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EXNERINENTAL INVESTIGATION OF KXPLISIVE-QRIVEN PLASMA
COPRESSION OPERING SWITCHES

J. B. Goforth and R. 8. Caird
Los Alamoe Kational Lsboratory
Los Alamos, New Maxico 87545

Plarsa~-conpression opening-ewitch techniques ave
boing developed for use in ¢aplosive-driven magnetic.
flux-coupression-generator applications. A new test
bed for performing low-uost experimentation is des-
aribed. BEzperiments with ~0.15 MA/cm linear current
density dn the svitech hawvy achieved resistsnce
incresses of a factor of 10 in a fev hundred
nanoseconds. Peak filald etrengths of 30 kV/cm are
gensrated in these tests. Data are vresented from
preliminary tosts that {ndizatc reduced pressure in
the plasma cavity enhances switch performence.

Jatredyction

Many ochemes 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 pulse. Puse
techniques for opening switches have been extended to
very high currest cranges’?,2 Ddut thave the
disadvantages of having & lirited rvatio of total
pulse length to opening time and not being an on=com~
mand evitch. A ewitch capable of dfuterruptiug high
current pulses of any length ou=command was deacribed
by Paviovskii, et al.’ We are exploring the
prcespects of using this technique in our
applications, vhich employ fast explerive driven mag-
asetic flux compression generators as high current
supplies.

These plasma compression opening swvitches depend
on early stages of the curreat pulse to causs the
formation of a plasms thet has high aonductivity
during the conduction phase of the owitch. Onc vall
of the plasma cavity is s high explosive and, vhen
detonated, the explosive by-products are introduced
into the cavity at high pressures, increasin3 the
plasma resistance. The physicel mechanisme cauvesing
this resistance incresse are a subject of this re-
search. 1In addition, the research ieo aimed at
cheracterising and improving switzh performance at
current densities of interest.

We describe here a nev test geomatry that allows
switch performance data to be obtained accurvately and
inexpensively. In sddition, results of tests per=-
formed in the nev geosetry using cspacitor bank and
high explosive driver magnatic flux cowpression gen~
erators as pover supplias are prasented. Pinally,
results froa experiments designed to explore swvitch
nachanioms are presented.

Eey_Taat Guomatcy

Pigure 1 illustrates the geomsiry iatrcduced by
Paviovehii for plasma compression opening svitches.
1n principle, this s the ideal arrangement for the
switehs It has good field symmacry in the plasms
cavity and good tsclation datwesn eledtrodes during
the high veltage opeaing steges. 1t is also uneven=~
s10”t {u this geometry to eouple the output eof the
owiteh to & eoamtal lead. It 49, however, wery
expansive aud tiwd semsuming ¢ ledrieate 2 evireh of
the type showa. As a result, it 1s not [reetics! for
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Pigure 1. TFlasmea compression opening switch geometry

introduced by Pavlovskii. Current flowing
in the coaxial region returns to ground
through the plasms cavity initially and
through the external 1load aftor the
detonator swit.hes are actuated.

perfurming the fifty to 100 tests required to evalu-
ate switch characteriscics.

Figure 2 illustrates a nev arrangement we have
devised for conducting switch evaluation experiments.
This geomstry complicates analysis by Imposing
electric field end ocurrent density in the plasma
cavity that vary as 1/r, vhere r is the distance from
the center of the concentric electrodes. It does,
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Pigure 2. Outewvay sketches showing the side and top
views of the nev test geometry. Arrows
{adicate direction of current flow in both
views. Dimension A is the diamster of the
funer slectrode and B ia the dismeter of

the suter alestrode.



however, provide good field symmetry and good high
voltage 1isoletion between tha slectrodes at opening
tigse. It is also ‘nexpensive to build snd operate in
oize rasges up to 30 cu diameter. (This 30 linit
is 1mposed by the availability of good inexpensive
sxplosive plons wave lenses for siwmultanecusly
detonrting the plasme coapression explosive.) The de-
sign is aleo adaptadle to oparation on the cnd of co~
axial tranemissiovn lines or iu the center of narallsl
plate transmission lines. It appears to be a
straightforward problea to switch to a parallel load
in the parallel plate geometry, but zore difficulc if
the ewitch is on the end of coaxial electrodes. To
data, ve have made no attempt to use this switch for
any purpose other than switch evalustion.

Jeparisental Results
Sapacitor Bank Experiments

The power supplize used in our opaning switch
applications are exploaive driven magnetic flux com-
pression generators. Thase devices require an
external initial field esource, and for this purpose
wva have a conventional capacitor bank capadle of
delivering megampers currents with risetimes on the
order of 20 us. The most expedient wuy to perform
small scale opening switch expariments is ¢o use the
capacitor bank as a primary power supply.

To test our new geome.ry in this wmecner, we
scaled the switch size to operate at the 1 MA lavel.
In scaling the switch, we take the distance (B=a)/2
to be the length of the plasma cavity, and the
circumference (%/2) (B4A) as the average switch
wvidth. The plasma cavity depth 1is 0.30 ¢m 1in all
tests. The length 4s used for computing average
eleciric field setrengths, and the width for
daternining an aversge value of current per vnit
width dn the plasma. We chose A=}1.27 cm and
B=2.54 cm for our small scale experiments, which
provides an average currert denmaity of ~0.17 MA/cm ar
a peak cuirent of | MA.

The current history and current density are im-
portant factors 4in the operation of devices of this
type and in the majority of our tests we have
attempted to kasp these two variables relatively
fixed. Within this constraint, we primarily consider
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Figure 3. Resistance imcresse achieved iam & typieal .

omall ecale ewitch test.

' three paramsters in evaluating ewitch performsnce.
: The firat {s tha changs in resistance when the explo-~

sive interacts with the plasma. 7Tha gicond i¢ the

- vate of change of the resistance, and the third is

the averaga field strength at peak awitch voltege.

. Results from experiments using our naw geometry

reveal ewitch performance that is greatly improved in
comparison with resulis obtained in previcus small
scale expariserts using parallel plate geometry for
the switch cavity.

The curve 4n Fig. 3 shows the resistance in-
crease obtainad in er experiment using the new small
scale test device. The curve 4s typical of tae
results obtained in these capacitor: baak ezperiments.
The resistance incresses by a factor of ~10 in & few
hundred nanoseconds. Tre psak field etrength fo:
this t2st was ~30 kV/cm.

We have achieved good reproducibility from test
to teet with this small scale switch. As & resrlt,
we expect to be able to perform definitive aaperi-
ments relative to fundaaental switch machanisms.
Some preliminary experimsnts of this type are pre-
sented in a later section.

Explosive Geperator Tests/Scaling

Zn order to ascaertain the velidicy of our emall
scale test results vhen applied to larger devices, we
have run a series of tests using parallel plate ex-
plosive~drives magnetic flux compression generstoru
as the prime power supply for larger switch
asoemblies. We scaled two separate parameters for
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thees toets. Witk A»2.5 em and Bo7.3 en, the average
Mm;t,d‘c&o owiteh 19 15.7 cm, am ::
to ourey 2. at aa average curreat y
0.16 MA/en. In additien, the ratio of lemgth ¢o
circumlerence 1s ~0.16 for this ewitch s» cowpared to
~0.11 tn our small serle tests. Seversl other peram~
eters also affect the owiteh resistence, but 1f
switch vesistence ecalev according to this ratio, the
reaistance of the larzer scale davies should be about
ons &ad a half times that of the smull scale switch.

Ve have parformed s susll susber of theve explo-~
rive gemerator powsred owitch tests and the
rasistance curve from cane of these is shown in
Pig. 4. In thier test, ihe current deneity was
0.16 MA/cn at switch time, 2llowing a direct coopari-
son wi*h oemsll scsle rasults. The recistsuca in-
creasen by a factor of ~10 {n less than 300 ms in
this test. The peak ficld strength is 24 k¥/cm. Two
such tests wvere performed at this current density
with similar vesults. It appears that the switch can
be scaled up to larger sises without any severe
adverse effects on switch performance.

As a finel comment on scaling, va expect ewitch
Tessstance just prior to compression to be dependent
on the total current history, eo we do wnot
necsesarily expect this psrameter to scale in a test
vhere the current histozy 4s different. Peak
resistance, on the other hand, mey or may mnot ecale
depending on the switching mechanism. A careful set
of experiments dedicated to this poimt will provide
valuable information for determining the mschanisa
important in the resistance rise. Specifically, 1f
peak resistsnce is found to be a function of initial
resistance, then the switch mechaniem 1is 1likely to de
pure compression at constant resistivity. If peak
resistence is not a function of initial resietance,
pure compression is surely not the sole switching
sechanism. An interesting comsequence of the svitch
sechanism baing pure compression is that the ratio of
final to initial resiste~ce would be fiwed for a
given internal emergy in the plasma.

Our primary considerstion 1a this project is the
operating characteristics of thess ewitches at rela-
tively high current densities. It is wvorth pointing
out, hovever, that in a few experiments st ocurreat
densities wall below those cited so far, significant
gains in peak switch resistance have been achieved.
Pigure 3 4s & resistance plot fros an explosive gen=-
erator povered test ueing a switch with Be7.3 cm and
A=2.5 cas The curvent deasity in this shot was only
0.00 MA/cm, and the resistance incresses by a factor
ef 19. The resistance riss occurs in ~$00 ne, and
pesk field strenmgth i~ 25 kV/em« Reducing the
eurrent density apparentlv makes a significant {e-
provesant ia switch performance.

Rvitch Nachanisn Exparimants

A major goal of this research 4s wuaderstandiog
the physical machanisue wunderlying the resistance
rise obrerved in plasma compression ovitches. The
sevw switch geometry prevides su encellent rest bed
for perforning definitive exmperiments, and we are
prosseding vwith sa experimental program to this end.

Our first eofforts have bdeen divestad tm‘d
testing & sviteh model proposed by Oretne ot al.
Based o déiffering emergy oinke duriag the plesma

ten precess, the medsl jpredisty impreved

orReeus in seme eircumstances. The firet amperi-

fvalal series wan to deternine whather may (ilferensce

otuld e detected axperimantelly i casee vhare the
model predicted differences to oeour.
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PTigure 3. Resistance increase achieved in a scaled
up switch test at reduced linear current
dansity.

A fev preliminary experimants ware dedicatad to
testing the prediction that pleamas formed from dif-
ferent gasses initially 4n the cavity will produce
different owitch performance. The wmodel predicts
that a plassa heaving completely stripped idons will
convert wmuch of the enmergy of compression into ther-
sal energy, thersby raisiang the plasma conductivity.
A plasma of this type would mako a relatively poor
switch compared to a plasms in vhich an abundance of
iouisation states are availeble as energy sinks. To
see if wa could demonstrate this point, He and Yo
vere introduced ianto the switch cavity om separate
axperiments. These tvo gascs vare chosen with the
notion that Je migat De fully etripped, but Xa would
surely not be.

1o our small scale hardware, the 6li-~trodes are
separated by only 0.64 cwm, whica breaks down readily
vwhen the 13 kV charge voltage on the capacitor bank
is aupplied. As a result, thes. tests were run with
the simplest configuration achievable. The only ma=-
terials 4avolved i1in the test were the drass e¢lec-
trodes, the Teflon insulation, the FRX=9404 compres-
sion explosive and the gas in the cavity. In addi-
tion to Bs end Xe ot atmospheric pressure,
atmodpheric air was used in an adéitional test fur
reference.

The tests proved imconclusive, as uo measuradble
diffarences occurred betvean the tests with Re and
Xe, dut mo diagnostice were used to detearmine tha
ionisation state in either shot. The performance of
the svitch using air 4in the cavity was alightly
better than either of the other switches, however.
Sincc asother type empariment wvas aveiladle for
testing the wmodel, further tests of this type have
bean postponed.

Another set of preliminary teets were performed
to check the pradictica that reducing the premsure in
the switch cavity would improve awitch performance.
As 4. che previocus tests, the applied voltage vas
used to break down the gas (eir) im the aswitch gep.
Thie did requirve, however, that pressure be abeve the
eritfical point or the Paschen curve, and hence exper-
{asuts were perfermed at 1.3 Torr, 20 Torr and
atuoepherie presauvr e. Data from these teste are pre-
sented in Pig. §.
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Figure 6. Resistance dmcresse echieved in cuall

scale experiments vhere the 1initisl air
pressure in the svitch cavity was varied
as indicated.

The figure shows that tests at atwospheric
pressure and 20 Torr ere very similar, but that the
tes” at 1.5 Torr is measuraply improved. The test at
1.5 Torr was rapeated with & similar result.
Apparsetly the effect of the reduced prassure is to
enhance avitch performance.

Th.cse experiments have not conclusively teested
the details of the modal, but do show trends that the
sodel predicts. Purther work will be required to
test the model in a quantitative wvay.

Sonclusion

A nev test bad has baen devised that gives
reproducible vesults iu s configuration that 1is
simple and insxpensive to uses. It appears that
scaling laws determired from swsll scale testing in
the nev test bed can be applied to larger devices.
As a result, expariments lesding to a good character-
isation of switch performance and machanisms are now
possible.

Our expariments, to data, 1niicate that
resistance increasas of a factor »10 ara poesidls at
linear current densitias of 0-13 MA/cm, with rise-
times of a few hundred nanoscconds. Lower curreat
densities will provide largsy resistance increases.
Pesk average fie¢ld strengths of <30 kV/em can ba
sxpacted. In addition, the tsndency for better
switch performance in an initially evacuated switch
cavity has bean demvnstrated.
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