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HIGH-VOLTAGE TECHNOLOGY FOR THE LASL IMPLOSION-HEATINC EXPERIMENT 

J. E. Hammel, Ivara Henlns, John Marshall, and A. R. Sherwood 

Los Alamos Scientific Laboratory, University of California 

Los Alamos, New Mexico 

Summary 

As described In the preceding paper, the implosion-
heatlng power supply uses four 125-kV generators in 
series. Each generator consists of a fast 125-kV pulse-
forming network aade up of capacitors attached to a 
1-m-vlde parallel plate transmission line which is fed 
through multiple cables from a 2.5-p.F, 0.5-|̂ i Marx bank 
charged to 180 kV. 

To simplify construction ic was decided to do with­
out oil or water for high-voltage insulation and grad­
ing. The developments described here are: (1) A low-
Inductance connection bstveen die l?5-kV capacitors 
and the parallel plate transmission line using 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 
microseconds. (3) Using the edge flashover for over-
voltage prevention. (4) Grading of voltage along in­
sulators with conducting plastic sheets to prevent 
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 details in the design of the LASL 40-ca diameter 
Implosion heating experiment. Figure 1 shows a sche­
matic diagram or cne ioui s<=». lea-connected pul??-
foraing networks (PFN's). It is also an approximate 
representation of the mechanical arrangement of the 
components. Each of the fast pulse-forming networks 
is maie at two sets of 125-kV capacitors attached to 
a 1-s-viug parallel plate low-impedance transmission 
line. The PFN is pulse charged to 125 ktf from a Marx 
bank type power supply in approximately 1.4 i-sec, ac 
which time the load switches are fired to apply the 
voltage to the load coil. 
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rig. l Schematic diagram of the LASL JCaplosion-

Heating Experiment. 

Low Inductance Capacitor Connection 

The capacitor connection to the parallel plate 
Transmission line must have as low an inductance as 
possible, and it must be able to stand 125 kV very 

reliably. The final design shown In Fig. 2 uses a 
poured-ln-place elastomer gasket.* The usual capaci­
tor insulator barrier has been cut down to reduce the 
inductance. A very thin layer of silicone grease** 
is used between the gasket and each of the four layers 
of 0.032-in-thick polyethylene sheet insulation. An 
additional 0.25-in.-thick polyethylene spacer Is used 
above Che sheet insulation to reduce the electric 
field strength at the outside edge of the gasket. 
Approximately 6000 lbs. of force is used ta compress 
the insulation on the gasket. Since the silicon* 
rubber gasket is molded 0.010-in. higher than the 
surrounding plate, the force is distributed 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 
rising in less than 1 usee and with an RC decay time 
of around 100 tisec. Raising the voltage on one sample 
produced a breakdown through the capacitor Insulator 
at 235 kV. This design appears to be quite adequate 
for the 125-kV service. 
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Fig. 2 Seals diagram of low-inductance connection 
between parallel place line and tha 125-kV 
capacitor header. (A) transmission line pl^cc, 
(B) transmission line insulation: four sheet-. 
1/32-in. polyethylene. (C) capacitor can, I-' 
capacitor terminals, (£) capacitor insulator, 
(F) poured-in-piace silicone rubier high-
voltage gasket, (G) 1/4-in.-thick polyethylene 
•pacer. 

Idle Insulation for Parallel Flat* Linos 

Flashover prevention provided by a simple exten­
sion of sheet Insulatica beyond the edge of parallel 
plat* high-voltage electrodes diminishes In effective­
ness as voltages are raised to 100 kV and higher. 
Tests have shown that the voltage standoff for a given 
voltage waveform is a function of both the edge exten­
sion of the sheet insulation and its thickness. Figure 
3 shot* flashover curves obtained for various thickness­
es of polyethylene. The voltage waveform in these 
Scats approximated * «insl* cycle of a slightly under-
damped sine curve rlti«» *u 5 usee to peak. In order 

la 
•mm 

* Dow-Corning Sylgard 184. This method was suggested 
by F. Champney of Physics International, Inc. 

** Dow-Coming 5 Compound. 
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fit. 3 Flaehover voltsget for a straight extension of 
insulation of various thicknesses and width 
froa tha edge of a parallel plate transmission 
Una. 

to alnlalze clna effccca, tha voltage amplitude was 
•djueted so flashovar occurred at * usee whlla eha 
•oleage was still rising. We hav« alao obsarvad that 
tha flashovsr voleages ara not significantly Clffareac 
Cor eha aaaa dimensions of cylar and polyethylene. 

Our understanding of tha flashover procaaa undar 
pulsad-volcage conditions is chat at the high alactrle 
flalds laposei on eha insulation, tha air at tha alee-
*--̂ - —*afc •««^.Ha *»•*.. ~~m •• •M»C«. Ti•!•• c» VM *»ra«*i»4ftS 
•tart frcs each el«ctro.-:e esse. 5cse of thasa straae-
• » e»y coteclda on tha epecsita Jutfacea of tha insu­
lation, ass slnca the streamers ara conductors, thay 
eaed to extend tha potential of aach plata outward 
•long tha surfaca, lurthar ionising tha air at their 
eipe. Tha straasar propagation Is influenced by their 
latrlnsic lepadance, tha aourea isnedanca, and by tha 
flald scraogtb ae tha sereacer elpe." 

fig. 4 Flashovar prevention by "ballooning" tha insu­
lation at tha adga of a parallal plaea trans­
mission llna. With four shaats of 1/32-la. 
lasulaclon and adga ascension of 4-ln., and a 
balloon lnsart 12-ln.-wlda, tha flasbover volt-
aga is 200 kV. 

Tharafora, if eha insulator surf so.- can ba eepe-
ratad so ehac eha ecreamara propagating •.-.—»a find 

* A similar process has baaa suggascad by J. C. Hartln 
la MMI of his noeas on "Diolaecrlc graakdown and Track-
lag" (SSHA/JCM/Hun/S). 

tha flald strength decreasing at their tips, the flasb-
ovar voltage say ba Increased. We do this by sticking 
tn « sheet of insulation in a "balloon" fashion as 
shown in Fig. 4. In order to ba effective, tha ite­
ration has to start at tha edge of tha electrodaa. 

Ovarvoltat* Protection 

At the tise that tha PR< has reached 12} kV, tha '. 
Mara bank Is delivering a considerable aaount of cur- ' 
raae ( — 300 KA), which norsally *<M* to the current 
frost tha FFS to deliver the peak currant of about fOO 
kA eo the load. However, if the load switches should 
fall co close, this Mar* currant, because of the cir­
cuit inductance, would seriously overcharga tha PF)t 
capacltora. Therefore, we will need an ovcrveltage 
protection svltch. At tha present, tha alsplest and 
aoat proolslcg aathod appears to ba to let a tlsskovar 
develop across a specified section of insulation at 
tha edge of tha transolsaion line. Teats with a sin­
gle capacitor ctockup Una have shown that, for a given 
Insulation adga extension and thickness, the flashover 
voltage is vary rapeatabla with no dosage to eha insu­
lation. Tha drawbacks to this type of switching ara 
lea high sound leval and possible dasage eo the insu­
lation at eha higher energy lavels. tsowever, ic m -
fraouaot u*». chest eaa ba overtone by proper ;..!lic; 
and by making eha insulation in that region rap.., i»-
abla. 

Condocelve Flaselc Vottata Stadlna 

Another aathod of flashovar prevention is to gradm 
tha voltage along an insulator surface so the electric 
field* do not exceed cha breakdown strength of air. 
Voltage grading has usually bean aone by issersin« tha 
electrode and insulator asessbly in sliehtly conductlv* 
water solutions. A such aora convenient aeckod would 
ba to provide tha grading by a eesducsia* thaet .saceri-

polyolafln ills.* Tha tils has to .tave a low «a;u*h 
resistivity eo is asia to cs.tr.;* th* capaeicanca ;<-
eweea eha Insulator surfacaa su£Sic sanely iajt c;s~ 
pared co eha voltage risetiaa, ana it his to have 
both a ehlcksess and connections to cha elaeeracaa. 
such chat currant density anyvnere does not a^.c-.xt* 
certain llcles. tie have not ir.vastijasaii thaa« 
llmltm ta d^fil, but a case with O.COi-ia.-chi.-,. 
aaterlal with 7300 t. par square raslstanca would -old 
•ff about a.5 kV/caj for distance* froa li en to ;0 as 
aod voleage pulsea about i ̂ stc In duration. It thus 
appaara ease tl>e aaxiatua currant density for that ease 
aaapl* was 0.9 A par cent ire tar of width. Where this 
lisle la axcaaded, as for escasple ae connections eo 
corners of eha eleccrodee, tha plastic blows up and 
breakdown occurs through eha conducting plastic. This 
ta alas deaonattated by eha face that if thicker plas­
tic of eha aaaa realstence is used, eha voltage bold 
off increases. 

Wa have used eha conducting plastic fila wrapped * 
•roans' tha rail apark gap lead swlechaa ** shown la ~ 
Fig. S and obtained voltage hold off to 19S kV. Above ? 
that the breakdowns occur prisarlly because of diffi­
culty in obtaining a unlfora currane connection be- ~ 
eweaa tha conducting plastic and cha switch electrodes, 
but is reliable at eha 125 kV operaclng voltage. J 

A Method of voltage grading of the sklnback of a -
cable la shown In Fig. a. Hare a 12-ln. sklnback 
graded with eha conducting plastic can withstand 200 
fcf, 9-wsac pulse, without breakdown. Thla aathod la 
used to grada tha cable connections between tha M a n 
hanks and cha FFM'a la our experiment. 

z 

* This wterlal can ba obtained la verloua reaiatlvl-
tlas and thicknesses froa Custoa Materials, Inc., 
Chelaaford. Haas, under the trade aaaa of Valoatat. 
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Olagraa of Cha rail electrode spark gap lead 
avlccu installation. (A) Physics International 
C*. andifled Kodei SI switch eesesbly, (a) Con­
tinuous plate of transalsslon lint, (C) Switched 
plate* of transmission line, wrapped In Insu­
lation Mtar cha switch, (9) Xala transmission 
llo« insulation, four shaacs of 1/32-ln. poly­
ethylene, (t) Conductive plastic sheet wrapped 
erevad svitch. 
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Fif. 7 Insulatlnc support for stackad 2*0-kV Han: 
baaka. (A) Output plata of top M a n bank, 
(I) Output plata oi bottoa M a n bank, (C) Cy­
lindrical phenolic apscers, ona le aach of 
four corners, (&) Alualaua capacltlve trading 
platas, (C) Dowel pioa. 
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Fig. * Sehaaatlc diagras of conductive plastic high 
voltage gracing of cable insulation skinback. 
(A) Cabla conductors, (3) Cabla insulation, 

ducting ?las:lc wrap, (£) Hcta clasp, <F) ?laa-
tia cable s::ap. 

Caj-icitiv'-v Traded IftStttaslst Saggarta for Mane 3.«tfc 

la-, ii tht four *aw backs shown is Fig. I ectu-
ally coftsi*!* of cue separate iassfcs in paraxial. Each 
of thasa two Vanks consists of six tactions of 40-ktf, 
T.y-vX capacitors, and is areccad through six flald 
distortion spark taps. To cake usa of capacitors al­
ready on band, aach saction is aade of two 20-kV, 15-uF 
capacitors ia series, because of tha high inductance 
•f those capacitors it ia necessary to parallel two of 
taese banks to charge aach of tha four pulae-forolng 
aetvork lines. All eight of the Han banks are charged 
ia parallel and fired simultaneously with a single 
trigatroa type spark cap which shorts tha ends of 
•ignt charged SO-,, cables. gecause of apace lleita-
tlaae It vaa oecessacy to stack tha eight Mantes in 
•airs with their outputa in the alddlc of tha atack. 
Taw upper cwo banks in tha two stacka at one and of 
the aachlne are connected to tha upper pulae-foralng 
line, sad lower two to tha lower line: therefore it 
becase necessary to develop an insulating support that 
would aechanlcally support and electrically iaolata 
the top Kara froa the bottoa one. This is shown in 
Fig. 7. Tha intermediate plates in this support add 
rigidity and provide capacicivc voltage grading. The 
support can withstand tha full aaxiaua 240 kV output 
•f one of the Marxes. 
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