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Humidity Dependence of Charge Accumulation on Polymer-Air
Interfaces for HVDC Applications
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Abstract

UBJUZToié akdgyNeBod 4 ZTodPd ak. Néo NoP XadFju gdPd at ZaHZ 2BjeNHP daorés égootks L2604
NewejiéNeiBa Ok BeroNeiB1 6ZPy Not 8Bt eit-gBgdju PTeBdrd 6B daeié TjTesoie WOl X ZieZ ieBdt
T)TécoBdeNese 3BoEFd BE 4BE46 deTditd eadPte it 6ZF dgooBgt datH Nio BNgdikH 6ZPio daorésiBEN) Bl
6iBE! ~ Zay¥ DoigeakH &k 6ZF AF)O1 6ZF aBEd NooaeF 6B dBjad &kdg)NeBod dgagNerd NEO NeéggNeF BE
6ZP & B2P 6T otdgyeatH ak. jBEN) HPj0 2NoaNeaBEa! £ZF eTo3BogTO ardNoeZ ZNOT &k daéNerd eZNe
6ZTd )0 NoiNeaBEd Nu ZNST N OFeoagfPhalj Tuités BE akdgjNeaBt eto3BagNEER £Zgdf gt
doNEOakH g\NesBad eZNe st ®gTEET dgogNEF 8ZNoHT NeégZgNeiBt. ad B3 HorNe ag“eBosE&T 380 vaBer)
OrdiHt B3 L260 itdgjNeBod! Ot B3 dgéZ 3NasBad ad &Bidsgat 4t Nio! Os ZNd eareiBgdu EYPL
OF ZBLdsoNerd 6ZNas 6ZF T)Tés0ié eBEOgesiien B3 Nio ak&oPNdFd PHeBEPEeiN)u XieZ Zggidien NED
6Zgd 46 BNE EP PHereerd 6ZNs 6ZF oNaP B3 dgosNer 8ZNoHP NeaggNeiBE. NjdB & EoPNdPd XieZ Zg o
aonl £ZFar3Bor1 48 af By eoNesieN) st-eFords 6B akoPdsiHNeP 6ZF Zgeidien OTerLOTEET B3 8ZNoHF NéJ
8gZgNeiBt Bt eBjugTalNio stePogNErd! ¥ eaBadatHjul 6ZF 3BEgd B3 6Z4d 6ZFdad ad 68 adTEeig dgeZ
N OPePLOTLAP Ex it 2PdeariNeat H ¥jFésoBdeNeid eBerteij BE 6ZP dgosNer B3 N #Ne eBjugtoié digejt
#OQEFO Ex OPeBdistd 8ZNaHPd gk ota 2NoiBgd JT2F)d B3 ZgZidien!

1t PretoiTheN) dPage NjBXak H 380 dgagNer 8ZNoHak H NEO dgogNeT eBart i) TNdgoT Tt 6d BE AN

ZNaPaiN) dNgejPd gt Oto daParte JPeF)d B3 Zgeidien ZNd EFPE OFeT)Berd! Ot 6ZF PreragPrad N
#Ns d\ejt B3 eBjusreoNrgBoBFaZyyPLY AETRBEA KNG gdfd1 0s XNd ejNEFd B N HoBgLOPD éBeers
ejNeP NEO éed Bert. dgogNer XNd eZNoHPO! £2ZF 6ZNoHakH XNd afejP Pt ePd Ex NeepitH ZiHZ 2Bjol
NFT 6B N 9BO ¥jPesoBOY ejNerd NEB2P oZF dNgej £ZF ¥jPesBOTd XieZ oZF dNgejt XTor ejNerd at
N dPNjPO EBT ak0aOF XZ48Z 6ZF Zgeadien B3 Nao XNd 8BE6oB)TO Ex gdakH daiParte dNegoNePd dje
(BjgeiBL01 £2F ZNFEisgOF B3 6ZF &ZNoFlstH 2B)eNHF XNd 8ZBdPE 6B EP EVJBX 6ZF Br.dPs 2BjeNHF B3
T)PécoBE NeNjNEAZPd 6B NeBid Nt THérdd NeBgte B3 8ZNoHFD dePaird at. Nio! £ZF THePoigPhed XTor
8B OgesPd XieZ EBeZ NeBdisiof NO £PHNsRY 6Pds 2BjeNHY By £n2 XZ:6Z XNd Newrjird 389 ¢ ZBgad
6B NjJBX 382 dgbEirte ZNoHak H B3 6ZF NgejPt £Z7 ot INeieT Zggadasw JTr)d B3 No XPF Hik! paf &bl
voi ) 2NED J o No 1l OV £Z7 T)Pécosé eBerteiNd By 6ZF 8ZNoHPO dgogNer A ZTNdgord XieZ N éNeNg
163eT ©oBEP A XToF 8BE2F6TO 468 EBooPteBEOiH dgosNer 8ZNoHP OPEdieiPd 6ZoBgHZ ¥jPesoBdaNeie
)0 PhgNeaBLa! ¥ 88BodakH 6B 6ZF TeraagsPheNj afdgjedt a8 XNd 3BgEO 6ZNe 6ZF ak-a6ilj 8ZNoHak H oNeP
ik BoPNIPD PHeBEPEaiN|ju Xi6Z oPjNaieF Zggidiev 380 EBeZ eB)Nossard EVitH dgEdeNt aNyju FoPNeto ik
6ZT &NV B3 eBdisiF eBjNotsn! DgosZPogBot N diHE sneNE 6 PHeNtdiBE B3 6ZF OTeBdisrd 8ZNoHrd B2F
6ZT dNgej¥ dgogNer XNd BEQTo2rd 380 ZaHZPy Zggidisu JFeF)d! £2ZF ofNBEd 380 6Zad TLiPes Not Oid
BQddPd &k 6Pogd By dgogNeT eBEOgeeiBE NiuUBEiNGTD Xi6Z 6ZF eofdPE &F B3 dPEBE ONou 8ZNoHFD ofHiBEd
NjaPoakF 6ZF otk Pk 6aN) TjTEs0ie Hjo!
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1 Introduction

£Zid 6ZTdid dP¥nd 6B PeyBar 6ZF Zgadisn OTePLOTEET By 8ZNoHP NeéggNeiBE BE eBmgtalNio
at6To3NEPd 380 ZaHZ 2BjeNHP Osoreés 8gootts AL 2604 NeejiéNsiBE( BT dereineN) i Nagkd 6B
dagOn 6ZF dgagNer aZNoHatH B3 N #Ne eBjuereorgBoBYeZ)yTLY AEFRBEA dNgejF AETBX 6ZF PjPal
60Bt NeNJNEAZY BEdPs 2BjsNHF 1382 N XiOF oNtHP B3 Zgeadien gditH EBeZ N eBdisiet MO +PHNsseT
2B)aNFPY 0 ad N eNos B3 N 8By NEBoNG:RT of dPNoBZ eaBives EYeXTPE OZNjZTad NEO LsNaZa 1 // uBXFPd
E0i0d XTdPNoEZ AuE XA ot3taord 6B Nd AOZNoHP OutNgZaéd i 3g6got L 260 atdgjNeaB. duder i/
XieZ oZ eNosiN) NagZ B3 agfeoBeatH 6ZF OFdiHE B3 ak.dgjNeaBt dudsP&d 6B XieZdaNEO ZaHZFo 2BjeNHF
o) ¥ dgéz1 6ZF PretaagteN) ovdg)ed NEO BE &)L 30B& 6Zid 6ZFdid NoF ak6PEOTO 6B dPoet
Nd atege 6BXN2Od 6ZNs ©aBivés! £Zid aZNesrs EPHiatd XisZ Nt B2Pa2iPX By 6ZF ENénfoBgto 6ZNs
JONGTd 6ZF 6ZFdac DByBX4EH 6Z4d ad 6ZF eaBEJPE daNePPhe XZ48Z 4jjgdsoNePd eZF ofNdBt XZx 6ZF
degdu dZB)d ET 8BLOGEETO A K Zx i6 ad ageBasNt el £ZFE BBZTd 6ZF sZPdidid egaeBdP! NEO HEN) !
N dePéaheNeiBt. B3 aZF BETPasicPd afbgiofd 6B 30 8!

1.1 Background

L 260 ¢réZEBjBH1 ©oB2:0Td NE THEiTEs XNu 382 sok.deBosikH JNoHT NZBgte B3 TjéeoiéN) eBXTo
B2F) JBEH dideNE &Pd A geijseatH 6O 3B2 6ZF Eqgyn, solkdeiddiBt 1 OBLAPhgPEeM! L 260 colikdetid!
(4Bt dudaP d Not NeasePju ETatH OFP2F)Ber it Bgt eoiPd XZPoP P PoHu dBgoétd NoP jBaNeFD g\ NXNu
0B |BNO &PE6Pad dgéz Nd OZaEN XZPoP 2BjeNHFP JT2P)d g 6B b hakein 2 KN oFEPE 6ju 8B & Z4daBE PO
NN £8 PEAgoT N dPégaP NEO of jiNEJT BetoNeiBE B3 dgeZ dudst i 6B eBt Pked XieZ OaLPort s PjPe.
6048 ©BeTE6iN)d ETTO 6B ET dgbairt eju TyTécoaéN)u kdgjNerd 308 PNEZ BeZTo 6B N2Bid gt Perdsrd
*NdZB2P TorPtadt NEO ZPEEP! ZiHZ OTZNEOd Not ege B NePaiNjd gdFd 380 TjTésoséN) atdg)NeiBE.!
xTHNodatH BgedBBa at.daNjjNeiBE.d B3 L. 260 dndePd! &k dgjNeBad ENGYO Bt 8BeBdiel eBjng Tid
ZNataalljd Not eaagNogn gdtd gt 6B £gZToBgd ereZtaéN) NNt eNHPY B ZeNatd 6B saNdieaBEN )«
gdPd &kdgjNeBod ENGTO BE FjNdd NEO eBodPjNaE. /1t OBEATHGPEejU eBjugTaié ik dgjNeBod gds EP
NE;? 6B 39t 86iBE T2PE gEOF) JNoFF ®géegNeiBE.d B3 6ZF dgooBgt OitH ¢TePBoB)BHaEN) PE2ioBE Pt 6!
1107 L260 &BEOiBLI NE T)PecoaéN) akdgyNeBoad 8BEeak Bt / ~ ——~~ N 1 / =~ — =~
deoTddFd Xi8Z N 6O TjTéenié rjd XZieZ deorNod BgsateB eZrdgal /7~~~ > h 77770

/oo — A — ~ N\

\

\
oBgt OitFd Nd OFedeerd & WAGF [ i £Z4d daNeié WF)O 6ZPt Ooacrd Voo T
8zZNofiPd XZieZ Meetio tNegoNpe ak. 6ZF Nio AdPeeiBE. wied NiBEFaed | | 7 7 7 7 1 v L |
WO JakPd eBXNoDd 6ZF ak-dg)NeBot ofdgyeatH st NE NEBgZguNeiBEB3 ¢+ 4 1 1 1 1 1 4 4 b i
8ZNoHY Bt dod dgoger! 1 oZF ¥yPeeoié )0 B¢ oZFdt 6ZNoHrdad |\ V0 L ) L
dgerugeBdtd BteB 6ZT ENEnHoBgLD TjTes0ie WTjO1 IBEN MPj0 oNoa)  + v N~~~ v o o /|
NetBEd &t 6ZF 0BeN) TjTéode WF)O Beégo XZieZ éBg)0 eBddhE)u eNgd? N ° aes
N OreroaBoNesBt. B3 eZF at.dg)NeaBL ©ragBoZNEEY /| ¥ XFHNoOREH  ~ —~ =~ - / 1 v ~ = = ~

6ZF OPdiHE B3 TyrésoieN) at.dgjNeBod! Nk NeegoNet ofeofdPEeNsiBE B3 . A s
SN MA A SR ia A R : DaHgor w161 Z)réeosé Krjo
BZT TJTE603€ HAT)O ad agéaN)! £270r3Bor1 gL OTadeNEOatH 3NEsBad 6ZNa 2B N eByHgTaié it g NeBa!
A RQPEET dgogNEr 8ZNoHY NeégZgNeiBE ad HorNeyu EPETHEN) 380 N 3 ) d

©oBerd OrdaHE B3 TjréeoaéN) ak.dgyNeBod a.ert.0T0 6B L. 260 NeejaéNeaBL(



O N or&PEe #NdePold sZPdad XBon, Ne LaeNEéZa ¥// uEX i XNd 38gt0 6ZNe 6ZF gootke EFeXPPE
6XB eNoNjjr) ejNer TjTésoBOrd 4k Nad TEFoHAETO XasZat ~ladHin Mz Z KNI ZrNeam OrertOrts Bt
ZgZaoaen! atEorNdakH FreBrteaNyu XaeZ aEorNdakH ZBadsgor Jreryd 1eM ¥jeZBgHZ eZr ofNdBL

n
ASIRSY S

382 6Zid OPePEOTEAEN 4f £B6 uT'6 30 gEOTIIBBBO 6 &f ETJaP2FD 6ZNs 6ZF ak8oPNdP B3 8gooPte ad OgP
6B Nt TjPécoBaZreaeN) orNeeiBL. alinstH ejNeT st XNePo &jgdePad BE 6ZF ¥jPeeoBOT dgogNer! XZiez
6ZPE ofdgjed &k 6ZF PaddaBE B3 PeoN 6ZNoHPd AXNeTo 4BE. &jgdstodd N ~ deZ 6Zad ak atO1 d6 ad
Peréerd 6ZNe dgogNer 6ZNoHitH gk 0o ZiHZ ZgZidien ad OatgToTE 6 6ZNE it Don Naot X ZieZ #Nn Niivés
at.dgNeaBt ©FagBoZNE &P

1.2 Problem statement

XPPNoBZ 4t 03eNeP 6ZNe dgogNer eZNoHY Nedg ¢ gNetd Bt eBugtoié atdgyNeBad eNE ZNSF N OFeosPE )
oj PLiPés BE &kdg)NeaBE ePagBogENEET /19 1 d Nio 8BEOgassRaeu af HoPNeju NLITEGFd Ex Zgeadieu! 4
ad PTerestd aZNe dgagNer 8ZNoHP Neég ¢ gjNeaBL. ad daFarte gEOTo Zg@ad 8L OieaBEA /e 03 dgéZ ad
oZF &NdP1 46 38))B X 6ZNs at.dgNeaBE. eFa3BoZNEET ad NjdB daniTork et MO 6Zgd1 6Bg)d eBert.eiN)n eoB)
ZBaF 8Bt OaeiBd 38 Nk FjPécoseN) EaPNndBX L1 £ZFr3Bor! ée ad B3 at.6Pards 6B dsgdu ZBX Zgeidieu
eBarteiN)jn NiPeed 6ZF NédggNeiBt B3 8ZNoHPd BE. &t-dgjNeBa dgosNard

1.3 Purpose

£7¢ Nt 20PN B3 6Zid 6ZFdid af 6B Noow Bge N PHePaagteN) degon 6B PHIgt T 6ZF Egijdige B3
dgo3Ner eZNoHY BE. N eBjugtoaé at.dgjNeatH ZNeraiN) AgEOT) L260 &BEOiBLIANED ZBX 48 OFJ
ertOd Bt 6ZF 8Bt &P eoNsiBE By XNato 2NeBo ik 6ZF dgooBgtdatH Niot £ZF egoeBdt i 6B 40TEsigu
NED PheyNak 6Zid OPePEOTEEx ak N FPE Polj dPEAT NBEH Xi6Z 6ZF eZudieN) ¢TeZNEadgd of deBt diE )P
1 EFeePy gt OTodsNEOMEH B3 6Zid eZPEBZTEN id éagéiN) ategs 6B Nt BeeigiN) NEO oFjiNE)T OFdifit B3
L260 itdgjNeBt dudePed! NEO Xiyj 6Zgd JTNO 6B ZBoF it 3BogTo OréidiBEd EVitH ZNOP dgoitH
6ZF OFdiE ©IBET(I B3 6ZPAF dudePed sk 6PEOFO 380 Zggid T 2ioBE P o

1.4 Objectives

£B orN)jéeT 6ZF NEB2P THeiBLTD vgoeBdP! N #ls dNgfet By N eBjugToié atdgjNeiBt ¢Netoillj it
aZad eNdP £7&BE AdZNj) ZN2P asd dgogNer 8ZNoHPO! £ZF ofNdBt 380 8ZBBik H £ xBE ZPoP ad EVéNgaP s
Wed 6ZF aPbgioP ZPte By ZN2ak N jBX Eqyn, 8BEOgassaen! 6ZFParEx jagtasitH 6 ZF oNat No X Z28Z 8ZNoFIPd
Bt 6ZF dgosNet orélin 6ZoBgHZ 6ZF Eqyn, B3 6ZF ¢Nataij! NjyBXatH 6ZP & 6B ET dsgditd ¢Bar PNdan!
£77 8ZNoHatH id 6B EF OBEP Ex PEPoHaeat H Nt PjPesoBOT eBdisiBETO NEBLT oZF dNfejt XZijF ZNeakH
NEBeZT TjTesoBOT EFBX és 6ZNs 4d HoBgtOFD! ENgditH dgooBgt OakH 8ZNoHTd 6B O2ige 8BANOd 6ZF
ey Pid dgosNET OgT 6B 6ZF ordgjeikH ¥jPEs0sé PO DBo digeyiéien! 6ZF T)TEcBOT Xij) EP PLPoHETD
EF)BX 6ZF Bt.dFs 2BjeNHP 382 PjPesoBE. NeNJNEAZPd! 6ZPoPEx PjagitNestH 6ZP eBddaEieu 380 8ZNoHP
6B ET HPLTONGTD Ex afeles iBieNaiBE AT Hiul A ~ 46Z 6ZPoF ETatH 3PXTo ZTaZNE A d B3 8ZNoHP
HPEPoNeiBE 4t2B)2TD13g06ZP0 ak 2PdeaNeiBE. B3 6ZF ZweBeZrdid 6ZNs 8ZNoHPd NoF PZisstd 0B XNeto
&jgdstod BE 6ZF ¥jFesoBOT dgosNer ad HoPNeju digfejahPd! £Z4d! ZBXPeFal ofbgiord nt BX)POHT NEBgs
6ZF Bt.dPs 2BJeNFT 380 NONJNEAZP OFeT)BegTra! ZPEAT i dZN)) EY PdsagNePd Ex ePugBogitH eB¢|

NN N A

eqgery diZgNeBEd B3 6ZF TjPécoBdaNead HPjd NoBgkO 6ZF T)TécoBOT



XTHNodEH dgogNer 8ZNoHP Bt 6ZF 8ZNoHPD dNgfej a6 ENE. EP OPePoat TO 30B¢ 8BoorteBE.O#tH dgo
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2 Literature review
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2.1 Naturally occurring charge carriers in air
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2.2 Electric eld dependence of electric cur-
rents in air
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2.2.1 Uniform electric eld
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2.3 Concept and control of humidity
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2.4 Surface charge accumulation
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2.5 Surface charge decay
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2.6 Field-nullifying method for non-contact
surface potential measurements
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2.7 lon emission from water adsorbed onto
metal surfaces under high electric elds
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XNaPa OgF 6B Nt Newjitd Fjresoié K)o ad s OTrPo N PdeNEjdZPd eZPE BZTEN
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