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ABSTRACT

This thesis proposes the study on dielectric response of 0.6/1kV XLPE cable
with insetting contamination and thermal degradation by using the polarization and
depolarization current (PDC) measurement technique. To figure out the polarization
phenomena and dielectric breakdown strength of the tested cable, a total of 4
experiments were conducted as of following. Experiment 1 and 2 were testing of
defective cables from insetting contamination while experiment 3 and 4 were those of
thermal degradation. To investigate the polarization phenomena of the tested cable,
the step DC low voltage was applied to insulation system for measuring polarization
current, iy (t). Then, the DC applied voltage source was suddenly disconnected to
short circuit the tested cable to measure depolarization current, igp(t). From the
experiment, the dielectric models were analyzed from PDC test results. Thus, dielectric
parameters, i.e. DC resistance, polarization index, complex capacitance ratio, and
dielectric loss factor were calculated. In case of dielectric breakdown voltage test, an
AC high voltage was applied across the XLPE insulation with a rate-of-rise of 1kV/s and
a total of 6 breakdown events were recorded for each test sample. Finally, statistical
parameters i.e. average breakdown voltages, relative standard deviation, withstand
voltage, and 63% breakdown voltage were calculated. From all cases of experiment,
it is found that PDC and breakdown voltage tests can provide useful information and

are able to apply as a tool to evaluate condition of electric cable insulation.
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(Conductor) hanniagiifinnautiseslvinszualiinlvaniu Wudwilddsnszualnin,
auau (nsulator) ¥nandanisinuasdanlisonlinseualnilvaniu Wudwidestudh
Tihananmzwndeusng wardssiuliihinalusineuendueadeliinsunse was
Waenyy (Sheath, Jacket) Wudruiidestuanu@eniofionanatudadiuazauiy lutis
nessuit 1960 lafinnsBuldaemdaniaviulindunatain auildtuegiunsvane
Taun aurunedlatianaslsd (PVCO), wedleyiau (PE), kazaseaasanediaiau (XLPE) lag

auuNIUsyaNSnnYanBeNTigafeatIu XLPE

XLPE Insulation

Stranded Conductor

PVC Sheath
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@8, ALEYENABIYA LY YisaATlTI18luNISATIFERUNTEUINNNSTRAUERIRnalmAnUa Y

\dy (Risk process) tiiefiazunlanaz tosiuldliiinanuiinnaing
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BATziseszyInnanIInageulieg195In3991 Wuveudeifiaunannszuiunisle oz
1 a d‘ a é’ 1 Y a Y @ 1
HiwanANudemeniinTusalssugHdalaiduogmn

v U aad A aa a a | a

satuIsnlrlunisnsiageunasnaasvuatuialaniusz@nsain Yaeiiiual1
oA A = = o & )~ ¢ 1 a Y
Untedoveswanisnadsu sdanudndunazduszlovilograninlulsssundn tageie
walulagludagdu ilviiveialunisnsiaaeuiasnaaeuaieiadameiunangds wu 13
TaANAUNIUYBIRWIL N1SRdRUNSIARREYNSaUNsEY 2189 Wudy Fedulna i Juisn
Tglnusatugslunisnagey ervhlvansiadaifinanudsanaslasuanudeneainns
nagey wazviliiinloniaiasdouaninnaue1gnisldiuase daduiienazlasunans
NadoUTLLUg Laznndevansialalaeluinlrauiulasuanudsmeniademeiiuiuld
nanuduass Ssmslalniissdumlunisveaaou PDC (Polarization and Depolarization
current) WWuntlsludsnrsnadevauiunldlifussius Sudufiunsuaie mnuaisnis
aanandeldinegnihunldluntsmegevauiuluaeinita wagiigvnnatieny 1deidsay
NN ILAEIAT TN YBIN SRaR uaneiALianTal XLPE Wife 0.6/1 KV Tusuuuusingg
linegduansndalnd anadaiiinisvwdeuunsnsenitedihivawiu vieanaadan
finsideNannannaliion Areltn1sauTeuatUNgMuginIeg AagIaNTIAnsELalnan
Laiwdunasalnanlsiedu wasiUFsuiisuiunanisuadeuanendagliauas JUkuuieaiu
Ao agaul WelanslmiuinNaINsnvesnsigion1sinnseidlnan lsiedu

wazdlwailsiwtulunisiwsiziataimlaauliu XLPE fnm 0.6/1 kV

1.2 AugandguazIngUseasnvaInIsAne
1. fleUSulginssuaunsvnaeuaeiadalunszuIunsonaIvngsy
2. \lefnwimguiuosnszualnanlsedunaznssuailnanlsiedulunuiuvesans
il
3. Lilefnwinagiinsnzvianinauiu XLPE vesansiaidaund, aoiaidaniinig
Juideuunsnsgwindiiuauniu wesasiaidaiiinadosanmainauiou
sheisnseudeuauiuigamniinneg lngldinadansianszualnanlsiotunas

nszuaRlnalsiotu LarN1SNAABUAINUAINUABLLIIRULUIAAI
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MW TLAYINN15MIT s Indile e nwezatawmlaun®, a1ewalaniaun@iu 35
PDC kagiANUEUNUSIENINID PDC LagANAINUABDLIIAULUINANITIUAUIY XL PEYRIa18
a P a au X & e Y]
W8 warANYINISEUANINYRIWIU XLPE Taguddetuusennidu 4 nsalAne tawn
NSAIANENN 1) wag 2) AnwnanauauadlnBlanASNLasNAAaULIIPULUINANUYDIE8LALDA
213U XLPE f15015U U U UBNT NIt uawiIu tnealSaumiau 6 nsalgey Ao 1. d@ng
WLDAUNA 2. @ngtaiaNninsULLUaUTUAIUYDINT LANHULNTNTLIINAIUIN VALY 3. &Y
a d't:l -&J z: 1 a 1 L o U a d't:l
LALUANINITUUU D UTUAIUYBINAEANLNTATENINAIUINURUIU 4. @rgwarianiinig
Y UauansUwnsnsemiInadauniuauIy 5. @esakanin sULUouTUa 1UUDINaaLLAILNSN
sendehidiiuauu wag 6. angadanizusrldanuing asddnwin 3) uag 4) Anw
NARBUALDILABLANASNLAYNAAD UL TIAULUSNANIURIaTgALDaauIL XLPE MdauanInann
Py P P 1 = a a a aa
AU eLUSeutisu 4 NTalgey An 1. @1ewlaund 2. a1ewilanidaudn nannaing
fou delEniseuiouauiy figumgll 90°C 1Wuaan 60 unil 3. anewaldaiidenan ngin
Ausou e3sn1seuiauawiu gl 140°C 1Wual 60 wnil 4. ameladafidenanin
NAINSEU MEIENITeuSauauIL el 250°C Wl 60 wdl
Fan15Nadau PDC Annazitasisrinanavauadladidnssn wazludiuvreanisiusn

[

ATIUALIIATAIUAINUA DRI ULUINANIN UasNTHWBSHUFIUNNEDH Tanliihuvegey

andnnsgulaglssnuininiasnaaeunaa It unalulag nszaauna AN TN ST

wazaglveluewada lnaaiunisnaudt 59-61
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Measurement and Evaluation of Relaxation Currents conceived for On-Site Diagnosis of
Electric Power Apparatus” Iag. Jean-Jacques Alff, Vahe Der Houhanessian and Walter
S. Zaengl and Adolf J. Kachler Tu IEEE International Symposium on Electrical Insulation,
Anaheim, CA, USA, 2-5 April 2000. Ingldtiiauainiasiofnnseualnanlsedunasnseuad
Tnanlsiwduanldlunsieneiauugunsalliiiiusegs Jnnszuamvuneilnuenus

U w.A 2544 ﬁmiﬁ%auamamuﬁ'm “DIELECTRIC SPECTROSCOPY IN TIME AND
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Walter S. Zaengl, Prof. em. Dr.-Ing T4 Symposium on High Voltage Engineering - ISH

2001, Bangalore, India, 20 - 24 August 2001. lnglétnauenguiifeafunanavauadlnd



@nesn wazmsiasginseualnanlsiwdunagnszuannanlsiwdululamudnaitazlamug
mmﬁ

U e 2553 finsinausnainuides “On-site Non-destructive Diagnosis of In-
service Power Cables by Polarization / Depolarization Current Analysis" lng Supatra A.
Bhumiwat T Electrical Insulation (ISEl), Conference Record of the 2010 laglaiiaus
n19ifadvaniuagiadalaiu a ealdaumemaianisinsieinsewa nailsioduuas
nyzLanlwan sy

U w.e. 2556 fin1sd1iauoradnuiIad  “Study on the Dielectric Response
Characteristic of XLPE Cables" 1a 8 Gang YE, Hua Li, Fuchang Lin, Xiaogang Wu, Zeqi
Huang, Qin zhang, Jingwei Cai 11  Conference on Electrical Insulation and Dielectric
Phenomena 2013 Tagladnausnsanunansvaussiadidnninvesasiadalanulunsdl
awlmdllaldnudieufuainudeanin

Y we. 2560 En1stnauonawios “Determining the Number of Parallel RC
Branches in Polarization/Depolarization Current Modeling for XLPE Cable Insulation”
1ag S, Sulaiman, A. Mohd Ariffin, D. T. Kien 14 - International Journal on Advanced
Science Engineering Information Technology 2017 lagladniauenisnid1wiu RC vu1u

dusuluinaaelalanuauIL XLPE

1.5 Uszlewifiaadnazldsu
1. #anssanunlalussuvauiwvesaeiaiia
2. fiaudlalunguivesnszuanlnailswdunazalnanlswdu
3. fanudilanansvausdlndiannsnlarHan1SNadouLsIRUUINALYeIaNY
wALuaune, aniaLaniin1sUnleuunsnseninetfivauiy wazanaiatdand
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2.1 @eada
arewada Wugunsaliilddandsnulnihanfindsluddnnnideensyualuineg

dumitnluauanglnauiaeseslalnin Tnefllassadrsananlandfyy 3 daumndn aoill

2.1.1 Taseafeiugruvasaeiala

Y

1. #1h (Conductor) fnindudiuiivihmifdwaunszualidh Jetagidosninnld
ihdniniley 2 wiln Aenauwns (Copper) wagaraiitley (Aluminum)

2. auul (nsulator) aunhumh e iletestulilidhindudaty vieiia
msdudavesiithiugunsalifoasnsnud wazdsdesiusaiinnaudeu, veanamio
asiafiflazvhdunmefuinild TeeTngauildvnedqueiainudegamginislinug,
nsemAuTouUlaf wazaNTaNULTIRAslaIn

3. wWaenuen (Sheath/ Jacket) Wasnuanvhwihfivunuvioviuaeinatuuonan
szdpaiinuantiluduimusiean wiuiiiainie nudenisanieudeasiaildd waznu
arwdouldas uariemanuseuldd Sntmunssldas ulswazmiiodlsidends wien
vosmeiaidaniatedl 1 vie 2 sudldiftetastunrudomenisnonitenaifatuluns
adavidelferu madentduiinuanudenarsinibasriuegivannundeslunisinis Yan

b 3D

a o

fiouiuldenaetailainniignie wedlidanaslsd wagwediefidu daunsdlvosans
wnidaifesmspuaniAtimionsldianvindunuidaumanzas

2.1.2 anautAvasiagaululumeiala

Tumsvhawutazivdantasaelinieasindanied Tanildsuaudoulunisiu
sUduldun wodlues o1fidu nedlafiamaelsst (PVC) nedlefidu (PE) aseadsdnedileau
(XLPE) wazeniofidunsedau (EPR) iusu Selassadrimanivomedwesusassiinbud

sUwuusenuly Asgun 2.1

P m&

(n) Linear (%) Branched (m) Cross-linked 1) Network

JUN 2.1 lnseaisluanavesnediaesuuusing



1. wedasuuuidy (Linear) nelunidgnefiwesuvuiduasinsiouseriuvous
azvilggagvamediueiuuuiaigrulany winzanglgavgniueusenieiuseuiuines

IS g 1

Mavisenuselalasiau wedwesuuuiduasiinuaudftavgy dreg1womediues
a qgf v 1 al a I3 a aa I~ v

3001l lown wedlillaraslsn warwedenay Wudu

2. WaAUBIWUUNINIY (Branched) asfldnwaiensiiausanuyadnaniuaglgnad
L9598NUNNAS LT NBALUBSLEUNAN NISNAGNEULHIZLAAIINANTIINNSEWATIZINDA

¢ o | a ¢ a Avy a aa a ) a Aaa

W8S AL UBINALLasYRATl Town wadleRaurlnmNuRUILUUA1 (LDPE), wodlahau
AUVLILLULUIUNATS (MDPE) W3awadiofiduaiuvuiuiugs (HOPE) tJusiu

3. WOALIBILUULTBUVIY (Cross-linked) azTanwarn15:YausanuvaIdnglgneod
WBSEUMANNUANY LU NORLNDS LA UNANLEUDUAIYF TNV I ThYDUAIBNUSEIALLAUA NS
WAanedwesanwuzliaziinainnisiinisduasiginiaiinainnisiinuiisenaiuuuly
doundu Aulenvdnistinaneymeurisluanavesansniudalulunssuiunisuans
ey liianusslanauAsenIlgnedies Mag1svesnadwesyint lawn Aseadrnad

au (XLPE) wazedaiaunsanau (EPR) Wudu

1%
aa

4. weAulpsuuunvIY (Network) wodliassiniiinisidensoidunitnouuu 3 97
dhoiuselaraud wedmesuuuidenvinsdifins@endeduluusmu nadeudefudnuney
il awhlidenandinsnauazauaudinisenuiouidy setrmosmedisesuiad liun 3
Wand (Epoxy) Jufy
wodwosansauleLUszinvvemgAnssudleldFuainuden 1Ty 2 Ussiande

1. wodtwesUszinnimeslunaladn (Thermoplastic) wodtueiUszianinesly
wanadn Hasadndusuuduiouuvisdug anmsadsusinsemediueissanils
TngnInaouaINIgA LSO mﬂﬁu%{ugﬂimjmuﬁé]’mﬂml,asﬂdasf[,ﬁtﬁuaq ms%{ugﬂimj
anunsovhenl uiilelildinasgu nsdnangliviemeieidaaglinediuosfignuanduan
Tunfausnindu wedweswdadiealdmaniuviewdenvetandanseaeinda I
wodhflanaslss uazwedioRau (Judu

1.1 wodhflanaslsd (PVO) nedhillanaslsd inanuenawesie hilanas
ls¢t Massaromanadifeguil 2.2

wodldanaslsd famautfivier n1sduguludnvmgsinag awsavild
lagdng 51A19n Nuseviazatey Ly ‘fiuﬁ, LeaN08ed Laztnenasazatedunis nusie
UFRSEuadl nsa-aing wilivustennudy falwen uimndnliasiiliAefeRiwmduuiua
1N TArAnuvuikuulssa 1.4 ¢/cm’ fyanasuinaiussuna 204-212 °C gaumngiily

g 60-75 °C Mugamgiigeaals 105°C



H Cl Free radical Cl H Cl Cl
| | vinyl polymerization | | | |
C=¢cC _— -C——-C—C———C-—
| | | | | |
H H H H H H
Vinyl chloride Polyvinyl chloride (PVC)

Ul 2.2 maiAamedliiianaslsd

woaldanaslsd famautifivier n1stuguludnvmeinag awsavild
lagdng 51A19n Nusiefviazaty 1y 1, woanesed waztheransazans dunid nude
UFAZeeT nsa-ans uilivusoruty falwenn uwiwinfallazshldaefefiwduinon
1N AA1ANUnuILEUYsEII 1.4 ¢/cm’ fIRanasinadIUTTaIa 204-212 °C gumniily
Bl 60-75 °C Mugumgiigeaals 105°C

auduuavtUdsnvesans lnlussfus, Wionusnvosaeiadaldfiuussiugs
Ununans vieiUdenuanvesasimdaldfuussiugs deuldnodldanaolsdlunistugy
Tuvae lauuniewdenvesmelniililussuvaswnbasiniaissas aglidentnedlada
aaolsd wldlunistugy iiesanlimudeaniwenia uasman wazad sy Geagyinliiin
nswanvisaelidy

1.2 Wodlefidu (PE) wedleWiau innnueuswioide Lofidu Maseaiim

\ATFegUR 2.3

'I' l? Polymerization T |I| |I| I]I

e e ) A |

“ &) | b 4 |

\ O H H “H H
Ethylene (Ethene) Polyethylene

5U# 2.3 nsiiawedieiauy

wodiefiau dnuaudfdiulngwuniiunedlilanaslsd winuseanin
911 uatkan wazAutulAAnG uasBalwldiendt Siernuvutulssana 0.91-0.97
g¢/cm’® Hyanasumaiuseuin 105-180°C aaungildauuni 70-80°C nugamaiasgala
Uszanal 80-110°C waziilosanwediefiduiinnauifduluzesnruduauiumalnii was

a = o v a aa Y a % o £ [~3 I
fiAgn wilvinedienaulasuanulisulanmsthuildanuduegiaunn



WOALOTAY WUINLANURULULUALANEA1ITUlTY 3 vinde

1. weRlefiauAuMLLLAN (Low Density Polyethylene : LDPE)
2. wodlefauANUMIILLLUIUNGI (Medium Density Polyethylene : MDPE)
3. WoRleNauAUILILULEY (High Density Polyethylene : HDPE)

WoReNAUNY 3 Usenn ddnvaelasaasiaunnedneiu fagun 2.4

Ll L~
—
\_<

High Density Medium Density Low Density

JUN 2.4 dnuwarlasiaiiwemedeiituudasylia

LDPE wuilexldvinduldonvesanelnsdni dau MDPE Heuldvinduiden
YosaaaLUalaauusIugIliunas waganaiadalafuusiiugs dau HOPE dewldvindu

auuvesasInsniwazdldindudsnvesaundaonniavazais liuaseaumn

2. NodNesUTEIMINOSluEARS (Thermosetting) WadilasussLAveslulgn@Ay 9y
WANANIINNBRIBS Usytnamaslunatadnidusgnauin weadiwesusvinonasiuwnng &
Tassaadunuuiy nIauuuauid himmmLU?isugUﬁ'wuaqwaama%‘dszmwﬁiéﬂmami
vasuvaemNseudnads nafe matugilmilianasovihdnliiues mnldsuanu
Soutsinagann azvilvnedwesaaiefuazideme nedwesuianionldihauuvesas
wida laun AsoadeAneadiafiau (XLPE) uavensefiaunsefay (EPR) 1Uumuy

2.1 pAsedRsANOAORAY (XLPE) Asoaasdnediefiauysyian LDPE figniian
Wasunlassadamedluesivudunsensiu Tndunedwesuuuidourneiiouuuniy

a ° v & a Y] p~ o Ao PN
UUNUWNWIGULTJUQU'JUGUENE*TULﬂLUaLL?\T@UQQ NI@?Q&TNV]’NL?\@J@IQEUV] 2.5

Polyethylene

() cCarbon

O Hydrogen

n

sUfl 2.5 Tassasramainiiues XLPE



XLPE fnmautfmiuazuds mstuguludnuazeneg annsaildlagde
VURDFYNAZANY WU 11, LeaNesed waztnuasaraneBunse nudoUAsenall N3 -n9
wazarwiuldd Senldhdauautidnlngmiiounedliiianaelsfuasnodiofidutines ud
dsmunsndmedhifianaslsduaznedienitu  uazdalulairenimedlilanaslse den
AUNUIREUYTENI 0.92 ¢/cm’ HganaumaININngT 200°C aaungilldea1uund 90-
110°C ugaivniigega 130-140°C Wuauruidenlflussuulnihusgs

2.2 9719 AUNToNAY (FPR) Lodidunsonau tJunwsdiuesntinain

=

amsUszneulefiduuazlolalnsfiay Agnidsulasiaisluanaliillassaisuvuidensia 3
AaudRdulngmilounsoadeAnadiieniau willdnwnrsoundt wazlinudeUgisenad
n39-Ane deanuvutuulsyanu 0.87 g/cm’ dyanaeiinaiusyann 200°C gaumgilldau
Uni 90°C nugaunnilgeaayszanas 110°C leuldinvieens 5o09MUa 89508UA LazauIy
aeiaida Wy auruasiaiaussdun uazarsaifaldfuussdugeuiunans usldfey

Pranldinduldonvasansl

M19197 2.1 AdaudRvenedwaivlingneg

AoANTR PVC s M';EPE TSk XLPE EPR
Tassasianadiuns Linear Branched Branched Linear Cross-linked Network
gl Waldfuaudou ¥ v v v - -
Density (g/CmS) 1.4 0.91-0.93 0.93-095 0.95-0.97 092 0.87
Melting point (°C) 204-212 105-115 120-180 120-180 > 200 200
Thermal resistivity (°C- cm/W) 500 350 350 500
Operating temperattre (°C) 60-75 20 {7080 | 7080 90-110 90
Min. operating temperature (°C) -20 -45 -55 -50
Max. operating temperature (°C) 105 80 110 110 130-140 110
Short-circuit temperature (°C) 140-160 140 160 160 250 250
Tensile strength (N/mm?) 13-20 7-30 20-30 14-34 19-23 12
Elongation (%) 150-300 300-800 400-900 600-700 500-600 400
Hardness (Shore D) 35-43 43 53-54 57-61 59 50
Volume resistivity : P (W-cm) 10 > 10 > 10 > 10
Relative permittivity : er 6-8 2528 | 25 | 2325 23 2335
Dielectric strength (kV/mm) 20-35 20-45 30-50 30-40
Dissipation factor : Tan d (%) 4-12 0.02 ‘ 0.03 | 0.03 0.02-0.03 0.15-0.4
Oxygen Index @ 25°C (%) ar 18 18 18
Halogen content (%6wt) 22-29 <0.02 <0.02 <0.02
Water Absorption 24 hr@ 25°C %wt) 0.2-1 0.005-0.01 0.005-0.01 0.005-0.01
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2.2 nszurumsinanlswdunazalwanlsiwdueduluauiu
Sovhmsteunswiunszuansdliifuatunieladidnain daguil 2.6 Taefl vunes

wsenulianunsaviliawiwinnisiusnaild luanavesnauiuasiinn1snavaue e

aunlwiinannagueniuinseyin vialMiAe “nszurunisiwanlsiedu (Polarization

process)” Fungluauiu

CHONMONONONC CHONONONMONO)
QO 6 0O Q
o = charge per unit area SA
&= permittivity of space § S o) o
w Dielectric material
COmCrEc aSmOnS iy oo oo o
() awu b lugeyane (@) nszvaunsiwatlseduluauiu

3UN 2.6 msteuussiubiivawiunseladidnnsn

nszuIumsivantsiwtuiiiatunigluawiugnutiseniu 5 Ussuan sl
1. Blanyselindlnailsiwdy (Electronic Polarization) 30 deuRrea lnanlsiadu
(Optical Polarization) 8uannsedndlnarlsiedulunszurunisinalsiwdulusydvezney

YosauIu Weawulasuusinsgyhanawalinaiguen ndgunuendidnnseuieglnuseu

=

a = A A A o oo Y ' = o
undravalevnonvesauiu ndsuitiiodasesininuwmauiuliiiuinseyih &
L | v 1 1 a [ L a . = a
N33R lmivesnguruendiannsauasinliesnetvewnuialalng (dipole) nsaifin
Ay X = - ! a A o oa Y ! ¥ & = !
N5ITU Maefauivesnguvnendidnnseuiiednizesinlndaneldauulniilgnizenia
a ® a " LY ! ! <3 d' a ' a ® v ! =
didnnsetindlnanlsiedu usegralsimunisinfeunveswngunuen Slanaseudinandaed
YUIALENLIN MSIzBsIInaulnihneweniinssvindenguuen Bldnnseunaziaedead
yumdnundafisuiuwsidamivinelussaeufidanisansyinnengunuendianasou
dudnnselindlnanlsiwduiilunsinanlsiwduildviliifansgedenilui wasdu
nszurumstnanlsiwduildvuedivemngll nszuiunisinanlsiwduseinniay \indu

Aelunaidszann 10 3ud
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E=0 @ @
External External
charge charge
(n) azmouvasauIUiiolulawulniiun () arnauYaIREIULLadawu WAL
ALY ASLYIN

a

UM 2.7 Bidnnsetindlnanlsiwdu

2. loaafinlnanlsiwdu (lonic Polarization) nSeosnauiialnailsadu (Atomic

'
= Y] =

Polarization) legafininanlsiwdwdunszuiunisinalswdumistuiviagndundnless
fin 1wu wnde (NaCl) Wsunadeunaslss (KCU 1w disawiuldsuusinsyyinnnauuli
neuen leeeuuinkavlossuauresiuselessinavindoud Inenlosouuanizsindeuiinny
Aensauuliiuaslasouauaziadounnsatiuiu frnvaunulii Feanisindeuiives
losauuinuazlossuauiiasililalnaniindunigly ninlosetinvasmuiuineiuliauga
v o = o Y a L% e‘dy [ dl' A

aanuIsiiiaalalnadnsaunieluianauiu nstrfeunvedlossuuinuaslossuau

sananazbiannisliaunaveslalnanigluauiuds nszuiunsiinaignisenin leesail

nlwanlsiadu

—*ie—d  —sidoi=—  d- distance between

u = dipole @@ i positive and negative

moment @@: G’@ % @ charges
OEO @S OO - equitibrium
separation distance

(n) Tanauiudislyudawulviinsei () Tanauiudlaauulnihuinseyin

sUN 2.8 lessiinlnanlsiwdu

u

v

3. poLsundulnailsiedu (Orientation Polarization) w3e lalwansiwanlsiedu
(Dipolar Polarization) sawsumdulnatlsiwdu Wunisinanlseduiiintuiulndidnasnii
Tuanaduuuy 39120173 (permanent dipole) 1u 1 nsnlelnsraedn iWudu Tneunfidle
Liflaunulnia anareuenuinsgyin luanadstanninieluladidnainazdnisdaies

mogrslilusziou dufeluanasznyulasnizdnnszagegedase Jan1s9nseasiegn
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4

Liuszidevreduanadsironsiagyliauulnihdnsneluladidnesnianviniugud
1 4:4' a & a (v 1 1 4 a < a a =
widlslagidnasndenaniegnieldawulnin lwanavedledidnasnaziinnisyuiasinig
Seamauwaunliinnunseyi Fnissesiivesluanaiionauauesraauiu i
nsevintazyinlmineosumdulnalsiwtudu Fanstwanlswtulssnnidaglanailunisiia

yundannsetindlnanlsiwtuvazoznouialnanlswtu

- ' -+ =
[ Ly _>+ ! . J . }+ . J+
+ { !
+&@ ' 9y T+ <4
+ ' : + -+ +
(_ - = A " ) I } I J
& St )
+ F +L ul L)_*_ d, d,

n) luanavesddslifiauulavuanssyit (@) Juanavesiadawnulnihuinssyi

JUN 2.9 frethvasealsumdulnailsietuniatuiulianaven

4. gauTalnanlsidu (Hopping Polarization) seUtialnanlsiadu idunsyuiunisin

v A a ¢ al % 1 a
alsigtuiedulgdsingnisaliiuseniglu auau (localized charges) 1Wu Blannsou was
lga (hole) anunsansslanaindwianilaly §sdnsiumimie Faziibilinnginsunisin
alsiwdunigluawiuld Wsauiuegneldauulni Bidnnseunazlaanaluauiuaziin

a a o 1 = v o I =~ d‘ a Q’lj
W ANIINNIINTEIARINSN AUl lUG B nsunianiia lagfinganssunisnselaniiag
Anlusyeziaandu mntudseesmassasegludunusiniiinselanly Famgfnssunis
dhadumisuaslszanigluauiuagyiiinnisinanlswdunieluauiy dregegeuTelnan
lswwdu iy Bianasouaunsanszlanaanduniatiuvesdulidadafiiunianils Fenas
a S eqwo oA 2 = a 2

nszlanvasdidnaseutasvitlimurisiunateilulas visouaninginssuidulseauin wag
bisunislmindidnaseunsslanlUuannginssuluseqau anusingnisainliasuiey

s uausavinliintsaiiansinanlsetuneauule

®

site A site B
(n) Yszanmeluawiuile (v) Usraneluawiufinnisiadeuiiile
Laifauuliuinsesin Tauulwvhannsgyi

U 2.10 seuTalnanlsiodu
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5. aulgrnsalnanlsiwdu (Space Charge Polarization) %50 dumasividua nailsiw
Fu (Interfacial Polarization) avUav15alnanlsiedu tdunszuaunisinanlsieduiil
nszUIunIsiinded eawau ogmuldauulnih oyniaUszquInuazeynAUszgaUd
ansaideuiildfiegnisluauiuszindeuiiuonesnainiu uagoyniauseqdnaiias
\AouTinavaufunsisesseves auau 2 sliafilidesiniin (permittivity) wanenaiiy 3
whliAnnsavasvessrquinviedsyaauiisessiovesauiudingn mandeuiivesszq
unsenwhliAnmsazauvosUszgiisessessnineauiu 2 vila gnidenin awwmnsalwanls

@t FeaiUgunsalwalsiwdull azvinlinisnszatevesauuindineluauiuiaisuly

+ =
4 + — + =
e G T F
| N + r s :- F=
Y A Q p - N I+ = &
NN - F NN Y78
yA O ‘++ = -/ I : ++ = )
(M) Yszaangluauiuiie () Uszanigluawiuianisinieuiiile
Lyiflawnailifuanssyih Taunalnliunnseyin

JUN 2.11 awgvrsalnanlsigty

syezianldlunisinnssuiunsinatlsiwdulszinneiee tazvuinueinisinanls

LU wandlanegun 2:12

A K

Space charge
POlarizationflnterfacial

Po ~“Polarization
Orientational/ -
dipolar i )
~—~ Polarization ] gg&?;;ﬁtion OO0 .f]—_)
O 00006 o
5 P, B2 |5

2 ©@0

— Atomic/ionic ()
ﬁ Polarization @000 ©
= Electromc/ G o T
© | optical ©) @ 0000 c
8 Polarization @ ® 0000 >
0000 5

OO0

9 OO0

= V
1 1 1
10 15 10 -10 105 1 10° >

0
Time (second)

JUN 2.12 szpzaniildlunisifianssuiunsinanlsiedudssiansig
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2.3 msidauanwluauiu

[

Tagnwodiuesidauanin (deterioration or degradation) lanaun1svinuisendu
dwnaey Wesndwlnggnldnunaigusneians #aveinsideuanInilisnsendt ns

=4

douan nluussennid (weathering deterioration) @981992 JUNATINYBINTLUIUNIT

HouanmvanenseuIuns Msdenanmluanneildnlygiinaineendn dudagnnsedu

mefiddanslilawan (UV) anuawnn wedlwasenvgaduinlaviilininuudauaz iy

AUNIUNITUAIDANAY 8NFIBENU PVC auinnisidauaninluussennielanaudnadie

WoAWaTINTRNANNIALNTEUIUNITNLIENTT BaTu (scission) FeRBNITWANAATY
vosnuszluasluana Wumsiiiinnisusnaaafisuwniigadadu waziitlidminluana

anasgaiinanenuaudRnIINavaINeaINes N1TUANAA18YRINUELD1NAINNITUHSTIE

(AMUD)NAVBIANINTBY AT HATRIUATE AN LagraanusIRuluiLes

awnvesaadadenadildsiuaiuaslaSuanuaisanay a1 Audou
aunllifln anneziinden uazismiana dsaliauiuasialadorannameignisldau
yiietiadomeatnaraunnseniiasannszuaumsien o galdau Tneluamnsouds
Yo liaduananandeuaninnierunnTe e s UUatLeanidy 2 NaNFasUT 2.13
1Hud 1) Amnudonan nvioninnunnsesesszuuauIidwmanonszuInn1sinalsie fu

YNAUIY 2) ANLLEONAN NS BAINUUNNTDIYBIALINTEINaABNTLUIUN T LA N1y

QAUIU

Haduiitinanoaigmslduawiuasiaida aMIviHAR®
3 - AIUFRIEMW UMD
~Water tree Tuiloauiu
.- By products a1niindgunsaunsaiu
I~ By products 91nvUIUASHARAWIL
" (cumyl alcohol, acetophenone)
- By products a1nausau
- By products 21nn1500nTLatu

ANULAsERauu W

AULASEANINAIINTOUY ey

A i °

AMULATEAYIINNG e

AULASEAINFNITLINA DY J

- mm"LgJU%qw%‘wmamu

- AUTUANEIAUIY

- ilumaeaneiaida .

- Tracking ¥iseLdumanseiasaua

- HapFUBUvieLAYlanE N INIANGR299S
- Asudoudidmnanitlnia

sUN 2.13 Uadenilnadeangnisldnuuaslymvesauitaeaida
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agslsimudaymiliiniuluszuvauivazdmananszuaulnanlswdunas
nsrurumnilitih dafudmnsfivesitugiu Wd Auvesindifese Andesinfinaun
A Aran il Auawesndsnugy dladidnain szfidvdsundammuilufie ns
313@158‘?]@%1%Lﬁmsﬁuiuauauawuﬂﬁaﬁwiﬁimaﬂﬁi’mwamauauaqlmaLﬁﬂm%ﬂﬁiaLmé’]’u
nsziansagUdu (step DC voltage) inafiafiliumaiatugunadandsildiinseianin
awugunsallwiussasdauelag Prof. W.S. Zaengl Tul 2000 lngdanszualnailsaduy
waznIeuaninanlslwdy wazUszanalumaauiu (RC model) 9nnszuIunsinailsiedy
waznszuunsialid agldmada Curve fitting Ussanalunaauiu uwazauinaiung

wudidedou uazurpmesndsugadeladidnninanlumaauiuiiedinsizivieiiady

ANTINRAUIU

2.4 nseualwanlsiydutaznszan lwanlstu

o
Y

MFINNaREUALILABENATNAZLTS PDC FI0guLugIUAILsUNsTLansIgUdy

| (Y] A & @ 1 = d’ 1Y 1 o 4 a
anAsaNdaniluauludutissseriia i lngnvuinvedusaduliaiunsoviliauiuie
n1susnatle luanavesauuIninnIsnoUauateauIulinilannwueniunse i 49
azilAnnszuaunasinailsiadu (Polarization process) dswaliAnnseualnanlswtudu

aeluauiy (Polarization current, iyo;) nszhalnanlsigdulumamguianinsndeuldng

aun1sn 2.1
. 0o
ipor () = COVc[g +£6(t) + ()] (2.1)
QRN
Co AoA1ANRlNTinInsIAdinvesingnadeU (Geometric capacitance)
Ve AousIRuNIEHanTlglunsVnaa
o AaAIANN INTINTERaRSIUTEVS (Pure dc conductivity)
€ AaAUasiinAIRveIgINTA (Permittivity of vacuum)
Eoo AoANUoIIRAIRFUNNS (Relative permittivity) MILa1l3uaAY
§(t)  Aeflsidumadn (Delta function) MAnTUAINNTTIIBUTITUFUTY LU

v a v

uviulalviuingneaaeuiiaisusuy

f®)  Aeflesidunansuaussvesladiannsn (Dielectric response function)
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= o

Tumanquiiiloauiuegneliussiulniiinszuanss szifanszualnanlsiotudsdl
2IAUTENOU 2 &I AB
1) nszuan1UAn (Capacitive current, i) Fudunszuadiiiniunazazanasly
Vuitviule
2) nyzhawaUsaUtu (Absorption current, iy, FadunszuaiAntuainnszurunisin
anlsiwduneluauiu
3) nszuani1suladla (Conductance current, i) FadunszuaiAnainarainun
InvesTanuaziiogluianyvnuile
wilumsujianssualnanlsiwduifnlfaozfinszuaialua (Leakage current, il)
saegde Ganszuatluaiiintuainisiudeuiiinauiunisiaainamuanysnes
anmwndesvaizvinnsvaaey Tngasinnsannssuanisiiniuaznszsuadlvadunszua
il ifalalunieu R (Practical conduction current, {Smreeticat) LLazLﬁaﬁﬁmiwqm
Peussilifuauinlazinisdaisesauiieliauuiamsnieyszqasgning luiana
wazUszqliihagluauuesiinnisdniesiidndannisunnouiive Taunaluiihannsesia
nszuangUsyy (Discharge current) finlduaizsinisdasastiivauwiuargnidonin nszua
Alnanlswty (Depolarization current, i) N3z saninarlsiwtulunimauauisadeula

faaunisi (2.2)

idepol(t) = _COVC[f(t) i (1Y Tc)] (2.2)
gl T, Aosyeziianiiviinsdnoussiulviduingnaaey

nszuanlnanlsiwdy (depolarization current, ig,) H09AUENOU 2 dU A 1) NIzud
AUNETNRa159 (capacitive discharge current, i. (discharee)) Fudunsyuaniniuuas
anavedaiufiviulanasiinudnyusiriioudunsziaaU@vinvesnssualnanlsiedy will
ASINNAU WAz 2) nszualeUseUTuRav15a (absorption discharge current, iy (discharge))
= I aa I = o PRy | a [y |
FadunszuaniiangsluriwsnuaziilornismeUssaliduaniuseluises ) nszuaningi?
gdlAnanas nszwaweUgeUtuRawatilinudnvasmilaudiunssuawerautuvanssualn
anlsiwtu waltinssdnuiu dusunseuan wanlsieduarlufiosnissnourssnseuanisi

Tnfwaznszuasilrasiuegseiliaanninisngadeuussiulviuauiue
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¥

2.5 WosinAdmddau

Woslin@dmBdou er(w) A ﬂaW’limLmai‘mmeﬂmauumwu%mmamammu f14
aun1si 2.3 Tnefiduaswealoiniindou el (w) wanIANEILNTlUNNSINUNS 19U
1u51Jamu1‘1/\lﬁw Lazdndunnmusalesiniimastou &' (w) LLamﬁm’aquyJLastui’aQ

awananMsiundsulugyaunuln
£ () = £/(w) - j&] (o) (2.3)

lnemluidleTanauiueganeldauuluiaigusnaziin 2 Usngnisel Ae 1) n1sun

T 2) nstwanlsidu é’agﬂﬁ 2.14

<

S @ ()
u(t)lég? @

lons, Electrons, @@
| Holes Vacuum  Pol. mechanisms

£

[ Atomic pol.
Latttice pol.
Orientation pol.

|"Interfacial pol.

SUN 2.14 Tanauiuieeg nneldaunulnihnieuen

Wasnussaulyiiy u(t) ndowianauiundsuiasmuiniianifdaunisi 2.4

Aatinssnubiilusunaees U wansdsaunisi 2.5

u(t) =u,, cos(at + D) (2.4)

U=R WUe") =U, /D (2.5)

Tneauulnineuenluguawes E uansisaunisn 2.6

E _ Umej(a)t+(l>) _ U

= (2.6)
d d

1) nsguun sl WinanAuruistnsswalnin "J~U InanusruvauIy

1
@

Wunride A drwadlanaaunisn 2.7 lunmsdjuaanuvuisiunssualiinnluadussuy
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avugunsalliiusgeiivuiatesuindmsunnudmaslnii (50Hz) dsdunsianssuadn

Inaruauiuasdaumeusaiunszuansy uifadseisuszaasluawiundinisiniie
J =0-E (2.7)

Py - ° ' & A oA ¢ A o s, .
W o @ an il wiiseitugiude Ao T (mho) w3e Twud (siemens)

2) nsvvaulnanlawdu P istudleauiuegaeldaulniihaeuon Uszgnely
awwazisessmuLnawuiniisenIsngaisallwadlsiedu Uszneusae Sidnnsetlind
Inanlsiwdu losefinlnanlsiedu eaisundulnanlsiedu soulalnanlsedu uas aievisa
Tnalsiedu deiindnluneudu nszurunslnatlswiuluegdulassadsluanauas
Tassafauessyuvauiy dmalvifefamsawud D luszuvauiu iinenuvuiuiulseqd

didnlnsafeaunsy 2.8 uay 2.9

D=¢E+P (2.8)
(araig (2.9)
e D Ao Aatwsauud (displacement)
P Ao Twanlaiadu
A Ao WaslningaaIne
e fio WosinAagagou

¥
a

Tunsdllalwanlnalswdurnlesiniindedou ¢ Auwaldainaunis Debye @

aumiﬁ 2.10 way 2.11

(w)=—""-->2+¢ (2.10)
r( ) 1+a)22_2 0

E.—&
g(w)=—"—"-7%0r1 (2.11)

1+ '’
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Wip T A® Relaxation time constant
g, A® static dielectric constant
< R optical dielectric constant

o
v v oa

AaluRansaud D wanslansaunisn 2.12

! M ”
D=¢gcE—Jg,e"E (2.12)
WowsawuntouwuasununaseaundlWiineusnUasuniunan fauuAINunun

wuNIERARAmAAILA J ) Y095 UUaNINAINAAINENNTTT 2.13 way 2.14

1, =82 < joy (@ - je)E 213
a

‘,].,D i ja)gog,E hi a)gog:E (2 14)

k_._._nv_____l
capacitive current  dielectric loss current

(%
&Y 1

TNUUAUAUIUUNTYLATIY ‘.].T YDITZUUAUIULARINSANNITA 2.15 - 2.17 uag

wanspNdNTuSIuaesineslnugUn 2.15

Jr=dp+J, (2.15)

azle

J; = joD +oE (2.16)

J.=| & — j(g;'+i) Jos,E (2.17)
&,
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D =&, (0)E,

Displacement

U,.E,

J; =0E,+ joD
otal current density Real part
J. =0E, = & & () E,
Conduction loss .- Displacement current density (I+7' (@)

Jp =w6,6/(0E, 1172 |
- .. - .- v " Imaginary part
Polarisation loss .. s s "

Joege, (Q))EO —J& & (a))EO

2" (@)

UM 2.15 wlaweslasvunsuvesuiuiesgnmeldauulninnieuen

o

2.6 uawasiasgayideladiannin
wiemesiasgadslediingsn tand \Uuwisfiwesnfienldlunsusedivanm
aurugunsalluihinsegs Tngduwinanmadwinigaideluauiu B demadlniisuen

il Q. aaunsi 2.18

tano = % (2.18)
C

[

PNNNALLDSIADEENTUFUN 2.15 aans0AIuIMLHALRESH quLaﬂlﬂaLﬁﬂm%ﬂ 9
Aun1SN 2.19

O+ wE.E!

tano = (2.19)

!/
OE, &,

2.7 ANUAIUABLSIAULIUSAA1TluauIu
ideaurugnteusisissdiuliiidvildifianiuasainsavesauiufiaznuse
wssiulwidug vdonuseaualifiuld vhlnaenssualailnaduaiuegiasuuse
Bonnsialudnuueiin madawsnanidluauiu miuamusoussiuusnandluauiu
Aomarueionauinihguaafiauutunueglilaslifnnnudeme Aanswsnanid
vidovhlvaurudonanm
Tunanquf fufiniidinvesanslnagidnuuzduzuanay fhenauasnsiudoudty

Jusnlannid wageaesdunauiu dagui 2.16
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r; = conductor radius

r, = total conductor and
insulation radius

& = permittivity of insulation

JUN 2.16 sUsnsnszngauulnitluauiuvesansl

o [

NFUN 2.16 ansiasenanuliiigedqn ¥3e By, iinvulndiuiivessinisad

i« 3 t:l'dtv IS Vv A
g13 1y ’EJQSLUSUMQU’JuVmiﬂiJﬂ’NNEJ’Yﬁ’JN ) mlAREunIsa 2.20

Y= RSL

max
;
ln =%
4

(2.20)

WSITULUTNATIY U8 U, @3nsambinsaunisi 21 I £, Aemanunsuladiénn
$nveRUIN FIRg19L AMNRslndlanasnveseuIY XLPE Tngunfudiavlidnegi 22-50

Y

kV/mm

5
U,=ErIn2 (2.21)
h
Tunmajun nsussiiuanuesenusnauvsenailunisiialusnailuauiu 9
anveaeulugUiuuieienaguigyseansnmraenisidou lasiinismaaeuilasnu
puan1dusag ainueuInsgiuld mameaeusenanlaenaliazesniuuin iz ay
funsldanuuazieldlunisaunuamain ieliaellasuniseensuangld nsvegeu

dndlugdajatuluiinisTannuamusoussiuusnanilinlusmunuvesszuy

¥

wenanlgadinisainnisalongnisldau anuwiugn uwaraudiazlunaziinaiy
aumavsaluTnAMYesaualdaluouian lnsn1sissnisidenaninluauiu (Accelerated
aging) Wiodansan ImmaIn1situaswesaln fainanluimden 2.4 MsnageuLlusn
¢ | Yo a Y] A a X A ] 2 g a a
anddlngazlditiiuussiulwihiintuielsinssvaunsnsideuanin uandsdivada
nang 8n 2 wealla suldun N1915INTEUIUNIIAIEAIIND (Frequency acceleration) Tasay

1gAudnila1gandnAuive el euni vsenuNiagndtAunanIugNeNkUULN
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Tildau anldlunisiseanisidenanin wagn1seseanseuIunsaiugungll (Temperature
acceleration) awiunediwes lnsunfazisuazatefivszuna 95 e wadvauazdinang

JULTIHDANUAIVIUABLUTNAIY

2.8 winiwmeineaaanidieszinanismagou
2.8.1 AMNIIAARINNEDA
nsAawfavdenisusnantivesauaugunailniiinsegs Tneviluiindy
wuudy llanunsofadfiudueuls fidulunisussiusmmsiamsanionisiusnaidves
awu wldrmsiwesnnaifdusunudeys lnadonldrmmeadflivuigauiuniswan
uasdieya nsuanuasteyaiifenldesuronanimaasugunsallwiiiusegs Ao wanuasuuy
Un (Normal Distribution) uag n1suwanuaskuuliyad (Weibull Distribution)
1) flsifumsusnuasuuudnivesinegnadeyauansfsgudl 2.17 waz U
2.18 Tngimnsdiwesnsaiavasnisuanuasuuni Aldesuenamsnagaudie Aiadeves

A9 ANNBUTUTINYBIAIREN ANTEIULNINTTINVOINBEN FRaunIsh 2.22 - 2.24

AIUAIAU
n
X
2X (2.22)
b, Gl
2 1 . 2z 2
= (%=X, ~O (2.23)
ANNF
s=4/s’~r0 (2.24)
k) P A9 ARAYUBIUTETINT (LSIPUUTAAIY)
= L% 6
o A9 AANULUIUSIUYBIUTEVINT (WSIAULUTNANIL)
o AD ANUELULINTEIUYBITEIINT (LSIRULUTNAIN)
X D ALRAYVDILTIRULUINATIY
= % 6
$ A AULUSUSIUYDLLTIRULUTNANIY

 ANURUULINTFIUYDITIAULUTNAIY

o))

A9 INUIUATINSAAUTAAIY
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Mean: 2
Standard Deviation: 0.5

Mean: 0 0.6+
Standard Deviation: |

Mean. -2
standdard Devianioni 2
// o
- - ) 4 -+ t F——— 1 t -
-5 -4 7 \ 4 o 1 2 3 o)W 5

5UN 2.18 ARRguazANUAULINTTILYRRI0E 1

2y Mardunisuanuasivuliyaduesiietsteyauansiaguil 2.19 Tned
WsdmesnsadAreInIshInuatLuulyad AldeSursranisnadeufo wisdimesuen
dndu (Scale parameter) warn1313kABSUBN3UIIN (Shape parameter) Feaun1si 2.25
n1suanukuUlyadmizdmsuesulgnIsaavIsIvsenisiusnantesauiugunsal
Inlihusege TnefiannsauszanamanuamusonssfulUsnnLg v, 19 Tnefiauseiuiisi

N1 V,,, azliiAansiusnanai

F(x)=1—e *"7 (2.25)



= A 1 &
bU® F(X) A N1THANLAIANNUNALL T WA AL

A9 WSIAULUINATIY

X
7 Aa Wsdiwasuandadiu
i Ao M flmesuenIus
2 -
Weibull{1, 0.5)
Weibull(2, 0.5)
14 Weibull(3, 1)
0 : : .
0 0.5 1 1.5

UM 2.19 Wendumsuanuasuuliyasuazemisiiiines (B ,n)



uni 3

N13NA&iay

Inerdinusatuildinmsfnwuasieneinavesnamadevatsiniiaauiu XLPE
it 0.6/1 kv Tuguuuusingg ldhasduasindaund memdafifimstudeuunsnsswing
fniuauiu wazaneiafadifinsidenaninannanuieu sesmseuiouauiuiionmyl
A9 Inedanansuauadladianainmeisnsinnseualnanlsiedulazilnalswdu uas

ANWIAUAINUABLIIAUUDIAUIULAYNITNAADUNILTIAULUTNAIY Iﬂﬂﬁ?ﬂﬂ’]i%ﬂﬁ@‘U

NINUA LRSI 3.1

=] e 1
M19191 3.1 aqﬂmamaau’tuﬂimmmmm

i T = u e Gt A
mwaianinaludlewminizniednhnusumm FIALAN LN SITOUAN NN

=t ¥ =
F‘I']'I]..I'gﬁl'll ﬁ"}l[l"l‘hﬂ‘i_l‘i BURUIUN

. vudtou [hudlon | tudlou | 1hilen Al Q°
nIdiAng wiia y s s ; i qamqiid1e (°c)
ran ST - & e Fa
£ ¥uam | yuau N3t Fua | indianil =
Uni « wo | Alnd
upd vBd vos | gl
| 2 90 140 250
nazAid | Wanean NowAd | Aung
POC v v Y v v v Vv v v v
Breakdown v ¥ v v v v v % v Vv
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[ a < a A Aa dy 1
3.1 N15INANBUEAUDILADLANASNVIEELAIANANITULIDULNSNTLIAINY
AIUINUAUIY

3.1.1 n1ssguaELALla

Tun1snaaeul agldarsmdaauliu XLPE ANALIIAY 0.6/1kV UU1A

NUNMFAA21N 1.5 m197198adns AIN817 15 WA Iuuierue 6 aglunisnageu

Lunaneguil 3.1 uaznmisieseuagialdanagun 3.2

Regular cable sample with 15 m Long k 5 Cable sample with 15 m Long
£

r 20 5cm  20cm cm
& < = P> %

| &=

e

(@) @ paper strip (2) paper strip @

XLPE insulation with
thickness of 0.6 mm

Cross section area of
conductor : 1.5 mm?2

XLPE insulation with
thickness of 0.7 mm

Paper strip with

; thickness of 0.1 mm
Cross-section

Cross-section: 1,2,3,...,n

() angLadanUulaun et uaIuTd

(n) anewendaund (laifinisuudeuw) BR\W
S ABNINIZMIE I UaWIY

k 5 Cable sample with 15 m Long >‘

‘4 ), Cable sample with 15 m Long >
R
20cm 5¢m  20cm  5cm 20cm 5cm  20cm 5cm
S oSy Sy e U
v P T e R o e A |
i i e | B o 168 e

™ 3 phln:al-s‘tic ring @ plastic ring @M ® @ Grease @ Grease (1)

XLPE insulation with
thickness of 0.6 mm

XLPE insulation
Paper strip with

Grease
thickness of 0.1 mm
Cross-section: 1,2,3,...,n Cross-section: 1,2,3,...,n
() anevmianvulaumeTuaIuT o (3) @A UaNUuUaum g a15ukNsn
NAFRANLATNIEUINAUINUAUIY SYWINAIUINUAUIY

k"'"% Cable sample with 15 m Long H k; Cable sample with 15 m Long H
20cm 5CM 20cm 5cm § 5
o LR -

@) (3 copper strip ) copper strip@

XLPE insulation with
thickness of 0.6 mm

XLPE insulation

Conductor
Copper strip with

thickness of 0.1 mm .
Cross-section

;V_J
Cross-section: 1,2,3,...,n

(?) aneLPLTaNUU UM TUAIUYD

e (@) mewdandyuildauns
VOWAINTNTEHINFIITUAUIY

UM 3.1 lwwaananiladmsufnymanauauesladidnain
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3.1.2 2suazaunsalnldlunsnageu

lunaaneiadaund wavangiailaninisuuilouunsnsznineiiivauiy
TagUN 3.1 agninnanauaussladiann3nadieinsa PDC-Analyser-IMOD wagunaddig
WIUNTEUARNSIFUTU PDC-Phantom-1000XE @911935nAaauneguil 3.3 uarsuil 3.4

= (Y a a I Y Ao v

wazilasanmsinnanauauedladiannin Wunisianseualiihniandes
wn wielilviiinauratatrdoulunisnageu JedesaruaunIsnnaauntunouli
willoudulunngnisnegeu lilezilusiinvesaenda gunsalfildlunisvedey dnwes

MsERIUMaeALDa sauveszezlunisindualawela
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PDC-Analyser Voltage source Test Object (Cable)

Current
sensing cable

Control cable

control electronics

Grounding

_l_ Copper plate

JUN 3.3 W3 Tananeuauedladlann3n

EZEN A - » AT ¥ - 2, \K A 8 35 4 S
Test Object (Cable) .oy Voltage source : 7 Ty

- P - NS T . 1.’ =

' PDC-Analyser

A

7

Current sensing cable
4 TSI,

JUT 3.4 n1swsenasnsinnanauausdladianesn
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3.1.3 /NN
AousuMsIananavausdladidnn3n maLﬂLﬁaﬁéfmﬂ'ﬁmaamzﬁaqgﬂda
aaﬂsnﬁlﬁamaﬂiz@ﬁmﬁwiumaLmﬁa WNS1ED1VFINANTENUABTEAUNTY WA LnanLsLady
wezilnanlsiwdy antuluduvesnszualnadlswduayialalusewinfisnousadu 220 Vi
Tiuanaindaiisosnsnageuduiat 2,000 3urd nszuarlnanlsituazaluszninedivh
nnsaeUszduan 2,000 3undl
n99sTlalunsvageu nszualnanlsidulasnszuainanlsiwduazgnin
1a8 PDC Analyzer 5e7insmsnagaey anmuindesiionmgil 20 - 25 ssmiwaioa lneas
TuUfinHaNSNAROU NNSNAEBUI 6 Fal
1) AsvedeuInnselainallsiwtuLasnselan wantsieduvesananiaauiy XLPE
fifausasu 0.6/1kV MUn (ladfimsuuiion)
2) msnagevinnszualnanlsiedulasnseuaninailsiwduvesasiadaauiu XLPE
FfALSIFY 0.6/1KV Aluidieusefudiusesnseauiinsnszsingiihfvauy
3)  nsvegeuiansvualnailsiedularnsyuaninanlsiwtuvesaisia.lanuiu XLPE
fiausiy 0.6/1kV iudleuseiudiuvamatainunsnseninsithfuauiu
4) nsvedevinnsrudlnantsietuiarnseuan lnalstuvesaneiadanuiu XLPE
Afnusesu 0.6/1kv iudouseaistunsnseninssirfiuauiy
5) n1snaasUinnszualnanlsietulagnsvian lnanlsituvesanaalanuiu XLPE
Fvausas 0.6/1kV Aludiausetudiutamesuaiunsnssminsaiiuauiy
6) NisundeUinnsrLalnallsitulaznseiad lwanlswduvesanawailaauiy XLPE

[ [y

ALY 0.6/1kV NITUs1elausns
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3.2 NISNAEBULSIAULUSNANIUYD9a18LALTaNINISUBUaULNSNTENIN9AIUN
AURAUIU
3.2.1 nISssNEgLALla

AL 0aN bl UNISNAABUMILIINUUSNANUYIRUIUT axldanawaLla
21U XLPE WNeLksa9u 0.6/1kV VUIANUNALIAAAIUEY 1.5 A1519T8ALUAT AIINENT 15 LIRS
UIWINUA 6 @Y FIFUN 3.5

Regular cable sample with 15 m Long - Cable sample with 15 m Long >

s 20cm 5cm 20cm
- - %

&=

—_—— e —~— —_— S

Cross section area of
conductor : 1.5 mm?

XLPE insulation with
thickness of 0.6 mm
XLPE insulation with
thickness of 0.7 mm

Paper strip with

- thickness of 0.1 mm
Cross-section

;V_}
Cross-section: 1,2,3,...,n

(n) anevavdaund (laufinsvuilan) () @ngtaLlaNnUulaun gt ua U

ASZANBLNTNIZII AL AURUIY

« Cable sample with 15 m Long . Cable sample with. 15 m Long
‘< D) H k; ¥ H
’&ZOCm 5cm 20cm ﬁ oncm , 5cm 20cm E
1“ A W1 petataasy vRyy ,,;_. .W e —
3 AR ,.—-'r L | Eomr .im — g =
@) ® plast|c ring @ plastlc ring @ @) ©) Grease @ Grease@

XLPE insulation with

thickness of 0.6 mm XLPE insulation

Paper strip with
thickness of 0.1 mm

Grease

PRV "
Cross-section: 1,2,3,...,n Cross-section: 1,2,3,...,n
() aneLarbanUuilounmedudliuued (1) @A lanuuaunigalsunnsn
NAFRANLNTNTEUINAUN VAU SLNINAIUNNURUIUY
E— Cable sample With,_T5ym, Long > - Cable sample with 15 m Long .
20cm 5cm 20cm. 5cm i~
N P—bp i : &

e -

@) @ copper strip 2 copper strip@

XLPE insulation with
thickness of 0.6 mm

XLPE insulation
Conductor
Copper strip with
thickness of 0.1 mm .
Cross-section

Cross-section: 1,2,3,...,n

(@) aneLPLTaNUU UM 8T UAIUYD

e () mewadanilsuidiauunns
VOILAIUNINTEWINFI U

UM 3.5 Lunaaneinlad S unaaaumAusaiuuINAYg
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3.2.2 2ssuazgunsaiildlunimaseu
aoiadaund (lifimsuudew) uarasiafadfinsuudeuunsnszniig
fihfuauiu azgnyaaeuiioninszualnanlsiwdunieu uddnilunaaoumaussiuusn
pfvBsauIL MInedeUmEIsagnmnaeulus fiRnsliilussas Femnsgiy

IEC 60270 2995nAaULAnagUTl 3.5 ua 3.6

Regulating HV test HV resonance  Filter Blocking ~ Voltage Test Object
transformer  transformer  reactor Capacitor Impedance Divider (Cable)

—

Measuring cable

Control unit

JUN 3.6 1 TMAABUMIUIIFULUINAITYBIRUIY

. Voltage regulator

. Exciter transformer

. HV reactor

. Filter capacitor

. Blocking impedance

. Voltage divider

. Test Object (Cable)

. Control and measuring
system

O~NO U WN P

SUN 3.7 MSASELNITNAGB UM TIRULUTNANILYBIRUIU
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3.2.3 3Bn1svaseu
lunsnaaeumussiuuInAIdveIawIl aealdanfenismageuasgn
F18U59UAIE Exciter transformer 2NANIIUNTENIRUIUAANITIUINAININIEENTY 1KV/S

ToenUady 4 NSUANYI wasTuNNNaNISNAEaU AINNNSNAFDUIY 4 Al

1) AsnegeussusnanatvesatsieidaauIn XLPE fifauseiu 0.6/1kV fiund
(aifimsvuidon)

2) AISNAAOULSIFULUSNATYesd1sLAaauIY XLPE ifAussy 0.6/1kV 7
Vuieusetudinunenseneunsnsewinesithfuauiu

3) ANSVAAOULSIRULUSAATITvBsdELAlTaauIu XLPE Afausasy 0.6/1kV 7
UuideusietudiusematannunsnssnineiathAuauy

4) N1INARBULIIFUIUTARII YDA ELAdaauIY XLPE RAALSITY 0.6/1KV 7
Uuidoueastunsnsywinadanifuauan

5) ANSVAAOULSIAUUSIAIIYRsa s LaLTaauIu XLPE Afausefy 0.6/1kV 7
Uuidlousetudiuremednsumsnsyninainifuauau

6) NISVAABULIIRULUTNAT T BIEIELALDaRLIU XLPE AfAusesy 0.6/1kV 7idl

sUTbiananng
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3.3 ﬂﬂi%ﬂwaﬁaUﬁuaﬂlﬂaLgﬂﬁ%ﬂ?laﬁﬁ']tlLﬂLﬁﬁﬁﬁﬂ"l3L?ii’)3~lﬁﬂ']wf\]"lﬂﬂ'ﬂ&|%@u
fae35n1seuTeuauiuiigumgiinnge
3.3.1 mswwseuaeala
Tunnsnaasuil azldansimdaauau XLPE AfAusafy 0.6/1kV vuln
Nuiiwigingth 1.5 mssdaduns anuen 15 wes Tnsasdeaniovaeandasd

1) anewendaund (dnsid@auaninaineinusou)

2) awwedanideuanimainauiou meiseusouauiu Ngamgl 90°

U

C Wuian

60 U

a

3) aewedandouanmainanuiou medfouiouauau fgamgll 140°C Wua

RY)

60 W

a

4) angipidanidoudnmainmnuseu medseusouauiu Ngamgll 250°C Wuan

Y

60 U9

A !

(n) anewALiaund (1) @eLALDANLADUANINIINAINUTOU

a . R

(lifnnsideuaninainaluiaw) Meiseuseuanu igamgil 90°C

P " "
(M) angwadanid@ouaninainanuson () @ealiaid@auanInainanuseau ey

meIteuTounuiu Nigamgll 140°C TouTouawiu Ngaumgil 250°C

Y

5UN 3.8 lwmaananilansdifnwnanavauedladianesnideanuavesniuiou
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3.3.2 29suazaunsalnltlunimageu
lunaaieialdaniinisideuaninainAaiuson seisn1seuTeouauIu 1
gauniisingg azgninnanavauesladidnminiieisnisnedey 2asuazaunsainldlunis

A v v o v o
NAADU LYURYINUNUNIVDIN 3.1

3.3.3 35n1snasou

rouBuNsianansvausdladidnein aeiadadideansmaaeuazdesgnse
asnsiifiemevszefinsddluameiada nszenadmansznudessiunszualnanlsiedy
wazilnanlsiwdy antuluduveinssualnadlsieduayialalusewineisnausasiu 220 Vi
Tfuaneiadaidesnnsmeaeuidunan 2,000 3unit nszuadlnanlsiwduagalusenineiivh

nnsaneUszdutaa 2,000 w9
Mmaasililumamedey nszualnatlsieduiaynssuaiinanlseduargninleg
PDC Analyzer Inglusgminsnsvagey anmuwindesdionmgsl 20 - 25 samisaidoa lngas

YUNNRANISNAZAU INAISNAFDUNY 4 A9l

1) nsnedeuinnseiainnssialnalsiotunaynsgianlnanlsigduvasaoiaida
awy XLPE fifausesu 0.6/1kv Aliifinsidenanmainanudou

2) nsnedeuiansyualnanlsietulasnszuan nanlsituvesenaallanuiu XLPE
AfALsadu 0.6/1kV. Mdenanmainauieu feiseuiouaui fguvnd 90°C

3) Asnadevinnszialnalsidulaznsyuan inanlswduvesansiailaauiy XLPE
AfaLsesy 0.6/1kv Mdeuanmainanuiou feiteuseuauiu fgungi
140°C

4) nsvedevinnsyLalnanlstularnsruan wanlsietuvesenamdanuiu XLPE

AiALIIAY 0.6/1kV LHBNENINANAAINTBU M8TTouToURNIU RN

250°C
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3.4 ﬂ']i‘]/lﬂﬁi’]'ULL‘E\TﬁIuLUiﬂﬂ']'J‘ij?la\‘iﬁ']ﬂLﬂLﬁa‘ﬁﬁﬂ']'italallﬁﬂ"lWQ']ﬂﬂ'J']ll%ﬂu
fae3SnseuTeuauiuiigumgiinnge
3.4.1 sewadafidasnimageu
aoadafildlunisnageumusssuiusnadvesauiui axldaoiada
AUy XLPE AfAusa 0.6/1KV aunaituiivendndti 1.5 msedaduns aAnuen 15 s

IUIUNIMUA 4 @18 Ae3UN 3.10

1) areweidaund (ludnsiEeuaninainainusou)

2) angaidaiidonaninainminuieu medfeuseuauiu gamgll 90°

U

C Wuian

60 W

a

3) angiadamdenanInainausau medseuseuauiu Neangll 140°C Wunan

Y

60 U9

a

4) anegndafidonanmainanuiou meitouiouauiu gamgll 250°C Wunan

Y

60 U9

(@) @R UANLEDNANTNAINAIIUS DY

MeASaUSauRNIY gl 90°C

Y

-@

() auadand@enaninananusen (1) anealanid@eudnInainaiusou Aaey

meItousouauiu Nigamgll 140°C TBeueuauu figamgil 250°C

U

JUN 3.9 lumaaneiaiiansain1snaaeumussiuusnanl
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3.4.2 29vsuazaunsalnldlunsnageu
lun1snaaevagaiiunisnageuluriesufuinisinfusasiieuinsgiu
IEC 60270 wutAgfunIsnagauluiiten 3.2 Inglgi99snaaaumiAILsanuLusnaIY

1PDrUNTUYBNITNAABUMALSIAULUTAATIY LLﬁﬂQﬁQEUﬁ 3.9

. Voltage divider Resistor HV test transformer
Test object

uEa| H

multimeter

Variac

0

JUN 3.10 lnewunsanadsvegoumusisulusnaatvesaendaniinsidonan1nain

AT MEIEMIBUTaUANINTIgUN I

3.4.3 B/n1mAgRU
TunsmAae UMLIIRUUTNAIUYEIR Y aeadalifesn1snadaulsgn
F1YUIUAIL VDL UNMARDU INAUIIUNTENRUIUAANITIINAINAILSNT 1KV/s Lag

1@ e o &
LU UUY 4 NIANYIPNU

1) ANSNAFBULTIFUUTAALYeE s DaRuIL XLPE ANALsInW 0.6/1kV 7lud
ASLEDUFNINIINAIUSOU

2) ANSNAFDULSIAULUTANIIUYRIA8LALUAaRUIU XLPE ANALSIAU 0.6/1kV 9
= v Y an v = a o
HOUANINAINAUTOU MILTTBUTBURNIY NN I 907 C

3) ASNAFDULSIAULUTNANIUVDIA8LALTARUIU XLPE ANALSIAU 0.6/1kV 9
= I Y ax 1Y) P a o)
HOUANINAINAUTOU MILToeUTEUANIU Nigaungll 140°C

4) ASNAADULITIAULUTNANIUVDIA18LALTAAUIU XLPE AnALsIsu 0.6/1kV %

A Y Y aa o /-:l' a [e)
LEDUENTINIINAINUIDY MIYITDUITIURUIU qu‘lﬂﬁll 250°C
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NANISNAFDU LAZIAATIZHNANISNAGDU

HAN1INAFDU LarIATIEviNan1saaauatgialiaauIy XLPE Wfim 0.6/1 kV 71l
Auunnsasluzukuusngeg N91aed Wewaninuaudivesnwuilaiasduauideld lay

A 1 [ v v =
INUNY 3 UINTNAFOUBDNLUY 4 NTNAFDUNANAIAITIN 4.1

A1519% 4.1 agumsvaaeulunsdiinwisieg

: e L E de _
nwmitaniimautleumsnizuhadnhtiaua AUALANLNTIEOUTNINDIN
o z . anuioudeiteuiounuium
thatlou | dudlow | dJuidlew | dudleu ALl o o
NNy il | 2 2y A 1/&/ C e dw | Al quimqiiang (°C)
4 Fuam | Fudm Nl Fuam | il g
Und el Uni
Dq u0a vod | gkl
] 90 140 250
nizAE_| waiadn NOAAT | AUNIAT
PDC v v Vv v v v v Vv Vv Vv
Breakdown yV v | s Vv v v v % v Vv

4.1 WANISNAEBUNAZILASIZUNANIINaUaURlaBEnnSNYBsd ALl andnIg

Uuilouumsnserdnadiniduauay

Tunsvnaautef 4.1 lavhnsnageunanauavedadidannsn Tnsianszualnanlsie
Funavnszualnanlsiedu vesangiaianuiu XLPE fide 0.6/1kV Ainnsuwidouunsn
syudnedltiuauIu Lﬁaamuagmaiéﬂ,mﬁuﬂszLLamﬁqgﬂsﬁgu 220 Ve 0 MUANEDNT
9ounQil 20 — 25 DIFNIALTEE

nansnevausiladidnasnvesansialaund tavaneiadadiinsuuiouunsn

Y =

! v o w [ d' (J s o a o a 1
FEWINMNAIUIMNUAUIU QQE‘U‘VI 4.1-4.6 Naﬂ’]iﬂ’m")mLLW@L@@iﬂWaQEﬁQjLﬁ lﬂﬁLaﬂﬁliﬂLLagﬂ"lﬂ’W

'
a

Uriunudvosaoiadaund uavansiadafifinnsUudeuunsnssrinsinirfuauan Aegy
4.7-4.12
Mntudsiwailduiingest Tnsnaveanszualnalsedu 3Uf 4.13 agldlunns
AIMAITEWes dmsuiinseinanisnaaeululauan
uazravosnszuanlnatlsedy faguil 4.15 axldlunsduiumaimsiiines

AusudmsizvnanIsnaaaululauuaNLd
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Ipot =---- ldep Test Object (Cable)
¢ Vb
0% €L
Water -
= 250 ps/cm
2 10?
S )
3
10 kot 15 m Long |
] . e
o' Temp. = 20°C , Uqc = 220V, T, = 2000 s . Test Object (Cable)
0 10 100 2000
Time (s)
i a a a a a
E‘Uﬁ 4.1 mamauauaalmat,aﬂmﬂmaqmaLmuaﬂﬂm
107
Test Object (Cable)
¢ Ve
10° 1
Water -
= 250 ps/cm
2 107 h
§ "
'3 o 15 m Long
1004 paper strip
= T ST L S
- Temp. = 20°C , Ugc = 220V, T, = 2000 s Test Object (Cable)
1 10 100 " 2000
Time (s)
cl' a & a a
glh’l 4.2 mamauauaﬂlmaLaﬂmﬂwaamamma
AUUOUA LT UEIUVBINTEANHANINTENINAIUAURUIY
107
Ipot ==v-- Lep Test Object (Cable)
10°%
Water
= 250 ps/cm
g 107
S )
3
10 ket 15 m Long |
plastic ring
o ~. L (=
» Temp. =21°C N Udc = ZZOV, Tp = 2000 s Test Object (Cable)
10 1 10 100 2000

Time (s)

JUN 4.3 naneuauedlndidnainvesanaiaida
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Test Object (Cable)

¢ Ve

|||—|

Water

= 250 ps/cm
IS (ﬁs
g <
3
() - -~ ot 15 m Long |

1 e - ) Grease

S| e
Temp. = 20.5°C , Uy = 220V, T, = 2000 s . Test Object (Cable)
=11
10 1 10 100 2000
Time (s)
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Test Object (Cable)

Time (s)

10°% ¢ Ve 1
Water =
~ 250 ps/em
NS
510°
o
g (f"
S
1019 ~a ey 15 m Long
~ copper strip
~ €Y -l ol |
X NS = = ()]
ol Temp. = 21.2°C , Ug = 220V, T, = 2000 s Test Object (Cable)
10° . . :
1 10 100 2000

JUN 4.5 naneuauedlndanninvasdiesnida

PNV D UTUAIYEIUVBINDILAINTATENINIAUINURANIY

Test Object (Cable)

10% ¢ Vb 1
Water =
~ 250 ps/cm
<
= 107
o
g (f5’
S
10 _ . 15mLong |
- (]
Temp. = 21°C , Uge = 220V, T, = 2000 s ~ Test Object (Cable)
-11
0 10 100 2000
Time (s)

U 4.6 nanevauaslndidnminvesanaiadanisusisldauuns



Capacitance (nF)

10
71 —— capacitance Test Object (Cable)
A 3 oV,
i xq' ----- tan o(w) L10° S DC 1
6 § Water =
L1007 © 250 pys/cm
1 < =
S
w ( s
5 - 10 = C 2
=
| g‘ 15mL
3 = . m Long
(107 B | e————
4- —— (]
10 Test Object (Cable)
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Frequency (Hz)

JUN 4.7 wlptmasi

v =)

QNGNS

laddnasnkazA1AUNTLAUGURIE s DaUNR

Capacitance (nF)

10’
8- — capacitance Test Object (Cable)
----- tan o(w) 10° g, 2 Ve 1
7- P —
=
C1o i
3 g
(]
- o
¥ 102 <
“~ =3
L \\.\ E L 15mLong
S. 107 '3 paper strip
&8 = T oo ol | ‘
. P | | e e
10 Test Object (Cable)
0.00001 -0.0001 0.001- . 0.01 0.1 1 10 100

Frequency (Hz)

U 4.8 urlpimasmasgayd

Qs )

1n8LannsnLazA1AUNTLALUS

[
a 1

YosaneLAL laNnUuilo UM T UEIUYBINIEAMLNINTENINFNNURUIU

Capacitance (nF)

10’
7 —— capacitance Test Object (Cable)
S —3\ oV,
----- tan d(w A S bc
e —
6- =
L107 ©
10 E
| S
107 '
3 19
E 15 m Long
| 10° g plasticring
a & ETEr T
41 Test Object (Cable)
10
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Frequency (Hz)

JUT 4.9 wrlpwmasi

v =

sgeydeladianasnuazanunTunud

(%
a 1

vosanaialianUuiloumeFudiuressnaafnunsnsenInestnuaulu
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7. 10’
capacitance Test Object (Cable)
_ T™»N e tan o(w) L10° g Ve 1
L\E_ 6- § Water =
I 107! © 250 pys/cm
§ 1 £ =
= S
S 5- 107 'S -
53 S
() | S L. 15 m Long |
-10° 'E, Grease
4 a8 s w
104 Test Object (Cable)
0.00001 0.0001 0.001 0.01 0.1 1 10 100
Frequency (Hz)
JUN 4.10 wiAwaimasdadaladianesnuasAnnuBunud
99818 AATIVLL U B UAIEANTULNINTEUINAILINUAUIY
10"
6.5+ capacitance Test Object (Cable)
W N 1P = & tan o(w) 10° g, 2 Vioc 1
o S =
£ S
> 5.5 =
i 54 2
§ 45 3
o 4. E_ > 4 15 m Long
4 Q copper strip
e = ()
3.5 . : . ] . ; 10+ Test Object (Cable)
0.00001 0.0001 0.001 0.01 0.1 1 10 100
Frequency (Hz)
a &0 o a a & a | a ¢
UM 4.11 unAwmasiaayideladianainuazainuguaud
2a9a8LALUANU LU B UM TUAIUY DINBILAILNTNTE IR U URUIY
g 10’
capacitance Test Object (Cable)
M NN, S, 3 oV,
_ 6 tan o(w) L10° S DC 1
L c =
S o, S Water
g '-..._.__-‘ L1071 § 250 ps/cm
S 5. e S ( 5
§ "’-\\ 107 L'é 6
S o—
() e ‘\- E_ L 15 m Long |
100y )
4. P e (]
Test Object (Cable)
: : : : i , [10*
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Frequency (Hz)

JUN 4.12 winwesidsgadeladidnsinuasannunud
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vosauadaniisuseldanunng
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4.1.1 msdeszinanimagaululaamiign
NFUN 4.13 uansmanouauasladianasnvesnseualnalsedu M3 6 N3l
a A = | = N LI = o i
1nTUIAN 1 89 2000 wudwan1INA@eulAINLANA1T LAY Fevin1IniAIAlIY

AUNIURUIU kag Polarization Index (PI) lANAN1SAILIUNAIANT1N 4.2

7
107
Test Object (Cable)
Vo {
Water K
250 pstem
10° %JI
Normal healthy cable
—
=
: o paper strip
e 10 E=a
() -
N plastic ring
e e e e e
3 —
) Grease
10 | & &= S
10 1 copper strip
| -]
\ | Unformed cable
| -
| —
-11
0l —a 4 .
1 10 100 2000
Time (s)

sUN 4.23 nszualnanlsieduvasanawesialng

U

LaZEEAaNI N SUWU D ULNINSEMINAITINUALIY

d' < = 1 v
A13199 4.2 L1USHUMPUAIANUAIUNIUAUIU

P | AIMAUATU LAWY (GQY)

La1 (AUm) - “ - - - -
nseal L | nI@l2 | nId3 | nsald | ns@l5 | nIl 6

30 92.7 78.9 513 Ob 2 103 106

60 141 125 121 156 167 171

600 381 387 392 498 531 532

Pl (60s/30s) 1.52 1.58 1.52 1.64 1.61 1.60
Pl (10min/1min) 2.71 3.11 5 3.19 3.17 3.10

4.0

0 PI (605/30s)"~® Pl (10min/1min)

&5 9
3.0
2.5
2.0
1.5 4
1.0
0.5
0.0 -

Polarization index

Case 1

Case 2

Case 3

3.11 3.25 3.19 3.17
2.71
- I - . - I - I

Case 4

5UN 4.14 Pl v0smeiaiiaung

Case 5

Waza1eUaNINSUIUBULNINTEMINIAIUNAUALIY

Case 6
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LAzl AL BSMATgE FoLNILAN AIUN 4.16 Uay 4.18

10-7 = = _— Al A" S S Wl 2l
I Test Object (Cable)
{ Vog "l
e [
10‘84 . Ry I g ‘
i,
—_ it N'grfm! healthy cable
S i, 4 s o
-~ 9 ! e Sif
c W g 1. | S
g ‘%*b.’. 4 plastic ring
S o ' - 3 2
- b 2 , w5
107 S =
@» copper strip
a1 SoDiEs
$~ ~ | Unformed cable
101 . vl (¥ A n (A8 Q" Fy =
1 10 100 2000
Time (s)

3UT 4.15 nszuadlnanlsirduresansiaidauni
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d' ] = a 1 Y 1 a 6 41' a 1 gj 1
wazileviMsWIeuWeuAdns1d@uAIUITuAUY [ USTTTUAMAINUBIRAWIU WUIWIS A1 C
(0.001)/C(50) uag C (0.01)/C(50) NladiAregluinuaiafdiun Nedmszareadaluia 6
nsal lazduanamdaln® vseangadaniinisuuidounnsnszrineduinduaulu lule
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8 - Test Object (Cable) ]
7- Izwmlcm'lj
[y
S N:csrmat healthy cablg
v 6 -
O paper strip
S e -
g 54 -@u%m
S “Grease
© - - .=
4 ) cop;grsmjlaj -
Unformed cable
3{ o i 7 B - —"
0.00001 0.0001 0.001 0.01 0.1 i 10 100
Frequency (Hz)
U 4.16 Fran1Buauduesanetadaund
LavaneiadaniinsUuileuumsnseminssnifuauiy
A15197 4.3 AU SuaLTveRUIY
/. AP UIBUAUG (pF)
AR (Hz) » = 2 i » -
el 1 ASEU 2 56l 3 Ased 4 ASEU 5 A8 6
0.001 491 5.22 5.19 4.9 4.36 a.74
0.01 =gy 4.48 4.45 4.29 4.06 4.2
0.1 3.94 4.05 4.04 392 3.73 3.88
1 3.73 3.86 3.87 3.76 3.59 3.74
50 22 3.85 3.86 375 3.58 374
C (0.001)
1.32 1.35 1.34 1.31 1.29 1.27
/C(50)
C(0.01)
1.16 1.16 1.15 1.14 1.13 1.12
/C(50)
o B C [0:001Hz)/C(50Hz) _MG(0:01Hz)/C(50Hz)
S 154 132 1.35 1.34 1.31 .
:,:: 1.16 1.16 1.15 114 7 113 Y 112
§ 1.0
8 0.5 1
0.0 4

Case 1

Case 2

Case 3

Case 4

Case 5

5UN 4.17 gn5druminGusnuduesansinliauni

a d’d d’l ! U ] U
LAZEALUANANITUUUDULNINIEWINAIUINUAUIU

Case 6
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Dissipation Factor; tan d(w)

1
10 Test Object (Cable)
v,
Y 0
Water
10° §§¥ W
1 Normal healthy cable
10 ormal healty coble

paper strip

- -]
> - -
plastic ring

10 o O e i e (]

) - e m=
10 2 QQ copper strip
Q B o g B S ]
Q -
Q& Unformed cable
10 . } -——=
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Frequency (Hz)

JUN 4.18 wilawesidsgydeladidnninuesaendaUnd

]

1%
=1

wara1eALANINTSUIUBULNSNTEMINIAIUIAUALIY

o w

M15°99 4.4 unanasiasgadaladiingsn

4 uAmesiagadaladidngsn, tan O
AUa (Hz) — = 3 = - =
nsdl 1 |- nsdl 2 nsel 3 Nl 4 n3dl 5 N6l 6
0.001 0.18 0.192 0.189 0.158 0.156 0.149
0.01 0.0821 0.0934 0.0935 0.0837 0.0802 0.0743
0.1 0.0528 0.0534 0.0504 0.047 0.0438 0.0409
1 0.0173 0.0154 0.0141 0.0131 0.0122 0.0116

Dielectric loss, tan &

B0.001 Hz "W0.01 Hz > ¥ 0.1Hz m1Hz

0.25
0 o 0.180 0.192 0.189
0.158 0.156 0.149

0.15 -
0.10 - .082 .084

0528 0534 0504 .047 0438 0409
0.05 - 0.01 0.015] 0.014 0.013 0.012 . 0.012
0.00 - - -

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

JUN 4.19 Adusudrasasiadalni

waza1ELALANINTSUIUBULNINTE IR AUALIY

9 = ‘:4'

NM509N 4.4 WeRansanauiawmesidsgaydeladidnasniinnuddeaiu wuin

[

Aurawesidaydeladidnein dailndifsaiuluyngainud wiinfiaud 0.001 Hz 9ed
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a LY L3 a a N dy 1
M1519% 4.5 LIINULUINANIUYBIANELALUAUNG Wag@aLALUANNNITUULUaULNINTEING

ftnduauIu
[ LI9AULUTA
NIEUANEN .
AU (KV)
| e 15 m Long My HVac
1. nawalaund (ludnisdudew) Cerme e wy _?:yﬁ 18.56
1
~94 X Fr W) & 15 m Long
4. @a1eelUanluUnunigdudiuvey | = F
e __paperstrip _JVac 22.68
AFEATYNINTENINGIUINUAUIU e T Ve
I T EErRRERERE S
a d' dy Y Qy 1 l5mL0n
3. @9 ALUANUULUBUAIYTUAIUUDY | -8 ALl ey
plastic ring “e 18.85
NANARNUNTNTLIINAIUINURUIUY [ = )
o o X o - 15 m Long
4. @19LALUaNUULURUAIBRNTULNTA | =% ny
Grease A 19.2
JENINFIUINVAUIU o
AN
~ o X Y- 15 m Long
2. angbaLianvuidaunieduaiuveg |+t ; HV e
copper strip 5 14.1
NOILAILNTNTZNINIUIAURUIU W -
AR RN
. le-g 15 m Long N
2. anewalanisuialianunns fVac 16.4
[
R, ..
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30.0
= 250 22.68
Q
g 20.0 | 18.86 18.85 19.2
5 16.4 e il
>
s 15.0 - 14.1 bl i
.§ Defects
% 10.0
o
- 5.0 - N
Cable sample
:case2, 3,4, 5, 6
0.0 -

Casel Case2” Case3..Cased4_ Case5 Caseb
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LALE1EALUANINISUUUBULNIATEUINAIUINVAUIU
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4.3 wan1svagaULazdnszinanisnavauasladidnainvesaeimdadifiinng
[Fouanmannanuieu fesniseudeuauiuiigamgiinngg
nanauauadlmdlanmsnlnensIanseualnailswdu Lagnsvualnanlsiwduvesans
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Test Object (Cable)
Ve
20m

=]

|
\
‘ C opp/er tap
|

Current (A)

T Py p—
L

Normal healthy cable

| Temp.=22°C, Uy =200V, T, =200 s ‘o)
10— —_— — £
10 200
Time (s)

JUN 4.21 HaneuaualaBianesnuasaeiniauns
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Test Object (Cable)
Vic
20m

I

Copp{er tap

_‘
<
o

Current (A)

~ - L. 15 m Long |
107 RS - ]
Temp. = 22.5°C , Uy = 200V, T, = 200 s | Asing cable: 90°7C, 60 min

1 10 ' 200
Time (s)

JUN 4.22 nanevauesladianesnvesangiadaidenanimainanuioy

meSeufouauiuigaumall 90°C 1Wulia 60 w1l

-8
10 4 Test Object (Cable)
VDC
20m
3 107
w /
e Copper tap
E -
§
10-10' :ri;;‘- 5 3 -E- i -
Aging cable: 140 °C, 60 min
Temp. = 21.5 °C, Uy = 200V, T, = 200's "
-11
0% 10 71200
Time (s)
o N - » o
EU‘VI 4.23 wamauauaﬂﬂaLaﬂmﬂ%aqmaLﬂwamaamamwmﬂmmsau
meisausauauIunamall 140°C {Wuia 60 w19l
10,
- Ipo‘ """ IdeP Test Object (Cable)
S - Vi
T 20m
I S
< 10° el
L. /
e ~ - Copper tap 1
Q =
s
o “"‘ll " o
] C
107 s -
o Aging cable: 250 °C, 60 min
Temp. = 22.5 oC , Uy = 200V, T,=200s ~
1 10 ' 200

Time (s)

JUT 4.24 nanevaussladifinainvesaneindaiidonaninainaiuiou

meseufouauiuiigumall 250 °C Wuian 60 Wil
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. : 1
560 —— capacitance 110 =~ Test Object (Cable)
00N e tan o(w) 3 v
g e s
8520 > S 20 m
S - 10" 5
= - - /
g 480 'E’ Copper tap L
s 102 S
© -~
440- 2 -
| 0% 3
a Normal healthy cable
400 104
0.00001 0.0001 0.001 0.01 0.1 1 10 100
Frequency (Hz)
JUN 4.25 winwesidsgadeladidnainuwasainhdunudvesaeidaund

107
550 —— capacitance .
- 13 Test Object (Cable)
£, =]d—$-\0= - tan d(w) 10S 1,
~ 500~ - (S DC
s S 50 <8 20m
S 450 s
(= IR /
S IO A Copper tap
g’ W ]
4 =
g. 400 _10_2 S
& el
2 ™ iE =
350 2% 2 @2 ==
Q | Aging cable: 90 °C, 60 min
300 10
0.00001 .0.0001  0.001 0.01 0.1 1 10 100
Frequency (Hz)

5UN 4.26 wpwasinaaaad

v a

ladianasnuLazAAU LU

a ad o Y ac o PN a °
VDIFULALUANLABUANTWINNAINUIDU ﬂ?ﬂ?ﬁ@Ui@u@u’Ju‘ﬂqm‘ViQN 90°C

6501 —— capacitance | 1¢? .
- s —3\ Test Object (Cable)
600 - M Y "N YNars tan 0) ;S Ve
g s 20m
e S
o 550 RS
g 108 -
oS Q
'E 500 - ) LE Copper tap L
d s
O 450- =
L1107 & ]
2
400 - 0 Q | Aging cable: 140 °C, 60 min
0.00001 0.0001 0.001 0.01 0.1 1 10 100
Frequency (Hz)

[

JUN 4.27 winwesidsgaydeladidnasnuazaauBunud

a a4 o Y ado Y .:4' a °
VDIFYLALUANLADNANTINWANNAINUIDU WQHQﬁ@UsaUQu’JUWQNMQN 140°C



1000+

—— capacitance
tan o(w)

900 =~
5 800+ ~
g 700-

S
g 600
S 500-

400-

300-

- 10?

=
Ol

S}

Dissipation Factor; tan o(w)

. . .
= = =
S Q S

w N -

0.01 0.1 1 10
Frequency (Hz)

0.00001 0.00017 0.001

Test Object (Cable)
Vic
20m

i—

Ci opp/er tap

Aging cable: 250 °C, 60 min

sUf 4.28 unpmesin a4g

v

LaEJ‘l@EJLaﬂGIiﬂLLﬁ yANAUITULA LD

voseinlafidenanwananuiey seiteuseuauuiigamgil 250°C

4.3.1 nMsaaszilulamuaad

10°

S
S
e

10107

Current (A)

stk f-doc— i

10
Time (s)

10—11
1

200

Test Object (Cable)

opper tap |

Aging cable 0 60 min
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L AIALATUYURWIY (GQY)
1381 (AUN) - - - -
sl 1 A0l 2 s 3 nsed 4
30 669 385 162 82.3
60 1080 560 181 941
600 1930 939 194 107
Pl (60s/30s) 1.62 1.45 1.12 1.08
Pl (10min/1min) - - - -
@ PI,(60s/30s)
x 20 1.62 W
2 1.5 :
- 1.08
(=) o
= 1.0 A
505
2 *
004 -
Case 1 Case 2 Case 4

5UN 4.30 Pl vesmeiaitaund wavangialdaniinisidenanimainanuseu meisnisey

SouAUIUNUNAIA19T)

NAISNN 4.6 LEIDNINTUIAIAMUATUNUNLIALADINY AZHAINITUIAT Pl WUIN

RAANAUIL wae Pl Auensdfeiy wazdieviinasilSeuiiiuan PlLNeUseliunmnIn

YBIAUIY WUIINY AP (30s, 1min) Tunsalil 1 eeluina

s ala

PNNANIN &

MMSUA1LAL DA NTINT

\Houan1manANTou MgISN1seuUToURLILNRMNYilr1ee Nude Pl didranaemiEay

999N UIULNTTLFBLANAIN IS LAAIANLATUINUTBIRUIULAIaNAT dInalyial Pl d@n
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4.3.2 A15AATIZAIUTAYIUAIUAD

108
[ -~ . Test Object (Cable)
| -~ Vioc
~ - < - . 20m "
- S
-9 ¢¢¢\ -~ - Copper tap __L
107 \\s\ oy =
- §~\N d - =
S.. =~~~
T, —g——
b i Normal healthy cable
[ oA e s=x
. - w =
s o -~ » -~ - —-—— — ,
G 1010 X Aging cable: 90 °C, 60 min
L S -
N ~ =
. 5 ——
.. . Aging cable: 140 °C, 60 min
o=
101" Aging cable: 250 °C, 60 min
10 200
Time (s)

JUN 4.31 pszuanlwanlsiwduvesanaiaidauni

wazgangiallaiiinisidenannainalnuien meIsn1sauTouauIuTgumgilnigg

Y

91n3U7 4.31 wansnansvavesladidnasnvoenszuaiinanlsiedu e 6 nsd 910
UN L83 2000 wudwadanuianaanlddnian 39321 suAIAINAUN TR ud

& 0o w =
LL@SLLWﬂLG]@iﬂ’]ﬁQQQJ,LﬁEJ

Test Object (Cable)

| coppertap |

Voc

| = 2 -

i P

| Normal healthy cable

] [-~¢
e

Aging cable: 90 °C, 60 min
e

Capacitance (nF)

——
Aging cable: 140 °C, 60 min

Aging cable: 250 °C, 60 min
0.00001 0.0001 0.001 0.01 0.1 1 10 100

Frequency (Hz)

JUN 4.32 ArenurBunuduesaneiadauni

wazaneAlaniin1sdeNan nAINANNTOU FIETTNITOUTURLIUTIDUNYTIANGY

Y
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A5199 4.7 APNUITHAUTVDIRUIU

. APUNTUAUD (pF)
ANR (Hz) - - - -
nsad 1 Nyl 2 N3l 3 N3l 4
0.001 551 531 635 761
0.01 a7 409 560 475
0.1 426 351 484 349
1 400 316 378 298
50 398 313 370 295
C (0.001)/C(50) 1.39 1.7 1.72 2.58
C (0.01)/C(50) 1.2 1.31 1.51 1.61
BC (0-:001Hz)/€(50Hz) »<mC (0:01Hz)/C(50Hz)
o35
S 3.0 2.58
 §.5
1.72
Q 2.0 . = 1.61
§ 1.5 1.39 1.20 T 1311 aha
N B - .
2 0.5 4 Taac
(s ] seiesss
Cla0 -(4

Case'2

Case 1 Case 3

Case 4

5UN 4.33 prdusuduetansnidaUnd

a ol

LarEELALlATIINTEONANINAINAINTOU H2EITNITOUTBURLINUTIDUNYIAN9Y

Y

91NM15°991 4.7 WHafa15auAI A UNTLANG AR NDLAEIT kaEYIINISMIA1ENIIEI
AUNTUeUE nudAm U Tueud wagdnsidiua U @ueud dewandeiulunngaud wae
d' o = = | v ! a s dll a ! & J
WevnsiTguiiguaA18ns1dUNAIUNTLAUYD LiloUTEIIUANAINYBIRNIU WU A1 C

(0.001)/C(50) waz C (0.01)/C(50) vInTeii 1ﬁ15ﬁﬁ1@§1ummsﬁﬂﬂa Winsale 2,3 uag 4

'
| a

WuIAn C PAniindu tasannauiuiinisidenan nuazienduiuindunuegumn)ingdu

a1

yMlusaztuilandasisfinuanaaniu vnlmaanisinanlswtuluauiuuinidy nsenalslva

v
=3

NIUAUIULNNTY FINUNANISNAZDUNLS 39811150t uwenwezatsalaUnfLazasala

limsidenanmanaAuieu fgisnseueuauIuigumgisineg i
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10° %
~ Test Object (Cable)
NS v,
1A N ' N
-3\ 10" > = \.' < L 20m
5 S
S NS

o d) 5\ R Py Copper tap _l_
= 1 ~ ‘g ~ =
- \.‘ - ~: =
3 1 P _\ - ..

10 e e B Normal healthy cable
g —__Tc [
w TSN e
s \\\ — — — .
S 107 DN | Aging cable: 90 °C, 60 min
s N o
Jat s ——
a 3 \§~ ~ | Aging cable: 140 °C, 60 min
a 10 DO i

sy J &=
10" ‘ Aging cable: 250 °C, 60 min
0.00001 0.0001 0.001 0.01 0.1 1 10 100
Frequency (Hz)

JUN 4.34 wiawesmasgadaladidnasnvesaneindaun

a

wazaneAlaninIsdenanInAINANNITEY AILITNITBUTOUAUIUTIDUNYITANGY

Y

% =

A15197 4.8 unAmesidsan duladidnmsn

LTRE)

4 wiAwmesidsgadeladianssn, tan O
AUn (Hz) S . 3 -
N3l 1 N3l 2 NSl 3 nsal 4
0.001 0.187 0.390 1.330 2.080
0.01 0.105 0.180 2.360 5.530
0.1 0.064 0.095 0.151 0.205
1 0.021 0.036 0.086 0.060

HO0:001 Hz\'W0.01 Hz="#0:1Hz m1Hz

5.530

o

(=)

S
1

Py

(=)

S
1

9 2.080

2.00 - 1.330
0.390 0.205
0.187 0.105 0.064 0.021 0.180 0.095 0.036 0.151 0.086 0.060

Case 1 Case 2 Case 3 Case 4

Dielectric loss, tan &

JUN 4.35 ArUndusudrasansiaiauni

a

wazaneAlaniinIsdeNan naINANNTOU FIETTNITOUTURLIUTIDUNYTANGY

Y

AT 4.8 WeRansandunanasi sadeladiana3niianudideaiu wudn

a P

Auaweasindsgydsladianasn daunnarsduluyngainud uwlinfiaaiud 0.001 wag

TR

0.01 Hz 9gilAUuLANAISAY LLWGQﬂi“ﬁUL@J@WWﬂ’]SLﬂiHUL‘V]EJ‘Uﬂ’]LL‘V\IﬂLGl’e] Aa QﬁiUL%EJI@@Lgﬂ
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N13ERNENIN 91NIENTEUSeUAUIL WANTET 2,3 uag 4 dauramesindsgaydeladian
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FSNUINTUMUGUUYTTLALNINTY I IzaUILINMTFRNANINUNTY FsluranIsnaaeuilla

AEIUTOUNLLENWEL A8 TAUNALAZE18LALUANIINSLEDUANINAINAIINS DU AIBADTNIS

aueuauILgun sl

4.4 NANISNAEDULAZILATIZINANISNATDULSIAULUTNAIUYDIa8LALTa Nl

NSHNFNINDINAINTU A8ITN1TUTOURUIUNDUNATAS
HANIVAARULIIAULUSAATIYBIEIALTaNHN T doNaNMAINANTOU METEN1S
auiouauIuNguviisieg Weawiuedneliussiunseiaadu lnedeunssiunednsn 1kv

I a a % a a = o a
ABIUIN ﬁﬂ']WLL’J@a@lW]@mVinI 20 — 25 29A YLy d LdnInIn1519n 4.9

a = P o & Aa
M197199 4.9 L[WUTPUNEULIINULUINANIUYBIE18LALUA

L599ULUINANAY (KV)

nSElAn®

o«

—
N
W
o
U
(@)}
ALRAY

ANDYIUNUINTTIU
% Relative standard deviation
% Reduction

—

N

w
|

1. aawplUaung 16.20(17.70|16.90|16.80(17.60|16.20|16.90 | 0.65

0 anaiadafidenaninann
AMUSOU MIEITaUSPUALIY | 14.60|15.30(16.70{15.70|17.20|16.90(16.07| 1.03 2.0 1.6

Migaungil 90 °C, 60 Wi

3. mmmﬁaﬁﬁauamwmﬂ
AMUSOU MIEITRUSEUAUIY | 15.10|14.10]16.10(16.50|15.80|15.10|15.45| 0.86 | 1.71 2.7

fgaungil 140 °C, 60 w1l

q. mmmﬁaﬁﬁammwmn
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The Classification of Regular and Defected Low
Voltage XLPE Cable by Using Polarization and
Depolarization Current Method

J. Singhasivanon

Electrical Engineering department, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,
Chalongkrung Road, Ladkrabang, Bangkok, Thailand

jakawan_dew@outlook.com

Abstract—Electric cable is an important part of utility power and
distribution system. In order to keep the system operation safely
and reliable, acceptance testing for cable is necessary not only in-
service but also manufacturing process. This paper proposes a

novel testing technique which is able to classify the difference
between normal and defective low voltage XLPE cable, namely
polarization and depolarization current technique (PDC). In this

study, PDC testing of low voltage XLPE cable was performed
comparatively among five different cases: cable contaminated

with a piece of paper, case 2 : cable contaminated with a piece of
plastic, case 3 : cable contaminated with grease, case 4 : cable
contaminated with a piece of copper, and case 5 : eccentric
conductor cable. With environmental control of the testing

process, the test results show the polarization current of the
defective contaminated cable with copper is higher than that of
the regular one, whereas it is lower than that of the defective one
with paper, plastic and grease. It is also found that there was

indistinctive of PDC in case of copper contaminated and eccentric
conductor cable.

Keywords: Polarization and depolarization current; Defected
cable; Cable contaminate; XLPE cable; Dielectric

I.  INTRODUCTION

Power cable has a long history of use in the electrical
and power engineering. By the early 1960s plastic insulated
cable emerged, which generally use polyvinyl chloride (PVC),
polyethylene (PE) and crosslinked polyethylene (XLPE) as the
main insulation material, the most excellent performance of
which is XLPE cable (1. During cable production, including the
wire stranding or insulating process, it is possible for the cable
experience contamination or other mistakes that can impact
quality. In order to prevent such problems, cable inspection and
testing are substantial. With today’ s technology, there are

several methods to distinguish between regular and irregular
cables. polarization and depolarization current (PDC) method,
which is a low voltage testing method, is a recommended

978-1-5090-4666-9/17/$31.00 ©2017 IEEE

C.Manop, N. Pattanadech, N Jirasuwankul
Electrical Engineering department, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,
Chalongkrung Road, Ladkrabang, Bangkok, Thailand
kmchaler@kmitlac.th, kpnorasa@kmitl.ac.th,
nirudh ji@kmitl.ac.th

method since it would not be damage the cable insulation.

II. DIELECTRIC POLARIZATION

PDC measurement is based on the application of a
DC voltage across a dielectric material for a period of time (2].
When DC voltage is applied but not enough to breakdown the
insulation, the reaction of the molecules to external electric
field is considered as the polarization of the insulation. When
the DC voltage is disconnected and the insulation is grounded
for discharge, the molecules and electric charges within
insulation will rearrange to its initial state. Discharging current
which is measured when insulation is grounded is called the
depolarization current. The polarization current can be written

as the equation below. [3-41

tpor (£) = CoVe[ 2+ 208 () + £ ()] Q)
Where C, is the geometric capacitance of test object.
V. is the DC voltage supplied to the insulation.
ag is the pure dc conductivity of the insulation.
£ is the vacuum permittivity.
£ is the relative permittivity at t = t,.
5(t) is the delta function arising from the suddenly
applied step voltage at t = t,.

f(t) s the dielectric response function.

to is the time which the DC voltage is initially
supplied to the insulation.

In theory, when insulation is subjected to a dc voltage
for a period of time, a small amount of current will flow across
the insulation. This current flow consists of absorption,
capacitive and conduction currents (5-6). The total current flow
during the application of electric stress across the material is
known as polarization current [6]. Realistically, the measured
polarization current may contain current leakage that relates to
the unclean insulation surface. So the practical conductance
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current is the sum of the theoretical conductance current and
leakage current. The depolarization current can be written as

the following equation. (3-4)
lgepor (t) = =CoV[f(t) = f(t +T¢)] 2

Where T, is the period of time applying DC voltage to
the insulation.
The depolarization current consists of two terms. The

first term is the capacitive discharge current which has the
same characteristic as the capacitive current of polarization.
However they are from opposite poles. The second term is the
absorption discharge current, which has a high level in the
beginning and continuously decreases during the discharging
of the insulation. The characteristics of the absorption
discharge and that of the absorption of the polarization current
are similar. There is no conductance current and leakage
current in the depolarization because of the discontinuous
supply of voltage to an insulation.

11, EXPERIMENTATION

A. Models of experiment

The defected 0.6/1kV cable with the cross-section area
of 2.5 mm? and 15 m. long were categorized into five different
cases there are; case 1: cable contaminated with a piece of
paper, case 2: cable contaminated with a piece of plastic, case
3: cable contaminated with grease, case 4: cable contaminated
with a piece of copper, case 5: deformed cable (conductor is not
in center), were prepared for testing as depicted in Fig: l@) -
Fig.1¢f)

Insulation layer

a)Regular cable (without contamination)

by Case 1:Cable contaminated with a piece of paper.

¢)Case 2 : Cable contaminated with a piece of plastic.

Greasg ~— Insulation layer

d) Case 3 : Cable contaminated with grease.

Insulation layer

Conductor

A piece of copper

e)Case 4: Cable contaminanted with a piece of copper
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Insulation layer
Conductor

fy Case 5 : Deformed cable (Conductor is not in centen

Fig. 1. XLPE regular cable and defected cable for five cases

B. PDC test set up

Regular and defected cables had been performed
PDC tests with PDC test circuit as shown in Fig. 2.

=,

\;

7
=

Fig 2. Diagram of PDC circuit.

Where: 1. PDC Analyzer 6. Phantom ground wire
2. Sensing current cable 7. Copper plate
3. Phantom control cable 8. Copper plate ground wire
4. Auxiliary voltage source 9. XLPE cable
5. High voltage wire

Prior to the PDC test, the cable should be grounded
for electric discharging that would remain within the cable
because it might impact the polarization and depolarization
current level In this experiment, the test procedure will be as
follow: first, supply 220 V DC to cable for 2,000 sec. and the
polarization current is measured. Next, the cable will be
discharged for 2,000 sec. In the second procedure, the
depolarization current is measured. In this paper, PDC was
measured by using the PDC analyzer. During the experiment,
environmental factor, temperature and relative humidity, was
20°C and 55%, respectively.

IV. RESULT

Test results of five different cases, i.e, case 1-case 5
are shown in Fig3-Fig.7 respectively.
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Fig. 3. Comparison of the polarization and depolarization current between

regular cable and cable contaminated with a piece of paper.
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Fig 4 Comparison of the polarization and depolarization current between
regular cable and cable contaminated with a piece of plastic.

1.00E-07

LOOE-08

LLOOE-09

Current(A)

1.00E-10

1.00E-11

1.00E+00 1.OOE+01 1.00E+02

Time(Sec)
s Polarization current of regular cable
Depolarization current of regular cable
Polarization current of cable contaminated with grease
Depolarization current of cable contaminated with grease

1.OOE+03 1.00E+04

Fig. 5. Comparison of the polarization and depolarization current between
regular cable and cable contaminated with grease.
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Fig 6. Comparison of the polarization and depolarization current between
regular cable and cable contaminated with a piece of copper.
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Fig 7. Comparison of the polarization and depolarization current between
regular cable and deformed cable.

V. DISCUSSION

From Fig3-Fig5, the show that the
polarization current of cable contaminated with a piece of
paper, a piece of plastic and grease are relatively similar, But
they are less than the polarization current of the regular cable.
For the test results mentioned above, it can be estimated that
the addition of insulation material caused the decreasing of
conductivity which resulted to the decreasing of polarization
current.

results

From Fig 6, the polarization current of cable
contaminated with a piece of copper is higher than the
polarization current of regular cable. It can be presumed that
adding the conductive material caused the increasing of
conductivity of the cable,

However, in the case of deformed cable (conductor is
not in center), Fig. 7 shows a completed overlap of polarization
current because there is no addition of material inside cable, so
the conductivity is same as in the regular cable.

In the part of depolarization current, there is deprived
of conductivity because of shutting off the DC supply, so the
depolarization current of the regular cable and defected cable
of five cases are same.

VI. CONCLUSION

If the polarization current and depolarization current of
the regular cable is determined to be the reference, It can be
classified regular XLPE cable and defected XLPE cable in
case of contamination by PDC method. As a result, the
polarization current of defected cable contaminated with
conductive material, copper, is higher than that of regular
cable but it is lower than that of defected cable in the case of
cable contaminated with insulation material (paper, plastic,
grease). While the depolarization current of regular cable and
defect cable in each case are in the same level.
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Comparative Testing of Breakdown Voltage versus
Polarization Current of 0.6/1kV XLPE Cables with

Different Defects

J. Singhasivanon

Department of Electrical Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,
Chalongkrung Road, Ladkrabang, Bangkok, Thailand

jakawan_dew(@outlook.com

Abstract— In this paper, a study of breakdown voltage versus
polarization current was performed comparatively to explore
whether there was an existing of relationship between the two
phenomena. The experiment was performed on low voltage
(0.6/1kV) XLPE cables with three different cases of defect, case 1:
conductor cladded with small and thin copper strip, case 2:
conductor cladded with thin plastic ring, and case3: conductor
cladded with plane paper strip. The results illustrated that
breakdown voltage tends adversely to polarization current in all
test cases. When the polarization current was increasing, the
breakdown voltage was decreasing. Whereas the polarization
current was decreasing, the breakdown veltage was increasing. It
was also found that defective cable with thin copper strip has the
lowest breakdown voeltage whereas one with plane paper strip has
the highest breakdown voltage.

Keywords: Breakdown voltage; XLPE cable; dielectric material;
polarization phenomena; polarization current measurement

I. INTRODUCTION

Breakdown voltage of insulation in XLPE cable is the key
concerning parameter which has to be considered carefully in
design and manufacturing process. In the design processes, an
appropriate dimension consisting of cross section area,
diameter of conductor and insulation thickness must have been
defined compliantly with standard [1-4]. Basically, dimension
of the conductor and insulation must have been designed to
withstand maximum  limit of electrical field stress and
optimally to attain current density. In addition, the material cost
per unit length of cable must be controlled as well.

Besides an engineering design step, manufacturing
processes are including of copper wire stranding and insulation
extruding. During the production processes, there is possibility
that the cable could experience various kinds of contamination
or other mistakes that can deteriorate breakdown voltage [3-4].
Therefore, this paper proposes a study of the possible defects
that could affect Electric field stress (E,.) by examine the
breakdown voltage of various contaminated cable samples.

II. BREAKDOWN VOLTAGE

In general, cross section of electric cable has physical
appearance in cylindrical-shaped. However, the overall

N. Jirasuwankul, N. Pattanadech
Department of Electrical Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang,

Chalongkrung Road, Ladkrabang, Bangkok, Thailand
nirudh ji@kmitl.ac th, kpnorasa@kmitl.ac.th

cylindrical shape is made of overlapping of the conductor and
the insulation as show in Fig.1 3, 5-6]
ry = conductor radius E A

r, = total conductor and insulation radius
& = permittivity of insulation

Emax

\Tq/r

8 5 |

Ll e

1 i-‘;ioooi 1) A
Fig.1 Cylindrically symmetric electrode configuration with field
strength profile

From Fig.1. stranded conductor with radius r; is extruded with
single layer of insulation and thus overall radius is equal to 7;.
The maximum E,,,, which causes the highest electrical field
stress that occurs mathematically closed to surface of the
conductor and can be calculated by Eq.(1)

|4

&7 fint M
"

Also, the breakdown voltage, (V,) can be calculated by

equation (2), where Ej, is dielectric strength of insulation. For

example, Ej, of XLPE insulation is typically 22-50kV/mm [3,

5].

2
Vy = Epryln— 2)
n

ITI. POLARIZATION IN DIELECTRIC MATERIALS

When a solid insulating material is subjected to DC low
voltage, the forces of the electric field can displace fixed
positive and negative charge carriers against each other as
known as “Polarization of insulation” [4, 5]. In theory of
polarization processes, relaxation current of step response in
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dielectric material consist of three components; capacitive,
absorption and conduction currents. Relaxation current or
polarization current can be written by (3) [4, 7-8]

por(£) = couc[;’—z+ £08(t) + £(B)] 3)

Where C, is the geometric capacitance, U, is the step voltage
supplied to the insulation, o, is the pure dc conductivity of
insulation, &, is the vacuum permittivity, §(t) is the delta
function arising from the suddenly applied step voltage, f(t)
is the dielectric response function

IV. EXPERIMENTATION
A. Specimen preparation for experiment
There were three different samples of defective cables that

used to test comparatively with the regular one. All samples
were 0.6/1kV XLPE cables with the cross-section area of 1.5

mm? and 20 m Long. Example of manufacturing processes in
this research is shown in Fig.2. They were categorized into
three cases; case l: conductor cladded with small and thin
copper strip, case 2: conductor cladded with thin plastic ring,
and case3: conductor cladded with plane paper strip. Those are
illustrated by Fig. 3 - 6 respectively.

Fig.2 Example of manufacturing processes for sample cables

Regular cable sample with 20 m Long .

(4
Dl
- . F o
- - -y Y
- O G
. ~

Cross section area of conductor : 1,5 mm’

XLPE insulation with thickness of 0.7 mm

Cross-section

Fig.3 Regular cable sample

Regular cable sample with 20 m Long

20cm 5cm 20cm 5cm
R e D s e e B

copper strip \copper strip: copper strip:
- i ) ‘
S = ety
® O

XLPE insulation with thickness of 0.6 mm

Copper strip with thickness of 0.1 mm

Cross-section: 1,2,3,...,n

Fig.4 Case 1: conductor cladded with small and thin copper
strip

& Regular cable sample with 20 m Long

20cm 5cm 20cm 5cm

K —

plastic ring ng™ " plastic ring ring -

NS e -
@®

XLPE insulation with thickness of 0.6 mm

Plastic ring with thickness of 0.1 mm

\ﬁ/_)

Cross-section: 1,2,3,...,n

Fig.5 Case 2: conductor cladded with thin plastic ring

Regular cable sample with 20 m Long

20cm 5cm 20cm 5cm
——r

oo
paper strip _ paperstrip {75 Paper strip
CamL -

XLPE insulation with thickness of 0.6 mm

Paper strip with thickness of 0.1 mm

Cross-section: 1,2,3,...,n

Fig.6 Case 3: conductor cladded with plane paper strip

B. Breakdown voltage test
Bl. Test set up

A sample of regular cable and three samples of different
defective cables were prepared for breakdown voltage test.
The breakdown voltage test was performed in the high voltage
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laboratory. The test circuit diagram and breakdown voltage
test set up are depicted in Fig. 7 and Fig. 8 respectively.

Regulating  HV test HV resonance Filter ~ Blocking Voltage Test Object
transformer transformer reactor Capacitor Impedance Divider (Cable)

]!Ille

Control cable

)

.
Kl

B ] I

b, )| "
Fig 8. Test circuit arrangement for breakdown voltage test

Where: 1. Voltage Regulator, 2. Exciter Transformer, 3. HV
Reactor, 4. Filter Capacitor, 5. Blocking Impedance, 6. Voltage
Divider, 7. Test Object (Cable sample), 8. Control and
Measuring System

B2. Test procedure

The cable test sample was subjected to the alternating
voltage by the exciter transformer from zero until insulation
breakdown occurred with rate of 1kV/s and the breakdown
voltage was recorded.

C. Polarization current measurement

C1. Test set up

To study the dielectric response of one regular and three
different defective cable samples, the polarization current
measurement was set up and experiment test set up were
illustrated in Fig. 9 and Fig. 10 respectively.

Test Object (Cable)

— > Q
) Control cable

© control electronics |

Copper plat:

Grounding
e

Fig.9. Test circuit diagram for polarization current
measurement

measurement

C2. Test procedure

The test procedures for polarization current measurement
were divided into two steps, initial measurement and the main
measurement respectively. The initial measurement process is
to determine the initial condition of the cable sample so called
the remaining charges inside the insulation system before
voltage application. Next, the direct voltage of 220 volt from
the voltage source was applied to the cable sample for 2,000
second. At the same time, the polarization current were
measured and recorded.

V. RESULTS

The test results obtained from the breakdown voltage test
experiment and polarization current measurements are shown
in Fig.10 — 11 respectively.

X
= :
200 e o a— <
§, Regular cable
=15 14.1 sample
= Defects
<
20
°
s
&5
Cable sample
0 | :caset,2,3
Regular cable case 1: case 2: case 3:
sample cladded with thin cladded with thin cladded with plane
copper strip plastic ring paper strip

Fig. 10 Results of breakdown voltage test
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Temp. = 20°C , Uy = 220V, T, = 2000 s

10° =
I Regular cable
= Regular
= c:,f,e sample ~ case 1: conductor sample
o * cladded with thin Defects
= Sey copper strip
3 LT
St e/
case 2: conductor —— =% S8 =
cladded with thit  case 3: conductor™~ | | .
plastic ring  cladded with plane Cable sample
107 paper strip :case,2,3
1 10 100 2000
Time (s)

Fig.11 Comparison of the polarization current between regular
and defected cables with copper, plastic and paper

VI. DISCUSSION

From the breakdown voltage experiment, the breakdown
voltage is vastly depended on contaminated material. In case
of cable sample case 2: conductor cladded with thin plastic
ring has breakdown voltage closed to regular cable. This
possibility could be occurred because the heat from extrusion
melted the plastic and causing it to mix into the insulation. For
the case of the contaminated copper, casel sample, the
breakdown voltage is 24% lower than the regular cable. For
case3, cable sample has the best results and a 22% higher
breakdown voltage than the regular cable sample.

From the polarization current measurement, the
polarization current in case of cable contaminated with copper
is higher than regular one due to the insulation thickness of
cable sample decrease which effects to the breakdown voltage
down (easier to breakdown). In case of cable contaminated
with plastic, because of plastic is melted with insulation layer
that made the polarization current is similar to the regular
cable. So the breakdown voltage is nearly the same with
regular cable. And the case of cable contaminated with paper
between conductor and insulation. The polarization current in
cable contaminated with a piece of paper is lower than the
regular cable. Moreover, the breakdown voltage is the highest
which can assume that electric field stress of XLPE insulation
in cable contaminated with paper is lower than other cases.

VII. CONCLUSION

This paper proposes a study on how different defective
cable from various materials could affect the breakdown
voltage versus polarization current of 0.6/1kV XLPE cables.
The results showed that the defective cable with thin copper
strip has the lowest breakdown voltage whereas the defective

one with plane paper strip has the highest breakdown voltage.
Those indicate that distinctive contaminated material can
cause drastic change in breakdown voltage. Furthermore, with
regarding of polarization current test results, relationship
between breakdown voltage and polarization current exists
and preliminary having adverse trends in all test cases. When
the polarization current was increasing, the breakdown voltage
was decreasing. Whereas the polarization current was
decreasing, the breakdown voltage was increasing. It was also
found that defective cable with thin copper strip has the lowest
breakdown voltage whereas one with plane paper strip has the
highest breakdown voltage.
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Insulation Analysis and Diagnosis
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All kinds of insulation materials undergo degradation
processes or ageing effects, if stressed by electric fields,
partial discharges, temperature and mechanical forces.
These ageing effects change the dielectric properties (real
and imaginary part of the permittivity) which can be
identified either by the measurement of the “dielectric
response function” in the time domain (also called “time
domain spectroscopy”) or by measurements of the
capacitance and the losses in the frequency domain
(“frequency domain spectroscopy”). Application of these
methods to insulation systems of high-voltage equipment

is extremely valuable as the results provide answers about
the actual conditions and the status of the insulation. As the
results from each measurement method can be transformed
mathematically into equivalent results of the other method,
the PDC-ANALYSER-1MOD is based on “time domain
spectroscopy”, which can be made in less time and with
better precision than measurements in the very low
frequency domain. The PDC-ANALYSER-1MOD is thus a
most flexible diagnostic tool for insulation systems and
insulation materials.

Specifications: Electrical Insulation Diagnostic System PDC-ANALYSER-1MOD (ed 2012)

Current measurement

range

resolution (current display when measuring)
resolution (recorded data)

accuracy

impedance

protection

noise suppression

filtering (current display when measuring)
filtering (recorded data)

Voltage source

voltage range when switched on

maximum current sourcing when switched on
impedance when'switched on

impedance when switched to zero

current limiting when switching cap:loads
Capacitance measurement

+1 mA |
1pA |
0.1 pA |
0.5 % of the measured value +1 pA after 1 hour warming up |
10 kQ |
up to 100 mA respectively 1 kV for 50 ms |
upto 10 pA eff at 50 / 60 Hz mains frequency |
mean value in 1 s intervals |
mean value in intervals increasing proportionally with the time from |
the voltage source switching moment

+30.... +2000 V.
<tSmA

<20kQ

<02Q

<100 mA for 20 ms

the load capacitance is indirectly measured by computing the ratio charge to voltage when the voltage source is switched off for measuring of
the depolarisation current. However, the current measurement is not impaired by a load capacitance depassing the range listed below.

load capacitance measuring range at 2 kV source voltage
accuracy at 2 kV source voltage

load capacitance measuring range at 1 kV source voltage
accuracy at 1 kV source voltage

load capacitance measuring range at 500 V source voltage
accuracy at 500 V source voltage

load capacitance measuring range at 100 V source voltage
accuracy at 100V source voltage

Computer

display

processor

memory

drives

standard interfaces

extras

Software

operating system

measuring and control program

standard evaluation software

advanced evaluation software

Miscellaneous

weight

power supply

size

temperature (use)

temperature (stock)

pressure

humidity

acceleration

length of standard measurement cables

25nF

$2 % +5pF
50 nF

12 % +10 pF
100 nF

+2 % *20pF
500.nF

+2 % 100 pF

15" TFT, resolution 1024 x 786 pixels

Embedded Intel® Atom™ processor, dual-core D525 1.8G
1GB 800MHz DDR3 RAM

120 GB harddisk, DVD +/-RW

4x USB 2.0, 1x Ethernet

changeover contact synchronised to high-voltage output

Windows XP.SP3

installed ready to use, outputs for each measurement one file with
polarisation data, one file with depolarisation data and one file with
general measurement descriptions

installed ready to use, easy to use, extensive possibilities to postprocess,
display, print and export the measured data, computation of the complex
capacitance in function of frequency, computation of a lumped equivalent
circuit of the measured insulation, computation of recovery voltages and the
derived “polarisation spectrum”, computation of polarisation indexes and
of insulation resistances according to all known standards and definitions
quality assessment of oil-paper insulation systems,

quantitative determination of moisture content in pressboard and

of oil conductivity for power transformers

14.3 kg, in rugged waterproof carrying case

90 ... 260 V, 47 ... 63 Hz, <160 VA

520 x 230 x 435 (width x depth x height in mm)
0...35°C

-10...50°C

70 ... 106 kPa

5 ... 80 % non condensing

<2g

15m

phone:  +4144 7766776 specifications subject to change without notice
fax: +4144 7766777

e-mail: info@alff-engineering.ch

web: www.alff-engineering.ch

ALFF ENGINEERING

Gomweg 7 8915 Hausen am Albis Switzerland
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Accessory Device Making Possible The Measurement Of
Polarisation and Depolarisation Current On Grounded Objects

Voltage Source PDC-Phantom-1000XE

The PDC-Phantom-1000XE voltage source is an accessory to the PDC-Analyser-1MOD. It is a “flying voltage source”
for making possible measurements on grounded objects such as generators and cables.

The insulation level between the control electronics and the voltage source is extremely high such as not to
compromise the pA resolution of the PDC-Analyser-1MOD.

PDC-Analyser-1MOD

control cable

current sensing cable |- spurce

Specifications PDC-Phantom-1000XE

voltage range

current

output to ground insulation
temperature (use)
temperature (store)

size

weight

power supply

cable

phone: +4144 77 66 77 6
fax:  +41447766777
e-mail: info@alff-engineering.ch
web:  www.alff-engineering.ch

single wire for
voltage application
"Phantom" and current sensing

———  Jrounded
F— test object

30 to 1000 volts

5 mA short circuit indefinetely

> 1000 TQ

0..40°C

-10..65°C

290 x 255 x 115 (width x depth x height in mm)

2.6 kg

remote supply by the PDC-Analyser-1MOD

15 m for connecting the PDC-Phantom-1000XE to the PDC-Analyser-1MOD

specifications subject to change without notice

ALFF ENGINEERING

Gomweg 7 8915 Hausen am Albis Switzerland
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