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EXNERINENTAL INVESTIGATION CF KXPLISIVE-QRIVEN PLASMA
COPRESSION OPERING SWITCHES

J. 1. Goferth asd R. 8. Caird
Los Alamoe Kational Lsboratory
Los Alamos, New Maxico 87345

Plarsa~-conpreseion opening-ewitch techniques ave
boing developed for use in ¢aplosive-driven magnetic.
flux-coupression-generetor applications. A new taet
bed for parforming low-tost experimentetion ie dee-
aribed. BEzperimente with ~0.15 MA/cm lineer current
density dn the swvitch hawva echieved resistsnce
increasee of a fector of 10 in ¢ fev bhundred
asnoseconds. Peak fileld strengths of 30 kV/cm are
gensreted in thees teste. Date oere vresented from
preliminary toste thet {ndizato reduced pressurs in
the plasma cavity echancas switch performence.

Jatredyction

Many eochemes for produsing wmulti-msgaspere
current pulses with risstimes of a fav hundred
nanoseconds require an opening switch to provide time
compression of & slower high currect pules. PFuess
techniques for opening switchee have been extended to
very high curreat renges?,2 dut have the
dissdvanteges of having « lirited retio of totel
pulee length to opening time and not being en on-com—
mand evitch. A ewitch capeble of faterruptiug high
current pulees of eny length ou=command was deacribed
by Peviovekii, et el.) Ve ere exploring the
prcespecte of uveing this technique {n owr
epplicetions, vhich employ fest explcive driven mag=-
astic flux compreseion generators as high current
euppliee.

These pleema compreseion opening swvitches depend
on serly eteges of the currsat pulee to ceuss the
formation of @ pleswa thet has high econductivity
during the conduction phese of the switch. One well
of the plasma cevity ie e high explosive end, vhen
detonated, the explosive by-producte are introduced
into the cavity et high pressures, increseiny the
plesma resietence. The physicel mechenisme ceusing
this resistence increses sre ¢ eudject of this re-
ssarch. In eddition, the research 19 eimed ot
cherecterieing end improving switch performance et
current densitiss of interest.

We describe here o nev test geomatry that ellows
switch performance date to be obteined eccuvetely and
inexpensively. In sddition, resulte of teste par~
formad in the nev geometry ueing cepecitor bank and
high explosive driver magnatic flux compreeeion gen~
eretores ae power suppline aere presentad. Finally,
rosultes from experiments designed to explors switeh
nachaniems ere presented.

Eey_Taat Guomatcy

Pigure 1 1llustrates the geomsiry fatrcducad by
Paviovehii for plasma compression openimg svitches.
Ia principle, thie ie the ideal grrangement for the
switeh. It has good £ield symmacry in the plasms
cavity aad good 1eolaticn botveen eledivodes Jduring
the high veltage opeaing steges. It is also uneven=~
g1ert {n thie geometry to eouple the output of the
owviteh o & eoaxtal lsad. I 1e, however, very
expansive aud timo sensuming "o ledriecate a evireh of
the type showa, As & result, it ie sot [rectias!l for
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Pigure 1. TFlasme compression opening switch geometry

iatroduced by Pevlovskii. Current flowing
in the coaxisl region returne to ground
through the pleems cavity initielly end
through the externsl 1loed eftor the
detonator swit.hes ere ectueted.

perfurming the fifty to 100 teste required to svalu-
ate switch cherscteriscice.

Figure 2 illustrates e nev errengement wes heve
devised for conducting switch eveluetion experiments.
Thie geomstry complicetes enalyete by Imposing
electric fiald and curreat deneity in the plesma
cevity that vary as 1/r, vhers r is the dietence from
the center of the concentric electrodes. It does,
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Pigure 2. Outewvay sketches showing the eide end top
views of the nev test geometry. Arrows
{adicate direction of current flow in both
views. Dimension A 1e the disaster of the
funer slactrode and B is the dismeter of

the suter eleetyrode.



however, provide good field symmetry and good high
voltege isoletion between tha slectrodes et opening
tise. It is also ‘pexpensive to build and operete in
eiee raxges up to 30 cm diameter. (Thie 30 limit
ie 1imposed by the availability of good imexpensive
explosive plions wave lenses for eiwmultenecuely
detonrting the plasme compreseion explosive.) The de-
sign is eleo edaptedble to oparation on the cnd of co-
axial transmission limes or in the center of narellsl
plate trensmission 1lines. It appears to ba o
etreightforward problea to switch to ¢ parellel load
in the perellel plate geomstry, but azore difficult if
the ewitech 48 on the end of coaxiel slectrodes. To
deta, wa heve wade no attempt to uee thie ewitch for
any purposs other than switch evaluation.

Jeparisental Results
Sapacitor Bank Experiments

The power eupplize used in our opening switch
epplicetions are exploaive driven magnetic flux com-
pression gensretors. Thaee devices require en
externsl initiel fi1eld esource, end for thie purpose
ve have @ conventional cepscitor benk cepsdle of
delivering megempers currente with risstimes on the
order of 20 we. The most expedient wuy to perform
emall ecals opening switch experiments ie to use the
cepscitor bank se e primary power eupply.

To test our new geoms.ry in thie wmecner, we
ecaled the switch sise to operete et the 1 MA lavel.
Io ecaling the switch, we take the distence (B=a)/2
to be the length of the pleema cevity, end the
circuaference (¥/2) (B+A) es the eversge ewitch
width. The plesma cevity depth 1e 0.30 cm 1in ell
tests. The length 1o ueed for computing everage
eleciric field etrengthe, end the width for
deternining en eversgs velue of current per unit
width 4a the pleema. We chose A=1.27 cm end
B=2.54 cmn for our emall ecels experiments, which
providee sn averege currert deneity of ~0.17 MA/cm eor
e peak current of 1 MA.

The current hietory end current density ars im-
portent faectors in the operetion of devicee of thie
type end in the majority of our teste we heve
ettempted to kesp these two variedbles reletively
fixed. Within thie conetraint, we primarily coneider
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Tigure 3. Resietance imcrasss schieved iam o typical .

omall ecale switch teot.

' three paramsters in evaluating ewitch performsnce.
. The first is tha change in resistance when the explo~-

eive interecte with the plasma. Thae eicond e the

. rete of change of the resistance, snd the third ie

the averega field strength et peak switch voltegs.

. Resulte from experimente using our nav geometry

reveal ewitch performance that ie greetly isproved in
comperison with resulie obteined in previcus small
ecale exparimentes ueing perellel plate geometry for
the svitch cavity.®

The curve 41n ¥ig. 3 shows the resietence in-
crease obtainad in er experiment ueing the nev small
ecale teet device. The curve 1e typical of tae
results obteined in theee capecitor baak uzperimente.
The reeietance incresess by @ factor of ~10 in e few
hundred nanoseconde. Tre psek field etrength fo:
this t2et wae ~30 kV/cm.

Ve have eschieved good reproducidility from test
to test with thie small ecele ewitch. As @ reerlt,
we expsct to be eble to perform definitive aaperi-
mente reletive to fundaasntel evitch macheniems.
Some preliminary experimsnte of thie type exe pre=-
esented in ¢ leter esction.

Explosive Geperator Tests/Scaling

In order to secertein the velidicy of our emsll
ecele teet resulte vhen epplied to lerger devices, we
heve run e series of tests using parsllel plete ex-
plosive~driven magnetic flux compreseion generetoru
as the prime power oupply for lerger switch
ssoemblies. Ve eceled two separets paremeters for
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thees toete. With A=2.5 en and }o7.3 en, the average
sizounfereuce of the switeh 19 15.7 cm, allowing it
to oirty 2.5MA at am awerege current density of
0.16 MA/en. In adéitien, the retio of lemgth to
circunference {9 ~0.16 for this ewitch as compared to
~0.11 tn our small scrle tests. Seversl other peram~
eters also affect the owiteh resistence, but if
switch vesistence ecalev according to this ratio, the
reaistance of the laryer acale devies should be shout
ons &ad ¢ half timee that of the smull ecale switch.

Ve have parformed o emsll swmber of thevs axplo~
rive gemerator powsred owitch testes and the
rasistance curve from cane of thess is shown {n
Pig. 4. In thier test, ihe curvent deneity was
0.16 MA/cu ot owitch time, allowing e 4irect coopari-
eon wi*h emsll oecale results. The recietauca in-
creases by s fector of ~10 in lese then 300 ns 4a
thie test. The peak f£icld strength 1e 24 k¥/cm. Two
such teate were performed et this current density
with eimiler resulte. It appeare that the switch can
be scaled up to larger eiess vwithout any eevare
sdverss sffects on svitch performance.

As o fine)l comment on eceling, ¥s expect svitch
Tesastance just prior to compression to be dependent
on the totel current history, eo we do not
necseserily expect this persmeter to ecale in ¢ tast
vherse the curreant history 1s different. Peak
resietence, on the other hend, may or may mot ecels
depending on the svitching mschenism. A careful eet
of experimente dediceted to thie point will provide
velusdble information for determining the mechaniem
isportent in the resistence rise. Specificelly, 1t
peak resistance 1s found to be e function of initiel
resietence, thea the switch mechanies 1e 1likely to be
pure compression et constent reeistivity. 1f pesek
resistence 18 not @ Zunction of 4initiel resistance,
pure compression ie eursly not the sole switching
mechaniem. An interssting consequence of the switch
mechenien being pure compression is thet the retio of
final to initiel reeiste~ce would be fiwed for o
given internal energy in the plesms.

Our primary considerstion in thie project 1e the
opereting cherecterietice of these switches st rela-
tively high current densities. It is worth pointing
out, howvever, thet in ¢ fev experiments et current
densitice wall below thoss cired so fer, eignificent
geine in pesk swvitch reeistence heve been achievad.
Figure 3 ds o resietence plot from en emplosive gen~
sretor powered test ueing ¢ svitch with B=7.3 cm asnd
A=2.3 ea. The curvent density in thie shot wae only
0.08 MA/cm, snd the resistance increases by a factor
ef 19. The resietance rise occurs in ~§00 ns, end
pesk field etrength 4~ 23 kV/em« Reducing the
current density apparentlv makes e eignificant im-
provessnt in switch performanco.

Rvitch Nachanisn Exparimants

A major goal of this research 4s wuaderstandiog
the physical machaniews wunderiying the resistsnce
vise edrerved in plesma cospreesion owvitches. The
sew switch geometry prevides su encellest rest bed
for parforning definitive emperiments, and we ere
prosseding with sa experimentel program to this end.

Our first eofforts have bdeen divestad tm‘d
testing & svitch model proposed by Orvetne ot al.
Based o d¢iffering emergy oinke duriag the plesma

ten precess, the medsl jprediety impreved

orneeue in seme efreumstances. The firet empevri-

fvalal series was to determine whather may (ilferensce

otuld e detected axperimsutally is casee vhare the
model predicted ¢ifferences te ossur.

‘. L Lo v 1 § 1

40r -
'&’ sl -
. -
- -
[

| 1] 4 e

" -

o
.‘ I i | o A i
.9 t.0 .0 8.0 2.8 0.0
t ( posc)

Pigure 3. Resistence increase schieved 1n o sceled
up asvwitch test ot reduced lineer current
“Illl.ty.

A fev preliminary experiments ware dedicetad to
testing the prediction thet plaamas formed from dif-
ferent gessess initielly in the cavity will produce
different ewitch performance. The model predicts
thet o plasma having completely etripped ione will
convert tuch of the energy of compression iunto ther-
sal energy, thersby reieing the plasma conductivity.
A plasma of thie type would mako ¢ relstively poor
svitch compered to e pleema in which en abundence of
iouisetion etstes ere svaileble ee snergy einke. To
ses 1f wa could demonetrate thie point, Be end Xe
vers introduced into the ewitch cevity on ssparste
experimente. Thees two gasce were choeen with the
notion that Je migat De fully etripped, dut Xa would
surely not be.

In our small ecale herdwers, the el¢-~trodee are
esspereted by only 0.64 cm, whica breske down readily
when the 13 kV charge voltage on the ecapacitor bank
e upplied. As & result, thee. tests were run with
the eimplest configuration echieveble. The only ma=-
teriele dnvolved 4ian the teet wers the breses ¢lec-
trodes, the Teflon insuletion, the FRX=940A compres=
eion explosive aend the gaa in the cavity. In eddi-
tion to Bs end Xs et atmospheric pressure,
atmolpheric air was wuerd in en edéitional teet fur
refarence.

The teste proved inconclueive, se uo wmessuredble
differences occurred batvesn the teets with Ne and
Xe, dut no diegnostice wers ueed to detarmine the
toniestion oetete in either shot. The parformance of
the svitch using eir in the ecavity wae slightly
better than either of the other switchas, however.
Sincc asother type esperiment was aveiledls for
testing the wmodel, further tests of thies typs have
bean poatponed.

Another set of preliminary teste were performed
to check tha predictica that reducing the pressurs in
the switch cavity would improve awitch performance.
As 4. the previous teste, the spplied voltage vae
uwesd to break down the gae (eir) im the oswitch gep.
Thie €1¢ Tequire, however, that pressure be edeve the
eritical poimt or the Paschen curve, and hence exper-
imsute were perfermed ot 1.3 Torr, 20 Torr and
atanepheric presev: 6. Date from these teste ere pre-
sentead im Mg. 6.
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Figure 6. Resietence incresss aechisved in cwall

ecels experiments vhera the initial eir
prassure in the svitch cevity wae varied
ee indicated.

The figure ehowe that teste et etwospheric
pressurs and 20 Torr gre very eimiler, but thar the
tes’ ot 1.5 Torr iw meesuraply improved. The teest at
1.5 Torr wee —rapested with ¢ eimiler result.
Appsrertly the effect of the reduced pressurs is to
enhence avitch performance.

Th.ces sexperimente have not concluesively teeted
the deteile of the model, dut do ehow trende thet the
sodel prediecte. Purther work will be required to
teat the model in e quentitative way.

Sonclusion

A nev test bed hae bdeen devieed that givee
reproducible rvesults 41u e configuretion thet 19
eiwple end inmxpeneive to uee. It eppesrs thet
esceling leve determired from emsll scele testing in
the nev teet bed cen da spplied to lerger devices.
As a result, experimente leseding to a good cheracter-
deetion of switch performance end macheniems srs now
poesible.

Our oexpariments, to deta, 1niicete that
resietence increasas of a factor »10 are poseidls at
linear current densitiae of 0.-15 MA/cm, with riee-
timee of a fow hundred nanocscconde. Lower ecurreat
deneities will provide lerger resistance incresses.
Pesk sverage f1eld etrengthe of <30 kV/ecm cen bea
sxpected. In addition, the tandency for better
switch performance in en initielly evecueted switch
cevity hee bean demvnetrated.
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