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ABSTRACT

This project represents the diagnostic tests.for the problems of the
underground cable system comprised of a 12/20(24) kV underground cable with the
cross section area of 240 mm?, cable joints, and cable terminators. Four different case
studies were simulated on the cable joint, i.e,, @ healthy heat shrinkable cable joint
(case 1), a/cable joint with an .incision on XLPE. surface.(case 2), a cable joint
contaminated with 20 micron iron powder on XLPE surface (case 3)-and a cable joint
contaminated with 20 micron copper powder on XLPE surface (case 4). Three different
diagnostic test' methods, ie. polarization and  depolarization current (PDC)
measurement, ~ the “conventional = partial discharge (PD) = measurement and
nonconventional PD measurements by using a high-frequency transformer (HFCT) and
an ultra-high frequency (UHF) sensor were performed. The shapes of PDC tested
including capacitive ratio (C-ratio), and dielectric dissipation factor (DDF) were analyzed.
It was found that the conduction current extracted from the polarization currents can
be used to indicate the surface problem of the contaminated cable joint. DDF and C-
ratio obtained from all case studies were insignificantly different. For PD measurement,
phase-resolved PD patterns obtained from the conventional PD measurement and the
nonconventional PD measurement by using the HFCT were similar. However, the
nonconventional PD measurement by using the UHF sensor could not detect PD
signals at the tested voltages. Besides, water tree in a 12/20(24) kV failure underground
cable was investigated. Water tree dying with three different solutions, i.e., methylene
blue with sodium hydroxide, methylene blue with ammonia, and methylene blue with
sodium carbonate was applied. From water tree testing, the water tree inside the cable

specimen was not found.
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5. yimanadeussuuiAaldRusmegUnnivnae UL TS

6. ¥hmsasseunsliiluamendaldauauiu XLPE Tnenisdoudae
#savanolnIauyg
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9. dviguiaudSayiiinus



A15799 1.1 35115A NI

TYYLLIAN

ol o = =i =iy
IBNFALIUNNT U 2561 U 2562

da | Ny | A | We | 5A | WA | AW | WA | L.

1. AnwlAsaasanas g

vosgunsnlluszuuaila | € ¥

TéFu

2. Ainwanideuarannsgiu

YINIINAFAUTEUULALUA

A
A 4

TaAu

3. Anwmguivainisnayisa

UNEIULAZAITIATIEVNG |- ] .- PN & o

.
as

YaansemalwalsiotuLay
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gyl luanawndaldnu
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AUy
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A15199 1.1 Ansaiuau (we)

9. dmvhguidudSayandinus
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1.5 wailldsu
1. fnnuianudilatfisasulassaiieeasfoavesdintsynauszuy
ey warsnmmaaeussuuindaliau
Z a'm’lmh’ﬂﬁiLmiu‘ilmwﬁaumlwﬁwaaqﬂﬂim“LuizUULmﬁaHﬁuLﬁa
AnwamaivhmAnanueSeaauniliinlugunsalszuuaia
3. Wfumuguasinuelunisldaunsainiosiievadimnsaulniussgs
gEgnAed uazlaonde

= o 2 ol @ v o o v ¢
4. ianuganudlanerdvanve uasdadeiinlvigunsailusyuu
wdaldauAnAIMUNNIDIIINATEAN 9 Feeuisarhlulduselenily

nstlesdy tasantamnetaiadules



Una 2

nufuaraNNAgIuineIdas

2.1 unih

Tutlagtumnudesnmamamunainulnihgsduiiesannduudssnnsuas

e

Sasmseseyivinvonasugiafiinty mslwiihendndss it iiiudenisdedne
Addluimnndu szuumsdstrefdsliiiuddidu 2 wufe stuvmedsemianazszuy
anvdslétu srvuansdiomaidedife dununisairaignuaymyaiiiatgmliie ud
a7msumﬂ’aqﬁﬁﬁﬁmwmaammaaamuﬁﬁﬁm wavonslisnesenisinssluunsan i
wosh Safumaliiinsaisruvddsamedddfunniuluaniuitdiny udssuuadald
Auiieidede aldaslunisneainegensisseuiniintamlfen warmsssusanuion
i msitadeaundugUnsalszuniaifalimuianfuiieannisiatiguluszuy Weaan
FounnsedlugunsalinasilanSuduiiauiu Jsfesinisnyiasved1eiluseandam wu ms
Fanshamsaunsdau, nstansvualnanlsadunasnszuailnalsiady uagmsnsaaeum
gulsih (Dudy Tneluuniazesurelassadregunsaliig q Tusstundaldfiu msniuy
avulni lugunsaissuuiaiBalddu nssualnadlsieduiaginanlsimdu nrsfada

U9EIU Lagn1sasIvas unasuliin

2.2 @newarialfniu [3]
Tassasnsvosansiaiuateaudrogaldlussuvatedaldan 115 kV Naeala

ARBILAULAY LABLARIGeTUN 2.1

gl —

P ——— ﬁ

2uu XLPE

Funuauu

Funulane
wmudeaiuin

muagiliey

¥
Fulaanuen ——

Ul 2.1 Tasea¥sane 115 kv CV/ w3 CE



dnulsznavvesaneadaldRuiisd

2.2.1 §inlwia(Conductor) viuntinfidesinuddslui daulngjasdu
neswnwseegiioy duthivansdnuneivisiiBusaiiduior dadfinden dahees uas
Fundsanas aeadafildlunihaouvesnisiiiiunsasseslfifuaeveauauuus
\nden Feuiividnvesiihvesiniudds dutarsuuseaduandliluntsindenay

wamduluamanasgu IEC 60228 anaudiivessiimeunuaziogiillonannsauanslely

A5199 2.1

AN9199 2.1 AruaudAveaomns (Cu) wazogiifln (A)

AANUR Cu Al
AU A (%IACS) 100 61
anuduyuldaf 20-°c (Q.m) 1724 % 10 2.803 x 10°
Fuuszavdnsvenesniewnaamdeou (1/°0) 170.x10% X3 x 107
AnaRNWa7 (°0) 1083 659
ANUUIAIUTEU (W/em.°C) 38 2.4
AN UL 20 °C (g/cnn?) | 8.89 2.7

AT1e9 2.2 Wiyuiisunnsnunizeviemad (Cu) tazoagilide (AU

AMANUR Cu Al

il (Rufivin fawiniu) 1 0.6
fufinidn (Arudumiuindu) 1 1.66
WurAugnans (AAFTUNIWYINAL) 1 1.29
v Audintidawiniu) 1 0.3
vt (rsdumnuwinty) 1 0.5

a o = o

vesuasdinuanTRnNuA Ui teenineglifon Fevilvinesunsd

Y

Usgdnsnwlunmaihlihdndergiideuuaziinssualnaduiiuasldiimeunsiil

Y a a v

numihdindidosndidinhesgiidey egwlsinuinhergiidevesiihminuuagsiagn

AIRIUINDILAY



2.2.2 FuiumuiLartunuaulu(Conductor screen and Insulation screen)
& 3 ) ] % A d" a0 & [=3 =l 1 [
Wuduansnadiau (Semiconducting screen) #sildrunanvasnsuaunwvdansanaasindy

VaNansEa1eANUAseaauu W mnuAnhaveysenintudduavawiu dwihaviala

& oA

Adudaszwinsduliifidesinsiionsiliidndndlnilnnasendeazdilugnisiiafasisa

v

vdnuazvilvegnslinuvesaeinifaanas usnanildstsaruauauilninely
oauliilauaiiaveinniy

2.2.3 auaulwi(insulation) Wuduiitesiulilinssualwii $rlvavse
dnsesauinmnudemedessuununmesauniuagiuianilivin Suusnagldiada
wuvauIunsEANgunI (PILC) nugamgilduszata 80-90 °C farnudndeiiogs ue
Wowndusiulansifuvasneefudeianisianseuniesesunnerailimutunie
omaduludeaundsewdmalifamdumaiiueuian wlvdegtilussuuadald
Auanlfiadanunudeiasinnedivemniulnuriaiitenldaviied 2 wia fo

1, Cross-link Polyethylene(XLPE) auail XLPE 1aa1nn151U1 Polyethylene
(PE) §aulu Thermoplastic mmﬁauLLUaﬂmaa%’wwaﬂmLaQama’luﬁﬂﬁnﬁmmmmxﬁqﬁ’u

sewianevatlianavas Polyethylene iunaliiAgnasifsuaninain Thermoplastic lu

' o
we o al e

\Uu Thermosetting alunaliillnnand@natuvenyodis BnsiviiliiAn nswdeuudasi
\5unT1 Crosslinking Unflananaved PE agUsenausen1sveu (C) uaglalasiau (H) aine
v & e = a | v oo v 2 &
Muluangenlpgliiinsgameiussineas duuligldsuanudovagluanaves CH 1
wimdouilinldinelifiussdanigssuinsansluana) \Wusaliiinazanafuiuies die
vililAa Crosslink (ilivaneds vy nasldensiniiludainliinsuiseovield Radiation
= o < o v oa = ! = !

Wun) A9 Vi’]I‘VlLﬂﬂﬂ’l‘iEJ@iLﬂ’lz“jx‘lﬁ’,}’]ﬂﬁ’?ﬂ‘uENIQJLE?QEHQI@@ Polyethylene LL548aLN18581I19

IS ar

anelaanaiieaiiumwinii XLPE liazanedisliiuauday Insauau XLPE Sdedssil

1. nugamniileasdia 90°C

2. 31 Dielectric Loss a1 waxdl Dielectric Strength g4
3. Snuantimanaiifvusensinssyihnieuen

4. numeasANANIT PE wag PVC

5. laudunsiesoan1izuindsy



AseARIALNAONAY

g'dﬁ 2.2 1A3983573984 Cross-link Polyethylene

2. Ethylene Propene Rubber (EPR) Rilalnduies usenaudeefiduway
Insfidu Tnedhsdruvanafduuasinsiau annsauuwdsusullugasnia wilums
UftRauuvesmeipitaludemndvinsdsznausnelplnaies EPR Feloffuyszana 50 -
80% luanizUn® EPR nugamaild 90 °C uasiianizdaasvugamyiiasania 250 C° 4
Awlasennuduuarmsiindulitif EPR fasuBanguganda XLPE usdn Dielectric
Loss wags1A1eeniT

JU 2.3 uaniluianaveseriautasinsiiay lalwdwesveeiduszneviaz
Usznaumeluluasionduuasnsiay 50 % lassasnavedlndiue fiuanuusndiefulnsd
Au Awedldwardiliisanefiagtostuliifnmannndniarlawediued PR Tazrjudandu
wazwnpruuds EPR nadtimtinvesluanafigimioduagnsnszaedminlnanaevey
luranhravdeuny Fufusinarainsaiianansaldladuuuufinaautafuandiety

[y} | aa o a & g | a ¢ YN i = v %
ARNIIEIULENAUNLNUYULUU 70 - 80 % ﬂ@ﬂwaﬁLmaiaquqﬁﬂﬂﬂm'}LLWUQLLQ%WﬂNﬁﬂl@Q?U’UU

1
a

EPR wiahdanunsaiienladndu "semi-crystalline” 8v8nsndau weiidudgavilusanuduy

NANYDY EPR 89 ALLNNTU



Tanedwes vaueidu was IWSAEY (~50:50)

H H H H H
L} £ N
C=C C=C—C—H
/ \ / |
H H H H
Llovidu Tnshau

Tassasluanaiien

_r‘—lﬁ‘“‘ r\—l\ﬁ T

" LA
upnNIAY
Trssasy odugwlifundn
ABIMTINTEUIUNITATOAAIA

gﬂﬁ 2.3 las9a519999 Ethylene Propene Rubber

A19797 2.3 AREUUATBY Polyvinyl Chloride (PVC) iU Cross-link Polyethylene (XLPE)

AU PVC XLPE
wingaungiiawanvaugldni () 70 90
R UURNNFEAVILIR995 (°0) 120 250
' &l a a
AIAINABLANASN 6 2.4
AMUARLILY (g/cm?) 1.4 0.92
ANIAIINTIU (cal/em.sec °C) 35 8

2.2.4 wulasiuihwiinarshsiay (Water Blocking Tape) 18umuivian
asdansizviuazdl Swellable Powder (@nsiigaiuthudnluudraeesignune unndne
wile) Aduansfasanh ﬁmmsmamﬁﬂﬂuﬁamﬂmmmqmam \anaanauitedeszuy
wilaldiu uinameaeaslauhld mumasinihitugorhliliivadused luluada
edasturnudemelasdlomilnetaynaraduea

2.2.5 fuflany (Metallic Screen) agiﬁmmﬂ%guﬁguamu wuthidunsios
dwiuliiusegs dumsddnszualwihlnandulunsdiiiRantsdnnsasuardosiudunse

nnnsdudaaida sisdadesnunisiansauainaniniindeunaztiedesiutiuvimenad
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LANIINNIANIDVDIAEDNGE ﬁﬁauwﬁﬁumﬂﬁape) LATLUULEU(Wire) v nnoauns,
oaflileuvdeenafiudasnmzm (Lead Sheath)

2.2.6 Suanfitum (Laminated Sheath) \iumvergiifloniindoudaeans
Usznevlanediued vedosdutuvuaslddureudenuen duileldsuanutou (v
yuumsi) ansusenaulanediues vudwiidouriuiu (Overlap) avazanefintu viwiil
Jostullhdudlunuilagsouvaans

2.2.7 Waonuen Uacket w38 Oversheath) vnthidtlastuaneiaaannnns
AUnFUIINTHN ANBUBNNTEIINNTANEY NSAAGS WiDNISUUES Imaﬂﬁlﬂamﬂﬁaamw
thermoplastic compound (PVC w3e PE) anevialuagld PvC Juwdendiy wianewadald

a

uarld PE LUudenunu PVC inssfimnuudaniudasidodaisoanisanauln T4y

'
&

Juuengnvesaeivetasiuusinseunn, 180d uaznuniuseaniswIndeuiiindulusme

€e

Andavaldau dnwazwdendmsuadaldfuasazesnuuudu lip-type (hwaziivany o
YaUTUN) Waloeiua U dsmievaet L Udon anuwsIasanIuLIaIaINaNs LAz L NLT

SEUNANTOY

2.3 Yoraialla [2], [4]

< s

tesie (Jointing) Al dauiiWessialaila 2 a1a annsngnuealuiiasves

2
L% 1 s I I £ 1 =

wlaivadgnasiv daumitlvivasaunnaeiuiseaieiada (terminator) fie Tadaiimny

[ £ '
as =l

Thawesnuala wilautvdrunineanainalsiaida wiaTisRngnieseasndatlan e

@

widleuiunazhumeny saraedavzsiludiudsenavrestuiuauiuvesansalaionss

U

JUN 2.4 Yasainilaviln Heat- shrinkable

[

Ingdusenautonainlalangd
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1. fudiau (Connector)

. wuauiu (Void filling tape)

. %uﬂQUﬂstmm‘éﬁm (Stress control tubing)
. Fuauy (Insulating sleeve)

. ?‘?uﬁ”’uiam (Screened insulating sleeve)

. inUlangtlaaiu (metal tape shield)

~N O U AWM

. Waanuan (sheath)

2.3.1 N159BNLUULALARAIYDsaLALUA

1. nMsiwseuaeiaLia (Cable Preparation) Wudumeuiidfnyfignainisnis

Qs

Adumsnvun wanuiugruiwaadiiuiwnuundetelunmsaiededeuayise ns

@

wssuadailimuzaterniluganudemeald lunswlsuasimbassivegiuitua

ee

s
Il e

dnwazvesian vuldtiivenuiualadeciffudey deunniasuazinudome

wgAavanioraintuldmeurnnisuaanda e dan ﬁamumaumﬁaLguuﬁmﬁuguﬁaa“‘ﬁﬁf
Seu hifidadevunsedioniig uasdedhifiautuiinignsiavosau Tnufesiilds
youldefinmsiatasvesauiu

2. nsiiousiasa (Connecting the Conductors) sitleluaidauniiin

a a

Tinewwaddiiozgfifoy lnednldnesusslutosalaeditnisdeousevosiimownsans
et ISy mstuse msiden nisldenuseuvasyazans nnstnng (udy
Lidesdeuldorgiioniowisufunouns insededldauseinse Sedrannlunmsld
in3esfielunisTusndensasihazediden \leldsmimuauszana 1000 kemil Fady
fhuelngdesaulalutiymnsldadatuaetoumszasiialiufiogvenesny
anmziigungligadunsdislvaagniau msvinuvesiaredegsfosdiaiosninsenis
Melnanuazausniunszuagalaghineliiinaudemededose nsideudelansaisiu
Tovgaiadeaiy udluunnsdlisiimeunideudeiudinhesgiidey Tnsazsensulnld
avgililondousornuianimesuas wivnalilimimewasiernuinhorgliflommsend
walvanleida dnsinsuneivedlansisaeaduanglvorgfideuvenseanuuazsiili
Aansideusaiils

3. auiudmiutens (nsulation for joints) ﬁ'aqﬁi%‘m%ﬁiaﬁaaﬁmwmﬁﬁu
fufagluieiasdreanysal mmmuivsmiliiidudaivauiveuaidadomusonaas
aanaTaanalni dediduluednvenisldauuiunsyaufonumnuenuivvenada
Jugeai ielunrumnefesenuuulasnisnsdusiivasavivesnnumuiiuanni

'
oA

auluresaila auuveslesanyinaInnIswumY 138017 self-amalgamating tapes - dau
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aal

Ingivihananenaefidulnsfidu Tnegnasranandnfiunielndiefiduiignrunuanting
auSeusuiinnuaineiufuauiuvennida Tede premolded &ruvinanduusenay
vesenueiiau Terefivadilaernudou (heat shrink joints) inviunanansusynauaading
Toiafiu ilqaandilunisvesiudeianisidouraneiildannsaissd neidurnAudes
nansdandliianaundnazldnrudoutuidedeiioginiogndouds d3sElinsldaunay
Souldtvauaunniiu dewSeudieuluauaumiliih fagillduresiafanuamusionin
Souiint ielmdeudiunnifuludsmalifanauannsavestose dufilinsliaudoud
unniulUinaudnansuestose

4. Yaglun13Tad (Shield Materials) Yantagtunlddosfinmumanzausv
duivdovsnaifauaiinminsuualuihiismelunisand e swandlwihadslunts
afaussiulwiumilonh msuawdavsyy wasnssuailva LasdesefadansnAIuALNIS
wilsnhwenssuauaznsuanuiianos fadvestoseiinnuadiefuiadvonnda 7t
auasatumslasnmliihlasnsiieymevesarivewwudafuansuszsnoveglu
fan lnseymawmanillddudatstuiefashlyianuartili

5. waonuenyesleno Uackets for Joints) Wienuendoneasuadsnnuuda
ysnenm Pesfulailinnudududaluludesouariinuamuniaaiiiaznanig 9 270

AgUan

nishnsaenaiallavtin Heat-shrinkable 22 kV $135n15s7atl
1. @31 Connector WWaudtvesangiailand 2 @unazinan@ouiy

Uihe Void filling tape dndesidud PE

W
ldvgtivn 9 wevhlifiavesiewinimuiSsudleuuiniy

A WON

. Yude Stress control tubing (@) sintiliitearuauauuluiiarniy
Tirnudeulassnaglaanasainainislaeniresn

5. e Insulating sleeve (Fuas) Sinthiliuauiuanidulinudeulne
iegldrnasinanaiieldenniasen

6. ﬁ;’mé’w Screened insulating sleeve (@an) ﬁwﬁwﬁﬁamuquaum’lwﬁw
nniulimufeulaeisasldnnasinanadielaanaean

7. 115U ¢e metal tape shield 3sludrudazifududon ground 89

aeia 2 du uazditediunnuudwssliiulassadng Joint Sndae

8. vuawiludesesunsie PE



U 2.5 Msdnnsdasawmila

Calt

@73 Connector Waausoane

Wi Void filling tape ¥iuuuans
fvay Connector

s

M Silicone grease filiAaaNy
\uaiu

1l Stress control tubing
fuAUSDY

VI Insulating sleeve
AIBATIITOU

ﬁu Screed insulating sleeve
AIBAINTDU

WU Metal tape shield
ildnwazidulaseniy

o
'

uwdanmenusou

i
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2.4 iarawarla [2]

[ ] =

nymdugavenvsaliazdiviseinda (terminator) 1Budiufideuselsns

o as 3 ¢l

iidafudnduressruuis gunsalluszuvasiseghimilounfaidessuegluledis
anmmemeduguasiuiisiimuluglusduas e Fufunsimungunsaflussuudesne
dielvimsiastsldiartiesiign, andrlisnsuasdomandsmannsiivainfuauauaita
sewhaimsuseneu gunsallussuvdadudiudidnlussvuadaidouansdsyansldatng
Yfosigauiiumeaida nsvadeugUnsallusyuuiagnsiudilu Prequalification test fiu
type test Uuwuumﬁa

2.0.1 ¥iseiadawuy Heat Shrink Type Wufdaiadadidududauain
Tsanufndalunilejuannseldfuiadalsvaemin dfadufododdirtontilriuazany

2

foudsoraludunmefufuitiould deddanudeviguinlunisdilndielvaeds

U
v '

avhiae Snvisdtududiudnidosseneunaiotudn vanetunou Wy aunsalAuAy
ALATER Anaudl Lasdnauau WeRnsaisewmita Inslassassideiatawuy Heat
Shrink Type fdauUsznaursalud
1. %’jumusqummm%amamu nuAAL S atu R ivaeane
Fodalia
2 Waenawu Wutiudlesfunteusnvewhreaamt avinaii Suauay
3, wyadn Wuruiduauiuluii

4. Ynaun 1ugunseifamieiiussaynssuaialva
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Wasnauiu
wlamn
Unauyu
FumUANAUATYR
wuamn

sUTi 2.6 lnssasasisiaLdauty Heat Shrink Type

g‘dﬁ 2.7 vianawaidauuy Heat Shrink Type
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2.5 mspuguaulwilugunsalszuuiadaldnu
UaﬂaawaamwmLmﬁamqﬁwmmﬂmw%gqﬁgmm‘%suma AnANTRAY
mwusﬁammﬁmaaamulvdﬁwzﬁuegmaa FemuamusoaLItIUIUA U NS ABY
gﬁmmmﬂn‘imaammmﬁa autasealfSuduiiiiaueriviifuuas Sssezrng
seudednhivauIuiiviiy ssuwhiiesedainysuenamenmilaaueseslnihee
URGRGHHREE ijaawmLﬁyaQﬂﬁmaaamauﬁ’amaaamu%?:uqmaaﬁuﬁw%’auﬁuamuﬁ%

wWasuuemaiaanuliaiiauegdahldgmsiosanrsluauls

duandng —

-ll!h-lh"m\\‘“‘w

[
=1
[us)

sUN 2.8 Lauﬁum‘l‘lﬁlﬁ’]LLa.uLﬁUﬂﬂEﬂ,wﬁﬂLWﬂua’)EJLﬂLUﬁVlﬂﬂLG]‘iE!‘;J

asaruRuautuliiiiaratn i dalunnsusndufudiiesnuilesann
aefaifignuenatnuseniniusiosinuissegseninaesailviihfunaadlvileunme
dieldliAanszualvadiy (Flashover) arnanesaiiludansas wwma%%uagjﬁu
wseulwinsandsanmnndeuusnaled nuse nsUs ndusuininaevhanelassaisves
aeweila anueseafiintusinmeswvildnuauidsanin lunrsanmaaiealnihivey
fufuauaranatlnensuinssaeamsuiiauwuresenia Wesmnduauaten
ymalnsnussauuiivanedutuau Guaunslinaznussuueglndfivouresiuiuauay
‘Vi’lﬂﬂ'ﬂmLFﬁEJ[ﬂL“Ifiﬁ"?ﬁl&jaﬂaﬂmf\]Lﬁﬂﬂ’liaa%ﬁﬁmﬂﬁhu%uﬁ’ﬂﬂﬁjﬂ’ﬁL‘UiFIWITLj

= o

vhreaaiaiiadeduludosaililinmuamdmiunsldnulissesen
9zdoarindn Voltage stress ivuiuauiuiivarsarsvenata Witnsaaiuasld Stress
cone Tumsanpuadeaiivoudutuauiu Tnousdsmatinasld wdnnsnauauaaLAen
auwlnihisnsiusenly nadenlivideniededeasindaiwosiansanisdoivodous
azwnAaluanzmsldnuimmzauudusingd lutaguldlinmswanvaismadalviden

ANUAMUUUIEAUAIT
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1. Compound Filling Technique
2. Cast - Resin Technique

3. Shrink — On Technique

4. Lapping Technique

5. Push - On Technique

6. Plug Technique

TunsauguawiulniiazinisanainAnulBusaud 2 a1 fe

e =

1. AAUIBLAUESENINTUTRIsYINandneon U auiu (Ch)

U

2. AU BuaudsErnInRuIuf UL (Co)

g Surface element

1
SN / c,

T

b p—
"', vy
~ ___.-"

' /y\‘r i

—

JUT 2.9 29vauyaviaivlszafingimualswiuSuduRanssmufiauuivaisameinda

nladiinsauannauazeaauuluih

s

Fmuﬁuﬁuéiwdfmmm?ﬁLmusz?ﬁ’mmﬁmxwmgu'mﬁu*ﬁuﬁaﬁﬂﬁgﬂ@’ﬂaaanlumﬁ

N e (2.1}

a

Wa Ua A WSAUSUAUYDINISUSAATIUSEMINRUINAUT U iangs

U

2an

AAUBLRUdsEnInstuiihigndneenluauiu

a
mo))s
®

AU TLANTTENI1RUIUAUAIL

o))}
(]

Co
Eq

= o

AANALASERAUNU IR LU TARLITIUa et U981 Qnen

b
&)

BRI
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1500 1 aeadaduennia 1 C1 stesunidlaifieutudr Co (C1/ Co
<< I asvhliussudaduvesmsiusanniuiidsh shiliusaaadldie lumsauaudsdos
vilignsndausewing Ci fu Co fleunndufierili C1fiutunde Co amastuedlaonis
pupuauulwihesiieg 4 Ussiamdsll

1. nseuauauATgavesauttlnindisaugluiinied nvaznis
sviade WWItn1smuaudendnnisan C, (Volume Capacitance) e siRuaIAYDS
Janeaneiaida medew Tasldnsasarudrlnia (Conductive Cone) Feazvinlianna
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2.6 nszualnanlsiwduuazilnanlswdy [6], (7], [8], [9]

nsvualnanlsiwdunasilnanlsiwdu (PDC) Fadunismasesuwuulsivhane
uananifenunsaUszanarduUssaninisUanses (Dielectic Dissipation Factor -
DDF) w3o Aindsgaideladiangsn wava1didusud (O wezdilanuannsalunisinnssua
ludas 10-12 pA Bafuanunsaldowldivaambayndssmiegynaiud Sefuaunse
ihluldwihaldlagligesiinnsianefiussiuliiigi o v 50 Toad iielrualalédnauu
liignvihangnnnismedeuauiaIen

IﬂaﬂixLLaﬁQﬂﬂaﬂﬂﬁaU (Depolarization current) ¥3an§gUaQATY

o £ LT}

(Absorption current) NagRasinTaudunszialwatlsd (Polarization current) Mldsseyina

Wi 9 fu Wessyangiarandnety nisfineSaauilslunsiinTieite Us1enssud
Inanlsiwtunasilnalsiwdy, meaunuauiveswnsidaunBuad waynsaunuaaud
19980518 (AMdsgeydeladidngsn)

Weliliund smadwsifinauindodio 1ivanss washigadiniunis
Uszlunauaznisini udeyadadsldinisyatmdnnistuginluniswieunisdmsu
n1snedeunszualnanlsisdunariiwarlneduvosmoimdaiiiduefuiideasduuazdy
werfuuen teanulasafeseniiinsinduseulunsimfeussiiunudoneves
Waenuastladeiiinasionisin

Ussiamasilgmitwusnnitgalumeinidaiidsaronty fe duasanudou
figannifuly F38nsinramaaziiuluiitiym 2 suuuud nsdifnuiinausluunanad
axiiisanenda XLPE wazaneiadansynuiiiu

2.6.1 euhunvssliymiliAnfiavaulumeinia auuvesaswnidann
Uszanlsidraeiiseduusedule Afquautindliiduiiugiuey 2 vssnisteasuanunsa

o ala

Tumstluiifiaslvihatney Usngmsal Tnalsiwdulazaoudnduasusinglunnian



21

avunlriihlasdgmluavaufieunannalnvemilsluassusingnisali Twanlsiwdu
adluluanavmmesialndidnasnuas SusviliiAnnsiwdsumamaniivian 13
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2.6.3 nsfpnunsalialanlifivaym muuAnA195ErINaN1TARINTENIN

v [

XLPE fusnensyawihidu fe demdgydeladianesn eswinuavesianfiunndieiu

= s

aoiala XLPE iwisarlianidsgeydeladidnnin <10
s 5 @ oai o w = a a Vo -3 a 1

wlahdfulirmaagdeladdnain Indiu 10°? msRarsannssualnsils
wiuuarnszuanins bty dadunmuidunudazinioutudwivats XLPE waziala
vy Wesandmauduaudnindy 1 amendaldiinisideuanmiiinandsngnisallw
anlsiwdu Weguwwes nszualnalawdunarnsvuaiinglswdu fidunszuans 2 dheglnd
funn anewalasslifidgmsuiioswnanasiuleu uaduiasidunsewadidnuus
Wunsawaznnduiu areiaidavziigunmavieiinanuduluaniug adsorbed or molecular

@ @ |

state F99zgnIzymednsduaurunud dnsanszualnifinsidsidaau arelnaedl

GRRFELIER

2.6.6 unluguruvesareieiia XLPE diluany XLPE Aounthiimsuenvie
nsisauuvesinirdsguideladidngtin navwalwslsisdiuuas nszuarlsilsiedu usauo
wdumaniesarnnavenit iasmndnsiduaufunud Liganr 1 9manuidavuad
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dunmagliifidulifinlumeinda didsendsladdnesn andiiuininddvinaseushs

1 o w =

Aragdeladianainianudeinndi 0.1 Hz ndwinnisnaaauaidsgadeladidnasn
faziiudn VLF withstand fitwa A dinvandounagfausssulrimagouimue faduna

I a @ = 1 n’lin U1 P i o = a g
nIneuaueddelndidnninmarinasuldinaaud 0.1 Hz lddneiiassuiiutiyviveti
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(Fndegadaladdingind 0.1 Hz vaaa A uay B frnundienseiuann) UsavesAn

dsgeydeladidnasniiufud sid faiian
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soffulnangaq Aeilldannenuoulunsgauisrsusuteuanled Arsuelasenled ua
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I#5un1smunuetnei dnsdmvesnduaud Aidudndesiinanthludueaglas
sUwesnseualwlsieduuaynszuaiing sy Wldann
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wslswdudmivaviuaaldiu Weldnualaldiuedreitenhlugnisdeuanin
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lagh ¥ Ao ArpwansagensUldvesladidnnin (Dielectric
susceptibility)

Y

g, e AnUesiindiafiayynalidvindu 8.85419x102 (Frmy

2.6.8 minauawesvesianladidnesnlulawuian Tunsdfiauiusening
duanlasaduagyginia szuansanuduiudvesarnuvuinduniclaily (Electric

displacement D) wazauulwi E Tuguvesnimes lenai

D=¢,E (2.3)
Tngimaumudunialiil D uandudszqlifiadeniamtheiuinindy

= a a P = o 7] a w = ]
UsnaliBidnlasn Lilaunmuigaginiaiieiasledidnaia annunuantunialnia D Ty
aunis (2.57) azdlmsinanlsiedu P vasianladidnninainaunis (2.56) wWisidnanvinlnle

8

AuLRUUnlnd D (el
D(t) = &, E() + P(t) (2.0)

D(t) =&, (1+ 1) Et) (2.5)

(7
L) |

atuensdlna sl () vidensvuayisavsyy Ineflusadiy U Adouldianladidnasn

4

s o a

o i a = w a = a I3 v o g v v
dur1asi Beianladdnainiuvinnisiannsadszauda hlfauasalddnssualnanls

[
o al

wiuluguanuduiusivaanleied

i, =0,E, +&,(1+%)E.8(t) +&,E f(f) (2.6)

Tl Co  fe Ammuesiasmadey
8(t) e delta function fiyaiFudulasnsdeuusaiud t -to
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L?‘im%’aaﬁ’ummwmLmuﬁuaaﬂwuaﬁLﬁaamﬂwammauﬁﬂmmﬁ;qmalmgmmmaﬁaﬂmaau
wagAANudiRLsiuAATanasensUldvedladidnasniinigs
dornszualnalsiwduanasauiesziunsi lustuiindsntudnisasian

d‘ .7} q:r v & Y] c?l}
nagauLNeInnswalwailswiu taduauniseail
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e
ipol (t) = ial:»scn'p (t) + ic (t) + icon (t) (28)

idepol (t) = iabsorp (t) (29)

a

s a a a = wa s
2.6.9 ninovausvesianladianainlulawmuaud auautRvostanlad

&

wnasnanunsataluauduiudidsnnud nswlasmnuduiusludwanduaiuduiud
\BennudannsovilalagldnsulasaunsaanensenSes

AMRvUALEa Y D aunsauanaduaiuduiusivesinfialasian

asnBada(complex dielectric permittivity) vasTanleisail
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D(®w)=¢,¢,(0)E(w) (2.10)
D(®) =g [1+ % (®) — jx (®)]E(w) (2.11)
e
£,(0) =£.() — jei () = (1 +x (@) — i () 212
wazannsomAesTinfinlaSidnasnduins (relative dielectric permittivity)
£ (0) =g (@)= J[£,(®) + 0, /£,0] (2.13)
_ , \// (2.19)
(@) =1+ (0) = jix (@) + 0,7 €]
w1y Dielectric dissipation factor (DDF) %38 tan & lgiail
00D N AL 5ei (2.15)

tan 8(w) = 2708
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nszuampuandu (Io)

nsewaminalseotu (Ig)

I, =) Aexp(—t/t,)

A= %[1 /gD g A4S, )]
AAsTiaaT
7, =R.C,
nazualwanlsiedi (I,

I, =¥,

1 +i oR C;
I, joR, jl+oR!C})

tand=-"L=
I

byt ZHmRG

(2.16)
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(2.18)

(2.19)

(2.20)

(2.21)
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awmLﬁaﬁl"ﬂumsﬁ’iaawxLﬂuauqumgﬁa XLPE (Cross-linked Polyethylene)

2.7 NMsAa¥sIUINEIU [1], [5]
AIAAARAYISAUNAIN Ae NS sIAsEn IWASI U uRWILR B IUNadIuYa
[ a € A a & el [l =& o I a o M v &
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wsanndlaganysallemnudifia e sl sy
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i
]

andedalldlunsieiontan selulnssussafeiiiarutdadlnin (Permittivity) s
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g4n3761 PDIV (PD Inception Voltage)
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i

Corona discharge Surface discharge Internal discharge

E‘dﬁ 2.16 BUAUBININAREYISIVUNEIU

1. lalsunAawn9a (Corona Discharge) [induannnisidieudeveilatsnumse

duiituesnumielunonseuuuusiiugs lneunfisrliiludunse nsesnuuugunsal

i ./

TArvrsrlavanliminlalsurlatfosandeenuuulildifalalsuiase1aasde 14
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sudszanalumsudafiganuly susresdyaimulalsuifaisa audsused

U U U

ffuiuy Unipolar #8asinisiindage ddnsnsnszaneiasi (sefiuiavnsageaadusiign

lalaunnsuay
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2. AE139nIuRa (Surface Discharge) anunsainduldluiiuiizvesfanauou
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AiAnTumNNIAeNISIAREYSIRNURN NisessavasRLIuLazTuENAausnnesyinlaLIu
devnemsifindaudaiuiy aeldfunanseuegrauinainmuiiu sUsiesdyyia
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Surface PD on stress grading system in'a VPI
rotating machine with taped grading system

[
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3. figu13anielu (Internal Discharge) anunsariintulaluliiovasianauiu

naAntuneluteunnsesveudeatiuluuinaihn 48911, WUseUou uazdounnsesduy
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q v oanlusulilwinlaginiffanseneluiuudainsqulsuses 9 Tasastueg

i 8/
=

AunstEnuImEaRvS ol Wunanaingasinsneluileauiuinnisveesiiudy wa
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Iagdnanndaniaazisuifinteu voltage zero-crossing Aaguf 2.19
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fgﬂﬁ 2.22 gﬂﬁmm‘lwqﬁ%ﬁmﬁﬂ Internal Discharge

2.7.2 1eTadamsiiansansau ey
1. BUU capacitive model #38 abc model ISURAIUIAWAT 1932 1975
anyanltludagiulafunisuiuyselag Whitehead 3o Kreuger lutasl 1950 uagléld

agsuwsvaneauislagiu

A
“ kel F
o
¢ e(®) | -
= %} -
o
i 1- N
B

JUN 2.23 19958yanIsRavITaUNsEIY
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Ca fie \eawiudiunavysalfeglaesauvedlnsuia
Cy fie iloauiudiufidesynsuiulnsauia

Ce Ao Insawia

A
o, O i
Ch

rs

i(t)
L C, wmpm C. ; Ue

5UN 2.24 ns31aeanTsinnawIsaueaIl

ddounsedunvaddninsaitliussius nnsoulnsadfagendindus e
WUIANIIGINTIATLIIRUUIAR TN Ye Nt N AT udouunumieaing S (MIsLuiAniues
dosingnitassiislasnistnaindluszesiiaiidw daudunau R Judiddanszua

Aan$a ict) MvhlnAnussduan SU. Ussanvasepanuianinssufaiiiviaiy

8q.=C.8U. (2.24)

SU _Ae ussiuiinnmien C,
win1siinfiaunso Ce Mliinnisatemusyaues C. uay Co lunasanya

WunalmAnusaiuandida A -B wihiu 8Us devlaain
oU, = 06U, (2.25)

Auswiuanlillideyaiientu 8q e wiludaduiu C, 8U, A1 8U, #in

e luiadsuduuaruegiu i(t) Wouwnuan

5{paPa: (2.26)
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oq.C
U =—dob (2.27)
CAC+C)
ANUDY SU(ﬁﬁh:,{‘Ju mV 83 V Tuvei SUcﬁﬁhL‘TJu kV uslaefilansiuad

C, uwe C, Jaldausomanudusiusues 8U, MU §U way 3q, 1]

2. Ly dipole model gnimunTuuvmasant 1980 Lilosw1a1neseauya
WU capacitive liianansneduiengnssumsiid@ndiigndosuosnaiindassale usllaileld
p8uNIvaNg sigvihanulalareudieen el 2014 Lemke Tewenenuduieiung

dnAsanils manesiinisldesansnanntuluswiansulng

=Y = 13 a =% o = 1 =Y & 1 =t
2.7.3 msinaassanmealuledidnnsn Sendt Rawsaursdiuniely vangsa

aulwiwsannuamuladianasn (Dielectric strength) savisaninssanedluladidnasn

'
s

nanwagliiluiafisoiu laganunsalennisiarsautsdulumsinidasenidusiaca

geapelull

—

1. Meflgrsaniiinainlnsseini (Cavity) nelulasidnesn

¢ =

_ANTRaYIsINinaInsesunn (Fissure) neluladidnasa

. mspamsaniinniayiaguasduieUy (Resin and Contaminants)

=S L B A

a § = a o (3
. NIAFAUIIIVILNAAINNITUVLIERNIVDIAITUDULNTA (Carbon Track)

n’ﬁldq = !

INBusenUveITuLEiinausntneSNUB VS Naden NI aunluty

q

wilAoudniesBeTun N UkLUaLIuAZNSASEINEfANRIUlABIENeSN (Dielectric

=

strength) luuinaifianuiduvesduauniigiign o andusenun dedawalvianiinses

9

=l

weanazuduintesinsnaiefifivuneldf pm wdsnuinnsudes fefiiagesnm
melutosil iliAnnsdnnseuzestanluguiuuresmsuensvasositveseraiio
Founnsesdnguuvunilede Insufalumemdafiaunsaduinnisiands
vsdnlnghidesdimudemevesiaginty ilesinaunmudesuny (Field strength)
meluresin (& = 1) iundimnueen (Stress) idousaulndidnninlneaunnmesi
IndiAus & (AesindiivesTanauiu) luasfioaty wiaimiunmusoladidnadn
(dielectric strength) eunitvesudsveunas uasawruguiumaldnisfavfamie
Lgiaﬁ’ulw%ﬁLLﬁuauﬁmmsa’j’ﬂlﬁmﬂmauaﬂLLazmmsaﬁﬂUQjmiﬁ’qwawﬂaxﬁamaﬁaﬂ

Tngsau
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2.7.4 m3damsfavisavisduiugIu nszuaiiinandavisalulnsaiadu
Lignunsodale winisfavisalulwssita ¢, dwaliAnnsaremisey Wunalffnussdu

an U, ntrdeunssdiunieuen A - B n1sindoufivesuszaniafanseudlwaiusuilosan

'

=l s

wssdumn WuAnsvuavawefiiald (measurable current) i(t) (wiilldnszuaniouszq
Andusienelulnsuia) TneUsgqiiatuainnisin PD desil

1. q. Ysralulwssernia (uvasinda PD) lianunsadalasss

2. q, (Apparent Charge) Usegusing 1%1@14;?{';Lquwmﬂ'ﬁsqﬁLﬁm‘ﬁﬁluﬂﬁ
3 PD lildtivuawiriudszlulnsseinia mangud q iieanmsiemdszaan C, W

ot &

sTagnaaou Tnedl C, fvurmfueiiud @aduatalaildvmeufion) aw IEC 60270:2000

3

fvunli q, Dudseafiinainnis calibrate fifaiiiuey uasindosta PD ignaanrli
9IUAIRINGT

3. q,, (Measurable Charge) Uizﬁ;ﬁﬁjﬂlﬁ’i}’m’mﬂﬁﬂ PD fvu1auesniIn3e
Wiy g, fennisanemysygain. C, lush Jaamesou e C, fuwialiifuertiud Und
Wi C, msaziirunnuinndy #1A278 (Capacitance) vasiannaaeuyszaina 10 win

4. Qiee muflena IBC 60270:2000AMD 1: 2015 famualk q ¢ 10u
Uszqiiinannnnsasudieuiiimiitiuay uaseiesin PD Tagnisalierudrsina G

AdadnsinTsiindidaniiorsansondae Jagtuiui Qrculdumid g

Ct-_- Ca'i‘ Cb

JU# 2.25 1995M15TANTSAESaUNEILNUg Y

U fie sdsussiuleuldiudufiuussgeuifen C, uasTan
gy C,

C, fe fufudszamuiin

C

i(),q fe nszuaadiaw$oundndiseneasswine C, fu C,

e Anfvdszquestaguareulssneuie C, C, wae C,

L
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YUZIAANIAETIUNEINTIIAUANTOY demaliussiunsenauILana YuIn
v ooa = o L4 L
YDIUTIAUTAnaiANAIIU SU, @enndesiv q_, q,. q,, WaE Q.
lunsdlgaundl C, > C uav C, ~C, +C, Us¥g Q szflunniignaiszning
nsRavsauedI C, Isddesnszuarisalonie i(t) nedit C, >> C A1 U, axldfy

< A 2= P ' o
oEaIYIallazUsyanaewmiae i(t) Ussadnewmmlaainaunis

E il

q=[i(tydt={C, + —+—* e [ (2.28)
WEd C, <C, e q=(C,+C,)3U,
Founumranauns giy - 094Gy
GG+ Gy
= S04

(2.29)
C

<

weulad |C, >> € lumsdfimdulldentiesn ¢ auelug dsiai
wwadamennuazazilaeiiensiarililsiannsadisussiuraselfossauysal fvu

s U WA e m e 5U" atla

Bl - QSR E o >80 - 18 ~+ C. 3

yru C.+C) -
o (C,+C,+C ’

U, =— .50 q=C8U.
e, FE
¥ q (Ca +Cb) q

U, = : = (2.30)
(C,+C,) (C,+C,+C,) (C,+C,+C,)

Useaideanean C, W C, (g, ) awnsaialelag

q,, -measurable charge
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- q
(€, +C,+€.)

k

_ .
(C = )q’ C; aunsalivhundale (2.31)

aun1s (2.55) Wuaunsilddmdunisialuiess foRnsuaranuiifasalda

e (2.32)
q (G +C)
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s dd' 1 @ dl' = a I3 1 o [l [ el'
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2.7.6 maAnRavsavdnluaeaida msfafandaneluladidnasn
Send Aavrsauediunigluy vunefeauny Iwfmiearuamulasidnnsn (Dielectric
strength) vi3anasnszeiluledidneiniidnwasliduiedertu Tneaunsauenns
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Iluszezniludy

3, MsfayFANANARIagLarAudoUY (Resin and Contaminants) wiw

s
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9

=
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£
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8199nNNsEUIUMTHARE e TalR AUl uTuRauNISlY steam curing XLPE @sludumau
torafnauduluiloawiuXLPEv i dudumnnsifiedulii Faldfinnstesiunisiia
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=3 o oA
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wuieldmeluifeaurinibasmminanifoaisulianunwsendudwudounielng
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5 @ [

2. i dnuwagidulngs (Vent Water Tree) siagy 2.27 avanunsonuiaslé

I 1
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amasuazihlugmaifausaaniflosuliiiviinauauuliaunsanuussiulainlg fulshin

dnuuzulnss Aeamguaniivhidauuadafianisiusanid

£
as
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wwIN1sinauliiin (treeing) ainauuuivesauu i lnesslnduile
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UNi 3

A1592NLUULAZUSZNBUESIY

3.1 Ui

Tunnseenuuuuardsznevadeldinissrasslgmiiatulussuuiada
TiRuiieAnwinisiinsizsiaualueidaldau 3374 lunnsaesied 1dun nmsianszua
Tnanlsiwduuasiinarlsiwdiuluaoinifaauiu XLPE freindomagou PDC iifoguaves
nszualnailsiedunazinanlsiwdi, C ratio uay Dielectric Dissipation Factor (DDF) e
Jufindeyathundiasieiina nsianishavisauisdrumiedaufiulseq, HFCT sensor uag
UHF sensor tilethmsfausiagituniuseuiisusu uasnisasrssoumiulinlumondals
Aurilnauau XLPE lnensdeudmbmmauug dsluunilaznaniinmsiedeuaenda, s

Tavansdidym uazniseonuuulanezosdanisnaaesluinayTs
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anetaidafiinun fnwt warldlunisinnssialnalnedunasnseua
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=l ¥ oW

Wuilwtda 240 mm? AilAIETT 6 WRg AIgUT 3.1
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2. innsuenaneeslalanulae liduiuauiuiininugd 220

Hadunsaaguil 3.2

220 mm

JU 3.2 szznisdentunuauiIuyeaeinLla
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3. vinsUsnanewndalaaulaelvduiuauiuiniued 40 faduns Ju
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AnTwmginnn sidenomdaterdndsesteuluszuu Tneagvinisinassnsdseludl
1. Tadanualidtagm nrsviidoneiduddvifiaiuanuenvesaeinila

ns9aesilagyinisAnvmagesnisaindonenluiilygm

5UN 3.5 Yorawnilantufideym

2. Yevnailaiiisesunn Jgmludessiadadlngasiinanaudaviive
sowaa LlesanlunadonaednlusesldrudnguasUszauniselgs faluatayili

a - o & vV a =l a
Lﬂﬂ5E]FJU']ﬂVH]3V|'ﬂ‘V]LﬂﬂF’W'uJLﬂiaﬂiﬂﬂ’]u‘immﬁ@ guIn
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3UN 3.6 Torofidisesuin

3. ﬁam’amLﬁaifiwsmaaLm@ﬁﬁﬂmmé’umﬂua’ﬂmq 20 luAseu Lilpaannwan
vnsiinaedndudesiinihaudanwwandenldmnzay @duuaznslavs) ilwa

WesrWeauluimeuSnaioauiuanavilmananusi v

v |

3% 3.7 dasoraaldnmains @uaduiigudnans 20 lunsaw)

i 3/

4 dosmiaaldnavanidivuindusiiguinans 20 luaseu nsdrasansdlil

v @ =l

= o/ ] | ' @ = = a a a,r
idnwaraagAunTdlduaesuas udazuiuluanynavesnnsagurlinddsesieu

.
| =

danansEnuRaYRLdausawaysEuUels

5

JUM 3.8 Yasiniadaldnandn (vadurgudnans 20 luaseu)

ﬂl g Ve o
3.4 MIPRNLUULAZIATDNBNIAdauaeAlaldRudNass [4], [7]

v
= |

luhdeiiagnaniinminisialrsuansguuuuiiasuassiansinsui
N1s0ENLUUNISATUNBANYINSANY 9 uavgunsalimbhunldlunszuiunisvaasuy e

wananamaluil
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3.4.1 mvegeunsvualnatlastuuaznszuafinanlsiwdu axldgunsnidne

ws9iuLEsH (Phantom) lagdgusedulniin 50 v uaz 500 V Tullywising 9 Tngasnisin

nszualwanlswiunaznszuailnanlsiwduluasinlaauiu XLPE sudulunugui 3.9

Underground cable
system

PDC Analyser

PDC Phantom

JUT 3.9 wudaenismsmsdanszualnailsietunasnssiadiwanlasdu

JUN 3.10 29snsdanszualnanlsiwtunaynsvualnanlsidy



a8

i3esflofldlunisinnszualnanlswdusaznssuailnatlsiwdu e PDC
Analyser IMOD (ugunsafildlumsianihanuasitadvauunuylivhans Taglusisdes
Uszneumeaunsalainds uvasnsusstunseuansefianunsnusualéiaus 30 2000 V uay
fumesinnsvuadmiuinnszualnanlswdunaznsrualnanlsiwduvesaundumie pa lne
wuansnswnsTuafisufunaivihes waranunsaiaeugvakanns v Dielectric
Dissipation Factor (DDF) 3 tan 3 \iisufuanuiiiieldlunmsinseitiymuesauiudsly

Tofawanslugy 3.11

o . pesrsmore:
AT SERNINEN T

§U# 3.11 PDC Analyser IMOD

guUnIalRTBUseMuESa (PDC Phantom 1000XE) upUnsaliaSuideusari
A58 PDC Analyser IMOD swansnsulnsariioldusznaunisinlunsdiifanmaaeuill
ansavaansniseenansyuuld lngdsusssunseiansenatansausuals 30 -1000 v 1
fiTanvadey wazdanszualuiiedos PDC Analyser IMOD witeviinsTanszualnanlsiadhy

wagnsvualwanlsiodu dwanslugy 3.12
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5UM 3.12 gunsaldnaussiuaiu (Phantom) (n) sum (v) Aumds

8
ad v A

3.4.2 M3InfavIFIUNdIN-aUsERRUMY 2 A5Al

1. MavadouatanaeALla XLPE WnsiRarasausdiusefaiudsey
(Conventional method) 215015 3nRavsavsdIusmesuiuUszaduiunsmageuiuy
Off-line test azUsgnoulusae wiiaulamaaeudilifl Partial discharge 3unm 230 V /100
kv 20 kVA siaidarudaiudsgguuialwgl (Coupling capacitor) 217 1 nC. 100kV Litedne
Ltiaﬁwmaaugjmmmﬁalﬁﬁu lngrasinagdaiudifivsegneuszroasiu #929957n 9y
Usznaulusiag Coupling device anelauendisa uag Mi SntiiluntsinUsyail Coupling
capacitor elifuaneiadaldhu ﬁ’qgﬂj‘ff’i 313

TaLaupiuz AIsiaMsiaisuAmfifudssqlilndidssdfaufausdiud
Toldnaunisveaey uazenndnasnadeuliviiegingunsallninisegsdu q ielvinans

a v ool VoAl 1% =
Vlﬂaa‘UllﬂTlﬂﬁLﬂ?)ﬁﬂ'mﬁ‘]ﬂﬁ]@\‘iil'm"ﬂu

Underground cable
Coupling capacitor \

/— Test transformer

\

o | W

Coupling device

Coaxial

Ui 3.13 wuudaenasnsinfavisavndmieiunulsey
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S A BoS] e
Underground cable

JUT 3.14 2asmisiaRaniaunsdaumeiaiuUseg

nalunisvadevaranisavsventwiinlunistiafarsavuisdrulussuu
widaldfiu uazuonausuusslumainfseisaunsdinain Qu FIPop1UsE] (AapuY) 9
AANAYDIDNTINIIANYIVBINISIANAATITIUEILLRB AN NAAaUYL LU RS INI5LAR

faunsaunsdIunLInstelAlsLn

2.n1anaasvauIna1eaLda XLPE §28380159nn15Rarndaunsdiude
HFCT-UHF sensors (Non-conventional method) @atdun1svnaaaunuy On-line test 2995
N13inRaYITIUIEIUG8 HRCT-UHF. agUsenaulusag HECT 78l Bandwidth 0.1-20 MHz
satirfuini uag UHF mevudesisansinda-ldiu Tag HFCT uasUHF assefuiaies PD

o

Analyzer HF-UHF 713l daguil 3.15
folauanuz Arsvinisiadisudt HFCT TdeurUseqlavinfuneuns
o v = 4 9w S
nagaukazITdnsTnaaeuliineingUnsallifiusegedu q eldnanisnaaeuiie

Indifgerigndasnniy



5l

12 kV

HFCT
Underground
cable system

UHF DS

PD Analyzer Test transformer

JUT 3.15 wurdRenwImyiaRamsaunaIusae HECT-UHF sensors

U7 3.16 293313 TRAavSaUNEIUTIE HFCT-UHF sensors



2

\A3 04 PD-Analyzer HF/UHF 14 Phase resolved partial discharge (PRPD)
way time frequency analysis (PD-Cloud) Tunsuusea %ﬂgﬂ'ﬁ'ﬂLLaza“ﬂwmwaamamﬁm%

willouiunisinmeduivusyy

sUf 3,17 PD-Analyzer HF/UHF

HFCT sensor UsgnevUlusae unaininile iy ferromagnetic Faflagvialy,
AMNNE uazsTatliuns SUBunanITin fe AdunsyuavoinisiautsautsdIuilnanu
HFCT wazihiasing Ao uswiuiniimieniuueediuniuyesdunayudsaa lngas

U1 HFCT sensor W1AAR9N@1UNA8RY AIFUN 3,16

5U# 3,18 HFCT $u 100 HVPD
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UHF sensor Snlelu GIS d1usun1sinnisfasiaviedin lagasiasauy
WURINBUBNVRY GIS WianTIuNTRas1TauIsdulneldvannisaauutmg nludn wely

Ysygiinusilathuvmeassinnishavisaunsddluada

gﬂﬁ 3.19 UHF Sensor

3.5 NMsAsENTIUAALDagmSUNISRSRFaumdu A
aelalailelunisnaasuasidududiuanemdanvuiniie 22 kv Tnely
nsessuangadalunisnnassayyinnIsiisiveuateanuagyiniseaatuaas nune

Wuwidudieieiosdn lnsdpaumumemuauadantg 05 mm figdi 3.20
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Walagudundainisuditinvinanuazenameeyiuea teadudiufistiun

nagauIzuUududuiy nae uagine ndumiwestudiuada fagu 3.21

JUT1 3:21 hanudee uazulsBudiufitsndeu

Tngoviusnsiivesnisvindouaanidy 4 nsdl falaun 141, 12, 2-1 uay 2-2
79 1-1 uay 1-2 Aeangirilalafunssidansaufulaziluatenuasing @11 2-1 way 2-2 A9
anaadalanuisyidansaununasiduatsauazing uitinssdndivas 1-1 lay 1-2

=J 2 b7 5" ] -: 1 ny [
NIIVAFBUNER 98B UMIALLTNLUILA LY Bsa LAl aLAaE NSOl

aal

o Y ad¥ oy as @ A
E]E)ﬂLfJu 2 WA LWBNAFTDUNIYIBUDUAAILLUNAUUG 398 MU

U

1. yedaumeaisavasnauvanuueuliniy

U

2. IndeaUMeaNTaanefauuaiuluRsuAISUsLLA

U4

=l s

3. edauMgatsaranewiauvanulsifeulessen s

Fanrsumaeumaguliniifa 3 33 \Hunisesaedeumduldihitliannse
ueaiushenwald Tneduliidauantilshhmihuldulnudeussuinduansis
fauifinnu usdlefinnuedenaunlniiigenieldfunssdulnitniudy laviludsande
ainddadde sufusummlisulihimun Susuliwiiefaudresilaoaud@lii i

Tinnuluawiuves XLPE anaswazthlugnsifiniusaniad



UNN 4

N1SNAGULAZUSSIIUNE

4.1 Aaniiun1snagau [10]

@ 2/
s

4.1.1 manaaeuszuuadaldaudians mmnasuaselaiiveseiuas
Usznouluae 2 nsveaeu fe

1. maseumnszualnailsiwdunasnseuailnanlsiwdu (PDC) Tnasyi
nsteuussfunszuanssianaindamoussfunnasuuazinariidivun 91nduriinisia
nszualnanlsiedy nssuailnadlsiodu uazan tan delta lneiadaaaasy PDC Analyser
wartuailfuSoufiounasins e

2. MSNAFBUNITAAYITAIUINEIU (Partial Discharge) lnonisnaaeuwuadu
LUV Conventional method A¥adaedauiuyseq kaguu On-line test ASAdIn HFCT way
UHF sensor Tun1swaaauiwuy Non-conventional method lpan1snadauazsnasinsel
Hymivilvausuilentadanseuadiivaiiy wadunsdse 1. 7omeluiillgymn 2.998U10
3.Manaauns 4aandn leelunnsiad 6.1 = 11 43 uansdenlaluntsnsnadeuluusas

el
30

15199 4.1 Weulun1sveasy PDC

Roulunsvaday
i araiALUalafu XLPE Wnuiien 24 kY. Nuiineihdn
UNIUTgNNAGEBY B7.
240 mm?* &717 5 m U8sia (Heat-shrinkable joint)
usulnAnsTLARSS 500 V DC
gauunlvzagey 304
gunsalildlunisin PDC Analyzer IMOD
Wasildvaaey PDC Phantom 1000XE
; Vanad S0LUIN
nseinNAEU -
HINDILA HaLAan
AdilglunnTinsien 5U319 PDC Tan Delta C ratio
Lalunsin o
3 1000 Junit
nyzualwanlsidu
natlumsia Ll
p 1000 Funil
nszuaflwanlsedu
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Fumpunstanseuainailsiwtuuasilianlswiuised

1. Initial Measurement 1u%umau§ﬁ%ﬁaﬁmumL‘%’laulm%'m’fu’lﬁi’a@wmaau
Aewhnisnaaey TnesdsraanTnanlsiwdudy 0 Susi vielifinsUouusediuluiivan
yeFoy 1NuiATas PDC Analyser wihmsianszuailnanlsiwduvdonsaasuszyues
TYaquagoulagazuansismuinuasiavesszqlutn pA seauninssuailnailswiuanas
Juguduieansiiieu iewinszuanundedl (Remaining Current) Tudinausndiisals
WelilEr95s

2. Control Measurement "iﬁlq‘d'i%aﬁFT‘Ua&%umauﬁﬁamwaauwmﬂﬂiz
uazAnNhRLTagmageuausanaaeuliviely il Tansualnanlsidulae
douusesu 50 V ifiunan 5 3unit nduianssuadinailsiwfususuansuaanasionszua
AUAD (Remaining Current) 11 Initial Measurement

3. Main Measurement funsufiiiutunounsiariasanaafauUseng g
fifmuavesusaznsdidny lasazinasdouuseiil 500 V uazaanin 1000 Juriiie e
nszualwanlsidudonsunainisinnszualnanlseduiiss Suadandes POC Analyser 3
weATIBusIY wasdenszuantnailsdununardidmun lnsnaidsesilinssuarln
anlsigduanaiauiessduifeafunisuanunae (Remaining Current) Tudu Initial

Measurement

M195199 4.2 Gaulvnisuaasy PD wuy Conventional

Houlun1svaaey
i anstaDaldfiu XLPE wnulfen 24 kv fuiiuiige 240
gunINgNMAEU ) 4
mm2 813 5 m 1Mo (Heat-shrinkable joint)
w3asiulnei 20 kv
o 250 kHz
AMLD
(Bandwidth: 100 - 400 kHz)
gaunnlunzvingeu 30°C
. UhlERE IRHUN
ntinAay -
HYBIUAY HLVAN

Tunsvaaau PD wuu Conventional 9A15TULSIFLAIN 12.5 kV 84 20 kV
Tneuunssrudunuutuiias 2.5 kv wazdeliduas 30 Jund antuanusesuduiuain 20

kV 19 12:5 kv lnganussdudusuutiuiias 2.5 kv wazaislituag 30 Suait



b

v A ] | Iow & ¥ o | a 4 |
ToA5I¥ N A MTIMsiniguAdiiuUsElvlndAssARansauneaIu
ninldnaunsmaaey uazmsdnasmeaeuliiningunsallwiiusigedu q weldnanis

nageuilmlnalfgsmngndomniu

30 V0w 10
2
]
on
£
S

L 1min38s 2mind4s 3min50s
.y 32.8 65.6 98.4 131.2 164 1968 2296 2624  295.2
Time (s)

UM 4.1 N15TULTIRUNAABULUY Conventional

A1519% 4.3 Feulun1svagaat PD wuu @78 HECT waz UHF sensor

Soulunimmnaay
I aretaaldiu XLPE unuiden 24 kv fuftnthein 240
gUNIUNgANAADU (Y
mm2 812 5 m vena (Heat-shrinkable joint)
gUnsalnsIdu HFCT uag UHF sensor
| HF (100 kHz - 35 MHz)
A
UHF (400 MHz - 1.5 GHz)
Raunnivgnaaey 30°C
. Vosiof F9EUIN
nsivmaay .
KAV DAY HALWEN

4.1.2 msveasuaeiaidaiievduliii (Water treeing) 1dun1svaaay
auIu XLPE vosaneimdafiduseSaviunndatu Tnsludiuesniswievaenidagsdo
Fhununaniiduneuaesnuasyinsinauuadadnuas duniudoeiosinlaeden
Wiflenumunvesauauaiiandi 0.5 mm anduthuvhauazeindseniuea iy
agfiinsvaseuidosnniisaasisdliinndenffuunndsfutiniandesasazansuas
L:}a'f[,umwﬂaauimaJa;mﬂizaqﬁwé’waqmimaauﬁ%nﬁm%‘%ﬁmmsauﬁm%ﬂmi
asvaeuduliin



A15199 4.4 nsAnwnsasvasuduliiinluateiada

gunsaliignnesaey aeiaialeauy XLPE wWAULREI AUML) 0.5 mm
P e 1-1 Yim 1-2
aneaida - =
oie 2-1 4ie 2-2
gunsaildlunisia naeslarilulasalay (Olympus BX43)
QRPN WHAUUg
» . L ey
M veaau waullaile TefguAITUBLLA )
lensanlan

4.1.2.1 MmIvadaumgasaraewiiauugiuweslule

1. wsnansagae Inedeansiufiduuguinaa 0.5 nu fensesdaudney

fluthndu 250 ml wanduansaraneweluidetudy 8 mlaaguil 4.2

JUN 4.2 ansaranewfiduugnauenludedudu

2. suensazanelagldinlnieidaniuans dwaamall 80 swmwadvady
na1 10w leetladnnesamewnunsess  wahdudiuadaasluauiuaisavanesaf

gaunndl 80 eerialTea Wunan 10 w

= =

G

N AISUN 4.3
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JU# 4.3 puansazarelagladsnlwinetaniuas

3. UnBudruanealtadsuasunavua lUd 199 eursoULaza S ol dn ey
fialeanogeaysa lolelnsniueansooLdlnuidalazinaanazen Wuit thuduauiuiivin

msfeudiaiateuiosual ilug@uiupnudu desuil 4.4

JUN 4.4 Yudralanriunsdond
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4. hiudrualamndeanauliihimendssdavilulasalay (Olympus BX43)
ﬁ'al,ﬂml,ﬁaﬁ’uﬁﬂwatﬂugﬂmw 3 é’wuﬂum%ua’ammﬁaﬁqguﬁ as

o
a 1

JUT 4.5 Fudaladosnendedlarilulasalad

4.1.2.2 Mmivedoumgansaragifiauugiulefeuaisvaiun
1. wisudnsavane WnedsanswiiauuguSunn 6 nfu mondsediasdeans

lwifsuansualunysina 0.5 nsuRIERIasd udImanivd1ndu 200 ml faguil 6.6

JUT 4.6 ansayeuwiduugranlaisuniivein
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2. fusnsazanelagldiminietianauans shegumall 70 ssrwadvadu
nan 4 v meladninesmeununsess Weasu 4 mmLLé’qﬁuaﬂﬁasaﬁaﬁiaﬁqmin 70 Wy

wanegetoy 10 v, uilaiminzanfe 20 v, lagldnawans fAigud 4.7

U7 4.7 sazasiiiuvgranlafielasueiun

3. Awansazarelagldinaliihadaniuans sheaamgl 70 ssmwaduady
wan 15 il IneUntninesmeudunsoss fersy 15 unil udaduansasatofiuiudata
rofignumgdl 70 WWunawseana 5 v Tasliinauds

4, ﬁw%uﬁ’aummmLﬁaﬁﬁmﬁuﬁmumlﬂl,t.'*ziﬁ?maﬁat.l,aaﬂaaaéé’nag’wﬁq i

wazyhANuAzD MmN ST YYULaLeANegea utauhNMsfendlasaSeueauds

Tilugeduiuniudu deguil 4.8
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JUN 4.8 Fudruadaniiunisdond

5/ ddudualandewnsiuliiidmendestasvilulasaley (Olympus BX43)

danaudrtuiinuaidugnm 3 duvesiudruaiafsui 4.9

WATES

‘ ".
S AR
o

v

3 4.9 Fudrnualadesiendeslarilulasalay

4.1.2.3 mivadeusigasazaniauugivluieulansenlss

1. wisenansazany nedeansiufidguugunnm 2.5 ndu fewdestudane
futhndu 1000 ml wasdansludenlansanlesusunm 2.5 n3u feniesdudnansuth
ndu 100 ml Taennséondtudruvesauiu XLPE wlionsndiuvesufiduugaelefioy
lemsenladludnsrdiu 10 1 ndsantuunaiuvguasledoulansenlednauiuny

dnsduiimun thansavaneviaesylanauiuuazihluduiigumgi 80 ©C 1Junar 4 v,
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2 ﬁw%ushumaLﬂLﬁaﬁﬁmwﬁmu@lULLﬂm”aaLaﬁaLLaaﬂaaaéﬁ’ﬂﬂjwﬁa G
waghmuazeadiensyIwyUeTiaLeanased utuauuivhnsdeudiataSeuosudn
Wlugeduiunmty

3. ihuduealasndeansilivheendedlariulasalay (Olympus BX43)

ﬁ’ammﬁqﬁ‘uﬁﬂwmﬂuEUmw 3 AuYeTudIuLALe



Una 5

NANISNAFBULAZNISIATIZHNG

5.1 Wan1snagau

5.1.1 nan1svnaaunsyualnanlsiedunaznszuaniwailswdureinsdisiaas
A4 9 MsnaasvIzlaravaInsmnszualnailsiedunasnszuaflnanlswduiioziily
WAs1zLazAnuinnuduiusvasainseualwanlsietu nszuailnanlswdu A1y

gy\die (Loss factor) waz C ratio

=) )]

2/

5.1.1.1 n3tidnaesil 1 aneiawdaldinuauiu XLPE Milderedlyidlym

Joint Healthy

1x10°®
]
i ar

= 1x109
< 1
i< i\
@ A
S 1x10° g
11 ~

1x10 e -
0 1 2 3
1x10 1x10 1x10 1x10
Time (sec)

37 5.1 nsdlanaielaldinuiifitosaliddam nsmnszialnanlsivdy

wagAlwanlsiady



1 Joint Healthy
1X10 T 1 T ‘;

I ! |
I T L

i
0 i
1x10 — tan delta

=
1x10

L
1x10

-3
1x10

110" =

v 1 L 1 S N S R — 1R

1x10'5 I Hif I f

E 4 L : 3
1x10° 1x10™ 1x107 1x10° 1x10" 1x10° 1x10' 1x10°
Frequency (Hz)

]
=

JUM 5.2 nsdlanetaialdfunsidenaliidam nsmluanseaugede

Joint Healthy

1
1X10 TTTIIT T ] [ I T'TT]
Pl T I
b ___‘ LIt 1L e = C ratio|||
H I ) I :I
| f ’ | ]‘ 1
i 1 ‘
1X1OOI :, L
. |
!
1 |
011 Bl
jiiii SN &
I | L ‘
1x10" L] L TN ‘ N
0

1x10” x10 7 1x10” 1x10° 1x10"7 x10° Ax10’  1x10>

Frequency (Hz)

3UN 5.3 nstlanaiadaldnuniidaseluliiiym nsw c ratio




AN5199 5.1 wansiesieinsesalnanlsedunasfinailswdu nsdivess laiditlum

L7

66

N3l 1: NaMTUATIN ; AUTU 500 V , aaungll 31 °C, AuTudusims 58%
nsw | JUTHdnwaEeIngIv ARNUNG WA selinay
PDC  lyepol MutdUSlY - Wugduuuundves
A INaNa log-log n3zLd | depol
- loo, ABUTLTY - \fuguuuuiisensuls
wWunsslunswaina | - flemanunssilva
log-log ANURIAUIY
- oot WAFBUBONAIN
ei 5 1
lepot Mb38 08N
10 U
Tan & - flfgetn Wenud | - sUwuuun® - Saladeiunsldanu
a9
C ratio - enpaaedeuaIn 1 |- dndndudavhlide - - Tugeupfnasiie
@ntlaeuan nraldouan maniiey | Wihulvsedandn
Thduan 9
5.1.1,2 nstianaesn 2 aamdaldauauau XLPE fidvadefiiisaeuin
Joint with incision
-8
1x10 T At , — —r
A 4 T:"'f‘"’*f” 20 | AT
o A HEEAFAHT SThd/ H
1x10 ' ! ; ~— I Depol []]
—— N L‘ﬁ, § et _% 4_..; — = .
s e H =
~— | | | :
£ 1x10™" T S— =S —
= . il
g 1 |- H TN
1x10
|
12 I |
1x10 LLII]
0 1 2 3
1x10 1x10 1x10 1x10
Time (sec)

JU# 5.4 nsdlameiabalifuniderefisesuin nyminszualnanlsiedu

waglwan bty




Joint with incision
1x10" ] ] —

|

I
0 i :
1x10 - tan delta "

1x10" =

-2
1x10 -

-3 S
1x10 i <
-4 { Extrapolate
1x10 i Lok ! s

1X10_5 ! | i i

5 4 3 -2 . 2
1x10° 1x10° 1x10” 1x10” 1x10" 1x10° 1x10' 1x10
Frequency (Hz)

|oa =

3U% 5.5 nsdlaeiadaldfuniidesesisasuin naviuanseiaugayde

o

Joint with incision

1
1x10 T T T T T T
| VI DMt T
; s 5 - C ratio ||
| i |
1x10° ; ;
[t U j[ el o L
I 0 S
1x10™ il FEAARS (USRI | NENAA
1

B ) k: % 2 I
1x10° 1x10 Y 1x10° 1x10° 1x10° 1x10° 1x10°  1x102

Frequency (Hz)

- & g yamy ] .
JU# 5.6 nstlangialalafuniivesedisoauin nsw ¢ ratio

67
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=

A15199 5.2 nan1siasiginseualnanlsiwtusasnseuailnanlswdy nsdidasasisesuin

ASAIN 2: HaMTATIEN ; Tusedu 500 V Mgl 32 °C, ANNTUFINS 65 %
N3 JUINYRIEvRINTIW AAIIUNE RN saifiAnTy
PDC - lgepor WMUASIlY | - uguuuudnfues |- Sawsauedneduly
NINELNa log-log A3EUE Idepol nsglusnidiuegiaunn
- It ARUTTU - Wugduuuiisensuls | (hadidesiolifitagm)
dunsdlunsvaina | - Memanunissa ynSuANER S uiTvin
log-log ALY THAnnsideNanm
- ool WAABUBBNAN wintesagnou avg
lgepot T MTRENT g1 umnsglevih
10 ¥l mMsundisaieauy
XLPE liidndevunnd
inlinszua
Conduction wanaNg
Tan & - fifngadu adlemnd | - subuuund - galtiaunsldanu
e
C ratio ~emaimedouan 1 | - dudndusiiviliAn
LantiBguIn nsidenanTH ]
anviee
5.1.1.3 nsfidaedil 3 aeimdaldmuatny XLPE fifiedelagrmouns



Joint with copper powder
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ABSTRACT

[n underground cable system, There are a lot of problems in
XLPE insulation and cable accessories. This project represents diagonstic
of insulation by using polarization and depolarization current (PDC) and
partial discharge (PD) measurement of XLPE underground cable system
rated of 22 kV. To investigate effects of contaminants, four case study,
case 2: incision at cable joint, case 3: copper powder at cable joint, and
case 4: iron powder at cable joint, were investigated. PDC tests use PDC
shape and tan delta for interpreting the dielectric response. In PD tests, it
was performed in the Conventonal and Non-conventional measurements

that can analyse results from PD pattern, PD dispersion, repetition rates

and Q..

Keyword: Underground cables, Polarization current,

Depolarization current and Partial Discharge
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Abstract—This research investigates the problems in XLPE
cables system. The 12/20(24) kV underground cable with the
cross section area of 240 mm’ was used in the experiment. Two
3 meter long cables were connected by a cable joint where the
defect was simulated on. The dielectric investigation of XLPE
cable system by polarization and depolarization current (PDC)
measurement was performed comparatively among four
different cases: a healthy cable with healthy heat shrinkable
joint (casel), a cable joint with an incision on XLPE surface
(case2), acable joint contaminated with 20 micron iron powder
on XLPE surface (case3) and a cable joint contaminated with 20
micron copper powder on XLPE surface (cased). Diagnostic
parameters, PDC shapes, dielectric dissipation factor (DDF) and
conduction current, derived from PDC test results for analyzing
the dielectric response are proposed in this paper.

Keywords—  polarization and  depolarization
contaminants, XLPE underground cable, cable joint

current,

I.  INTRODUCTION

Today, the underground cable system plays an important
role in the transmission and distribution line systems.
Currently underground cable systems are widely used to
supply electrical engergy in the distribution system. The
advantages of underground cable system are high reliability,
low dielectric loss and good mechanical properties [1].
Focusing on underground cable system, it is composed of
undergroud cables, cable joints, and cable terminators.
Generally, problems occuring in the underground system are
found in the cable joints and at the cable terminator. The
problem might be occurred due to moisture and conductive
contaminant remaining in cable joints and cable terminators.
For insulation testing, the polarization and depolarization
current (PDC) method is one of the non-destructive insulation
testing methods which might be applied for diagnosis the
underground cable system [2]. The PDC measurement is
performed, in order to measure PDC shapes, C ratio and
dielectric dissipation factor (DDF). These factors can be used
to analyze and diagnose the condition of insulation of the
underground cable system.
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11 RELATED THEORY

The PDC measurement is used for diagnose the integrity
of the insulation of the insulation system. In time domain, the
polarization and depolarization currents as shown in Fig. 1
are analyzed.

Uo
\
T |
\ pol
\\\/
~e
Icon
-
I 11CT F N o L
I 1 2"
T
c .
y 4 L|
/ depol
/
IWl = polarization current /
lgepot = ~ depolarization current
leon = conduction current
T. = time charging

Fig. 1. Polarization current and depolarization current

The polarization current(/,,,;) exists when the DC voltage
source is applied to the test object. Whereas the
depolarization current (Igepo) is detected when the DC
voltage source is stopped after energizing for polarization
current measurement. In addition, the polarization current
consists of absorption current and conduction current. The
magnitude of absorption current and depolarization current is
equal but, opposite polarity.

The conduction current (/.,,) occurrs normally in the
imperfection insulation and it is enlarged by contaminant
and/or dirt on the insulation surface. However, contaminant
and/or dirt does not affect the insulating texture. The
conduction current only exists when applied DC voltage
source and has a constant magnitude [3].

leon = CoUp [2] (1)



Where: C, is the geometric capacitance of test object.
Uy is the DC voltage supplied to the tested insulation.
0 is the volume conductivity of the tested insulation.
£ 1s permittivity of free space.

For the clean insulation, the conduction current is low. In
the other hand, if the insulation has a defect, the conduction
current will increase obviously [4].

In this paper, not only PDC curves but the dielectric
parameters are also analysed. The analysed dielectric
parameters are as follow;

1)  Insulation resistance (IR)

Normally, insulation starts to age as soon as it's made. The
result of aging makes the insulation deteriorates. To determine
the Insulation resistance (IR), The IR equation (2) below are
used.

_ Ipai(t)
IR = ol

(2)
Where: U(t) is DC step voltage applied for IR testing

However, IR is temperature sensitive. When the
temperature goes up, IR goes down, and vice versa. For
comparing the two readings data, it necessary to correct the
readings to a specified temperature.

2)  Depolarization index (dPI)

The depolarization Index (dPI) can be calculated by using
equation (3) in order to evaluate the conditions of solid
insulation system.

ldepol-60s
dP] =-28Eo=—s0s
j'dt.’]::oi!—GOOS

(3)

Where: Igepoi-sos and Igepoi—goos are the ~depolarization
current at 60 and 600 second respectively.

3)  Capacitance ratio (C ratio)

If there is no significant consideration in the
contamination (the insulation system contains a negligible
amount of deterioration products) Capacitive of the insulation
system is constant from 50Hz towards low and very low
frequency (In case of no water tree C ratio should becomes
constant at 1.00) [5].

4)

DDF can indicate the quality of the insulation but cannot
inform the cause of the problem that comes from the
absorption current or conduction current. Therefore, the DDF
and the shape of PDC have to be considered together by which
the maximum acceptable DDF value of each insulation is
different. In the case of XLPE cables, the acceptable values
should not exceed 10™* at 1Hz. DDF will increase if the
insulation has a problem. The shape of the magnitude of DDF
is different between XLPE cable and others [3].

Dielectric dissipation factor (DDF)

III. EXPERIMENTATION

A. Preparation

In this experiment, a 12/20(24) kV XLPE medium-voltage
underground cables with 6 m length and the cross-section of
240 mm’ were prepared. The process for connecting two
healthy underground cables with a healhty heat shrinkable

cable joint is shown in Fig.2.

100mm 80mm

40mm

Insert the connector to connect between the
conductors of both cables.

o

Bind with the yellow PE void filling tape.

Put a thin grease to make the surface of
the insulation more smooth.

lx

Covered with stress control tubing (black) is
responsible for controlling the clectric field
0

Covered with insulating sleeve (red) which
have insulating properties

!\

Covered with screened insulating sleeve (black),
responsible for controlling the electric field

Bind with metal tape shield, which will connect
the ground lines of both cables

Cover it all with PE
***Must cover sleeve or tube by heating it from
the center to expel the air.

Fig. 2. Process for connecting two underground cables with heat-shrinkable

joint [6]




B. Models for experimentation

PDC testing of XLLPE cable was performed comparatively
among three different cases as shown in Fig.3- Fig. 6
respectively:

e C(Case 1: healthy cable joint

Fig. 3. Healthy cables connected with the healthy cable joint.

e (Case 2: cable joint with an incision

d i

Fig. 7. (a) Test circuit diagram for phase to ground PDC measurements

(b) Test eircuit arrangement for PDC measurements phase to ground

Two main devices applied for the experiment consist of
PDC analyzer and PDC phantom. PDC phantom is used for
suppling DC voltage when the test object cannot remove
ground from the system. The DC voltage generated by PDC
phantom can be adjusted between 30 - 1000.

Fig. 4. Healthy cables connected with the cable joint with an
incision on XLPE surface

e (Case 3: cable joint contaminated with iron powder

D. PDC test procedure
. . The PDC measurement was performed in three steps:(i)

H initial measurement, (ii) control measurement, and (iii) main
measurement [4].

e (i) Initial measurement : This step is aim to measure
the remaining current. No voltage was applied to the
test object. Thus, the test object was short-circuited
The remaining current was measured.

e (1i) Control measurement : The DC voltage source was
applied about 50 V to the test object for 5 seconds to

Fig. 5. Healthy cables connected with the cable joint contaminated

with 20-micron iron powder on XLPE surface, check the current amplitude and the ability whether the
o . _ test object can be tested or not. After that, the test
e Case 4: cable joint contaminated with copper powder object ‘was discharged until the discharging current

was as equal as the remaining current.

e (i1i) Main measurement : The 500 DC voltage was
applied to the test object for 1000 seconds while the
polarization current was recorded. Then, the test object
was short-circuited and the depolarization current was
measured for 1000 seconds.

IV.  PDC TEST RESULTS
From the PDC experiments, the measured polarization
current Ip(t) and depolarization current Iy, (t) are shown
C. PDC test set-up in Fig. 8. and the dielectric parameters for all measurement
The test apparatus for investigation of the dielectric ~ cases are evaluated and summarized in Table 1 below.
response of the underground cable systems is shown in Fig. 7

Fig. 6. Healthy cable connected with the cable joint contaminated
with 20-micron copper powder on XLPE surface.
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Fig. 8. Comparison of polarization and depolarization currents from the case
studies.

TABLE [. DIELECTRIC PARAMETERS FROM THE CASE STUDIES

L‘l‘;‘: Co(pF) IR(TQ) PI dPI
Case | 1521 7.49 2.66 7.46
Case 2 1537 0.55 2.77 8.95
Case 3 1478 2.24 2423 6.98
Case 4 1516 343 1.84 6.07 |

V. INTERPRETATION

From the comparison of conduction current, it showed
that, the conduction current obviously increased in case of
caused iron powder and copper powder defect compared with
that of the healthy joint. However, it was not clearly indicated
the difference of PDC shapes for all experiment because the
conduction current magnitude might depend on the amount of
powder or even the distribution of powder. In incision case, it
was hardly indicated the difference from the healthy joint
case.

During 0 - 10 seconds of testing, it can be seen that the iron
powder defect caused the highest depolarization current
magnitude. From the comparison of the tan delta, it is show
that the lower the frequency, the higher DDF value is.

comparison of depolarization current
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Fig. 9. Comparison of depolarization current from the case studies.

comparison of conduction current
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Fig. 10. Comparison of conduction current from the case studies.
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Fig. 11. Comparison of DDF from the case studies.
CONCLUSION

The paper aim to study the PDC shapes that indicate the
surface problem of underground cable system. The shape of
the PDC shape has a rather similar pattern. The losses vary
according to the magnitude of the depolarization current and
DDF that indicates the quality of the insulation.
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Abstract

This project investigates the problems in XLPE cables system. The
12/20(24) kV underground cable with the cross section area of 240 mm?
was used in the experiment. Two 3 meter long cables were connected by a
cable joint where the defect was simulated on. The dielectric investigation
of XLPE cable system by polarization and depolarization current (PDC)
measurement was performed comparatively among four different cases: a
healthy cable with healthy heat shrinkable joint (casel), a cable joint with
an incision on XLPE surface (case2), a cable joint contaminated with 20
micron iron powder on XLPE surface (case3) and .a cable joint
contaminated with 20 micron copper powder on XLPE surface (cased).
Diagnostic parameters, PDC shapes, tan & and conduction current, derived
from PDC test results for analyzing the dielectric response are proposed in
this project.

Keywords: PDC, Contaminants, XLPE Underground Cable, Cable Joint
Introduction
This project studies factors that can indicate unhealthy cable joints.
PDC measurement is a low-voltage test applied for any type and any

voltage level of long cables. Therefore, it.is'non-destructive test that ensure
the insulation is not degraded by the test stress.

Methodology
LU L

Pictures below show the experimental case and test diagram

POC
analyzer

Fig. 5 Test circuit arrangement Fig. 6 PDC test set-up
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Results

Pictures below show the test results

comparkson of polarization and depolarization currents comparkson of depolarization cuments

Fig. 7 Test results Fig. 8 Depolarization currents

Comparison of tan deltas

comparison of conduction current

Fig.’9 Tan deltas Fig. 10 Conduction currents

Conclusion
W -7 4 2

From the comparison of the conduetion current. It can be seen that in the
case_of\iron powder and. copper powder, the current has obviously increased
from the normal case but cannot clearly indicate which type of powder causes
more current. Inicase of incision is hardly see the difference from the normal
current. The. comparison of the depolarization current is similar to the
comparison of the-absorption current. It is focus on the response from the
conduction.part. At'less than 10 seconds, It can be seen that the iron powder
case has a-higher current magnitude than normal cases and another two cases
respectively and the graph of the incision cased will overlap with the copper
powder case. At about 60 seconds, the sequence will change. Depolarization
current shape of all case slightly curved in log-log scale. From a comparison of
the tan & graph of all case it was found that at a reduced frequency, the tan &
value will increase in all cases.
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A5799 0.1 MSTANTELavaLASes PDC-ANALYSER-1MOD

range +1 mA
Resolution 1 pA
accuracy 0.5 % of the measured value +1
pA after 1 hour warming up
impedance 10 k€2
protection up to 100 mA respectively 1 kV for 50 ms

noise suppression

up to 10 A eff at 50 / 60 Hz

mains frequency

filtering

mean value in 1 s intervals

Filtering (recorded data)

mean value in intervals increasing proportionally with the

time from the voltage source switching moment

A15197 9.2 N5 TALSIEUTBNATEY PDC-ANALYSER-1MOD

voltage range when switched on +30 ... +2000 V

maximum current sourcing when switched on' [ <+5 mA

impedance when switched on <20kQ
impedance when switched to zero <0.2
current limiting when switching cap. Loads <+100 mA for 20 ms

m519fl ¥.3 deyaiiad PDC-Phantom-1000XE

voltage range

30 to 1000 V

current5 mA

short circuit indefinetely

output to ground insulation >1000 T2

temperature (use)

0..40°C

temperature (store)

-1 85 "C

size

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

weight

2.6 kg

power supply

remote supply by the PDC Analyszer-1MOD




319 v.4 dayaiTes PD-Analyzer HF-UHF

Parameter Value

Value Number of measuring channels 6

Operating voltage, kV - 5

>3 Discharge pulse frequency, MHz 0.5 | 0.5 - 1500.0

+1500.0

Discharge amplitude, pC 20 -100000

Computer connection USB

Supply voltage, V, AC/DC 90 - 260

Operating temperature range, °C 0-40

Case size, mm 520 %435 x 230
5197 9.5 desia HFCT 140 %94 HVPD

Internal Aperture 94 mm

External Diameter 180 mm

Weight 1.7 kg

Transfer Impedance 1.8-3.2 mVW/mA +5%

Lower -3dB-response 350 kHz

Upper -3dB response 19 kHz

Recommend load impedance 50-£2

Output connector BNC Female

Max 50 Hz Current (with PVC spacers) 300-1000 A
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