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ABSTRACT

The project investigates the insulation characteristic of the stator bar rated 13.8 kV
which has been operated for 30 years by analysis the polarization and depolarization
current (PDC). The PDC of the original insulation sample was measured compared with
the simulated degraded insulation-sample. The 6 case studies of the degraded insulation
were comprised of thermal degraded insulation, water cavity in the insulation, oil cavity
in the insulation, air cavity in the insulation, outer corona protection failure insulation and
the insulation with partial discharge existence.The test results ,PDC, dielectric dissipation
factor including the conduction current. The original bar and the simulated degraded
insulation bar were analyzed. Besides the effect of guard ring in the PDC measurement
was examined from the test result, it was found that the PDC obtained from PDC
measurement with. guard ring was lower than that of the PDC acquired from PDC
measurement without guard ring. This was due to the guard ring can get rid of leakage
current. The outer corona protection failure insulation, the oil cavity in the insulation and
the water cavity in the insulation provided the higher PDC and higher dielectric dissipation
factor than these of original one. However the thermal degraded insulation, the air cavity
in the insulation and insulation with partial discharge existence provided the lower PDC

and lower dielectric dissipation factor than these of the original one.
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5.21 nszualwalstiwdunarilnarlsfieduresiunmasunauluaud
gamgdl 100 *C (unan 12 Falua

5.22 nszualwanlsdiedunasilnailsdiaturestunnaauiiiiuniseui
gamgil 100 °C (Juian 12 Falug

5.23 \Wisuiilsunszualnanlsdiedunasilnanlsdlatuseninadunnasuney
Lmzué’aﬁﬂumﬁauﬁqquﬁ 100 *C Juraan 12 dlue

5.24 nazualwalstiwdunasilwanlsdiodurastunaaounauiluoui
gamgil 100 *C 1WHunan 12 gl

5.25 nszualwanlsdivdunasAlwailsdwtumesdunagouiinunmsoud
gaumgil 120 °C (Juaa 12 49l

5.26 Wisuiisunseualwanlsdisdunasilnadlsdietussnindunadeunay
wazudmntsoufianmgfl 120 °C (Wunm 12 d4lus

5.27 nszualnanlsdaduiasilwanlsdwiuve dunadeurdouthluaui
gaumgil 140 *C (Juaan 12 Flag

5.28 nszhalwanlsdiduaziinen s iuvasiuvadeuiinunseus
gaungil 140 °C et 12 Halug

5.29 Wisuilsunssualwanlsdiatuiasilwadlsdiadussrindunadaunoy
wazudrunsevitenmall 140 °C

5.30 nszualwanlsdiadunasiina lsdwiusstunnasuneuiluaui
goumgil 160 °C 1Wuiaan 12 Fala

5.31 nszualwailsdivduiasilnanlsdiedurasiunaaouiiiiunisoui
gamail 160 °C Wuinan 12 4l

5.32 Wisuilsunszualwanlsdeiunasilnanlssasuseniniunaasuiineuuas
wé’amumiauﬁqquﬁ 160

5.33 Wisuitsunszualwanlsfizturesiunnasuneunasndeiunisoufussoy
a1 12 Falus ﬁqmmﬁ 100, 120, 140 Wag 160 °C

5.34 Wisuiisunszuaiinailsdedurestunaaeuneulasudmiunsoudusses
wan 12 42l Aigaumndl 100, 120, 140 uay 160 °C

5.35 nzualwatlsduazilnailsduastunnasuiilifises PO

5.36 n3zwalnalsduasilnanlsduesiunnasuiiises PD

5.37 Wisuiisunszualwanlsduazilnailsdseminstunnasuiisisos PO uay
Funaaeuitlifises PD
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5.38 ﬂ'i’?wLLaﬂGLLwﬂLmaiﬂ?'IlJﬂﬂJLﬁU‘LﬂE]LﬁﬂWSﬂ%@ﬂﬂ@uuﬁu‘lﬁa‘WqﬁE]\iﬂ']'imﬂtﬂﬁfﬂﬂ
WN?W]U‘U'N’U@\?‘UUVIWH@U

5.39 ﬂ'i']WL{?iﬂ\‘iLLWF\LF}Biﬂ’ﬂﬂﬂmLﬂ&l‘Lﬁ]aLﬁﬂ‘VI‘Jﬂ“UENﬂEIULLﬁA‘fWﬂQ ﬂ']iﬁ]'lai’NIWWEﬂ N7

meluiunnasy

5.40 n's'IWLaamLLWﬂmaimmamLaaﬂ,maLaﬂmﬂ’uaanauuauwaamsmaaﬂwso
vifuauiunieluiunaaou

5.41 nﬁ"IWLLameJmmaimmawl,aalmmamn-3nmaaﬂauLLamaamsmaaﬂwsq
thneludunaaeu

5.42 nimikansuaneinnuggdsladidnvinueseulasudinisaui
gamail 100 °Cifurian 12 dalug

5.43 nimuanauriAmeinugidaladidnninvedneunasudanisaui
gamnil 120 °C 1uiaan 12 Hlaa

5.44 nimuanauviawmesnugaidaladidnvinvestouuazndenisaud
gl 140 °C WWuan 12 $1lua

5.45 nymuanauvawmeimugudaladidnvinvedeunasngeniseud
g 160 °C Wluran 12 Falus

5.46 meLLamLLwﬂmemmamtﬁﬁlmmaﬂmnmawuwmaawlumm PD
wastunnaeuiiirdemiessnn PD

5.47 mwnmnsuu,an'1smlw%nauu.awwaamimaaqsamaamﬁﬁﬂaﬁwu%’wwm
TunAdauuUUIRsTinen1nTaayliiinnsass

5.48 nammnszuani i lineuwasdsnisiTaeinshningsenameluge
%uwmaauLL'umwsﬁﬁiaﬂﬁm“mt,aslﬁﬁms‘m‘%q

5.49 nﬁvﬂﬂ'wnisuamsﬁﬂﬂﬁndauua:mz'-'fmﬁfﬁwaaqnmﬁm‘iwmﬁwﬂuma’tu‘um
%uwmaauuumwsﬁsiam%a%qLLas‘I‘,ﬁﬁm{m‘%q

5.50 nWmﬁqnavuamsﬁﬂwﬁwdaULLamﬁ'\amﬁwammmﬁmiwsaﬁmw’iuﬂaa
FunAFDULUUNLITIR IR Suazliinsas

5.51 ﬂ’liﬁ’]ﬂ’]ﬂ‘iuLLE?ﬂ']SU’}IW‘W’IﬂauLLauMElxiﬂ’liE]U‘VlE]meJ 100 °C
WUUNITAIReNdmSuagliifinignse

5.52 mimmﬂiv:,Laﬂﬁuﬂ,wﬁwnauuamaqmiawaquﬁ 120 °C
WvRsTiRen1dnsaaslifinisass

5.53 MIMAINTY LLamsuﬂwﬁmauu,ammmsawacquﬁ 140 °C
Luussiinen1dnsauaslaifinidass
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o ¢ a = ¢ a
LuuRshaen1sasatazluinignse 105
5.55 mamanszuamsilnivesiunaaauiiliiia PD wazdunnaau
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1.1 amudusiuazaiudnaw

o

in3pariuiinlwii (Generator) Wugunsaliiiiunumddyediannlussuunisndn
rdslitit dmsulsednslwihildeglullagiuazldintestudaluinssuaaduanuma g
aunsouvnaissdnidalvioanifu 2 Ussian ldud wwiesdnialaiigdasda
(Synchronous Generator) wazia3aetialwimileni (Asynchronous Generator) 343
wmawmﬂﬁﬁ’mr‘i’lé’ﬁuagfﬁ’mxwlw% Famnasosiudalviiinanudsmevteiaund
Turueiivhaagilissuudugifidadldsunansenugae Fatladendngiviiliinaay
AnunilugUnsallwiiAsainmudenaninuesauiu Tumslfaugunsallniimnaia e
an‘lﬂifmmﬂunmumﬂamﬁﬂm'mt,ﬁ'auamwmﬂmﬂﬂﬁmmﬂaamnﬂa%’am’wq Hagua
Souvaugldan maueSeaauuli wavnenansuuneldnu amwumaau Nuaaaamau
E‘NU‘I&LUE}UWN‘] maawalwaﬂnsm“lﬂﬁwuumﬂmﬂaauanﬂwmﬁmu mmsgaauamwwaa
aUnsm"Lwﬁmmanaﬂau'ﬂ.Uaqur-lmwsa¢LLavmmmmaummlumsﬂgumm GR
WuAgafuuaSesrtuilaliiilus sl & waﬂ'm{]wamqqmanmwammamﬂ‘m
au’;uwaqLmaammﬂ‘lﬂﬁwmmﬂmaauamw yilinsyuaunsiusegiassuy Mdsadas
lasunansy muaamamammuwnana aﬂmawﬂa’lmnmaumﬂamawﬂgummuuavwaalu
uiulnatAes mww1ﬂmmmmvmuamwauauuavqLﬂ51uwmmﬂmmwmﬂﬂm’umamu
lineuflauivasinmiuiiansomselssumindasmneld Aazinlianunsaandisielunis
vse¥nwnadeadailaln u,avwmu'mN’luﬂﬁmal.l.wuqraumsamiaqmmﬂiwﬁﬂﬂ
Lwa’(mﬂ'iaamLuﬂlwﬁwm:uﬁ:ﬂ,‘mmlmam\mﬁi.ﬁwamwuavmuﬂﬁ{]mnuhﬂmnmmmwm
mawu*umsﬂgum'm

’lui]m;ﬁ'uﬁ%%‘mﬁLﬂiwsﬁan"lwamu'wama%‘aaﬁ%ﬁmlﬂﬁwﬁayjﬁ';aﬁ'umma'i‘é Ly
NINAFBUAIAIINAIUNIURLIY (Insulation resistance Test) AISVAABUMAGUTINTIITA
(Polarization Index Test) nN1InAagUAINAINUABLIINUIWHA (High Potential Test) uay
nMsvagauNTARAawIsIvId [usy F938nsimnsidnmaniuiingunduiieeusy
Taeshaly LLﬁiLﬁaaﬁ?ﬁ%miﬁmma’L%’LLsaﬁ’uaqlumiwmaau fafunsiessianimauauile
mmaaumameuaamwﬂmmulmummLaamamnm‘mﬂawlﬂ viafilloniafiay
WHouanmnnTuTnussiumagey MiAsmmadendwiumavagouiianseiasieiauy
IalaglivildauuldSuanudsmeiindy fodsnsinssiauiuvennisainialwinge
FBnsneaouianszualnailsdirdunasnszuaiinailsdiedu lnonismeaeuiazldusasus
lumsnagey Jeliildauldsuaudemaiiviuainussiunagoy Snatiaguuly
UszmAlnemsingiauiuvasaiasiuinliidedsnmeasuisslailasunsdnuise
sgunsvany ilinugddainuinauaulaluisnmsinseinavesnseualuanlsdiadunas
nszuadlwanlsdiedy lnemsirassauuliiimudonanmiasanaumnsineg a7 nasn
muieu seendend madalnsduieauiu uasdauidesnnmsianauiediu PO gy
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1.2 TnUseaeAvaiagaeuy

1. Wefnwlasiaduazudnnisvhanuesaaiasiudslniiddasda

2. Wefnunisauiuvesisanmes (Stator Bar) vountesriinlwihadesda

3. (eAnvmguiuazisnisvaaeunseualnanlsiwiuuarilnanlsiedu
(Polarization and Depolarization Current)

1. WoRnwuariinneinavasnseualnanlswiunasilnalswduvesnuauvaumia
anneifisiansnsdinm

1.3 Y2ULYAVBINISANE

1. Anwnlassainsuasndnaisviusesaiesnudnlniddasia

2. Anwinsawinvessdmaasildlueiasibnlnfingle s

3. nageuinnszialwarlaedularilnanlsiwduswrisammes Tnovaasume
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B EAVIGERLGN

in3asiudaluin fo gunsaifldiuasundsunafundouluin dniuiedos
Adalwihaansauisduszneundnld 2 dau fe ammed (Stator) ulassadredudiey
flaveanTasiudnluii uazlsines (Rotor) iulaseairedruiindouiivoaado sl
ﬁagﬂ'ﬁ' #1

(@) lswmos

2.1 awnmas (Stator) [1]

2.1.1 laseaaneas (Frame)

Tnssanines MnmBnvuniom Il anmsduarifiouuagiduesuniu uay
QﬂaaﬂLLUU’LﬁﬁmmefﬁqLL'ﬁdsaa%’Uﬁmﬁn'anameai NUAHLATIARINNNTIDLAEAT NG
uanmﬂfré’qgﬂaaﬂu:uuuﬁlﬁwuc‘iammm%amﬁ'qmmmﬂmié’mws

o ; P P ” ® dd ' 5
;UM 2.2 lassawmnesvouesasiudalniiwdsouhidowndsansa a.ngauys



2.1.2 wnudwnas (Stator Core)

¢ o 1 e aa b= [ & [ | aa = Ao w
LAUALALADT NINUNURANTANDUIALGULTUMNANDDUNANEITTANDU FIUNHS

= o

geydosin (cold-rolled low-loss silicon steel) 3pstpuiulunssiauuneg dadouiu tilean

U

nsgeydesiiosainnszualvalu (Eddy Current) wazannisgaideiliasandainessta

(Hysteresis) 9ntuLionAaiy dwmlavgnihlufassiulassamned uenaniunuainmes
= o ot o v = Ly 1
wilvesadondmivrnvamnensinees wasvhmihidumaiuvemdnduiman

o g = Y o A =] =
JUN 2.3 unuaeesuaaasasn lin Wi illewndsiansa .naauys

2.1.3 YaaIndLaLAR3 (Stator Winding)

vaandmnesveiisnvaaiueaaininigniiudasauiu dwsuiadesiudalui
walve wnaafidiinediduduimdoniuseiulii wasasieglusowmdonvosuny
wan ananainasiiogiuiu 3 4n (Wd A, B way C) uiasynalsmyinaiy 120 a3emng
i dnvarasituuaann 2 wuu fis naswutamauUUTUEe) S1uaunednanguay
e vikeesitaudnuivdn wasnisiivnaInuuUAB Ity fduuneyananguwiiu
Frunudausingn

-

=

5UN 2.4 vaanawwesvaaniosilia i Allowndsamsn 2.0yauys

]



YinuedlATsasevnanawmes @aunsanuld 2 wuu anudnungn1snslusesadan

1) M3 VAANEALADIUUY Random-wound [1]

Tnehluagldiuiniosdnsnafifiidamdsuargnldauisysuuseiuliiu 1000
had fifnuaznisrwnainanmne’ Tnonguaadnifiedevauiudaimihfiduweain
amneigniuliunauiuresadenluunuanmesinenisnafidnvuz uuugy Aenanga
andnhlivusosadonlafldlagliAndwavealssiiuraseu (volt per turn) va4uaaIn

JUAl 2.5 MseueadnaiamasiiuuRandom-wound [2]
2) MIIMNUELAR SWUUForm-Wound

Iagynluagliiunsesiudnlwiadifiia 50 fe 100 MVA uazgnldauiisefuussdiu

1000 Thanauly é’nwmsmimaLwiammma%ﬁgmmwzL‘TJumﬁN‘[ﬂaﬁ'}ﬁaﬁuLidmuma‘iau

i
e o o

vouaaasiieglusyduimngan Tanmnauiamnasuuuilsdiuuideddefu

Y

2 WUU AD

- uvsameswUUAREE (Coil type) uMsawimBsuuuAREdgRas 199 nUaaInTiinTs
awuissuseeLalnoulnInadlUlusasadonluwnuainines ddnvueUunsindowes

(Diamond shape)

'_|  . W v : i

bt e"s A ,—., . "‘ l 1 A .-;.'.

= ¢ ¢

UM 2.6 10aIHEALNDILUUABDYR

- wisameswuulsiua (Roebel bar type) wisawminesuuulsivativuldlundo
Auilalnivunlng esnuvisammesuuunesdenaiivuinlug yildensenisunsnas



Tusesadon ﬁaﬁuuﬁqamma%uwLwiﬂsma%'agﬂﬁ@ﬁu%u:mﬁaLLﬁ‘ergmﬁaﬂén lnganaun
TBUIMOWALEY wazlinniuuimenluy Transposition faguit 2.7 vidlviiaSaartida
Tidvuinanas uaﬂmnﬁé’wa&Jam‘fjmvmm'mqtylﬁEJ'I,uLwiaamea%mﬂnixLLa"l,wmu Wyia
ammesuuuuvialsiua Jaldnvuzadieiunisinaswnainuuunosd fifigunsanys
(Diamond shape) Fstfufuiendnuwardinannidin half-coll #lunsusznovasissadon
half-coil LLﬁiaz%uﬁ]zgﬂ‘li’}mL‘?s'awiaﬁ’uuuuaqnsﬂmaﬂmmlaq half-coil 9zgnieufniiuds

uandluguil 2.8

SUN 2.7 NSWUWYVIIVBILALUY Transposition Tasuyidinmasiuuwvialsiua [3]

u

(n)
JUN 2.8 (n) wiaawosiuuiislsiua (1) NraleniuresUaialvisamnasuuuuvilsiualdl

lassadevasrnatndianed nadnaninesgnuusesniliy 2 diu fe druves
yaaInaLnLneinagnielusesadon. (Slot Portion) wagd1urastnaIndianesiilnanusos
afiom (End winding Portion) atauvasisaesdruasldaniunnateiy auufieglusesaden
iilnssemetosninuasiinuudusminnimuuinuduiuiesadon Wewinawu
TuuinnadondauiudiunsdunssuitnsnanezldinTosdnanudou (Hot Press 3o Heat
Press) TusnfeuseiuLazaufsnudou vlnsduunsndulutosinsernialduinnia
WU hudusesadendilidnunelds vilildausoliniewamudeudusaldau
Vinadiaduduiivovnasiigaunmiosnnni degtuilunsnislumsnanldsingsld
NS¥UIUNIT Vacuum Pressure Impregnation (VPI) Ssazanunsaldledfuauiuiasuinm

1) SEUUAUIUINANELIALARS lUSPIaAan (Slot Portion)

amwﬂawma’mamma%ﬁagﬂuéaqaﬁamxﬂﬁxﬂauﬁaa%uamuﬂsnﬁuaz%gui’aaﬁq
shthsumsiialalsun fuawunsndosmuanuiduauniblfgudiaudanguiiaondy
auuilifuuTnuduRuseadon



2) FTUUAUIUVAAINEAALADIUSLIUEIUNUSDY (End winding Portion)
2WIUTBIURAIAUInMEINTITeeRIsTdRUILT A uEanguiiiawidosanuiiau
druthdudunladuusduaniiouiesnusauivanivi waznisfiauuiinubanguay

MliazaanlunisAndsvesvnain usnaindawruuiuiaziuiumetumuind ovan

ANUASEANEaRUNISIAANITUED gUsEUNEILAUIRIANI

5 Lug dnogmulusay

oty S a's’b't.wﬁwclvrlrmqﬁ.,ia;:] /
o e L RN SO S &

£ . '
druioglng
Yusesation

muwaqmﬂ'[,uiaa

= v i ¢
sUN 2.10 lassadvaanviamnasiuulsiua



2.2 159851952 UURAUIUVBIUAAINELAADS [5]

AUIUALATUA
STRAND INSULATION

DD
auUN1Y . .

GROUND INSULATION . . AUIUNTY

0’0 TURN INSULATION

]

JUN 2.11 1598351900958 UURUILTDIUAMINALALADS
ar v dl o = &
2.2.1 anwzlaseadissruuaninvanasasnialwirluvealnanmes
1ASIAS 19T ULARILYDIVRRINAWIAD SWUEA LA 3 dau Ldun

1) auaUaLAsUA (Strand Insulation)

auuaknsudtiuauuiliasuainfdunde il dusnivewaainanines
FoazimihitesiuldbiAansdmeasseninsimides mglussmeamnes widuy
auau%uﬁ%ﬁwm’a’amw’laﬁu wiidesondeansiiuidofidgmivanmatananosunaileli
annsandardelnilduntu JaudsunliTanuman wiindieaes (Polyester Glass)
iy

a

2AUIALATUNBINAAMULABIETUTEUIE AR UAISHARYAAA LE D90l AT

a aa a A i [ I g & o @ W aa = |
Wanahd aususliallazegseniinhtosmeluraainfedudaivdiuniioungigeianlu

= =

awnned Wailnslwariuresnsugluainmesneliiiadnuguds Fadie dnmuauiams

'
LY .

Audeund tuwidngrinaziulaiinisdmeaserliiAntuluvnaielml uiiuanainduly
SENINNMTYINUNIIZRANIIAINTEY U3D F250899Na (mechanical aging) N153A993
Weadindeslurnaiavieursiyu Form-Wound agldvilunatafiannuidsanin usee

vwrnanugddliiuunmamane suasddmalvigauma iy

Jagiltluauiuaussudaziluninnszatvludiung, Nauindeaday, Indlaune,
Aduleuendes Wuduy

2) auaulisu (Turn Insulation)

° v Al

avauifuduauuduieginenauiunansud Fsagvimihitostunisdnises
TEWINTOUTBIANIA MINAN1TEA1RTTENINTOUVRAAIRRETingAnssumiloutuunain
nisgRvaaniioulasdnludd Tasdrunnauiuriadezld¥aguiaderfuauiunsid
(Ground Wall Insulation)

Fanldluauaslumn weailas lud Dudu
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3) aUAUNS1IA (Ground wall Insulation)

awunsmmduduitendiimaunannsndiunuaanes dmivergmsldo
wammwﬁmﬁlﬁuasﬁuwamaammm‘%’ammﬂwﬁq ANUTOU UATANUAIEANING

NN39ENKUUNITTLUIEANLSDUYDIRUIUNTIIFILYARIALUY Form-Wound tiauau
nynanidudiufidsinuainuseuaindtmens (Wasnudew) funuammes (szug
Anufou) fuauiunsdalsasdAnANLE uusAILSe (Thermal resistance) i
Wetesiuliliguuginesuasgs uarauruninadadisdosiuinimesunsainnis
SuaziioulunisnavaussiousivesauivEnangas

as

IngFagiihunldvitauiulssinniiivarseiatuegivdnuvaznisldnu Jagildly

Y

I a o v [ £
ﬂu?‘ufdgLﬂUW’Jﬂﬂ'ﬁ%ﬂ’]ﬁm‘UluﬂﬁLﬂ‘iMLL‘idﬂ’JUIEJLLﬂ’J RUVEN

2.2.2 5¥AUYUAUIY
Tapawiudilslunmaiuurisamnes wiavriaazdateamginnuldupnsiiaiusinised 2.1
A50 2.1 uanesgiiutuaual damall wasYandltluiloauiu [6]

seiutuaun anvinilaegn °C MI9E9TENAUIY
(Insulation Class) (Maximum- hot (Typical materials)
spot
temperature )

i 90 prhe, Al nsyaweaglad, éulelny

A 105 aehe, e, nsvmweaglaa, adu ezl
nsihfaneudlUsuiaeidunisvdesdu
suedua

E 120 AULUANSIFRNUTLOT WNaNERn WA
TWiuasmesludnia, sfendsurwanioiy

B 130 lum, Twesnanakazuialefiu (Asbestos)
Invagldvaudnuoaiiaduazindioanosisdu
Wumdauseanu

F 155 T, Iuesnanauazuilefuuioaiuiu
sedfudy B uiTanlidumbausyauasld
SenTisTu

H 180 Tui, Iwesnanauazuialefuduienduiy
seduiu B uiTandauszanuasldaalausdy
NIDL1TALAU

C >180 auUsanlum
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2.2.3 aunilddwiuuaainainnes [4,5]

1) lufnddwiunszurunisulafumsaisasdumnsniudu (VeI

au'suluﬁ’lmﬂmﬁmﬁ'whjﬁLs%umﬁauﬁﬂﬂmama:'l,"’n’ﬁ‘wﬂmmﬁmma‘i‘u‘%nmﬁaq"l,us'aq
adonuaruInalndiusasadonifofiozhluiunsyuaunswiadumsaosaumndniudu

JUR 2.12 lupwmudmiunssuiuntswiafumsanasdumsniudy

2) T nUNENLSBUEIMSUNTZUIUNTITL5TUSY (Resin Rich, RR)

awnludundriataziidunamensiyegiassldiuvnainammasusnude

! = e o v = ﬂ'{ ° ! a a
mulusesadepavnnnaimnd iiMufemsiadasgnitludunssuiunisisusy

LS &

U 2.13 luMimuuass@uaviunseuiunasisdude [4]

2 ../ i

3) TuATMUNUUAIUN 10U B UAMEUNSZUIUN SIS TUSY

auuludnutindasinnsousdulagaslimidvivtaananneiuinaluaiy
sevadenuazidornuinafadnhiannndhgnssuiumssiuialdsaiuisioddlui
WUURNUNNSOULS DU

A & 1 a ] - AI =
JUR 2.14 ludunduuudiuniseulsdudmdunssuiumstsausy (4]
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4) Talsuwny (Conductive tape)
avurlaagliiuraainawmimesvinunegnislusesadonlnsauiuriintagiiu

auuAfiAIANAuUnIud ez yi lndndveslalsunmuilalndldgefudnguanny
ammed Aalulasinlinnueseaaunn il innAso U099 e M N R TDIRUIULAL LAY
awnmesiianmsldviliden1sfassausdnluusinudingn

gih'?i 2:15 féi'smmﬂ (4]

5) wilaauandiviny (Semi-conductive tape)

anuviaferliiurenaainainmesdnndiuinaiusosadanlavuthivosan
anuassnauINliuaznssaren e gnaualihlisianuaiians osonusinm
fnarfuuinaiianueionaunuliiliadnasegy fuiFeinldorneruinasingnd

ANUEIRRNSIRANISRISaUINEIulA

6) Wiy (Polyester heat shrinkable tape)
auustatayldiurnainaninasusnasiusasadondaiduusinuiidninuldwelay

Wuauuitsmuanuwdassldiunainusinosing

sU 2.17 Tndloawnodiny



15

W o : |
2.2.4 UJadeNdananszsnunansidauanInuasauIu

1) Madeuanmiiiosainainudou

msideuanimidessanaufouiudnuisannaiinateanudsmeveswnaie
anwmas Fonafnldonnatsdeds Wy nmsssutganudeulsifine nsvinnuinandu nns
sanuuuliiil womsiivaainldsunssuaiifionfuaiingsan Inverter-fed drive (IFD) sy
druvinlivnadniigunnigdldviedu warlunsfivnainigumngiigeagiliiiaujaten
2aNYATUY ?u"’qﬁﬂﬁﬁuﬁmaqaﬁﬂixﬂaUéuw"??sﬂmﬁaamugﬂﬁwmﬂ

dSuamesuuu Form-Wound dleauudeuswesiusyssninauiuainsus
warauiunsanassylisumUluAAnnsuendatule

2) mavdeuanniiiasainlniia

miLﬁauamWLﬁaaﬁJmlnlﬂ']mfaLﬁmmmmﬁul,ﬁ%ﬁ"mj usefutie sl esin
wsninefiliandednreas nslasuuseiudsadiq nsaaersauisdu (Wudu danns
deuanmiflssnlilinersviniiiinnisidouanimiidesananudeu uagvin liauiuinnis
Wasuwadlassainaaiiuasidosaninluiias

3) nsdsuaniilosananiasuandon

nsideuanL 19 nNEN Iz LI AL Lﬁﬂa’\ﬂﬁqmmé’auﬁl%’mmaaqﬂmzﬂ WU
aaumgfilinu awidy duageosantsn Dudu raufuardusunsefuaunissannes
TuwanafnuSelndieanostnyiliinsaaunnunnUmesesadon anuiiusiufugu
avosuindgdwmavoaune wllonduviassuigeamevitlumsszungainialifine tiaanw
Souavaulazilauiudonanimiledainenuieuiaantiy

4) msdeuanmwiiosninuaniena

maderanwilasannnaniang alannvatsatmg iy msduilasannusswiivin
T Tunsdlfiunananinesnaimnseivenidusesadon Wovnainanwmesdy szl
auuInulaIgsesaienargnidenduasinseednuiale

2.3 Usingmsadlwanlsdhadiu (Polarization) [4,5,7]

audnuarinanlsdiadu AewgAnssiuasauay Woauregmeliaulvii usaz
szmauvialuanafiegludeauiuavgalnatlss dhliAnnadnssudsiatuunidasin
awlnih Resamgiinssunieldaunlai nduniendidnmseurswenguipdeuiiaiy
mafivaulvin lusagivssquinluiirdeassindeudilufinmdsaiuauini yssauan
wardidnnsouannsandeuiivisesnaniuldlifuninuadirudagurasiusyras
DYAOYN mmﬁauﬁwawisqmﬂLLasﬂfjuﬁuaﬂﬁLﬁﬂmiauﬁﬂﬁﬁ;ﬂ@uéimma‘um&é‘ﬂmau
uwenaennilaidea sUTweternoNazAnuludnoy axnounieluanaiigninanlsdvi
TAalalnalni (Electric dipole) Tuianauu lalnalvflusazlalwa 9zi5sainmiiems
vosauulWindasuil 2.18 nsvuaunmianisida vie Tnanlsdiedu msGessaeslaliali
vhliseqlalwaiiSaaiasofunisluiloauuindrefunun Tuvaeiisyiioguuiauiuay
dansiley Inanlsdatugnimualilifamudeaivawnlnieinaeuen
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E. = auuluii
E = gullniinneluiieauiu

P = Iwanlsiwdu

JUi 2.18 nszuaunstwanlsdiedu [7]

Inanlsdiadu (Polarization, P) (¢/m?) gnilenuindudnsduveslalnaluiuus

(Dipole moment) figninileniduuinsluileauunmeliauulnihneueniideulitu
SlanlnsnrenilaiheUsuinsuesauIn

Talnalutuud

Tnanlsdiiu = ——— (2.1)
Y31 uDsauIy

'

Taviilalnaluiuus (Dipote moment ,p) iinulddesialuiimnilaausyqet 2 9a 90

2 13

b.

=

nilafivszq +q uardnyaniliilszy -q ssifnlalnaliuudssvinsUsegieaostiu Taud
Iolnaluwdniinvududeunisi 2.2

p=qd (2.2)

d fie Limmefszuynszdn (displacement vector) HfidmenndszaulgiaUszquan
aatulalwaluamd Jululiinanninesuayiifrninyszaavliuszquan

JUTl 2.19 uandlalnaluwuinidlwiszudnsssqaeddszq [7)

2.3.1 AruautAaululudsingnisallwanlsdiyau

mafaunngmsaiinanlsfietuanintuintaneg meldaualvia Tnsfansanan
Infvdsgnfiaunulnihaiavelaeflayginmduauiy mumuiuduausladi ©) b

£
o £a aaa

dndruiunnmesauulii €) fudwesindin (&q) Fadurad
D=¢&ptk (2.3)

lavawlninglugyayinie szifialwanlsdiwdu P seduaznon Amnuaanse

< a

o € o/

vousuldwasladidnmin (X) duiusiulnanlsdivdunagaunulni

P = XEoE (2.4)
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Ammamsovensulivesladidnadnuiiugud Tugannie usaziiududesan

ot

Inanlstwduluauiuuds Insfimudunusalasinidn (€) fail
£ = £o(14)) (2.5)

Inalstduazdnaniadedrfuiianievosautuauulni anudunussening
TanswtuniuaNuuulidsannsi

D= E+P = &y (14X E (2.6)

MndunsianaLansih inatlsdirduazaunsonseglalasusimanaunli
meven Fufamdsannisdiedszalwihlituau Tnefinszuauntsilnatlsdiodusssinly
innamuuuaudliin denszuauisaesasiy sgvinlvisasinaseiudae daald
L’:mLLaxm’mﬁﬁuagjﬁuﬁﬂmmmmﬁﬂU@u%’ulﬁ’umlmﬁtﬁnm‘%ﬂ

AuanUAvasauululaluuIa) MTNREILLUTEIN sLARALTATUAT SO UALD YDA
LﬁamamqummgmagﬂmwamwmaqmmwnixLLaLLazmiﬁm‘ssLLaﬁwaums
adlarans SusumpaunIsTa g aunalnih EG) a¥emauvunidunssua J) D
HaTINVBINFEan1T M LS nsHILaN 19N ST IR (Displacement Current)
abp(t)

dat

Vx Ht) = Jit) = &, E(t)+ 2.7)

2
Y

e 0, A Ysunsaudivesian Aaiunisinantsd P SeneliiAanisthvasnsyuanis

nsrdndaliulen

dE(£) dP(t)
dt dt

At) = O Eg+&) Eeo) (2.8)

o £(t) aggnimualasiendutudule At Wuwateundgadu £ lagldisnssiuiuly
Inwunan agldmminuiunszualadvianae s 10u

W) =Gy Eg+E Eol&)NE) +F ()] (2.9)

& (o) = 1+)(2) (2.10)

2
a

g & (e0) WuesinAifinudge

die J'(t) Maridumadduoyiusuesileiduduiule He)

e fi)  uamsfafandunisnevauewesawIuyigvs dJuanddiiiuiinatiuediuen

Y
= 13

Anuasavensuldvesladidnainusaesinfladudimg € Haddu £ @ Juiteiduan
WUULTLEY

dx(t) B der(t)
dt  dt

ft)= (2.11)
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2.3.2 yiinvaslwanlsdidu [8]
1) Electronic Polarization 3@ Optical Polarization

Bunszummsinanlsdseivesnenvesauiuy Weawuesgmelfaunuliih vilvingy
vuendidnmseuiiogseu duadsaianisivdsuutasiundaudnios edaisedalnl
lasandvdnavesauulninaneueniivnszsi winisiudsundasludnunesanandivuin
Ennn Lesanuseinaunsnineueniinssdessaeuiudvunadnidlaiouiunsedn
wilonanelusgmeniiiAnainileduanseydesidnaseu dinatunelune 101 5und Fai
ﬂ’;’!mﬁaﬂﬂﬁaﬁﬁumﬂm%"}LLE'{\‘ILLﬂ:iﬂ1‘iﬁ%’lLLUUﬁGﬂEﬁ’Jﬁﬁ]:ﬁlﬂjﬁﬂﬁLﬁmﬂ']‘SQEUuLﬁﬂ‘WNIWﬁ’W

Eab E
—_—

Electronic 10'15 5

Polarization

gﬂﬁ 2.20 n3zuIuUn1T Electronic Polarization [8]

2) lonic Polarization %58 Vibrational Palarization

Atomic Polarization \unszunumsinarlsdifatututanilusdnlosoiin (e
aunalwihannniguannssin ssvililessutinuaslossuavresiusloseiniinisindoud
Fansindeviitessiniiinlalnediliauga ilawinauwlitnisuenanaisasinlinig
fnsuefvesiinndsaniglueyneuuaznisduvedassailuanadsuuasly nnsiids
wuvil ldanuasafindunelulaaniisinigaRas u Electronic Polarization s finndua
YasozneuAfouilditunnlefisufuaidnasou

-12
107 .5

Atomic @ @
Polarization @ @

UM 2.21 Ns2UIUNIs Atomic Polarization [8]



b

3) Orientation Polarization %38 Dipolar Polarization

Orientation Polarization L‘UumﬂwmliwmmmuﬂulmmaﬂmnwﬂmanaLUuLLUU
mmm:}‘s (Permanent dipole) LU mmmlﬂmmaaaﬂ Husu luﬂimmsﬂmamwﬁlmaﬂa
Fath0123 Tmanamﬂmamuua“uavmamaa Fan1915eaiivetornaNay Sueiagagng
ns¥anNsEaNe VLIJQJEULLUUWLLHUBULLE]»LMBL?’]’J@]ﬂ’lﬂu’MLLML‘MaﬂlW‘NT{]uiLIWL“iﬂWﬂUﬁjTUEJLLﬁv‘VIPi
mqmﬁL?mﬁnuﬁﬂ'rit,ﬂﬁauuﬂaaaEjmaaﬂL’;ﬁﬂLL@iﬁiau%’NanmuLLauiTu'«ayL?mﬁ?asmﬁu
ama’tum’mmuu LLG!L:UEJL'i’ﬁ)’lEJﬁu’mLLQJL'ﬂﬁﬂlW‘ﬁ’]L“UWIUﬂWEJ'LUIJJLaﬂﬁWLUULLUUL‘ZN‘EJ']LLUU
a5t meluluanaiesaziinnisdesilmlnufianisosauiuuimdnlni esain
nwluiwaqauuasmamumaag JaufnnsiSesilninufianeesauinudivanlniiiem
$elU Unngmisdnuaisilisasieniuiiniafeossundulnanlsdiwdy Fanstnanlsde
Fulsunniarldinalunisiiauiundi Electronic Polarization wag Atomic Polarization

10 S

Dipolar % éa
Polarization g@

g‘d’ﬁ 2.22 n3guIun1s Dipolar Polarization [8]

4) Hopping Polarization

Hopping Polarization 1unszuiuniswailsdfiosuagysingaisaifivszgnisly
au fie Weavauegmeldaulii Bilnpseuneluausuaznaylanaindumimildluds
§ﬂﬁ1Lmﬁwﬁﬂmﬁwqaﬂﬁumiﬂiximmﬁﬁmﬁﬂ’[,usxama’lﬁgu PIntudiEnasoustanaiey
ﬁ?daﬂiuﬁ’iLLwﬁﬂiﬁﬁﬁﬂi”Iﬂﬂlﬂﬁﬂﬁﬁﬁ"lLmﬂ\ﬂ‘wﬂLLﬁquaﬂﬁmﬁUUi”ﬁ]aU adouiuinlea
wdeuitlufianssfudag FawgAnssunishedmmisasuseamsluauiuasinliiinnis
Tnanlsdnsluilenu

_

we (OO0 [@@Q)] .
polarization OOO Oj @

31117’1' 2.23 N32UIUN13 Hopping Polarization [8]
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5) Space Charge Polarization %#3@ Interfacial Polarization

Space Charge Polarization \intuiilasannn1sunsnszatevedlossulaeneuld
auliih ayniaUszaUINUaraymadsygauariinsdmlusedou uhdeauiuagneld
awlwih vibiiAnn snszaisvesdszqluaniunuiiraunlniheyaiauszquanuay
aumﬂﬂszqauﬁmmmLﬂ?{auﬁlﬁﬁasjmsﬂmﬁaamuazm?iauﬁl,t,ﬂﬂaaﬂmﬂﬁ’u LAZaYNA
Uizﬁ}ﬁmdﬂ%mﬁauﬁma“amﬁ’umsaiaasiammamu 2 ¥iln AfAUasinfiaunnsneiy d9
whliAnnsavauvessyquinudeuseqauiisosrovosauiudang MsipRBuTiveIUsEq
ﬂ‘iuﬂ\‘l"/l’ﬂw.ﬂﬂﬂ’]'iﬂ vauyosUsERisenssznitauiu 2 vin Qni38n71 Space Charge
Polarization @4 Space Charge Polarization mwﬂwm'iﬂiwma‘umaumlw%mﬂimua
awAniiouly Tasrtlulnarlsdwiurdathsfnlumeslsduasasisini uazasiinun
LanuIn

E
—_t

® I o |
. 2@
Interfacial @I @ @ ol

©
Polarization @ l @ I@ @ 10 S... afew hours
|

g‘dﬁ 2.24 n38UIUNIT Space Charge Polarization [8]

B
: =

Space Charge

Polarization

Hopping
Polarization

Qrientational

Polarization

Atomic

Polarization, P

Polarization
Electronic

Polarization

Il L L L =.
10 10° 10° 10° 10°
Time (s)

5UN 2.25 szazaildlunisifalnanlsdiwduna 5 uuuneldnistouwseiutuciule [4]

tu YU IS1ENSINTIVTUIAYBINT G ﬁLﬁmﬁuma'Lui’amamulﬁiﬂaﬁ@anmﬂ
muwmsuaamwmwlwammuaamume%am']m'immmmmsumma'lmamamuimami'm
nsiialdlaense uaz aumﬂwuuu maamluawmmuaﬂmmmuwmmmamuima
Usmnnsieadlestunsguiumsnisiianle
farsanmsineussiuguiule Witvauudunauudismediayildiannisids ey
aunsadunaiunseualnanlsdiodu (polarization current, igo) ) lalagauinvasnssia
maﬂm:ﬁ) \WaBLLUAIRILLIE7 LN@‘\]WEJLL'NWLJ‘EU’UHI‘V‘IT)UQ‘LJ’JHLL&UMWﬂ’]‘i’)ﬂﬂ‘iwLLﬁ‘lﬂl‘Mawﬁu
o wzonnssuadnaniinssiasa (charging current)
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2.4 nazudlwanlsddunaznseuadlwailsdiwdu (Polarization and
Depolarization current)
AILTBAMIAALAMD SYaNATRININanyuUsEnouMlu wausTuludlng

Faiuswildauiuewamnanmeussnauissesreve IR IuIN S sTo e
fandmazisdussnitagaualufuaznsdunasiemeidleormstouusifunssuans:
Tifuauunszuaunisinanlsgiiatunisluawiudaunisinarlsdussinm Interfacial
Polarization \umdnuarludegtuiilesanldamsninvuanisinanlsdaneluauuld
Tnoassdamuunvasnisinanlsdiintuneluaunlaodanaainuiavean s uadlvasiy
auruvarauauianistnanlsd Wefvsainisdeuusesdunszuanselifuauiudy
nanuuiisaneiiavilauuisnisinatlsduasrunavesusssuitdouliifoaenias il
2uUAANSUSNANY auuszfianisinatlsdionavauasraaunlniiainngueniiun
nsgiuandlonauiamsinadlsdesvinlfifanseualadimieauiudanseuaiintuly
vaugivimstounsssilituanuiiaensyualnailsdiai (polarization current, iool)

2.4.1 nszudlwanlsdwdy (Polarization current)
nsgualnalsdidulunimeuijsviiewnussney 3 dau Ao

'
=f

1) nsziam TN (capacitive current, i) Fulunssuaiintuiiossnnavesn
Wuussameluauiu uavavanasluiudiviile

2) nszuagadu (absorption current, ius) BuTunssiaiifiatiuainassuiunis
Tnarlsdnieluidioausu

3) nszuan sl (conductance current, f..,) Bndunszuaiiaanaiaiu
InivesTanuayileglyTanvnyin

MsauIumBdudmaisngnasaliwarlsdiduaznishlinih A3ns3teds
aulasmsianavesdumesindawalsfiaduiiinanusangmisalinanlsdiedi dalne
msiliinnszuansssgwirduauin Tneaady, gamNiuaragnsldnuazdinass
Usangniselveni

nszualwailsdiedulummguijnaresdussnovvosnssuauandldfsuil 2.26 ud
Iumwﬁﬁ'ﬁﬂizLLaTwmls‘ﬁmﬁuﬁ’?ﬂIﬁﬁ]zﬁﬂizua%"ﬂﬁa (leakage current, i) iwaaljﬁw?&!a
nszuadlvaiiintuandsudeuiiirauuiafenneuanysnuesanmuandonvaei
mnegeulagzinnsanszuanisihlniuaznssuaslvadunseuailuindTalalunig

Uﬁ‘f@ (practical conduction current, iconpractical))
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} nsma‘lwm‘lsqhm’s’uj

O]

o \

© _

©v / o el

§: : \\ QEFGERIVR T

= N

2 |n X NIEUANAYU

2 |y N\ —

"P l \ \‘\

v 3 o
< | s nszuan1su Wi
£ \

©

nay
/

Y

bIRN

JUN 2.26 3AUsznRUvBINIzIE WA st [4]

’.pol (practical) 3 o AT o e | (2.12)

(2.13)

Icon(practical) = leon S 4

nszuatnalsdiedulummauiannsadodlsfsaunsi 2.19)
, o0
LSO S EO) + f(t)] (2.14)

il G e Awigliitwnsswiads (seometric capacitance) vesihgnadeu
Vo | o ustsiunssuanssilldluntsvnaey
O, o Aemilwihnssuanseusans (pure de conductivity)
& A FhLUa%ﬁmﬁ%ﬁymmqmufyﬂmﬂ (permittivity-of vacuum)

2
andad e o 8

En AR ANUDSHRFIRHMNG (relative permittivity) Aa13uaY (A 0 Juni)
O1)  Ap Mrdutnadn (delta function) MiinfuanmsinelssiuguTutulawuy

Y o

viuiviulalinuingnaaauiansugu
flt)  Ae Mandunansuaussuoslndianmin (dielectric response function)

ANAUNTTA (2.15) @unsanuansualnalsdaduaanidu 3 wonsssd1auang
TUvneetl

P <4 O- = & alal & W E o &
LNBUN 1 ADIVNBDUUDY ; ‘?NL'UuL‘V]E]LI‘mJﬂ’]TNﬁMWHﬁﬂUﬂ’]ﬂiWﬁJUﬂWWWﬂ’lEJIULH@Q‘LJ’J‘LJ

" 14
= =

) Ay & (Y € a o
LLEWL‘l_J‘LJL‘V]BNWIM?JUE}Qﬂ‘Uﬂ‘iSU']Uﬂ’ﬁIWﬁ"Ilﬁ"?j‘UEJGQU'Ju tauy 1 u%ﬂiﬂng’lu"umzwmm?

2/ 1
@ = % L4

neusssuldfuaurumtiudaneni 1 anduwendideuduiusiunszuanisilniiives
U

wendl 2 fawenves €6(t) Faulumenitliamnsavmsialdlunsjifiidesnn
MIdsuulaseuanszuantesindidanenit 2 dazifineinnszuaunisinanlsdild
syagaluniinTInsR ey Electronic Polarization Lusu
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Waudl 3 Aotmanwed f(t) Wuwmauiianudunusiunszulunisinanlsevianuad
Wndunigludioauiveniunszuiunmsinailsanldszezatlunisiiasiaasedinaniluly
WNN 2 Faneud 3 ﬁf\]zL‘TJuma;Jﬁﬁﬂmmﬁ’uﬁ'uéﬁ'umwamm%ﬁwLLasmeLansﬁ'U

2.4.2 nszuanlnanlsdiwdu (Depolarization current)
nnde 2.4.1 Wevgairsussduliivawiuuazyimsdnisasauauiielawiuinns

meUszgasgninaluanauaglszliihagluleawinaviianisdasssdudrganzuni
neufiszliaulnihuinsgyinssuanisyssy (Discharge current) Afnldvngyinn1sdnaeas
Iifuauauaggnisendinszuadinailsdiodu (depolarization current, iepo) NTEUAR

Twanlsttu aziinsrdsznou 2 d1u fAe

1) nszuan U diWRay13a (capacitive discharge current, iqgscharse) Foudunszuad
LﬁmﬁuL,LaxaamaEiﬁﬂﬁuﬁﬁu’lmax%ﬁﬂmé’ﬂHmmwﬁauﬁun‘mmmm%ﬁw“ummsu.aiwm
Isdiduusiidansaduii

2) ﬂixLLa@ﬂ‘B’Uﬁa‘U’l‘S‘ﬁl (absorption discharge current, ias(ischarce)) Fudunszuadns
Agslutiusnuasilovinisnevssabituauiudeluifasgnsviasnainsdiranasnsyua
andudansaliaziiandnvamnioufiunsuasaduresnseuainailsfsuidosiidansedg
fudmiunszuainanlsdigduazliiiosdusynavrensziani sl uasnssuasalva
suegigdormmitmangatouus wilituauiuidanssuaalnarlsfedudouldsaums

7l (2.17) uaznszualnarlsdidunaznsyuaiing) lsde funinlduan s Ui 2.28

'rdepo( s "-c(dfscharge) * iob{d[scharge) (2.15)

CoVol i) = fit + T (2.16)

Il

"depol(t)
T fip sygzaiinsieuswidliiuingregeu

A

U, I i
\

§ \ Ue(t)
I

Te /‘"’A

JUT 2.28 nssualnanlsdietuuaznszuailwanlsdivdu
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diefarsanaun1si (2.14) uag (2.16) wud aansamnssua i lunsujoRlalaonis
inszuailnanlstieduninlimnavesnainnszualnanlsdiwduitinldlunsu fia

"con(procrfcaf) = "lao(‘(pmcﬁca!) = "-depol {2-17)
lcon(pracﬁca!) = fc o+ fab & 'icon + ';! - fc(discharge) . iab(dischorge) (218)
/con(pracrfca() = lcon + I (2.19)

2.5 293snmsaanszialwanlsdiwdunaznsznanlnalsdiwdy (Polarization and

Depolarization current)
lumsianssualnanlsdinduuasnszuainanlsdivduvosauiuvannsosdnsnanyuay

imsinauiudanailu 2 s fe
1) auausewinuna (Phase to Phase Insulation) @wisadanseualwanlsdiadunas
nsvuadnanlsdiwduvesauiuvenaiownsnanyu ilaluviesUfidinns Tnefngneaaou

Lilatinnssians g
2) awusgninananunsiif (Phase to Ground Insulation) lddmsuinnszua
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Normal Capacity 96.6 MVA
Maximum Capacity 111.1 MVA
Rated Voltage 13.8 kV
Normal Current 4,041 A
Maximum Current 4,648 A
Power Factor 0.9
Rated Speed 150 rpm
Rated Frequency 50 Hz
No. of Phases 3

No. of Pole 40
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Caution

The PDC-ANALYSER-1MOD contains an externally accessible high voltage source
producing up to 2 kV and up to SmA (internal current limit).

The instrument must be operated only by skilled persons.

The operators are responsible for protecting the test site against the hazards related to high
voltages. All the elements of a test setup, which are connected to this high voltage source or
which could be set under voltage by any insulation breakdown, must be protected against
being contacted by the operator or by any other person as long as the mains power is supplied
to the instrument.

Also, the PDC-ANALYSER-1MOD must be stored and operated in a mechanically secured
position and all the cables connected to it must be protected against making anyone fall over
them or accidentally pull on them.

Content

1 Hardware

2 Measuring program

3 Evaluation program

4 Performing a measurement

S Specifications

@ 93 kAW W

Appendix A
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Figure 1: The connections of the PDC-ANALYSER-1MOD.

1 Hardware
Please connect the keyboard to jack "4" before turning on the PDC-ANALYSER-1MOD.
Use switch "3" to turn on the instrument.

The high voltage cable, which has a SHV plug, is connected to jack "1" and the current sensing
cable with the BNC plug is connected to the jack "2" labelled "current measurement".

Plug "5" is for connecting the optional PDC-Phantom-1000XE voltage source, see separate
instruction sheet.

For an accurate measurement, a warm-up time period of 60 min is recommended.

2 Measuring program

To perform a measurement with the PDC-ANALYSER-1MOD, start "PDC Measurement" by
double clicking on this icons on the desktop of the instrument.

On the first window after invoking the program, the measuring parameters can be set:
- The name of directory, where the generated files will be saved.

- The name prefix for generated files (see Appendix A).

- The temperature value (important for the evaluation).

- The test voltage.

- The duration of an initial delay period before the measurement.

- The duration of the polarisation.

- The duration of the depolarisation.

- The description of the test object (only for information).

Copyright © ALFF Engineering/ Switzerland 3
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After the desired measuring parameters have been set, the measurement can be started by clicking
"start measurements".

A new display appears and the instrument is internally initialised (this takes about seven seconds).

Then the first delay duration is counted down and the current from the current sensing cable is
displayed. The measurement can be aborted anytime by pressing ALT-F4. The delay duration can
be prematurely cancelled by pressing "jump to measurements".

Caution: As soon as the delay duration has been counted down or brought to end by pressing "jump
to measurements", the high voltage source is turned on.

Now the polarisation takes place and the polarisation duration is counted down. During this period,
the high voltage is indicated with four red lamps around the high voltage SHV jack "1". The
polarisation period can be automatically jumped over by setting the polarisation duration to zero on
the setup screen. The measurement program can be aborted anytime by pressing ALT-F4. If the
accumulated data should be stored, click on "save and terminate" to terminate the program.

After the polarisation duration has been counted down, the high voltage source is set to exactly zero
volts and the depolarisation duration is started. Still, the measurement program can be aborted
anytime by pressing ALT-F4, but all the data will be lost. If the accumulated data should be stored,
click on "save and terminate".

3 Evaluation program

The measured polarisation and depolarisation currents can be evaluated with the PDC-Evaluation
program. The basic version of this program permits the determination of the resistance, polarisation
index (PI), recovery voltage and derived polarisation spectrum in the time domain and the complex
capacitance C=C'(w) - jC"(0) and the derived tand(w) in the frequency domain. For more
information, see the User's Guide of PDC-Evaluation program.

4 Performing a measurement

To perform an accurate measurement, it is important to connect the test object to be investigated as
long as possible to PDC-ANALYSER-1MOD before starting the measurement, because both the
high voltage supply and the current sense input are normally short circuited to ground. Thus, the
capacitances of the test object are well discharged.

Now, a 3-phase power transformer is taken as an example of a test object.

The transformer must be connected to the PDC-ANALYSER-1MOD as a capacitor (see figure 2).
To obtain such an arrangement, all the high voltage bushings could be connected together, the high
voltage windings behave as a first electrode of the capacitor under investigation. The second
electrode of the capacitor is formed by connecting all the "low" voltage bushings together. The
relaxation currents are sensed from the low voltage windings to ground. During the measurement
the tank of transformer must be grounded (see figure 3).

Copyright © ALFF Engineering/ Switzerland 4



ALFF Engi '
ngineering

]

C
2

<:(> T T %

]
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Figure 2: How to connect-a power transformer as capacitor for the dielectric investigation of the
main insulation.

Voltage cable

Current
cable

Power transformer

Figure 3: Connection of a power transformer to PDC-ANALYSER-1MOD.
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For an accurate measurement, it is necessary to determine the initial condition of the test object
before any application of excitation voltage.

The initial condition (or charging state) of a test object can be determined by monitoring the initial
current which flows through it. For visualisation of this current, it is sufficient to start a current
measurement with a polarisation duration of zero seconds. It is important, that the initial current is
low and at least in a steady state. In case of a high, but constant amplitude of initial current, this
current can be considered as an "offset" for the evaluation: it can be subtracted from the
measurements.

Before starting the main measurement, it is recommended to carry out control measurements with a
short charging duration e.g. 5 seconds to control the whole setup. Verify the amplitudes of
measured currents and the value of the capacitance. Such a short control measurement will not
affect the main measurement, because the relaxation currents induced by a short charging duration
can be neglected after a few minutes of waiting time.

The main measurement can be performed after the control measurement by choosing adequate
values for the charging voltage amplitude and for the duration of polarisation and depolarisation.

For new power transformers, a charging voltage amplitude of up to 500 V is recommended. Used
transformers are less sensitive to the non-linear effects due to their high conductivity of oil. So, for
used transformers the excitation voltage can be increased up to 1'000 V. In general, a polarisation
duration of 5'000 to 7'000 seconds is sufficient to assess the insulation quality of a power
transformer, the same duration is also recommended for the depolarisation duration.

In general, it is important to avoid non-linear effects by keeping the amplitude of the applied
excitation voltages as low as possible. It is also recommended to keep the discharge periods
between the successive dc voltage applications long enough to avoid any superposition of dielectric
responses.
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Electrical Insulation Diagnostic System PDC-ANALYSER-1MOD

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 1kV for 50ms

up to 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

<+5 mA

<20 kQ

<020

< +100 mA for 20 ms

the load capacitance is indirectly measured by computing the ratio charge to voltage when the veltage 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.

accuracy
maximum load capacitance

Computer

display

processor

memory

hard disk

standard interfaces

options

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

Copyright © ALFF Engineering/ Switzerland

source voltage
2 kV 1kV 500 V 100 V
2% +5pF | +2 % +10pF | 2% +20pF | +2 % +100 pF
25nF 50 nF 100 nF 500 nF

15" TFT, 262'144 colours, resolution 1024 x 786 pixels

Intel Pentium 11l 1 GHz

SDRAM 256 MB

40 GB

DVD+/-RW, 32" Floppy, 2 x PCMCIA, parallel and serial ports, Ethernet
additional serial ports, Audio infout, external monitor out

windows XP home SP2

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, to display, to print and to 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 presshoard and of oil conductivity
for power fransformers

17.3 kg

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

514 x 185 x 428 (width x depth x height in mm)
0..35°C

-10...50 °C

70 ... 106 kPa

5 ... 80 % non condensing

<2g

15m
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Appendix A
The PDC-ANALYSER-1MOD generates 3 files for each measurement.

These files are stored in the directory as entered during setup.

121

The polarisation current data are registered in a *p.dat file. The depolarisation current data are
registered in a *d.dat file. Information about the measurement are registered in a *c.txt file.

The name of each generated file is composed of 3 different parts.
Example: The name of a file could be testaldp.dat
testa: is a name prefix, which identifies a measurement series.

14:  is a number between 01 to 99, which identifies a single measurement in a measurement
series with a given name prefix (in this example, testa). This number increments
automatically for each further measurement performed in this series.

p: indicates the type of the file, in this example, polarisation current data file.

Copyright © ALFF Engineering/ Switzerland 8
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Abstract

The paper investigates the insulation characteristic of the
stator bar rated 13.8 kV which has been operated for 30 years by
analyzing the polarization and depolarization current (PDC). The
PDC of the original insulation sample was measured compared with
the thermal degraded insulation. The test results, PDC and dielectric
dissipation factor including the conduction current of the original bar
and the simulated degraded insulation bar were analyzed. Besides
the effect of guard ring in the PDC measurement was examined from
the test result, it was found that the PDC obtained from PDC
measurement with guard ring was lower than that of the PDC
acquired from PDC measurement without guard ring. This was duc
to the guard ring can get rid of leakage current. Morcover, the thermal
degraded insulation provided the lower PDC and lower dielectric
dissipation factor than the original one.
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