoumw
instabiities. Figure 6 shows visble framing camena records from one test with paraliol elactrodes to compare
with the shaped electrode test. Although the instabiities shown for the paraiel olactrods test are among the
worst observed, the difference shown is dematic. A more thorough discussion of theso data am givon in
ancther paper in this conference’. We generally consider the instabiities harmiul, and tho radiation fiuonca
from the paraitel elactrode shot shown was about one half of that on our best shot. However, recont analysis of
the radiation produced by the highly unstable pinch indicatos that this may have baon the highast temperature,
~97 eV, of sny wa produced’. Athough we have uncovered a rich ground for furthor exploration, changing
programmatic goals preciude our pursuing them furthor, and wo presont those axploratory rasuits for others
who may have the opportunity.

Solid Linor Tests

Tha emphasis in our work has now tumed to producing high pressure shock waves by impacting solid
donsity linars onto targota of intorost. Tha Procyon system aiso allows us to parform such exparimonts at high
enorgy (and with high dl/dt), and wo have pattormod onc prokminary solid iner expariment. Bacauso the aolid
H{nor axparimonta do not produce larga quantities of radiation during thalr implosion phase, the radation battlos
nooaed to protoct the vacuum dicloctne ntartace on plasma implosion tosts are not nasdad. Thiz allows us to
implemaont a lower inductance foad, as iftustrated in Fig. 7. With tha reducad inductance of tho load shown, wa
oxpact to ba able to detiver aimost 20 MA to solid tiner londs®. Figure 8 shows the currants maasucod in Jur tirst
oxperiment. A partial failure during the apamtion of the MIK-IX gonerator rasuitod in a stirago inductor currom
of only 19.1 MA (as opposead to tha 21-22.56 MA that has baan & vory rollable vatuo for this system) This, in
turn, lad to a load current of only 16 MA. Tha finar choaan for this taat was 12 mg of alurtinum, and tho raducod
current prolile led to a slowar impiosion than axpactad. Sincn this was a preliminary axpeninon!, we had no
targut for tha liner 10 impact, and diagnostics were imitad. Howaver, as can ba seaen from tha wavetorm, tha
snar achiovad signiticant implosion voloolty by -380 us, and the implosion protdn i conaistant with tho
imposoad wavelomm. Apart from veritying that our low inductance load coupling was satistactory, possibty the
moat aignhificant result from the tast was provided by the visible framing camam that viewad thn outsiio of tha
Iiner. By isalf, the record 15 confusing and diffioult to explain. The outside of tha hinor appears 1© biow matoral
oft the surface. There is 0 sirlated effect along tho mda of the cylinder, that could corralate with machining
impartactiona on the linar, although tho spacing of the striations doas not cameiata in any way with maghining
tolorance. In addition, thore o apparently random affoots that do not cotrainte with any ohserved
imparicctions. Wo hava recantly parformad an oxparimant on tha Pagaaua faciity that aows us to have
incroannd confidencd in this intorpretation. Tha sama phanomenn am ohasrvad on this test, although
roducad in magnitude and with fower random oltects. Further study s required, bat singa didt on the Procyon
test in «10 MAJus , Whils the Ji/dt on Pagasus is »1.h MAAIe, wo may ba obsarving a imt on linor surtaco
eunlity that imust ba daalt with as wa puraue highor surrenta and rato ot dolivory.

Future Tests

Slabiiry of implosiing tnore playe a vory important rota in the tuturo succacu of aut oflorts, it yrder oy
trive high-maes hnom to high iImplosion velocdios with reasonabio efficioncy, tith tonvergancy e twut be
achinvod. Wo are outrontly conducting oxponments on the Pogasus capauitur bank, which hay a meinmw ol 0 8
MG t0 & currant ot 4-12 MA. Wa have also congucted a preliminary linar ctability tost with the PProcyon symtem (o
domonstirato that our low iNductance power lead wil function adequately for the knor loity, Altwr getiering
ctabiity Unta on Pognsun fot 4 paramator of Interest, vur MENtionN L 10 LLRVIVE thy g Putsttwtuie using the
Procyon system that oan give us higher b and ga, n ke way, we cun gbtnn vory unoful mfonmgtion abest how
varoun paramieterr vy as wo approuch lovels thut we wit acieve on the Allus capactioe bati, Otwe o sup
aatinnt vgctidations will o 1o gea il o this lnyer of yotid metstnd wil lared wtatddty o otheiwine nwdlod e
The, wie: the physies tnnl h.n ot it Procyon Hor tosl, Sinces thes curront cbiews e s b it aeatieiguatind,
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Figue &, Framing camaera racards trom (a) patalial alncirode test md (L) conmouroa oloctrado teot. A large
Inslabilily v aoon i (a) in tha rame betord pinch, while mich an instubilly 18 not soan with thoe contoured
oloctiiniy,
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Fiaura 7. Haducod inductnneo load cantiguation tor Procyon hnee teasitt. Contiguiation atfowa complete
madial accoest to tha load, nnd axil access tom one ond  With this load, wo should ba able 1o doliver

almont 20 MA to a inar load.
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Figuie 8. Storage (A) and load (B)) currents for our first Procyon Linet Experimant.

the waveform at ~ 360 us.
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iner at the right time to observe its condition when R was mostly melted. However, with diagnostic
improvements that we aro making basad on the axperience of our firat test, and with Pegasus tests in addition,
we are confident that we will be able to achieve this goal on subsequent tests. Other tests will follow as we
leam more of the parameters of interest. In addition, we can begin developing diagnostic capability on Procyon
that will be Important for Atlas experiments, We have made computer simulations of the kind of prassures that
can be achievad by driving liners into targats of interest using the Procyon systom. Figure 9 shows two plots ot
pressura profiles that can be achleved in a Procyon experiment. With a layer of Platinum on the inner surfaco of
an aluminum finer, pressures of -15 MB can be achlaved for short times, or prassures of ~5 MB can be
maintained tor considerably longer times. Using such liners, we can develop the abllity to diagnose the
pressures producad in such a way, and further to perform experiments in this environment.

Conclusions

We hava demonstrated that Procyon is a reliable system lor PI'3, plasma implesion or haavy linor
expariments. Procyon davelops 18 MJ magnatic energy, and performance parameters allow experiments to bo
conductad in the range whare multiple megajoules are delivered to a load. Wa have rucently been parfouming
experiments in which a castable explosive is used with our axial detonation systam, which can sive
considerable explosive expense on each shot, In preparation for higher energy tests, both with lixed
machines and even larger expiosive pulsed power devices, we hope to study liner physics Issues in future test
series, and perhaps commencae prefiminary high-pressure physics tests.
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