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INTROULICTION

Eitter of two dictinctively different curfuce I‘la:k;ow:r mechanizne may
lead to the electrical breakiown of an ingilator under high viltape ctrecc in
ﬁcumn. While the more fariliar cathode-i‘nitiated mechanicm propagates towari
the anode and depends on secondary electrdn multiplication orn the insulator
surface (1), anode-initiated flashover prupagatec in f.heﬂ oppocite direction (&)
and appears to invclve procecses reletel to bulk breakdown, The study of anoile-
initiated flashover may therefore help to elucidate the phycins of the "Lresing”
mode of Insalation failure., In addition, anode-initiated flashover very likely
limits the electric field that can be withctood Ly conventicnally decipneti
insulators having surfaces inclined to avqid electron multiplication.

In the work reported here, a variety of dielectric materials were subjected

-k
3 to 10 Pa pressure) 10 high voltage stepc having 3 nc ricetime.

in vacuum (10~
Damage patterns on the insulator surface characterictic of anode~initiated flash-
over occurred with various experimental arrangements having in common high
electric fields directed into the surface of the inculator. The flashover
mechanism was studied by detecting emission current from the insulator and by

examining the surface damage with the aid of scanning electron microscopy.

A model of the flashover mechanism based on these observations is proposed,

#* This work supported by the U. S. Department of Energy under coniract
#DE-ACOL-76-DF00789.

#* A U. S. Department of Energy Facility.
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COULITINNG OF SCCURRENCE

In each of the three different experimental arransements shown in Figure 1,

deniritis prtternc of damare characteristic of ancde-lnitiated flashover were
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metracrylacs [vlexiglas), polyethylere, pclyethylene tererhtialate (Mylar:,

cilen £rox Fleziglay inculuters (55,

~ur prlymeric Zielectrics

Ster emarcicn hai beon dotected,

surface

o, due periaps to the

deriritic patterns could be

~ude tint

ir not rectricted to a few cpecial dielectrics,
Fieli rztrartion of electronc ani negative ions from the flashover plucma

The time delay kefore

Iz wro vt ke pelgporn

snirrion yapriod widely, from a few no to much longer times, Indicating a witde

warlation in the fiachover Ingepition $izme in this cxperizcntal arrang

ernl paloes accirred within a 12 to E0 ns periold, possibly the reszle

ol & time-nf=flipht mace snalysis of varisus lons arriving at the Faraley ~up.
A canlitionlng effect waz alco chrerved. in which higher voltages were rejuirel
to eusne smlozion on rublequent pulses although the Insulatcr had been dis-
charied brtween paloes by the admicsion of air into the vacuum chamber,

GURFACE DAMAGE

Informatlon akzat the anodesinitiated Clachover sochanicm is

in the damape on the inculator curface. Figire 7 ic a rough sketch cf tie
intricate pattern, typlecally resembling a tree, which rezults from an inter-
electrode flacksver in the geomeiry of Figere 1{a). Thre prolific brenching

indicates that the inculator became eanductive, distorting the local electric
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field, clocely kehind the leeding edge <f
allawsd the flechzver to grow lateralily &2 well as towars wie 2uthode,
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the cathode end of the insulator cuch ac 11d be expeste:

potencial drop oecureed between toe developing flachover and trhe

elentrole, Furthsermors; & conopieusic lacr of erkanesd duan

rain Lran~tes and treune of the pzttern iz concistent
nf the flachover plasca, £o that the da=aze wus confined
of the branchec,

The clsrostructire of the dwmage reveals hod rapidly the placma muy tave

o B branch tip magnificd several b

formed. Tae incet in Fiirure ¢
timesz. Numergus filamentary greoves, = nicron or less in wideh nnd depti
curve away froe the btranch axic ant exten? for tens of micronc, come de

side branches of their own., The cndc of bhese grosves are freguently alivned

H ceyen s

nearty gerpendicilnrly to the parent trarci azirc, and socre of the groay
appoar to buarrow into the bulk of the ingialatnr. Thege clrerwmtionsn surrent
that the flachover plimc-a formed 5o clarely kellind the branch tip that the
looal electric field chauged direction during the time the cide brancier were
greosing. s the regisn of conduectivity nmivanced pact a point mlonpg r tresoh,
the electric fleld on elther side of the branth wsuld have decreased cons
atly az it rotated to & nearly prrpendicular orientation relative to the
branch axlz,

Althaugh the surface dazage on the four polyrerc tested was similar,
thers were intercsting differences. With Mapton, for exaxple, chaling of
evenly cpaced pits absut a =iercn fn dlazeter, retker than grooves, defined

the course of small branches. Presurmably the lack of grooves was due to the
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higrh thermel stetility of Kapton. There was & proncurced terndency for the

e case of the other pilymers, to display a S to 10

t for tranches to T3llow microccopic reratoier,
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tre wxnerirental chocery

ire the gencration of a small area of placma adjfacent to the irnculator

va iz maintained near the eancie potential, either from
vt ancie electrode or through electron erxiscsion. As

n crronp electric field component

o the Incilator curface, Filamontary branches develop becauce the

the dielectric ctrensgth of the

Inotoemirccicn, photodecsorption, or phstccendunti

ray plas o role In this flactover mechanism cince ultraviolet light ic undoubtedly
grotired.
The preceiing diceuccicen doec not consider how the clasma is generated at

initiasisn. In the experimontal arrangements of Figure 1{a) ani

%

(e)y Inentlinet elestriz £ields at palntz of czntact tetween the inzulztor end

the anobe oleztrade say execed the dieolectria ctrenpth of the inculator. Tre
" cource of the initlal rplacza in the geometry ¢f Figure 1(b) is unclear,
althaurh the conditioning effect mentioned earlier points to the involvenent

of efther gac.dus or particulate contazminants on the ilrgulator surface.

¥inally, 1t L& of intepest to nute that the apparent relationship of

anode-initiated flachover with bulk "treeing”, evidenced by the peretraticn
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