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Abstract
Frevic.is resear-h and theor.es aboat
s.-face flast.zvar in vasuum {pdicace c-at the
1o regicn plays a critiral rcle in

¢.ashcver process. TS atterpr to
~he rerfcrrarnce of the scaniard
45 legree fr.stix inwulac chree 3Jifleront

ins.Llatlr getftetria2g witn modified :r:iple
inImacin regiLin ware ::\ont: aed, Two
aampies :?! eacth jJe:iretry, each 2 -m tnicCk, were
te9tald %D vtain tne flask:ver v:9itaze leve.s

inoa ltw LT % Tore vasuunm 8.3 2 1.2
TL"r-saccornd ::lozzre viitaje f..8e. Es:-h
2378 was Cegted five “imes wiln ol Sncts per
w8t foroa tital 0! 2l shots fer jeretlry.

Tes> rTesults aAnd rompariscns of  the
tLasnver vsitage levels f>r the !our
seiretries are preserced. e gecme :y sh: wed
An irprl.erent in f.ashover veo.taze of about

41V cver :rne standard 45-degree fr.s-um. It
4.9 sn:wel aigrifliranzly less sus-eptibility
STl vt taze flashivar dle vt s.Lifacte famaje.
S.5392%ir 7 3 TIIT@.ATLIn Letweer s.rfae laraje
ar i oo devalprent of rinduTtmive patns alsng
“re s.:iace
lntroduction

‘re trip.ie ‘unction region fpLiays an
lrproant par% in the surface flashover rtocess
. M.s" *he.ties and exgerimer~a. eviience
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8% Yo rrtle 'unition {leld, resuiting .n a

rijher nr,d 2f v.ivtage. F:iur Jeumetries, sh.wn
Nl d Fl; «. were (ho.osen tC inves'ijate '"hig
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r.ear-surface bulk charging. Referring =: Fi3.
3, 1t charging of the insuiiat:r surface a-r:ss
{rom the tripie ‘unctior rejisn cccurs, 'hen a
<wering of the elactric t'eld at the trizle
Janction reglor. weuld occur.
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impacting the region opposite of the triple
junction should rave sufficiert erergy, greater
than A2, to ca.se a negative charge buildup.
Wrether or not this charge buildup will be
sutt:c:en: to noticeably influerce the surface
f.asncver v:oltaje Jdepends on a few factors.

Firs%, ~nere .8 3 charge .earije rate that ls
irpendent n o Tre amount ot ctharge but.dup.
Tater.ia., ard l:cal electri: fields. Second,
trete is a Jepcaition rate -nat depends on the

: 3 irne.lator and the shape,

rave c5f the pu.ses
rate is also deperdent
L J.mItlon, Tater

attin nre

elasnring Lrgarttin

- ~—~--~7-—-~———-‘ o :;‘.v,“ Yy
-~ LOFA "‘J ‘u J*‘
L . ‘ <
BESTe A | 1 TP RYE Y
Fira~ Fpesial les.ign

the recessed region of the insulator. How well
this process works to {ncrease the flashover
voltage level is prodbably dependent on pulse

duration., All four gJeometries have the added
holdotf voitage advartage of the 45-degree
sloping outer profile in comparison to a
cylirder 12! Cepending on the amcunt ¢
charz;e buildup, the firs® two spe-ial
jecme~ries coull a'so provide an ex'ra radial

cocmponernt of the electric field that would
drive e.ectrzrs away from this outer pr:file
surface. Tre erredied conductor design ts, in

T
a serse, ar. ex“reme case of the firs. special
les:gn in ras a suirstant:a. radial -orponent
©2 drive e.ectrorns away from the 4¢ dejree
sicpin3 s.irface

Experimental Setup and Procedure

The atilicy 2f earrn des:ign to effect.vely
prever~ tre sccurrernce »f surface flashiver was
tegted trr-lgh exper.ventaticn jerforred ar
tre Blshing Test Facility at L:3a Alar-s
Na-i1:tnal Lacoratnry (1 ™ 11 8"aje Marx
tark ras tre 81 nfF, (Il KY capacitor fper staje
ard car te tharjed o a maximam ere:;y 2t 4.3
K. bty a (7 &V, L2 mA T pIwer Supp.Y. Tre
Marx zare (s -apacie ¢ providing fpLlses wi'h
voitajes .p o LMY

Sam;rles were "est el Ltetweer svilniess
3 e, eleft::Jes firred to 3 B:u:. rr-otile
Trese FBr.ce profile eles"rodes provide a fairly
«niform field fn a 3ap ranging f:om C to 14 om

Vi four gelmetries were crijira.ly
man.facr.irad out ! lexan, a General Ele:tri:
polycartonat Tre se:>>rd manufacturing cof the

embedded corductir Zdesign used an acry.ics
resirn

Tw: sA >Mmetry w e
Tim it tiin ot e s
SrellAL w! were “reated,

ATy .es 2r: TondLt It o type wer
creatad Al b1d e machinedl o te I °rm
high and, a* most, LD otmoin diareter.

The first manufact.ring prorcess f{or the
erredded :ordu:rt:r sample invoived utting two
fleces of lexar and painting a thin condusting
LR S % siiver Dy we,3h* n *th ’W; aLrin-e
-t re 7! *he jieces A small trer wire
s.arr- L let cre edze 0 vte filr o prevent Nk
LocaL fie | de Me*ryiere “rliaride was 3;;.'.e!
T *tre r-rrom ~! re ! tre ple s aAni 're
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® brush,

recleansed, blown d4dry. and placed
between the Bruce profile electrodes. Finally,
dry air was used to blow stray dust particles
awvay from the sample and electrodes.

The vacuum chamber was sealed and allowed
to> pump down overnight (approximately 16 hours)
*C a pressure of abour 1 x 109 rtorr. The
vas.dam sysiem consists Of two l2-inch, coid-
trapred Jdiffusion pumps and a roughing pump
system

For a given test, the sample was pu.sed at
1)-minute intervals fo5r, at most, 2C puises.
The .7 mirute Jelay was iro..ded to allow for
s.rface charge redistributicn o the samgle. A
1.2 us rilzevire 12%-97% pllse was _sed. and
tre Marx tank was charged t> a vo.vage which
irs.red :hat the sample a.ways ke Jdiwn on
the rise :! rthe pulse.

The viltage wav ef:Lm for

each shit was
re--rded by & d.gital Las:illizscite. The
f.asn:-ver v:iltages, :-..es;:rj.” *> =he
raxiTm.m negat.ve vo tajes relsried rejative
pclarity , were rasc:.atad by A max min prozram
irnzZrperited 1n%d e S3fLIllIscIlpe. This dava
wis e :rlel f€:or stst:e"'al aralysis 3-d
gragrel -roa Marcintcen DD Clapater,

trne f.ash:Ive:r
sgr2ad >f pr-oec
F:r the roascn, a

rre nat.te !
phencmera, t*he 3vatistica.
flash.ver laza 19 larje

stavist.’a. apfr-acsn ot ottalning a larje
anount ! data and averaging that J1ata in ortider
ty> seq 'rends wag chosen. A..l error btars
rerresen "he standard deviatiin of rhe measn,

whith (s defirel as tre s*andari Jeviari:un

J.vidald ty *ne sj.ire oyt I! the r.wter ¢
even'y. Tre standard deviatiin 3! tre mean
aontlies an o elrir 1l the westimate ! rtre
averaje

Tre crigiral evreliol td.tir desin
bz mne § wr. &% LOW V.. AJed te slse Sf A T
bl tetasarn the "we ad - _ining pieces of lexan.
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values have been calculated from ten different
tests for each design. Each test consisted of
20 pulses, and thus, the grand averaje 1is
calculated from 200 flashover vo.tajes.

Tre data in Table 1 is graprically shcwn
below in Fig. 5. The shot by shot average of
the ter samples for each :c5f th three
gecmetlries .s presented in Fi13g. 6.
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region is evidenced by intanse etched marks and
brown discoloration on the cathode surface
which was observed after each test run. Arcing
fron the cathode directly to the outer tip of
the irsulatcr is eviden:-ed by severe brown
dis:oloration anil some el.ectrode material on
re s.rface ¢ the ouzer tip of the insulator.

r tlp ! tr2 second special des:gn
.zther from the :cathode. As a
design seemed much ‘ess
oW voltage flashover reg.u.ting
frzem various f-rms >f damagina. The average
Lowes*® "eakjuw— veitaze 18 €33% righer trarn the
vr.%aze of

averaze .-wesa” treagi:cwr “re 45-
lejree frustum while the grand averaze (s 18%
nizher. Als>, there 1s nc ev:ildence :-f arciing
‘o e cathxde - -he CslLter LT, In
addirizon, flash:vers for this sercrnld spec:a.
desijn, as wel.. as the first sracial Jee:3n,
4i3d n>t *"ravel ::n--nucds.j al:ry ~he s.rface
2t ske z, the ?lashr:vers a:‘-ed
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from
paths

sacoth surface to develop,
events, continuous carbon
cathode to the anode.

Anccher intereating craracteristic of this

!lnnhoyor
from tha

design was the cccurrence of bulk breakdown.
Four samples were neaded fcr this design to
otvain .en complete runs c?! surface flashover

voltages. Two ©f! the samples falled d.e =0

bulk breakdown during :helir rthirid test run
whi.e ore sample exnh.b."eld bui._k DPreakicwn
during the second test run. In each case,

bulk breakdown began at ar area located {n tre

recessed upper surface <-f =k sa~g.e and
continued Jdirectly through =re material to *n
ancde

Bulk breakiown fcor 1 om  -f lexan showld
acsir well above the test voltage app.led, Tt
18 pc-ssible that v"he .nsuiat>r accumu.ated a

rejative surface ard bu.x <-harge whicn
‘vely reduced the r"rirkness of “-re

in tha<® rejion This 1s aviderced by

samp’e whi~h s.rvi,ed five r:ivrle‘e

Dulk Lbreakizar butl sniwed nrerral

TyLoration whith Ls Sharacteristic cof

The sarples of “re ertedled -:ndui:scr
design whith were fabr::-ated d:d rov perfl:::
we.., h-wever, the e.e tric f:e.1 pl:-s

the ertelled -orniuitr prodl-es
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