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NewStep-upTestMethod

HIdeoHlrOSe
FllCultyorCorTIPute,SclenCeandSystemsErLg･neerlng

DcpartmcnlorConlrol&EnglnCeTlngSclenCC
KyushulnsMuteoETechnology
Z12rukLL,Fukuoka820-8502,Japan

ABSTRACT

Thcstep-uprneLhodisusedtoestimatethe)mpulsebrcakdowllYOL(agL!SWhenthe
eleclricaHnSuLationisnotusableafteritisbrokcn･ThispaperaTta)yseStherelia-
bjlityortheestimatesortheunder)yLngbreakdownprobabilitydistributioninthe
step-ut,method,wLlen(I)theobservedbreakdownvollilge]tSelrjsavai一ableand(2)
jtisIlo(･lYaili-bIe･Theformeri.a§ehitsm･lllytldvnntitgeS COmP.lredlotheliltLer
CaSC SuchLhiI一(i)theconridenccintcmllsorLhcestinlilteSbeconleSmitllcriLnd(ji)

theeStimtlLesciLnbeobtainedwithhigherprobahiny.Consequcntlyltllisp叩er
reeommendsusingtheeSlimatesortheunderlyLl1gdlslribuLionTorthebreakdown
voLlagesinsLe･ldorthenomjnalbreakdownvoLLages･SomeiLIusLraliveexampJesare
given･

lndexTerms- hnpulsebreakdo､VnvoltilgelnOmlnalbreakdow.IVOllage,stcp-
uP lestmelh(Id,opLinlaltest,eledricilILnSu)ヱIliol1,ZIOrmaLdlStrlbutLOn.

ITc:rpd:lsge

l INTRODUCTION

voltagetests,VLITJOuSlestmethodsareused

toLhe purposeolthetest,(1)W･thstandtest,
(2)50% nashovertest,(3)"T)PuLseLestbylncreas･ngvolt-

ageand(4)VIL(vo)tage-1=一一e)testareamollgthem To

est･mate lhe impulsebreakdown vollage(or･mpulse

flashovervoh.lge)foreLecLrlCallnSulatlDn,WhlChhasLl

selトrcstorlngPropertySuch<lSallandSF6gas,nlultlPle-
lcveltestsandtheup-and-downtestmethodsareused

l1-3]JrlhcltlSula110ndocsnothaveasclr-restorLng

property,eg,thelnSulaL)011WlHnotbeablclobeused

whenltisbroken,suchasepoxyresLn,LmPuJseLestby

LnCrCaSlngVo一tageLSused;wecanlhlSthestep-JLPI,let/10d

t4]lnthlSP叩Cr

Theup-and-downtestmethodlSaSrOllows(1)thelnl-

tJ'lIvoltagelSSetaroundthenleanbreakdownvo一tage

level,sayu｡,and(2)lrthe=-suJat10nISnotbrokenal

sLrCSSlevelu｡,thenlhcstressLevel､vlllbesettOahLghcr

levcl,ul-uo+d,olherwiscthestresslcvcLwlllbeseH0a

lowerleveJ, uー1-U｡一d,iLndthisup-and-downprocc-

durccontlnuCSforpJCSCr]bednunlbcrofI)mcsJrthelm-

pulscbreakdownvollilgCfoHo､vsanorma一dlSlrlbuLl0nWlth
meallFLandstandarddcvlilllol1U,(N(FLO)),DIXOnand

ĴLL,=一SCILPIrt･CeIurlJ小一/クAI),II2002.-,2J7,1LTI/Or"IIIJLl･Tl川ry2003

Moodl1lrccommcndtotestunderlhccondltIOnthatalS

setLOaround(randthenumberorup-and-downrepeLト

110nllmCHSlargezlhZln40

TheStep-uPlestmethodIsasrolLows(1)theLnLllal

vollage･SsettoasufficlenllylowstressJcvcl(eg,uo)
wherethelnSulallOnWlllhardlybebrokel1,alld(2)the

stressleve)wlLlbesettoahlghcrlevcl,ul- U｡+dlfthe

lnSUlatIOnlSnotbrokenatslrcsslevelI).lll川 tlmeSHll-
pulseLcsLs,LhtspruじじLIurcco"川-UCSunL)lthelnSulatlOnlS

flnnLlybrokell1rthe"llPu)Sebreakdo､vnvollageroHows

N(A,q),IllrOSel4]recomme･.dsteslmgunderthecondl-

1LOnthat(1)alSSCtloaroundq,(2)m -1,and(3)tlle

nLLmberoflestspeclmeZISISlargcrthan20.
BothlCSlmethodsexplalllCdaboveuseonJythelnrOr-

nlat10nLllilHhebreakdownoccurred(lndlCiltOrlSl)ordld

not(.nd'caLo=s0)atslrcssleve)uJトILrOSe andKaLOt5l
reccnllyproposedthe′JeWuP-〟/ld-down met/10dlnWhlCh

lheobservedbreakdownvoltageItselflS=1COrPOraledInto

lhcestHTlat10nprocedurebecauseorrecentLnlPTOYemelllS

orhlghspeedvoltagemeasurlngLnStrunCnLs,Kornoriand

HlrOSCl6]sho､vedaneasyparametereStlmn110nTT･Cthod

lorthetcsIUslngtheproposedmclhod,thecstHmlled

erroror3･ssho"′nlobedramal･C'11ty･nlPrOVCdlnaddl-

tIOn,Wedonotneedtolakecareortheopllnlalvalueor

EJunllkethecollVenllOnalup-iLnd-downmClhod.Wllellthe

lnsulall0lldoesnothaveasclトreslorlngProperty,lnCOr-

porallFlglheobservedbrcakdo､vnvohagev'tlucs lnlOthe

1070･9878/1/‡L7.00㊨20031EEE
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csLLm･LtLOnProcedurelnthestcpIUPmCLhodm{lyreduce

lhCeStlmatederrorsortheeslimalcsslmllarlytolhenew

up-and-downmethod

TtllSPilperProposesanew methodloestLrmltelhc

bre【LkdoWnVoltagesmoreaccuraleJyln(hcstep-upmcLhod

1101OnlyusLnglhcJnformallOnOfbreakdownoccurrence

atagLVCnStresslcveI,butalsousLngtheobSerVCdbreak-

downvoltagcvalLLeSlhemse)yesThebreakdo､vnvoltage

LS,here,assumedtoroHoWilnormaldLStrlbutlon～(IL,q).

TheproposedmethodlS,here,refcrrcdtoasthelteW

Jtep-LIP"lelhol/

2 NOMINALBREAKDOWNVOLTAGE

Supposeth(llanimpu)scvoltageWllhpciLkv(lIuci)LS

applledtothelnSulat10n.WecanassumethattheInsula-
tionwLlIbcbrokenlFtherandomvarlabLcVoflhefallure

ohheHISUlaI10nlSSmauerthanu.Thatis,thebreakdown

probabllllypby.ISltlgleJmPulsesLrlkclSdcnotcdbyP(V

≦a)BytheassLlmPl10nOFlhcnormaldlSlrLbuLLOnJorLhc

undcrlylngdLSLrlbul10n

P-P(V≦U,=F(U,=/:忘 exp(-碧 〉

血

(1)

TheImpulsebreakdo､vntestbythestep-upmcLhOd

slarlsatELVCrylowstresslevclu｡ZlndconllnueSunLllthe

lnsul̀Lt】On lSbrokenalsomestleSSIcvcl u.Z oo+fd lr
eachtcslpleCeJSnumbcrcdas1,2,,lI,WeObtaLnllSarn-

pLedvaluesofu.(A).(A-L,.,,t)

SomcclecLr-Calenglneersusethemeanandstandard

devLaLIOnOru,(A)asthe･mpuLsebreakdownvolti唱C■n-

dex llcan,ho＼vever,casllybcseenthattherrequcncy

dlStrlbul10nOru,(i-)dependsona,eg,thesmELllcrlhcll,

thesmallerthedlSlrlbLJLIOnOrU,(k)FlgUre1showslhc

05

04

6103t=
tJ⊃
〇°4)
と 02

01

-4 -3 -2 -1 0 ) 2 3 4(V-FL

)/aFlgurel･LllSlogramornomlnnlbTe･lkdownvohl18Cbylhcstc
F}-uPmclhod Table1SlmUlatcd

breakdownvollageSbysLCp-uPlllethod

test pICCenumberritlillbreakd owns
t

ressfll1illscltJPS
tress

-
つん
へJ
4
5
′0
7
8
9
爪U
1
2
つ.一
4
5

_84
267
343
363
凹
020
3-1
62~
∽
428
328
捌
614
099
46

2--0
2-00

2--｡
諾

2--｡
憲

認

諾

2-｡｡
川

加

'rhcrLrSlStresslS500,andlhCSlepluPd
ISlanCelS50

hlStOgramSOrI,,
(k)wlthd-01〝--LOqwhentheun-
dertylngdlSlrLbLJt)OntSN(FL,q
)ForlnSt;HICC,L
r㌧vedr.lW

rilndomvar.itb】csmomN(3000,
500)ands･muh
L

eZLSLcpIUP
LestaSShownlnTableI(thestep-updlStallCCIS50),L
hc

nomLnalmeanandthestandarddevlaLJOnOfthebrcak-
do＼vnvoltagcareobtallledlobc2440and390,TeSPCC-
LIVelyThesevalucsarcapparcnLLysmaIIcrthanthepa-
rame【ervaluesor3000and500,an
dlhlSCOrreSPOndsto
FLgurelThus,
theuseofthenomlnaLestlmateSOblaLlled

dlreCtLybyu.
(A)LSnotrecommended(whenlhcstep-up
LestlSdoIle )asLhebzcakdo､vnvotl乙IgCll-dcxEvenlllhC

breakdowlltest)SdonebythelleWSLcp-upmclhod,t
hlS
tclldencyremalllSunchanged

3ESTIMAT10NMETHOD

SupposethaHhebr eakdownvoILagetestlSdonebylhe

convenLIOrLitLstep-up metho d Then,thelTkctlhoodfunc-
LtonForLhcLestsCquCnCC ISdenotedas

LF
-
nlk
F
,
(2)

l■I
alld

I(A)-I
Ik
F-r(U.(A,
)(トF(U.(り
))m
'k'-
t

Ilf1-
F(U,
)ド,
(3)

J-0
＼vhcrcm(A)dcE10tCSthellumbcrofstrLkcsuntllthelnSU-
[̀Il10rHSbrokellalthellnalstaBCI(k)ro√sill叩IeiThe

cxpresslOIH
fcanbec
onsL
d

eredasthep'obab日LtyO
ran

extendedgeornetr)cdlSlrlbut10nLhlLtthelnSulatlOnLS
f
lrSt

bro
k
enatstressJevclu.tk)

Supposcth atLhcbrcLlkdo､vnvoltこLgeLestLSdonebythe

news(ep- upnlethodThen,t
helLkc)lhoodruncLl0nro√the

tes tsequenceISdenotedas
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and

f(V)-去 cx十 碧 〉 (6)

TherandonlVanableレ:lk)ISObla.ned underthecondl-
1)o■-thatV,(A)≦ U.(A)

llleeStlmateS,ん and3 for lhc convcnl10nalstep-up

method, CanbeoblaLlledbysolvlngthelog-)lkeLlhood

Cquall0nS

∂)ogLF/dlA-0, ∂LogLF/OO-=0 (7)

Somel【erallVemClhods,e一g,theNewtonmethod,can

beusedlooblalntheesltmateSOrlhcparametersTheir

conndenccllユーerValsareCOmPuted uslngtheobserved
FIShcrnformatl0nmatrlXHoWeveI,(7)m;lynothavesO-
lutlOnSlnamalhcm(lllCaJsensewhen B-Ieue/<2,Here,
81/elk,IlSdefLnCdItsnenumberofstresslevcLssuchthat

blCakdownsandno-breakdownsarelTllXCdaLthesame

stressleve一

Forthenewstep-upnleLhod,LhcsolutlOnCanbeob-
1alnedbysolvLngthelog-)Lke‖100dequat10nS

∂logL//3IL-0,∂IogL//Col-0 (8)

IISl10uldbenotedthat(8)hasthesoLutlOnSWllhproba-
bLLltyI,unLlkcthelog-likc]LhoodequatLOnSmthecollVen-

LJOnalstep-upnlelhodThLS]SOneOrthebencflcialprop-
crlleSlnthelleWStep-uptestprocedure

31 EXAMPLEI

SupposethatthebreakdownvoltageslLrCObtaHledas

shownlnTableJThesLartlngStresslevelJS500,lhestep-

LIPSIECSSIS50,and117-1Thus,testpleCeIlSbrokell

allcr44(-((2650-500)/50)+1)lmPLllscstrLkcsWcasI

somelhaLthebrezlkdoWnvoILagerollowsanormaldJSlrl-
bL山on〟(3000,500)

ThemaxJmumIlkeIlhoodestlmalesForlhcconventional

step-upmethodaresuchthatA-3244and3-630The

approxJmaLe95%confldencelnterVaLsforAand6uslng
theobservedFLShcrinformatlOnmalrLX.lTC2791≦JL≦
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malrLXOrI,where

(9)

IrthemsulaL.onlSnotbrokenat)eve)I,theexpcclat■on

orsurvlVlngatlevel,ForIleslpleCelS

E(～.0)-Tlt1-F(U,)r' (10)ノーO

LrlhclnSulatJOnLSbroker-IlevelI,theexpcctt,tLOnOf
raJlureatlevelIro√1testpICCeLS

∫-∫

E(W,I)-F(U,)(1-F(U,))"-̀'H Il (1-F(uJ))"'(=)ノーO
ThereroIC,eachclemcnlorIforlJleCOnVC仙on･llstep-

uplestlSCXPrCSSCdas

･工∴∴巨Iい:･J,∂2log(1-F(U.))

･TE(W･.)E(篭糾 (12,

andthatTorthenewstep-uptcsllscxprcssedas

021ogL/
∂Ooβob∑E(W,0)E

∂210g(1-F(U,))

･宇E(W･･,E(篭 抑 <車 3,

whereOdOrOb denotesJLOZq_MorespeclflCally

∂2log(l-F(U.))

3698and354≦q ≦9061nthecaseofthenewstep-up

method,themaximumlLkellhoodcsLlmateSare良-3090

i"d6=524andthe]rapproxlmate95%conrldcnceLnter- E
valsare2790≦FL≦3390and353≦U ≦695ThCCOnrL-

denceIntervalsforthecstlma(esln thenew step-up
mclh0dsccmtobcsmaHerthanthoselntlleCOnVCnL10Ilal

slep-upmethodThlStendencylSgeneraHylrucasWHlbe
sholvnlnLhcncxlsecllOnThisISthe secondbencftcl̀l】

propertylllthenewstep-upmethod

4 0PTIMALTESTPROCEDURE

wcrlrSldcrlnetheasynlPLotlcunllerrorse(FL)aI-de(q)

bythesquarerootofeachdli唱OnalcLeTTlelltOr‖1eInverse

L7FA:

)-i(憲･上宝当 ,

)三g(憲+誓当

)-i(憲十%)I (14a,

E(響 )-i(諾-史学 )I

E(誓 ;㍗)=if(憲一誓半 ),

E(讐 ㌢)-i(謀-封(14b,
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00 05 )0 15 20 15 30

a/o:'C?LT.ed2Th7;'k塩 鱈 ..1,!::1こ.･LlI.Tn.-

:1nct:-a,sC?n諾,nL-LOIalJ,置 'L;P∃alldE(響 I可 -三/:書 評 I(U,dui

≒市 (3x･Z･-2p･)･E(莞釦 <車 三/二 等 ′(u)du2Z,

JTE(fT lv･<U･)-去/:書 笹 (U,du1α- (15)､vhcrc

.ど.- (U,-JL)/U,I,-(1/Jぎ言)e~L･'p-,之Indp.=F(U.)-I-

q.･F.gu
res2and3showe(A)ande(q)ag.lJnSta/U､vhen'n=

L･thethicklLneexpressesthecase､vhensomeleveLuJLSequaho
FL,andthethLnLlneexpressesthecasewhenFL■s

locaLedlnthemlddlcofu,-1andu,ITheserlgUreSSug-ge

sttherollo､vHlg())Theasyn.plol･cuntterrore,,(U)Lnthe

newstep-upmCLhodbecomessmauerlhanec(p)lnthecon

vcnt10nalstep-upmethod(2)TheoptHll̀lELestlola(''

)canbercilllZCdlLrOundO5≦d/U ≦ 10(3)TheaSymPLotLCumt
errore,.(0-)日日he-lewSLep-upnlCthodbecomes constderabl

ysmLlllcrthanec(q)HHheconvenLl0nalstep-uptllCLhod
Forexample,thedLrrerenCebcLwccne,.(0-)-O6586 'lnder(0-)-096L9ittA/U - L0 2015らユ loi05

00 05 10 15 20 25 30a/q;..ヨYkr鵠 e出 .'･芦iup'

,1.17.t7:.nF.tneL誓 ,'':;hu,C_:cry:,xluTlmethodmcilnSthatthesくLmPIesln
theconvel111OnELIsLcp-upmethodrequlreSSamPIcs;Lb

outtwtceaslargc ZlS m LhclleWStep-uPmethodloobtalntheequlVal

entconrldcncellllcⅣal(4)TheopLLmaltestfore

n(q)doesnotdependonA/U,･vhlLeLhcoptLmaItestfo

re<(q)canbered)･zedatsmallerLl/LTl
nshort,thene､vsLcp-upmethodmarkedlyImprovesthereLlabllityoflhc

est"rlatcsorJLandcrcomT)aredtotheconvcnt10nalsLcp-upTTICLhodIILSdcslrabLctoseta/G
rsuchLhaL05_<d/0-≦ LOLooblalnthesmallererrorsor

lhcestLmaLesForthecstlmaLcora-,aboutahalfofthe

s2LmPIcsLZeHlthene､v step-upnleLhodLSSurrIClenLfo
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06 08 10 12 141JFigure5 ScLlttCrPlotOfest.nlatCSlnl

hcnewsLcp-upmethodnewstep-upmethodcompared
tothatoftheconvcnl.ona)one_Tnaddll

10n,iICOrrelatl0nbelWeCn良 al-d3 LSOb-sen′edLobenlLIChstrongerHlthenew slcp-upm

ethodthaI一日-theconvcJIL)OnaJstep-upmethod

Tables2alld3showtheb'asand√｢.RMSEof

thecslmlZllesβ一and3,whereRMSEdcnol

cSrootmeansquareerrorllleValueGIRMSEcorrcspo■-dsLOtheun]tasymptollcerror

e(FL)ore(q)ComparLngtheumtasynlPtO

tlCerrors"lFlgureS2and3,themcLln l̀nd

standarderrorlntheslmUlat10ncoHesp
ondlotheasymp10tlCValuesILshou)dbcnotedthatltleCaseslnlVhlChwccal1nO

Iobla日日tleeSIJmalcs(notnunlCrlCally,butnlathen.aL･C̀.l

ly)arenotrare.ntheconventIonalstep-
upmethodwhen′･lSSmallsuchasIZ_<10 1nlhCLablcs,M denoleSl

hcnurrl-bcrorsucccssrullyco.叩 uledest.malesll"sLSO

neOfLhcreZlSOnSWC reCOmrnCndtheuseolthenewstep-upmeLh0d T

able2 BlaSand〟 RMSEofthe cstlm

atCSln theconvenLl0na]step-uplllethodEI/q '' lJ blaS(JL) 〟 RMSE(FL) blaS(Lr
)JTRMSE(q)0I cK, 133883 085

8200)100 100O-OO1565 131505 -001033 O8369
60)50 loo) 1002535 135425 -

001754 0867150I20 1000 -006068 132464 -004674 0864
0801 10 999 -009605 ]40)47 -00

7132 092080O2 00 116763
08733402一oo lO0 -00054) 119667 -000452 09092

302 50 1000-000972 日4082 -000750 086
88302 20 1000 -006702 日7483 -005297 088日4

02 10 10001009592 118525 -008995 0

9037105 00 09937) 090
73705100 )000-0003日 0.99546 100058O 092966

)5 50 )000)5 20 loo))5 10 9981O LTt'[0100

100010 50 )00010 20 99710 10 934 0(X)547003734005822000888001172002043002356 096530 -001449098349 -00584

5096757 1008851096975097953 100097
4098726 -002458

097285 -0041650()7229 1005966 09184508957309

26030961900953700972711α)539121542(b)FL-(U,-]

+U,)AA/q'' M b'as(IL)G RMSE(FL)b'as(q)6 ･RMSE(q)loo

1000-00106850 1000100256520 lo∝)-00588610 1000-01

211100tOO0-00012650 lOOO1002)4820 1CKX)一004787)0 1

O0 -008908loo1000 100012850 1【仰)-00070620 )00010025
)810 994 -006459 133883I38688 -000822132665

-001832I32】50 -004839I316Bl -007708I16763日 6286

-000272I16I30 100)592I12645 -003977113日L l00838

6099371097771 -0006日097784 -001595092641 -0

05540099400 -008936096985 0858200873170858710

87245
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Table3.B-asand∫ RMSEoftheestm lcsLnlhcnowstep-up
nlClhOd

I/U '' M b'as(FL)lr RMSE(FL)bLIS(q)G RMSE(i,)

H loo10001000963
日 50 1000-001643
日 20 1000-003647
)L Lt) 999 -00683()
)2 00
)21001000-000670
)2 50 1α)0 001044
)2 20 LOOO 1005309
)2 10 1000-006()5:～

)5 亡0
)5 ]00LOO0-000531
)5 50 1000-003231
〕5 20 1000-003231
)5 10 998 -005540
10 【,a

10100IOO0-000838
10 50 JOO0-00[235
10 20 997 1002139
10 日) 934 -003()15

111440
108275 -0()0511
110707 -000972
】11234 -002567
日8494 -00∠1311
101717
I010t3 100O494

099752 1000596

I02456 -()03327
102672 -005054

092269
091557 1000665

092322 1003398

092322 -003398

091日2 -006020

089007
089254 -000606
0887t5 -00142)
091663 -OO2264
089258 -005351

06二～546
061369
062618
064478
068755

064114
0()5019

064280
064341

065316

065030

066281
063499

063499

O65536

065857

067(;70
064960
067348
067783

(b)FL=(U,-I+uJ)p-

a/q 'z M b''-S(FL)∫ RMSE(IL)b'ns(0-) 〟 RMSE(0-)

Ol 00 110144 06E6L)3
01loo1000-000783 日3302 -000535 063344
0150 1000-001647 112203 -00103) 064193
0120 1000-005886 1003365 10L)740 -002638
0110 1000-012ll -00()275 112715 -005077

loo1000-0002J6
50 1000-002148
2010001004787
lO 1000 rOO8908

tooIOOO l000305
50 1000 0007O6
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M numberotest1maLessuccessrLHlycompulcd

6.2 MATHEMATICALANDPHYSICAL
MODELS

ThlSPaperCOnSldcISanLmPuLsebrelLkdownvoltagees-

tlnlatl011methodFromamathcmatlCaEpoLn10fvleW The

phys】calImpulsewilVCform lSnOHakenIntoaccountof,

Ie,theImpulsevv(IVeFormlS assumedtosLnlPlybearect-

angularform (seeFtgure6a)lnactualtests,allme(0

reachthepc(tkvalue(lpe(.iLnF･gure6b),eg,12〃一SCC,
･srequlred ltlSknownlhalthebreakdownvoltagesde-

pendolltheLaJlgCnlorthewaveHseevenlrtpとak LSthe
s<lme,Le･,thesLecpcrthelangeJlt,theh唱herthebrc(lk-

downvoEl乙lge ThtsphCl10menOnlSknown【oasLheV-I
curve(d(lShedcurvelnFlgure6b)TheV-IcurveconsIStS

ofthcpo=1tSOf(Vb,Ib)whereVb-V. .nFlgule6blfthe

(a) Mathematicalwaveform

(b) Physical wayeformFIgUre6 PhysLCaL̀ll1d111athemallCa
llmP山sevo一tagebreakdownwaverornsa,mathcmlIいCulwavefor-T

l,b,physECillwaveromlbreakdownoccuISatthewilVe

he{ld･JC,T)< lpe"k･andVb-ullfthebreakdownoccursa

HhewaveLalい C,Tl>IpeLlkWeassumelnlhISPapertha

t〟.andqarclndcpendenloflmPulsevoltagevaluclnt

hemathcmallCalmodel,butactuallylhcydependonttBecau

seofLhLS,theeStlmllted良(50% ･mpL･1sebreakdownv

oltage).nthemathematECalmodcHssma】1crthanactualF

L(u).nthephysICalmodel,FL,thercrorc,canbeusedlnaSafetyslde,sLnCe

Abe･comesconseIVatlVe

6.3 BATCHPURITYANDSTANDARDIZATIONFORINS

ULAT10NSAMPLESSH1CeLhctestsamplescannot

bemadeexacllythesatllestzc,thebreakdownvolt<lgelL
selfcallI10tbeusedasastandLlrdlndex lnstead,thebr

eakdowI-SLrcl一gthofeachsZlmPlccanbeusedforstaI-dardl

Z{lt10nTheelectrlCfleldorthelllSulELtlOn=1eachsample
ISCOmPUted=1…ldvllnCe,andlStakenllltOaCCOMILlntheestlm<lt10nPTOCedure
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EFFECTS

Even)flhelmPLJIsesystemLSSettoglVCthesamewave-
rorm,wecallnOtaVOJdthenuCLuaLIO】10fLhcw｡lVCfolnl

causedbyrhctest)nslrunlCntSystem,peakvalueuvarleS

eachllme▲Howev er,recentLmPrOVemenlsorthehlgh-

speedvoltage-measurlng"lSlrumenlenab)eusloprovlde

theexactpeakvalueuwhennobreakdownoccurs,and
lhcmaxJmumIJkc)JhoodmelhodenablesustouLLllZelhesc

exactvaluesLntheestlnlaL]onprocedure,Weonlyhaveto

changeuJlnequatLOnS(3)and(5)louk.IWh'chdepends
ontestsalllP)esandtestlimes

65 EXAMPLE2

Tour]derslandtheactualcsllmauollProceduremore

precISely,weprovldeasecondexanlPIe.TheleslmgrnatC-

rtallSaSOlldLnSuLa110nTherlnallmPulscvoltageuk,CO卜

IeSPOndLngStrengthuk,andbre….kdownvoltageVk(A-
1,J5)areshownLllT̀Ible4ThelhlcknessofeachlnSu-

1atlOl1 1SCalcLLlilLcdbydk=L)A/uk ForcxzlITIPIc,dl-
00869Fortestsample1lllCVeryrlrSl"npuJscvoltagelS

ul.0-45andthestep-uPVOltage-sll5,thelmPulsesaP-
PlledlhrccLJmCSaLeachstage(m -3)TheLnSUlat10nlS

brokenbylhCr.rSL.mpulsealthefinalslagcul.63-1395

･V.LhV.,63-]389･then･tL..6,-164728andUl.63-163784

WcdenoteUkaSthebreakdownstrengthThercrore,the

"llPulsesaleapp)Ie･d190timesbylhcslcp-upmcLhod

(190-63×3+1)【nlh】sexample,wedldnoLuseeach

observeduA.I
TnTable4,therearesampleslhalhavethesamevalues

orImpulseandbreakdownvoltages,thesesamplesare

brokenaLwavelaltOrPeak(wesaygroupTP),whlleoth-

ersal､vavehead(wesaygroupH),seeFtgure6bandthe
reference【71)

IrweregardaHthedataOfgroupTPLLSthewavetall

brokendata,thecorrespondlnglJkellhoodpartrorthese

datamaybetleatedasacaseoflrlCOmPleledataasLS

Table4Aclualstep-uptestdata
rLnallmPUIscnnalLmPu)scrlmlbrc;lkdownBreakdown

voltage strength VOJIage f氾Int

･1
2
7J
4
5
ノ0
7
nO
q′
(U
l
つー
3
4
5

111CriTStLrnPulsevoLlaSCLS45,alldthesLL=p-uPVOltagC1515Thc"n-
ptJIsesal-eappllCdthrccLlmeSateaCllStage,andthelnSula‖onlSL)ro一e-1
albyLh(:rlrStlmPulseatthe†tnalstage

descrLbcd･n【7](.C･,F(U.(A)).～usedrorthe)･kelthood

runcLIOnI.keequat10n(3)).unllke(hellkelIhoodpartfor

thewaveheadbrokendatalnWhlChtheyaretre{ltedas

co一-1PleLedata(1e,I(Ll(.))-susedForthellkc=100drLLnC-
110nllkeequatIOn(5))lL)ooksaslfequat'ons(3)and(5)

aremLXedlnthemiLthem{ltlCalformu)iLtLOnUsLngthLSeS-

tlmatlOnProcedure,lLanda-areesllmatCdLobeA-

28413and3-47051nbreakdownstrength Thenoml-

nalmeanorthebreakdownstrengthls190686fromad卜

rcctcalcu一ationusmgTable4 1faslngleLmPuLseofTL-

190686.sapplledtothe-nsulalLOn,thentheprobablllty
lhaltheinsu)at)onisbrokenLSOー0235lwhlChLSfarSmaller

than0_5,lfanormaldlStributionlSassumedastheunder-

1ylngPrObabLlltydLStr)buttonfunctlOn

IrweregardallthedataorgroupTPasthe､Vかcpeak
brokendata,良-26780and(チ-3828are cstlmaLcdln

thebreakdownstrengthlfilSlngkImpulseofu-190686

1SaPP)ledtothelnSUlal10n,thentheprobab)lltythatthe
lnSulat10nLSbrokenlS002197.

7 CONCLUDINGREMARKS

T ose7,5_I:e::i:.nl:ec,::tp,:C.≡;iI?srueFak.7.0;:ThVeOsl.lea,a?uspfomre:hO:d-

hasbeenusedSincethenomlnalbreakdownvoJtagesus一

)ngthedataofthestep-upmethoddonotexpressthe

conslStentValuesorinvarlantvaluesofthestep-updis-
tance,thlspaperfLrStreCOTTmlendsneuseoftheparame-

tersortheunderlyLngPrObabllltydlStnbuLIOn,eg,mean
andstandarddeviatlonLnanormaldlstribuL)on Second,

lLisadvantageoustousethene､vslcp-upmethodLrthe

observedbreakdownvoltageltSelfratherthanthetwo-val-
ued lnformationofbreakdownand non-breakdown )～

avalLable Uslngthenewstep-upmclhod,thenunlbcrof
testspecLnlenSCanbereducedlohalfortllalusedlnthe

conventIOnalstep-upnleLhodfortheesttm'Lleof0-llle

opt)maltestp]ocedurelStOSeta/Cr suchthat05≦d/q
≦10ThLrd,evenlrlhcreexISLscaseslnWlllChtheesl卜

malesCannotbeoblalnednlalhematlCallylnthecollVen-

1ionalstep-upmethod,nenewstcpIUPmethodTlaSthe

solu11011SWtLhprobablllty】SomeexampksareglYel-for

easyunderstand)ngohheestlmatlonprocedure.
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ln1977and1988,leSPCCtLVCLyHeworkedro,T･1kaokaElec-LrlcMLlnLl['
lCLurlngCo.Ltd From 19771oI995,andwasVICCResearchDlrCCtOr

thererrorT11988101995HcwasProlcssoraLHJ_roshm;ICllyUn
lVerSllyrrom 1995to 1998,tlndhasbeenProfessoralKyushulnsll
tuIcorT∝hEIOlogyslnCep̂TlH998 HISIntCrCSLs川dLJdcavanetyo

tnumencalconpula-(lonssLJChasr)nlteelemenlanalyslS.COnPulalEOnaln


