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HIGH-VOLTAGE TECtiNOLOCYFOR T’MELJML LMPLOSION-HMTINC EX.PERMENT

J. E. Hammel, Ivars Henins, John Harshall, and A. R. Shemood

Los Uamoa Scientific Laboratory,

Los Alamos, New

Summary

As described in the preceding paper, the Implosior
heating power supply uses four 125-kV generators in
serieb. Each generaccr consiscs of a fasr 125-kV puls-
forming network ❑ade up of capacitors attached co a

l-m-wide parallel plate tra~saission line which is ied
through multiple cabl?s from a 2.5-kF, O.S-@ Ham bank
charged co 180 kV.

To simplify construction it was decided co do with-
out oil or water for high-voltage insulation and grad-
ing. The developments uescribed here are: (1) A low-
inductance connection bec};eenthe 125-kV capacitors
●nd the parallel plate transmission line using an
elastomer gasket capable of holding 200 kV, (2) Cage
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
nlcroseconds. (3) Using the edge flashover for over-
voltage prevention. (4) Grading of voltage along in-
Bulatocs with conducting plastic sheets co prevent
flaJhover at the lo~d switches and cable connections.
(5) Capacitively graded insulating supports for the
Yarx banks.

Introduction

This paper concerns Itself with some of the tech-
lical dec~ils in the design of the LASL 40-ca diamezer
lmplosia~ heating experiment. Figure 1 shows a sche-
natic diagram or cne LOUL m=Li==-ccr.cccccd p’~l=e-
/omnfn.gne?’iorksi(P~’s). It is also an approximate
represtiatati~r. oi the aechanicul arrangetcent C: the
:UC?oceccs, Each oi the fast pulse-ioncing networks
1~ m~jc ]i ~.dj~e[g of 125-k’J caoaclt~rs accached CO

I L-m-widd pa:aliel pldte Lov-tipedance transmission
lin9. T5c PFN is pulse charged to 125 kV from a ,Han
Mnk type pwsr supply in approximately 1.4 +sec, ac
hich tf.m~:ha load switches are ii~ed to apply cha
rolta~e to cha lJad roil.

‘1s.1 Schematic diagram of th~ LASL Imploslon-
Ucmtfng Exparimrnn&,

Th- capacitor conn~ccion to tha parallel placa
ransmiasion lin~ must hu”c AS low an induccanca am
omnibl~, and it must btiublc to stmd 125 kV vary
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reliably. The final design shown iri Fig. 2 uses 8
pours+d-in-place elastomer gasket.● The usuai capaci-
tor insulator barrier has been c m down co reduce the
Inductance. A very thin layer of silicone grease**
IE used between the gasket and each of the four layers
of 0.032-in-chick polyethylene sheet insulation. An
additional 0.25-in.-thick polyethylene spacer is used
above the sheet insulation to reduce the eleccric
field strength at the outside edge of the gasket.
Approximately 6000 lbs. of force 18 used to compress
the insulation on the gasket. Since che silicone
rubber gasket is molded O.010-in. higher than tho
surrounding plate, the force is distributed over the
gasket surface at about 200 psi. This insulacine
arrangement has been successfully tested repeatedly
with several capacitor headers to 200 kV with pulses
rising in less than 1 psec acd with an RC decay time
of around 100 ~sec. Raising the voltage on one sample
produced a breakdown through the capacitor insulator
at 235 kV. This design appears co be quite adequate
for the 125-kV aervicc.

ml,
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Fi$. 2 Scala diagram of 1~-lnduccanca crmnaccion
bccwatn parallel plat~ line and ch~ 125-kV
capacitor header. (A) cranstission lina pl~ra,
(B) transmission lina insulation: four shae[.
l/32-in. polyathvlanc, (C) capacitor can, ~.‘
capacicor terminals. (E) capacitor inaulacor,
(?) pourad-in-pl~ce ailicona rubber high-
vulcagc gaak.ac, (G) l/4-in .-thick polyathylana
apaccr.

?laahowr provantlon provided by ● •impl~ axeon-
aion of shaac insulation bayand thu adga of parallel
plata high-volcagc ●lactrodu dtiiniahod in ●ffoctiva-
naao ●s voltag~s ●rm rais~d co 100 kV ●nd highsr.
Tcatn havo shown chat cht volcaga standoff for ● givan
voltqo wawform is ● funccion of both tha adgo uttan-

aion of tha shucc inoulatloa ●nd ico thicknaes. Figura
3 .h~* Clashovar curwc obtainod for vsrious thieknco~
u of poly~chylano Tha voicagt wavaform in thaua
tasca ●pproximactd ● ●imla cycla of ● clighcly undar”
dampad ●ho curw cici- Lb 5 wcc to paak. In ordar

● Dow-Coming Sylgard 184. This ❑athod WC8 ouggastad
by P. Champnay of Phyoica International, Lnc.

~ -Coming S Compound.
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the field strength decreasing at their tips, the flash
over voltage may be increased. We do this by sticking
in ● sheet of insulation in n “balloon” fashion as
dmvn in Fig. 4. In order to be effective, the sepa-
ration has to stare at the edge of the electrodes. _z

c~ ‘J

Overvoltage Protection
~

At the time that the PFN has reached 125 kV, the ‘<

- J
.
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‘o s 10 15 20 25 30

?*. 3 Flashover voltages for a straight extension of
insulation of various thicknesses and width
frm tha edge of a parallel plate transmission
line.

to ainlmize tfme ●ffects, the voltage amplitude was
●djuated ao flashover occurred at 4 psec while the,
voltage was stil~ rising. We have alsG obsemed that
the flashover voltages are not signifjcanr.lydifferent
for tha @ame dimensions of mylar and polyetkylane.

Our understanding of che flasnover process under
pdaed-voltage conditions is chat at the high electric
fields fmpoged on the insulation, the air at the elec-
6--J. J..-.A-- l..:l::z..... ::.:2----- --0- L:Z;C r..+cr ;: .Cr&Ui=iS
start from ●ach ●leccrode eaqe. Soze oi these streac-
● rii may coirctde on the oppGsice surfaces of the insa-
hCivn, ●nd since che screacers are costduccorsP they
tend CD exeend tha p~tential sf each plate outward
●long the s!.lrface, further ionizin~ the air at their
tfpa. The @creamer propagation is influenced by :h~ir
intrinsic impedance, the sou~ce impedance, s.nd by the
Ziald strength at the etreamr tips.*

rig. 4 ?lashovor prevention by “ballooning” tho ineu-
latAon ●t the ●dga of ● parallel plate trana-
miooion line, With four sheets of l/32-in.

insulation ●nd ●dge extension of 4-in., and a
balloon insert 12-in.-wide, tho flashovcr volt-
qa 10 200 kV.

Tlmrefora, if the intulator surfac~- can ba sapa-
!atod so that the str~amero prop~gatins l.b---bu find

~ A similar procesc ha. been suggested by J. C. Martin
[n on~ of his notes on “Dlelactric Breakdown ●nd Irack-
,o#” (SSWA/JCBl/Hun/5).

Marx bank is delivering a considerable amount of cur- <
rent ( * 300 KA), which normally adds to the current z
from the FFN to deliver the peak current of about 800 ~
M to the load. However, if che load svicches should
fail to close, this N!amt currenc, because of the cir-
cuit Inductance, would seriously overcharge che PFS
capacitors. Therefore, we will need an ovcrvolcage
protection switch. At the present, the simplest and
most promisiag method appears to be to let a flashover
develop across a specified section of insulation ac
the edge of the transmission line. Tests with a sia-
ale capacitor mockup line have showr that, for a given
insulation edge extension and thickness, the flashover
voltage 19 very repeatable with no damage to the insu-
lation. The draxbacks to this type of switching are
its high sound level and possible iamage to the insu-
laci~u at the higher energy levels. However, fc- in-
frequ.emt use, these can be overcome by proper u~ifling
and by making the insulation in chat region rep;,~s-
●ble.

Conductive Plastic Voltage Cradin~

Amother method of flashover prevention is to grade
the voltage along an insulator surface so the electric
fields do not exceed che brcakdovn strength of air.
VolcagIe grading has usually been done by immersing the
●lectrode and insulator asseubly in slightly conductive
water scllttions. A much more convenient method would
be to provide the grading by a conducting sheet zacerL-
-1 ;7- =---- 4 a -..;..L*/.
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polyoiefin filE.* TF,e film has CO have a low en>ugh
resiaclvizy to be a~le to charqe the capacitance ie-
tweeu the insulatur surfaces sufficiently fast C3W
pared to the voltage risectie, and ic h~s co have
both ● thickness and connections to ctieelectrodes,
such that current density anyn’heredoes noc exc;z:d
certain limits. We have not investigated these
limits in detail, but a test with 0.006-in.-thLci
matatil with 7500 L per square resistance would ,?old
off about 6.5 kV/cm for distances from 15 cm to M m

●nd voltage pulses about 5 ~sec in duration. It :hus
•pp~~ra that the maximum current density for that test
sampla was 0.9 A per cent~cter of width. Where this

llmlt La axcceded, as for ●xample at connections co
cornms of the ●lectrodes, the ~lastic blows up and
braakdown occurs through the conducting plastic. This
is ●lso demonstrated by the fact that if thicker plas-
tic of cha same resistance is used, the voltage hold
off incraases.

zW have used the conducting plastic film wrapped -
around the rail spark gap load witches as shown in ~
Fig. 5 and obtained voltage hold off to 195 kV. Abova ~
that the breakdowns o:cur primcrily because af diffi- ,2
culty in o$taining a unifom current connection be- ?
twean tbz conducting plastic and thu switch electrodes,
buc la rcliabla at tile 125 kV operating voltage. z

4
A method of volt~ge Crading of tha skini>ack of a -

cabl- la shown in FIR, 6. Hare ● 12-in. skinback
Uradod with the conducting plastic can withstand 200
kV, %~sac puls., without broakdom. This method i.
used to ~rada tha cable connuctiona b~twean tha Marx
bank. ●nd tha PFN’o in our experiment.

● Thim aatorial can be obtalnad in varioua resiativi-
tiea ●nd chfcknesuea from Custom Naterials, Inc.,
Cholemford. MJSO. c:~dar the trade name of Veloatat,
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Fig. 5 Diagram of the rail electrode spark gap load
switch installation. (A) Physics International
Co. modified Model S1 switch assembly, (B) Cm-
tinuous plate of transmission line, (C) Svitcnd
plates of transmission line, vrapped In insu-
lation near the switch, (D) ?:ain transmission
line insulation, four sheets of l/32-in. poly-
ethylene, (E) Conductive plastic sheet wrapped
●rouna switch.
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Fig. 6 Schematic diagram of conductive plastic high
voltage gra~ing of cable insulation skinback.
(A) Cable conductors, (B) Cable insulation,
te} Cmlft r4*0 tal<. t-+vnela !3-?4 .I.amwl (n! I-n--

&&t i;g ;lasc~c wrap, (E) Hose ci~p; ~F) Plas-
tic cable sc:a?.

Zrch c f the four i’%rx banks shown in Fig. 1 actu-
●lly consl~ts of two separate banks in parallel. Each
of these two banks consists of six sections of 40-kV,
7.S-pF capacitors, and is erected through six field
distortion spark gaps, To make use of capacitors al-
ready on hand, each section is made of two 20-kV, 15-BF
capacitors in series. Because of the high inductance
of these capacitors It is necessary to parallel two of
these banks co charge each of the four pulse-forming
network lines. All eight of :he ?Tarx banks are charged
in parallel and fired simultaneously with a single
trigatron type spdrk gap which shorts the ends of
●tght charged SO-M cables, Because of space limita-
tions it was necess~ry to stack the eight Marxes in
pairs with their outpots in the middle of the stack.
Tho upper two banks in the two stacks at one end of
the machine ● re connected to &he upper pulse-forming
line, and lower two to the lower line; therefore lt
became necessary to develop an insulating support that
would mechanically support and ~lectricaliy isolate

the top F!arx from the bottua one. This is shown in
Fig, 7. The iriternediate piati?s in this support add
rigidity ●m! provide capacicivc voltag~ gradf~. Me
mtpport can withstand the full maximum 240 kV output
~f one of the Marxet.

o 10
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Fig. 7 Insulat i~ support for stacked 240-kV Marx
banks. (A) Output plate of top Narx bank,
(B) Output plate of bottom t!arx bank, (C) Cy-
lindrical phenolic spacers, one in each of
four corners, (D) Aluminum
plates, (E) Dowel pins.
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