
－22－

TheMinimumFlashoverVoltageCharacteristicsoflmpulseVoltages

onSolidDielectriCSurfaces

SeiichiHAsEGAwA

(Receivedon20,October,1990)

1． Introduction

Recently,systemvoltagesonelectricpowerlinesandplantshavebeenincreasing．Accord-

ingly,withlightningdischargesandswitchingofelectric circuits, extraordinaryhighersurge

voltagesarefrequentlyappliedtoelectricpowerlinesand installations.Thus, thereremain

manyproblemstobesolved.Asanexample,wetake"arcinghorn''usedfortheprotectioninsu-

latorsUrfacesfrombeinginjuredbyelectricarcdischarges.However,wheninsulatorterminals

areshortenedbyaflashoverbreakdown, thearcdischargesometimespropagatesalongtheinsu-

latorsurfacewithoutdischargingbetweentheterminalsofarcinghorns(')．Aphenomenonisof-

tenobservedunderapplyingexcesshighsurgevoltagestotheinsulators・Thus, itisveryimpor-

tanttostudythedischargephenomenaandflashovervoltagecharacteristics inwhichimpulse

voltagesareimpressedoninsulatorsurfaces.TheauthorshavereportedACdischargecharacter-

isticsofaneedle-to-plateelectrodeinairwiththesoliddielectric(2'.

Inthispaper, thedischargecharacteristicsofimpulsevoltagesoftheneedle-to-plateelect-

rodeinairwiththesoliddielectrichave beendiscussed experimentally.Astheresults, it is

hasbeenfoundthattheflashovercharacteristicsofimpulsevoltagesdon'tdependstronglyon

relativeairhumidityandwithliftingtheneedleelectrodeabovethedielectricsurface, theflash-

overvoltagesbecomehigher.Thedischargecharacteristicsofnegative impulsevoltagesgreatly

dependupontheexistenceofdielectricsurface・ Inadditiontothis, ithasbeenalsofoundthat

thevaluesofflashovervoltagesforpositivepolarityareapproachingthepeakvaluesofAC
flashovervoltages.
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2. ExperimentaIMethod

InFig.1, theexperimentalcircuitisshown・Thesameelectrodearrangementsastheone

hasbeenreported(2'.ThesemicircularelectrodemanufacturedwiththecopperplateGadiusmnm,

thickness2mm) isattachedtooneendofthefrostedglassplate (300X200X2mm). Theneedle
electrodeismadefromtungustenrodswiththedimensionofO.7mm・Theglassplateisretained

horizontallyontheacrylicresininsulator.ThegaplengthGisthehorizontaldistancebetween
theneedleelectrodeandplateelectrode.
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TheheightHistheverticaldistanceofthe

needleelectrodeabovetheglassplate・ The

inclinedangleoftheneedleelectrodeagainst

theglassplateiskeptat30･
These installationshavebeensetinthe

testingchamberofO.9㎡andimpulsevolt-

ageshavebeenappliedtotheelectrodesun-

dervarioushumidconditions・ The impulse

voltagesofastandardwaveformwhichthe
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ExperimentalCircuitFig． 1
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taildurationwas1．5"sx40AZswereused.risetimeandtaildurationwasl．5"sx40鵬、

The flashovervoltageandtimetoflashover

wererecordedbythestorageoscilloscope .

Table､1 MinimumF､○・V(G=7cm)

3． Experimental resultseithdiscussions

3． 1 Infiuencefactorsonminimumflashover

voltage

3．1．1 Effectofdielectricsurface

Minimumimpulseflashovervoltages(F.O.V. )withandwithoutdielectricforthehori-

zontalgaplengthG=7cmareshowninTable、 1 ．Theminimumflashovervoltagesarethelow-

estvaluesofflashovervoltages・Thetotalnumberofflashovershotsperelectrodearrangement
reached20fortheminimumF、0．V.tests .

Theresultswithdielectricsurfaceare shownfortheheightsHofneedleelectrodeabove

dielectricsurface ・F.O．V. ofnegativepolaritiesarehigherthanthoseofpositivepolarities

andthetrenddon'tdependontheexistenceofdielectricsurface.Whenthereisadielectricsur-

face,theF．O.V.isreducedconsiderably、ThereducingeffectofF，○.V・ ismorelarger

fornegativepolaritythanforpositivepolarity.Ofalltheresults , theF．O．V.ofnegative

polarityforH=0isdecresedremarkablythanwithoutdielectricsurface.Thusitisfoundthat

theF.O．V. ofnegativepolarityforH=0 is influencedsignificantlybyexistenceofdielectric

surface ・Ontheotherhand , flashovervoltageswithdielectricsurfaceforbothpositiveand

negativepolaritiesareincreasedwithincreasingtheheightHofneedleelectrode,buttheincreasing
proportionfornegativepolarityislargerthanthatforthepositive .

Effectofrelativehumidity

minimumF.O.V. characteristicsare

arepositivefor(a)andnegativefor

3．1 ．2

The

polarities

showninFigs.2(a)and(b)respectively .The
(b).Theresultsfor90%relativehumidityare
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Fig. 2 (a)
VariationofminimumF.O・V

forpositivepolarity
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VariationofminimumF.O・V
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showninthesolidlinesandthosefor60%aredepicted

inthedottedlines ・ForverticalheightH=0ofneedle

electrode ,minimumF.O.V・ underhighhumidityare
へ

slightlylowerthanthoseunderlowhumidity.Thetrend =
エ
ー

is free frompolaritiesofappliedvoltages . This is IOO

because,withincreasingrelativehumidities, theelectric abecause，withincreasingrelativehumidities， theelectric っ
o

conductivityofdielectricsurfaceisincreasedtodecrease =。
＞

flashovervoltages(2) ．However,whenthereducingrate LB
の

offlashovervoltages is comparedwiththat forAC a
＝
⑩

flashovervoltages , therateissosmall . =5O
WhenneedleelectrodeisliftedupbyHabovedie-

E

lectricsurface , regardlesspolarities ,minimumflash- ．E
●一

overvoltageforhigherhumidityareslightlyhigherthan
匡

至

thoselowerhumidity .Thiswillbeduetothereduction

ofmobilityofelectronsandionswithincreasingrelative

humidity(3). Cnumldlty.~’． O
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3．1･3 Effectofpolarityofappl iedvoItages Fig. 3 Comparisonofminimum
InFig、 3 , impulsecharacteristicsofminimum F.O．Vfor impulseandAC

F.O．V.areshownfor90%relativehumidity .Theresultsofpositivepolarityareshowninsolid

linesdandthoseofnegativepolarityareshownindot-tedlines. TheverticalgaplengthsHare

Oand3cmrespectively.Moreover , forthecomparisonofresults , valuesofACflashover

voltagesforH=0arealsoshown(') .AllF.O．V. oftheimpulseandACareincreasingwiththe

increaseofhorizontalgaplengthsGandvertical lengthsH.

FortheheightH=0ofneedleelectrode,theminimumF.O．V.areincreasingwithincreas-

ingthegaplengthsGanddependingonpolarities , butthedifferenceofF､0．V. forpOlarityis

small・Whentheneedleelectrodeisliftedupby3cm, theminimumF.○・V・ofnegativepolarity

arehigherthanthosepositivepolarity ・Forthecomparisonofresults,thepeakvaluesofAC

flashovervoltageofH=0ofneedleelectrodeareshownunderthe same conditionsofrelative

humidities . It isfoundthattheACflashovervaluesareclosingtotheminimumflashover
voltagesofpositivepolarity .

’
’

3．2 Behaviourofpre-discharges

CharacteristicsofACdischargepriortoflashovergreatlydependupontheelongationof
positivestreamercoronadischargeignitedattheneedleelectrode . Inthisstudy , theeffectof

pre_dischargesontheflashoverphenomenonunderimpulsevoltageimpressionshasbeenobserved
intermsoftheelongationofcreepagecoronadischarges .
Asheetfilm(ISO400,120X80mm)wasplacedonaglasssurfaceandaneedle-to-plateelect-

rodewasattachedonthefilmsurface・Theelectrodesetwasarrangedinadarkbox・Thenan
impulsevoltagelowerbyafew%thantheminimumF.O.V.wasappliedtotheelectrodeto

obtainaLichtenbergfigurepriortotheflashovers .Thefigureistheoneforcoronadischarges
onthe filmsurface .However, thegrowingstateofthecoronadischargeforthe flashover

processonthedielectricsurfacecouldbeobservedconsiderably .

Fig4(a)and(b)aretheLichtenbergfiguresofCreepagecoronadischargesforH=0 of
needleelectrode , thehorizontalgaplengthG=9cmand90%relativehumiditywithglasssur-

face. InFig.4(a)apositiveimpulsevoltageof58KVwasapplied・ Streamercoronadischarges
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Fig. 4 (b)
negativepre-discharge

Fig. 4 (a)
positivepre-discharge

withhighlybrighnessgrowintree-likebranchingfromtheneedle-to-plateelectrodes ・ Onthe

otherhand, anegativevoltageofthcsamevaluewasapplied , but therewerenofiguresob-

tained .

InFig. 4(b), anegativevoltageof85kVwasapplied ・ Creepage coronadischarges elon-

gate flomtheplate electrodetotheneedle ・However , the figureisnotso clearas thatfor

positivepolarity .Thus , thecreepagedischargeforpositivepolarityignitesat lowervoltages

thanthosefornegativeandthedischargeiseasytoelongate . Accordingly , the creepage im-

pulseflashovervoltageforpositive polarity is lower thanthat fornegativepolarityandthe

voltagevalue isclosingtothatofACflashoverasshowninFi9 . 3 .

Lichtenberg figuresforH=lcmareshowninFig,5(a) , inwhichapositivevoltageof

60kVwasappliedtothegap . ThedischargestateattheflashoverisshOwnFig.,5 (b)aswell.

Streamercoronadischargesgrowandpropagateinair , andfinallyattaintheplate electrode

increepingattheelectrodeend.AsshowninFig.5(b),sparkdischargesattheflashoveralso

growattheneedleelectrodeandreachtheplateelectrode ・ InFig.6(a),anegativevoltage90

kVwasapplid . Positivecoronadischargeselongatefromtheplateelectrodeandis frominga
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brightendischargespotbelowtheneedleelectrode.Thenthe
flashover , asshowninFig. 6(b)is inducedbythespark

dischargeignitedatthespot .

InFig.7(a)and(b),thepicturesmadebyhighspeed

framingexposureareshown .Theseshowthespacedistri-
butionofcoronadischagesatO.5"sbeforetheflashoverand

theneedleelectrodeisliftedupbyH=1cmabovethedielectric

surface . InFig、 7(a) ,apositiveimpulsevoltagewasapplid
totheneedleelectrode.CorOnadischargeselongateincircular
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flomtheneedletotheplateelectrodes . InFig. 7 (b) ,a Fig. 7 (a) postive

negativevoltagewasappliedtotheneedleelectrode.Corona

dischargesgrowfromtheplateelectrodeandelongateonthe
dielectric surface. Finally any discharges above several

portionsof thedielectricsurfaceattaintheneedleelectrode.

Thenegativecoronaisdischaginginbranches .
Asmentionedabove , thespatial distributionsofco_

ronadischargesforpositiveandnegativepolaritiesshowthe

dischagingstateattheflashover .Thenegativecoronadis_

chagewithoutdielectric surface isdifficult togrowfrom

plateelectrode .When theneedleelectrodeisliftedupaboveplateelectrode .When theneedleelectrodelsl1ttedupabove
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Fig、 7 (b) Negative
dielectricsurfaceandanegativeimpulsevoltage isapplied profi leofpre-discharge

totheelectrode,thecoronadischargeiseasytogrowandelongates increepingalongrouteon

thedielectricsurface, butforthepositivepolarityisnotso .Thus, thenegativeflashovervoltage

withthedielectricsurfacewouldbedecreasedremarkablyasshoen inTable . 1.

4.Conclusion

Inthispaper , thedischargePhenomenaof impulse voltageforneedle-to-plateelectrode
onsoliddielectricsurfacehavebeendiscussed .Theresultsobtainedareasfollows .

(1)Whenimpulse voltages areapplied totheelectrodes ondielectric surface(H=0),the

minimumnegativeF.O.V. areextremelyhigherthanthoseforpositivepolarity .Andthemini-

mumF.0.V. ofpositivepolarityareclosingtothoseofACflashover .

(2)Whentheimpulsevoltageofpositivepolarityisappliedtotheneedleelectrodewhichis

liftedupabovethedielectricsurface , thecoronadischareattheplateelectrodeofnerativepo-

larityisdifficulttogrow.WithincreasingtheheightH, therefore , theflashovervoltagesare
increased.Thisispossiblybecausethesparkdischargeatthefiashovercreepsonlyashortdis-
tancetoattaintheelectrodeonthedielectricsurface .

(3)Whentheimpulsevoltageofnegativepolarityisappliedtotheneedleelectrode,corona

dischargesondielectricsurfaceareeasilytogrowattheplateelectrodeofpositivepolarityand

elongateincreeping .Therefore , sparkdischargeattheflashovercreepslongrouteonthedie-
lectricsurface .

(4)Whentheneedleelectrode isliftedupabovethedielectricsurface ,thevaluesofnegative

flashovervoltagesareincreasedwithincreasingtheheightHofneedleelectrodeandtheincreas-

ingrateisalsolargerthanthatforpositivepolarity.

(5) Impulseflashovervoltageisnotinfluencedsogreatlyhumidity .
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