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Sumpary

As described in the preceding paper, the implosion-
heating power supply uses four 125-kV generators in
series. Each generator consists of a fast 125-kV pulse-
forming network made up of capacitors attached to a
1-m-wide parallel plate transmission line which is fed
through multiple cables from a 2.5-uF, 0.5-pH Marx bank
charged to 180 kV.

To simplify construction it was decided to do with-
out o1l or water for high-voltage insulation and grad-
ing. The developrents described here are: (1) A low-
inductance connection bstween the 125-kV capacitors
and the parallel plate transmission line usiang an
elastomer gasket capable of holding 200 kV. (2) Edge
flashover prevention by "ballooning" the sheet insu-
lation, by which a 10-cm edge extension of insulation
is capable of withstanding a 200~-kV pulse for several
s.icroseconds. (3) Using the edge flashover for over-
wvoltage prevention. (4) Grading of voltage along in-
sulatozrs wicth conducting plastic sheets to preveat
flashover at the load switches and cable connections.
(5) Capacitively graded insulating supports for the

Marx banks.

Introduction

This paper concerns itself with some of the tech-
nical decails in the desiga of the LASL 40-cz diameter
implosion heating experiment. Figure 1 shows a sche-
matic diagram oI Cne 10ur sezilca-connested pulee-
forming networks (PEN's). It is also an approximate
zepreseacation of the mechanical arrangement of the
eooponeats. Each of the fast pulse-forming aetworks
is maie 2f two sets of 125~kV capacitors attached to
a l-s-wide pavallel plate low-impedance transmission
itne. The PEN is pulse charged to 125 kV from a Marx
bank tvpe power supply in approximately l.4 .sec, at
wvhich time the load switches are fired teo apply the
voltage to the load coil.
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Fig. 1 Schematic diagram of the LASL Zaplosion-
Heating Experiment.

Low Inductance Capacitor Connection

~ The capacitor connection to the parallel plate
transnission line must have as low an inductance as
possible, and it oust be able to stand 125 kV very
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reliably. The final design shown in Fig. 2 uses &
poured-in-place elastomer gasket.* The usual capaci-
tor insulator barrier has been cut down to reduce the
inductance. A very thin layer of silicone grcasc**
1s used between the gasket and each of the four layers
of 0.032-in-thick polyethylsane sheet insulation. An
additional 0.25-in.~thick polyethylene spacer is used
above the sheet insulation to reduce the electric
field strength at the outside edge of the gasket.
Approximately 6000 lbs. of force is used to compress
the insulaticn on the gasket. Since the silicone
rubber gasket is molded 0.010-in. higher than the
surrounding plate, the force is discributed over the
gasket surface at about 200 psi. This insulating
arrangement has been successfully tested repeatedly
with several capacitor headers to 200 kV with pulses
tising in less than 1 psec and with an RC decay time
of around 100 usec. Raising the voltage on one sample
produced a breakdown through the capacitor insulator
at 235 kV. This design appears to be quite adequata
for the 125-kV service.
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Fig. 2 Scals disgram of low-inductance connection
betwveen parallel plate line and the 125-kV
capacitor header. (A) transuission line place,
(B) transmissicn line {nsulacion: four shee:-
1/32-1n. polyechylene, (C) capacitor can, (.:
capacitor terminals, (£) capacitor insulacor,
(F) poured-in-place silicome rusier high-
voltage gasket, (G) 1/4~in.-thick polyethylene
spacer.

Edge Insulation for Parallel Plats Lines

Flashover prevention provided by a simple axten-
sion of sheet insulatica bevond the edge of parallel
plate high-voltage electrodes diminishes in effactive-
ness as voltages are raised to 100 kV and higher.
Tests have shown that the voltage standoff for e given
voltage waveforn is a function of both the edge exten-
sion of the sheet insulation and its thickness. Figure
3 showe flashover curves obtained for various thickness-
es of polyethylene. The voitage waveform in these
tests approximated a single cycle of a slightly under-
damped sine curve riti.y ii 5 usec to peak. In order

& Dow-Corning Sylgard 184. This method vas suggested
by P. Chaapney of Physics Internatiomal, Ilnc.

#* Dow-Corning 5 Compound.
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Fig. 3 [Flashover voltages for a straight extenzion of

insulation of various thicknerses and vidth
from che edge of a parallel plate transaission
iioe

to sininize tine effects, the voltage amplitude ves
adjusted so flashovar occurred st 4 usec vhile the
voltage vas still rising. We have also observed that
the flashover voltages are not significan:ly ¢ifferant
for the sans dicensions of mylar and polyethylene.

Our underscanding of the flashover process under
pulsed-volzage condicicns is chat at cthe high electric
fields imposs? on the fas:laciom, the 4ir ac the elec-
exade 223: Sraalis doum ind o lozgc mozies of Loreuzeds
start froz exch elacstrodie adge. 3co=e of these streaz~
er3 tay coirncide on the cpreiize surfaces of the iasu-
lation, and since the streacars are conduclars, chey
cecd to extend the potential of aach plate outvard
along the surface, further loairzing the air ac their
tips. The scraazer propagacica is iniluesced by shetr
Laccinsic izpedacce, the source impedance, and by che
field streagth at the streacer tipe.’

Setosn isaert

¥ig. 4 FPlashover prevencion by "ballooning™ the fasu~
lation at the edge of & parallel plate trans-
aission line. With four sheets of 1/32-ia.
imsulation and edge extension of 4=in., and &
balloon insert 12-in.-wide, the flashover volt-

age 1s 200 kv,

Therefore, if the insulator surfac.- can be sepa-
gated 80 that the eLTeamErs Propagating .u.eassd find

® A similar process has been suggested by J. C. Yartin
in ons of his notes on "Dielsctric Breskdown and Track-

1ag"” (SSVA/ICM/Hun/S).

the field strengih decreusing at thelr tips, the fiash-
over voltage =ay be increased, We do this by sticking
fa & sheet of insulation in a “ballocn" fashion as
showm iu Fig. &. Io order to be effcctive, the sepa-
ratioa has to starc at the sdge of the elecirodes.

Overvoltage Protection

At the tioe that the PRI has reached 125 bV, the
Marx bank is delivering a considerable asount of cur-
reat ( ~ JO0 KA), vhich aorsally adds to the cucrrent
from the PFX to deliver the paak current of adbout 600
kA to cthe load. Hovever, If the load svitches should
fail co close, this Marx currant, because of the cir~
cult irductaunce, would sertiouvaly overchacrge the PFY
capacitors. Therefore, we will need an overvelitage
protection sviitch, AL the pressnt, the zizplest and
sost prooisicg method sppears to be to let a flashovar
davelop across a specified saction of insulacion at
the edge of the tranwission line, Tests with & aia-~
gle capacitor sockup lina have shovn that, for a given
fasulation edge extensicn and thickness, the [lashover
voltage is very tepeatadble with no ducage to tha fasu~
lation. The dravdacks to this type of swicching are
its high sound leval snd possible dusage to the iasu~
lation st the higher energy levels. Howvaver, f:- in-
fraquant cse, thesa can be overcoce Yy proper =..filang
and by saking the insulation in that tegicn rap.. i~

sble.
Gonductive Plaseic Voltage Grading

Another aschod of flashover prevention i{s to grada
the voltage along an insulator sucface 30 tha electric
{lelds do not exceed the breakdown strangih of air,
Volcage grading has ususily beaz done by fzcaraing the
electrode acd insularor sssexdly (n slighely conductiva
vater solutices. A such more convenient gethod would
de to provide the grading by a coaducting sheet z3zesi~
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polyolefin £112." The fils ras co 3ava 2 lov asiugh
vasiatliviey TO 54 azle o charie che capiclesncs se-
tvess cha inzulator gurfaces gufiiciantly fast sio-
pared to the voltage risetiza, and it his co have
bYoch & chickzess and coanescicas ¢C Lhe eleacerosas,
such that curreat density anyvoess doas aof ane:sd
certaic lizics. We have 202 lavastigatad thése
limite fa decail, but a2 cust wich J.408~ia.-thi»
ssterial vith 7500 {. per square resiszance would :old
off about 6.5 kV/cm for distances from 15 ca to 0 em
and voltage pulses about $ .sec in duration. It :shus
sppears cthat che maxisum current density for that test
sonple vas 0.9 A per centireter of width. Lhere this
liafe L9 exceeded, ss for exauple at coanections to
corsars of the electrodes, cthe plastic Slovs up and
breakdown occurs through the conductiog plascic. This
12 also demonstrated by the fact that if thicker plas-
tic of che sams reaistsnce is used, the voltage hold
off fiacraases.

s have used the conducting plastic fila vrapped
around ths rail spark gap load svitches as shovn in
Tig. 3 and obtained volzage hold off to 195 kV. Above
that the breakdowvns occut pricarily because of diffi-
culty in obtaining a unifors current conpsection be-
tvasn the conducting plastic and the switch electrodes.
but is reliable at che 123 kV operating voltage.

A method of voltage grading of the skindack of a
cable 41s shown in Fig. 6. iere a 12-ia. skinback
graded with the conduccing plasctic can vichstand 200
&¥, S~-n.sec pulse, without breakdown. This muthod is
used to grade the cable connections betveen the Harx
banks and the PF¥'s 1o our experiment.

[ 34 e

#* This caterial can bs obtained in various cesiscivi-~

ties and thicknesses from Custom Materials, Inc.,
Chelasford. Mass. under the trade came of Velostat.
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Fig. $ Disgram of che rail electrode spark gap load

switcih fascalliation. (A) Phvaics locernacionsl
Co. nodiffcd Model S! svictch assendly, (B) Cone
tinvous plote of cransuisstion line, (C) Swvitchnd
pietes of tranisission lire, vzapped in insu~
latten nasr the sviteh, () Yale ttanssission
14oe insvlation, four sheecs of 1/)1-in. poly-
athylens, (I} Conductive plastic shest vrapped
stovad swiceh.
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fig. ¢ Schemstic diagras of conductive plastic high
wolcage grading of cadle insulaction skinback.
{A) Cable canductears, {3) Cable tnsulacion,
IP\ ‘-“D viarn alanrents gud -lq—q lﬂ\ Pane
d\seuu slassic weap, (Z) Eeose cul:p. (f) Tlaa-
tis abh 92237,

S:onseze for Marx Jank

acizivele Tradat Togulazin

Tacn 7 ehe four Marx backs shown in Fig. 1 actu-
elly consiats of cus separaze dSasks in parailel. Each
of these tvo Yanks consists of six sections of &O-kV,
7.%u:T capacitors, and is evacted through six field
distortion spark gaps. To caxe use of capacitors el-
ready oo hand, esch section is asde of two 20-kV, 153-uF
capacitors iu sariss. Because of the high inductance
of thess caspacitors it is necessary to psrallsl two of
these banks to charge each of the four pulsa-forming
astvork lines. ALl eight of che Marx benks are charged
ia parallel and fired sinultanecusly with a eiogle
trigacron type spark gap vhich shorts che ends of
eight charged 50-., cables. Because of space limita-
tieas it vas necessacy to stack the efght Marxes in
pairs vith their outputs in the middle of the scack.
The upper tvo baoks Lr the twvo stacks at one end of
the sachine are cornected to the upper pulse-foruing
14ne, and lower tvo zo the lowr line: therefore it
bacase oecessary to develop an insulacing scpport thae
would mechanically suppor: and elaectrically isclate
the top Marx from tha bottom ona. This is showa in
Fig. 7. The internediate plates in this suppore add
rigidicy and provide capacitive wvoltage grading. The
support can uithstand the full saxisum 240 kV output
of ons of the Marxes.
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Fig. 7 Insulating support for stacked 240-kV Marx
banks. (A) Output plate of top Marx bank,
(B) Oucput plate of botcom iHarx bank, (C) Cy-
lindrical phanvlic spacers, one ir each of
tour corners, (b} Alusisum capacitive grading
plates, (£} Dovel pips.

Ye vant to enprtess our apprecistion to Cuy Zium,
Michael Relly, Ronald Cliver, and William Sefch {.:
their sssiscance in conszruccion of «quipasnt end in
carrying out the experimants.
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