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ABSTRACT

This thesis presents the high voltage motor insulation diagnosis by polarization and
depolarization current (PDC) measurement. The objective of this project is to understand
the stator coil insulation characteristics of a high voltage motor. The studies are divided
into three parts, i.e., 1) the PDC test a stator coil for each manufacturing process 2) the
PDC test of the motor insulation before and after overhaul and 3) the PDC test of the
spare motor insulation. For the first investigation, the dielectric properties of a stator coil
used in 6.6 kV 260 kW motor was constructed step by step during manufacturing process
and the PDC measurement was performed for each step. According to the experiments, it
was found that the separated layers of the insulation caused higher the polarization
current and depolarization current. After the hotpress process, the insulation was
homogeneous due to the combination of the multi insulation layers, the polarization
current and depolarization current were therefore decreased. For the second investigation
four induction motors rated 6.6 kV before and after overhaul were tested by PDC
measurement. For the last investigation, four spare motors rated 6.6 kV, which had not be
operated for 10, 11, 17, and 24 months, were tested by PDC measurement. From the test
results, the PDC tests showed the ability to assess the condition of the insulation of the

high voltage motors.
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1. ilefnwmanevauadladidnsinvesuamnaimaeiflddnivuomosussiugduusasdunoy
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1. wannisianseualnanlsodusasnseianinailsiwtuanansnesuignanavauadle-
3udnAnvasauuiidlunsudnunainanaesls

2. maannsinnszudlnailsidunaznssuanlnanlsietuaunsaesuienansvausle-
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1.4 nquiviseuuinnudniildluniside

nenAdelul we. 2542 1309 Dielectric Response During Curing of a Resin-Rich
Insulation System for Rotating Machines 983 Anders Helgeson uwaz Uno Gafvert [1] Tu
ATeisAnumanovaueslnddnninsenininis curing ves auaulsuan Resin-Rich veq
m'%laa%’ﬂsﬂamuimams"i@m Capacitance LLazﬂ'wmmqﬁyLﬁstuStmmmﬁ 10 mHz- 1 mHz ¢e
NM5E5 N ILLABRUIUTENINNTEUIUNTS curing Lagleas differential scaning calorimetry (DSC)
% DsC agldvmnuduiusveseufousudnsnainufitenluauiu 9nwansidewuing
qmm:ﬁm'wﬁ’usﬁa;gamamauauaalmﬁLﬁﬂw%ﬂmaaauauﬁlﬁazmﬁu uazdnsuauelunaauIu 2

lua Winedunenansuausdladlanynsnaaue? Degree of curing (O )=0 Wazedulsvmsh o =1
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Zaengl ey Adolf J. Kachler L%Iaﬂ A Novel, Compact Instrument for the Measurement and
Evaluation of Relaxation Currents conceived for On-Site Diagnosis of Electric Power
Apparatus [2] lstinausieiesdlolmiflifanansuaussladidnyinvesgunsalliiinlneiamde
gon IsHouMTET AN capacitance wax the loss factor (tan O) finTudriendsenaas
linedmsunsesuenanevausdladidnvintulamuninud Safaunedesile PDC-analyser 7
anusaiananauauasladianvntulawuan 1nen133ie de voltage step rugunsaivaaeu
waznnszuansrudeuiinanugunsainaaouluvaeiiieliluazvneiidonns  Taonszuadin
Iivausitanglnliudeni nsvualnanlsiwdu dmnseuaiilvaluvasiidniasideni nsvuarlnan
Tswwdu Jamafidnldaniauuaiaisaslandulamuaudls

11913889 Nancy Frost, Mark Winkeler wag Steve Tuckwell Tudw.e. 2556 19
YnauenaIiTeiEes Mica Tape and VPI Resin Insulation System Options for Medium
Voltage Applications [3] lnglafinwiauiu groundwall TesuewmesTUIRMRAALTIAU 6 Alalian
Tgldauundlunmuiesudiouiu VPl

Tudw.e. 2558 anauideued Mahdi Shadmand, Hassan Moazami Goudarzi wag
Sedigheh Kazemi 384 PDC Characteristics of Modern Stator Insulation Systems [4] 19
ihnsfnwnganssuvesnszialnanlswiunaznszuannan lsturesauiulemesadelmives
wasluauueiswesvualngildis Resin-Rich wWisuiieuvauiutewesatlmiveanssly
WuLaLsmes Wl leIs VP

naAa8lut 2559 489 N.FM. Yusof, N. Bashir kag N.A. Muhamad L%Q Polarization
and Depolarization Current Study in Polymeric Insulation Containing Voids [5] lauaus
nsfnwgnENTAvesauaulndlesTInTse A seTsmsianszualnanlsiedulaznszuasin
alswdunazfual DC conductivity Tneldmaaasiu Silicone Rubber (SIR) 7iflnssa1nauug
A9 wazAIUASILININGI9INIA 9INNNSNAAEINUIBARLTLAINSIEINIE YUIATEINTLLA
Tnanlsiwdunaznseuanlnanlsiwduias DC conductivity Bafiutiu wuieafufusiuauvednss
pnABufinsvravesinsesalnalsiedusaznsruainailsiwduuag DC conductivity f
WisTughe  Sdldueriidiedlevesauiuiiverinwednsenisunn  Anssualnadlsistunay

nszuanlnanlsiwdu wag DC conductivity AaganTunle
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=b.

UNn

UANNYIVDY

wawes e wwsosinsnanyuivihuleensdsundsulniibidundsuna weldlu
nstuluansiinnnge q Fvadulssianlngmusyuulniideuldiutemesls 2 Ysvian fe
vowmasIninssuasau (Alternating current motor) uazuelaesinnszuanse (Direct current

motor) AauansNudslugun 2.1 Fennanluunilavvenandwawesininssuaaduanuna

Wity
‘ Motor '
l AC Motor J l DC Motor
- - A A\
‘ Induction motor ! ‘ Synchronous motor | B Seperated excited
l» - Squirrel cage | Cylindrical rotor ; 5 Self excited

|
—
| |
|

/ Round rotor

Wound rotor / Slip |

ring rotor AN

~ Salient pole rotor |

JUT 2.1 unulauansUssinnueinas

2.1 wawmastAnszuaaaU [6]
vawmesliiinszuaaduiluedosdnsnaluiiduielndinssuaady  vhuhidey
ndsnulyifindundanuna Mdusfuidmyuiulnanviameg amnsaldnudueieiida
Tnfhnssuaadul Tnensiidumdaundu dwdsenauresuanesilognant 2 i Ao annes
(Staton) Wulassaieduiegiwemeinos uaglsmes (Rotor) 1uduiedeudiviu dwsuns
welsznmesuamasininnszuaaduiuannsauiadutssavivg 16 2 dssam e vewnes

F4lAsia (Synchronous motor) kaguatmasinileai (Induction motor)



2.1.1 uama3TIlasis
uewesddlasiia wnadnfiamnesvosmeimesaziulanaiiioa saumusmanmyy
duilsmosasiinmsiuunanaumusdmanliiiesuluinnssuanswnnsedu wazviausie
anuEidadasta Tnnesvewewnesddasifansd 2 Ussum fe Tanesuuutausindniu (salient
pole rotor) uazlsimasnsinszuen (Cylindrical rotor/ Round rotor) é'fﬂg‘dﬁl 2.2 yowmosading
Heuldlugaamnssunmidn wulddugnldlunisliiu uwazddddlunsusudsedsenaunids
(Power Factor) vasszuuluiinlesae
- Tswesuvutudmant Wunuuduivgniu seu o %ﬁLLajmﬁﬂ%QﬂﬁuLﬁuﬁuﬂam
aunulnedeaynsuiy uasdgliihnssuansslifuunanitelhAndausindndias
Tngrasnauindnilsnesisnodiusmmurieaauseduau 2 auilesulu
NITUANTIIINLAAIRIUAIUDN LLazﬁiiLmaéé’qﬂqLLmﬁaﬁﬂ"iﬁﬁasuaq%u’aLLaimﬁﬂnﬂ6*]
{1 vfunsenszsenufieutufmuesuewesivilenh 3 wa 3und1 vaaiauay

wWoasiielitienyuuenes

£
= a v =

- Iswesnsanszuan unumanldnandndusuinduinan i

Y

$99AADAAINTUINIUNS

NOIUAITIRNILLA TR B IR IAN TRV ITINEs I8 WAILAEN

Salient pole rotor

JUN 2.2 lawesuuutiwimindunazlsnesniinssuanvewainesadlasia [7]



2.1.2 yawwaswiyi
yaweswdnihuiouamesesdilasia uama%ﬂizmwﬁwé’wﬂngﬂiaulué’fﬂimaﬂma
nsudenihudmdnlndih sewedndunhawnsaudwnurialswesle 2 Ussiamde lswmesuuy
N39N3259n (Squirrel cage) hazlamasiuuiiusnain (Wound rotor) é’fagﬂﬁ 2.3
- Tsweduuunsinsseniivnanlsiae v tuainuidansiy @eudewmuiiangues
Tsimedians dnwamilounssnszsen
- Tswesuuununainaziinswuunand salsmesidunuvauagui et uiud
AABsTinTsHenUUaRMTRIUN TaAYS aruUsay Tnefiaausedasdesyning
ynmnvedlanostusiumumeuenvidegUnsaimuandug Taefiuniuazde

ﬂ’JUﬂiJﬂ’J’]iJL%’J‘U@\‘i@J@LG\@%

Wound rotor Squirrel cage rotor

UM 2.3 lsimesuuuiiurnaauagzlanesiuunsinsgsenvadainesivilei (8, 9]

2.2 UAAINEFALADSVDINDLADS e NO-0 24

lassasiamnYewamesiegiandiuvasannaiiaslsines urauuvewanaidIulng

Uuegiunainawes  atuluuvingvesiunsianiglasw@seauIuYeIuna InanADs

2.2.1 Us2LaNvnandinines

ynamaaesildluiawmesfiaigwinnia 1 Aladed 3 3 Uszuan Ao

1) YnanEAmasiuu Random-wound

Tnealuagldiunamesfiditnigwsazldnuiissfunssduldiiu 1000 Thad Tagld
aniathiiedevauiuiuduisiusesadenluunuamneslasnisnedldnvasuuudu Ao

naualndilivusesadenlanldlaglifnfnareussiuseveunain



Ground insulation or slot cell

Coil separator

Insulated magnet wire

JUT 2.4 N157190@RARRBIKUY Random-wound [6]

2) unalndiamasiiuunaed (Coil type)

YRAIRALADSLUUABEAGNAT 1IN UTIIAIAME AT A ABITnsauIuS BB e
thinvaudaiatuguidunesdsuiadiemys (Diamond shape) fi3u 2.5 Aouunsnadiuluies
adonluLNUALALADT uiarABYAABOUNTUAL FNUMZNITINIAINAAN DS ILAI TAT TN UsD
seuvesvnmnaninesieglusduiinzgan Tneraluagldfuiadesiudaluinifida 50 fs

100 MVA LLazQﬂi%muﬁﬁzﬁULLiﬁu 1000 Tnamduld

UM 2.5 panamnesiuunees

3) anandnnasuuulsiuauns (Roebel bar type)

wnanamosuuulsivafenldlued saiudalniinwielvg esnuaainainmes
wupsedeailvwelng shlfensenisunsnadiusesadon suiuunananmesiuulsvauns
ﬁqgmﬁmﬁu%umﬁaLLﬁ{]zgméfmén TAUAATUINTDILIRYIOILAIAY LazdinITAHULYNNDILAILUY
Transposition fisgU#l 2.6 vinlia3osiuialwinfivuinanas uona Nt fmasaniymaiy
goydeluvaatnamneannszualvaiy vaalnawmesiuuwvislsiua Jalldnvaeadieiunis
FanseunanuuUnoed fetusuiondnvadnanniia half-coil #slumsusznovasieadon
half-coil LLﬁas%uasgﬂﬁWMWL%am'aﬁ’mwuaymﬂmaﬂmaﬁuaa half-coil 9¥gnideaAnfusaLang

Tuguil 2.6



(n)

g‘dﬁ 2.6 (N) WYNELALADILUULYINISIUE (1) NSITRUNUYDIUANYLIELALADS MUUWNLSUA [12]

2.2.2 1n398519999UAANELALNDS

ynananesgnuUtesnidu 2 du Ae druvesaainannesfiognielusesaden
(Slot Portion) wardnTesuRaInaInAes AT IIewEaen (End winding Portion) auauvesiis
ansdualiTaniuansnatu awuileglusesadonteiingerniasevhetuauautosniauiu
UShaduiuseadon e nnssuitnsudrewuluunasesedontuasldindossamuiou
(Hot Press w38 Heat Press) Jusavamnaininassneamnuieu viliauiudfiendisauiiuniney
Tumdiuauiuazatsuasdud lulutorinssznina sauau anaudwsauazanunduile

WP IMUVBIRUIUVARINALALNDINDEN gludsadonaluInninauIuus nad U 9 9ad ond el

anuazlAg
& v N
y @& B
& Slot Portion
End winding End winding

JUN 2.7 1A59a5 1990908 0amn e shuuApeE

AUILAUATUA
STRAND INSULATION
auauns1l
GROUND INSULATION uIULIsU

TURN INSULATION

5UN 2.8 1A5983 99045 UUAUILTDIUARINALALADS
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lAsasasTuLaNILYBIRaInamasuUIeantd 3 du laun
1) auIuLansUA (Strand Insulation) ABTUYBIRUIUN Y UVARIAAIUIMBILALE ey

o 1

ynamaane faazvimihitestuliliiAnnsdmaesseninsinhdesmeluvaainainines us
Lﬁufuamu%uﬁu%ﬁwmﬂi’a@uﬂaﬁu uiiflosnndesmaiuiefidmivunainlansrosuns
dielwanunsondasdsinihldunniu Faddsunlifanusaan uflndieamouny

2) auaiidu (Tumn Insulation) Wuaurudufiegdnanauiunansud Jaagimiing
Jostunsdmesszarinasouresunain Tngdunnauueiaialdfanudafetuauunsmd

3) auIUN3134 (Ground Wall Insulation) uauiudiuiisginanauiuisulasauin

D

Fuiaziduauiunan Favimiiiiduauiusenitayvidlangdadidunnuinanawines an

q

v v

dnldvihauulssinniiivaeyintusgiudnuaenisiluldny

2.2.3 auunlddunsuunalngminas

Tanawuildlunisiuwisamineiivaieseau wiasslinaziagnmginmulaunnsig

AURIASI9N 2.1

M13197 2.1 uandsEAutuaLIu gumgll wavdannldluiloauiu [11]

SEAUAANE | auplgedn MBE9IANAUIY
AU °C
90 ntle, iy, nszawaaglad, wWulelny
A 105 fnéne, Anlny, nssmweaglad, dlu lngaginisunianauiuly
yusethiumsdosdu svisduna
E 120 fuuANAIERN VI BIes luNa RN SINAY
IuesinesTudan, SRendbunsanionds
B 130 T, Tesnanauazuialefiu (Asbestos) lnvazldivauin
weailaduazindioamosisdudumBaussan
F 155 luf, Tvesnanauazuilofuduieatuiuszduiu B uditan
At dumdaszaraslidiendisty
H 180 luf, Tvesnanauazuilefusduieatuiuszduiu B usitan
gnUsraualiTalausdu viiessgalau
C >180 auuUssantuii
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2.3 Usingmsallwanlsiwdy (Polarization) [10,11,12,13]

Usingnisallwanlsiwdu Aenginssuvesauiunedmelaauiulnii ezmouvseluanad
agluilonwiuazgninailsd vlvAnngRnssudetntun vilieuniadsnaiinnmsuite
povaueiansINszinauliinieuen digui 2.9 lnseynirazmyusuinilulszgauly
v I a® 14 14 A & v a & 14 = 1o
Faurudianinsanuuinsasvyusuniiuussauinluddidninsaiuay uazillaUanunasing
LIIRUBBNAINTHEUY BuNIANABAANsMURmNdUdganmANmilouinawntinfveyiin1sane

wseeuldllviuauu

E. = awalaih
E; = auulainnelwileauiu

P = Tnanlsidy

Uil 2.9 nszurunstwanlaisdu [10)

Tnanlsiedu (Polarization, P) (C/m?) gnfismindudnsdiuvetinlnaluwwd (Dipole
moment) Ngnindlentvuuneluileaunneldauulwihmeusnideuliiudianiasnse

PUIMUIYSUIN VDI

2 Talwaluus
Inanlsidy = ———— (2.1)
J3195989011U

Tneiilalwaluiuud (Dipole moment ,p) tintulddwioludimniigauszqey 2 9a yandsd
Usgq +q wprBnqaniafiuayg g azfalalualusudsswinsszyisansulaedl  lalna
TuudiAntududvaunsd 2.2

p=qd (2.2)

d fio LINmasszeenszin (displacement vector) diaN1991nUszauludalsequan

satulalnaliuud JaduvsmannmesuasdiicnUszgauliuszquan

2.3.1 aauantfauiuluusngnisallwanlsiwtu [11]

maiRaTngmsnlnalsedursintuiaunegneliaualiii laefinsaaind
\Auszgidaunlaihaiauelaedigyanmduauin mnsunuiledidnesn dielectric
displacement D(¢) iudndrufunnmesauniliii E(¢) Auddesingin (¢,) dadu
Al

D(t)=¢,E(t) (2.3)



12

gununawuagyInenleianauiulelenseUn anunuiwiuauuliinasnudy

esanusngnisallnanlsidu P(1) Fraunsil 2.4
D(t)=¢,E(t)+P(1) (2.4)

Weawweg nuldauuliiasiialnanlsiedy Jeianiasassiududuauulii

(5

ameluflonuiu E; asgu 2.9 nssviunisiiialnanlsieduusasvlinasiinvuliniouduegiv

Y

v v LYY

yunauliiiideu E, uazarnuaiwsoseusulavesladiannin (y) Tsduiusiung
aunseioluil
P(t)= y¢,E, (2.5)

aunisinanlswduiasuwdasanuiiaianunsamurasiiedauauulnid il asuwdas
aualagltnis convolution Tulauian azlnaunisinantsiwdulndasaunisd
_ t d A 14
P(t)= goz(O)E(t)+80J‘0E(T)%dr (2.6)
t
Tuauns 2.6 asfimeuiusvasmanuaunsasensuldvedladiangsn y(¢) Usngiu

Tuauns setiuasivuailsnduiaie /1) Faduilandunevaussladidnninveauiu

f(t)zd}fot) (2.7)

aetuannistwanlsieduaiuisasulndlaseaunisi 2.8 lunsgaundnatusnves
aunsionduand (0) = 0 wilumsTnassusngmisallnailsisduussaminfntusmnasl
aunsaninuale memanateiliiivun delayed time constant vlw ¢ = 0" iiaunuAINaY

TugaeAnungs

P(t)=2,2(0)E(t)+&,[ E(z)f(1-z)dr (2.8)

Tunisialnalsiwduldansainauinlaeasala waaiunsamilaainnszuanisnsedn
desanmsTwanlsiwiuszadranseualnaruiioauiu dadudrundndrunisdunseuanis
n5edn dafuanaunisadinmandvesudndiialule.m 1891 aunuli Et) Adeultauiuss
a$19anunuintunszua JO §adunasiuvesnszuanisiiliiinaznszuanisnszdn

(Displacement Current)
dD(t)

We 0, Ae AUiveadan DC conductivity ¥ee¥anauIu
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WD UAMUFUNUSTENINIAUNTTA 2.4 @UNNST 2.8 WAZAUNITN 2.9 FIUUAINUAUILLIY

nseudanusasula el

dE(t)

e, f(0)E(t)+e, | LD E(r)ar 210

J(t):GOE(t)Jrgo(]—Z(O')) dt

a a v v

du (1—;((0'))Iuauﬂ’]iﬁuﬁuahua%asuaammai’mmﬁﬁ NS (relative permittivity) @115
"U"Nﬂ’smﬁqu‘iﬁ time constant \Ju ¢ =0’

&1tfou step voltage waust 7 = 0 sufurauny Tnsvuavosaulwihfidouldauiu
Huwawindu E, 32@8n3amanunuiiiuvesnsewalnaalsigdy polarization current %39

charging current J (1) lAReaang
J (1) =0,E, + & (1—x(0))E,S(t)+€,E, /() (2.11)

lngi §(¢) Ao Haiduiaas (delta function) MAATUAINANTINYUTIAY step voltage WUU

v

uiivhilalyituinguaseuiianGusu

2.3.2 Yuavaslwanlsiwdu [11,12,13]

Twanlswdu f6aeiu 5 via dil

1. Electronic Polarization tJunszuiunisinanlsdseaussnauvadauiu Lﬁ'aamuag
aeldauuludih vilingumuondidnnsouiiegsou daadsafiansiuagutuasiumis
dntios 1iedassailndiiiewndvdnavesauwwlniiineusniiinnszyin uinisiUasuudastiy
Snwaizdnanivuadnunn Weeinussanaualiihasueniinsyiressneuduiivungn
dlafsuiuussBamioneglussaeuiiinaininasanseyindedidnnsou Tnatlswduriail
dAerumelunan 104 3ui Feilaruaenndssiuaruuaasnsiiauuusnaidagldh
TiAnnsaydemslnii

'
v v =

2. Atomic Polarization tHunszurumsinailstidntuiutagidundnlosstn iled
auniliiihanmeuennszyi agililossuuinuaglessuauvesiustlossdniinsiadeud 4
mandeuiitasrliAnlalnailiauna Wesnaulwihmeuenaiusavhlinisdndes
vosiuadvaniglueznouuaznisduvedasadulianaidsuutadly nmsidauuudliannsn
Aintunglunanisandafatiu Electronic Polarization Idnsefnnivavesesnomadouiils

Funnlaisuiudiannsou
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3. Orientation Polarization Lunslnanlsdfiinduduladidnsdnfiiauanadunuuids
dho1s FsnsisesiiveteraeuiuazSuainegetinssdnnszas liflsuuuuiiviueuuaziile
isrinenauslihssasdauiduaud wideteuauilinlviuauluenafifuwuuideds
melulianaiesasiinnsidediluimufianisvesaului fenistwanlsiedulssinniasld
nattunsiAauIund Electronic Polarization ag Atomic Polarization

4. Hopping Polarization ifunszurumsinanlsdfiesuisusngmsaliiuszameluaun
deauuegneldauulin Sidnnseuneluauiuaznsslanaindumianisludsdnsiumis
wﬁqimwﬁwqﬁﬂssmﬂwsﬂszimmﬁﬁsLﬁmiuizaznawéﬁgawwﬁﬂ@LﬁﬂmiauﬁhﬂdwaazﬁﬁanIu
sl naglaaluri i s v uansng Anssuiduszav waziinlead uan &9
ngfnssunstnesummoszaneluauagiilmAanisinailsdty

5. Interfacial Polarization ind util 0191nn13unsnszatsvesleseulnsnoudey
aunilviihlsifuauu sumedszauinuazeynauszgauazinsdndusadeu uiieauiueg
aelaauulaii vihltinanisnsgatevesvseqluaviumuiiaauiulniisynialseauinuas
pumalsygavitasaiadouildegmeluiioauuanindouiiuenoonaniu uazoynialseq
fanamagiedeuiiinazautussisossevesauiu 2 ¥ia fdanleinimnunnetu Szl
AansazanuesUszuanuiolszqauiisesrenesauiudanann dausingnsaiiazsiilinig

nsratevasauuininngluloauiuiaiieuly

A P,

Space charge
Polarization

Interfacial

Po “Polarization

Orientational/
dipol i
Soerizabioh A pori 0200
QOO0
SlCICIS)

®000

®)

o 0000
0000

Sl 0000

0000

0000

Pi
Atomic/ionic
Pe Polarization
Electronic/
optical
Polarization .

Polarization (P)
External electric field

1010 I 5 i T

10 10°
Time (second)

@m@eﬂmm

JUN 2.10 szezamldlunisiiinlnanlsieduns 5 wwumeldnisleuusaiutuiule



15

2.4 aszudlnanlsiwdunasnssudnlnanlsiwdu [12,13,14]
AIUTeMIRAINANMDT TR AT D T NInaM LU sEnaUe luAwausu Sudlngifey
FehlfawiuremaanannesUsynaumesesrevesauiudusiuiuinndsessesina e
Lﬁm%mzmwﬁaaamulmf’ﬁu,azLi%uuaw’haLmﬂiﬁaﬁ'mﬁﬂaumqﬁuﬂizmeﬂﬁﬁ’uamu
nsvuaunswanlsdfiintuneluauuitinlésadunisinanlsdussian Interfacial Polarization
Hundn Wesanlilannsetnvuanisinanlsdsautmunneluaunlalnenss weteuusesiy
Asvuansslitvauwdunaiuuiisamed azldauiuinnisinailsdwazauinue s wud
Youldifivaneiazildauianisiwusnany maialnadlsdifionsvausssoauulninan
meouoniiunseyhagvlfiAnnszuatulunasivhnisdounssulituauudsiaenssualnanls

Rty ( /po()

2.4.1 nszualwan sy

nszualnanlswdulunnamguedaziiosdusznau 3 du fie

1) nIzlaAU AN (capacitive current, i) Fudunszuaiietuiesmnnnavosiafiy
U58qa5aIN1AYRIIEUUNITANIU bavdzanasluyiunyiule

2) NERANATY (absorption current, i) FaunszuafiAnauainnssuunisinadlsd
meluileauy

3) nszianstiliin (conductance current, i) Sadunszuaiiaainaaut i
voriaguarilegluianynuia

nsauamaetudwaialsngmslinatlsguag sl nsitaduauniae
mMsinnavesdumedinidsalnanlseduiitinanusngnisalinalsedu ialnenisiliih
nIzuanstsEIrituaL Tasauty, qmmﬁuazms;mﬂ%’mu%dqwa&iaﬂﬁﬂgmiaima'wf‘j

nszualnarlsdulunanguiuazesddsznovvesnssianandlddagui 2.11 udluni

U

UURnszualnalswduninliasiinseuasnlua (leakage current, i) swuegiedanszuasilvall
ANTLINAIV MU BUNEIRWINMTBLARIINANUANUINTDIANNLINSDUVULYIININAF UL
farsannszuanisihlnfwaznszuasrluaidunszuair b Talalunsu JUa (practical

conduction current, icon(racticat) )
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A
— s [
O nszudlwanlsdigdu
S
¢ aoa
¥ nszuaa1UIgnn
\
=
= 5
S nITuaATU
2 |\ v
g | .
= | nszuan1sUn Wil
= \ \
T | 1N
g
< \ S~
== S~ ——— =
\ 7~ — —
-
LI

JUN 2.11 a3AUsEnovveInszwalnalsiudu [14]
ipol (practical) = IZB Y F A el (2.12)
icon (practical) b lcon + it (2.13)

nszuabianlsiedulummguianusodoulddaunis (2.19)
)
() CoVol o +E., 6 () +H)] (2.14)
Toedl G, Ao AU nIasuIRaIR (geometric capacitance) VB4ingVAaay

Vo Ao usaunszuanssiildlunisnageu
o, femArniliinsEnansIuians (pure de conductivity)
£, R ﬁ?Lﬂ@%ﬁmﬁ%gﬁuaﬂqmﬁyﬂmﬁ (permittivity of vacuum)

_ flo AesfinfiRauis (relative permittivity) faanSudu ( 0 Juni)

&
5(t) Ao Wantunad (delta function) MARTUANNTTBLTITUTUTLTUAKUY
wiiilalviiuTngnaaeuiviasusiu

A fe Hedunaneuauesweslndidnnsn (dielectric response function)

NANNITA (2.15) anunsanvanszualnanlswduoandu 3 weusesdnuanngrelurn

De
=D
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4 a o Ao o o cw o &
Y9UN 1 ADLNDUYDY — 521\‘1L‘ﬁ‘umalﬁ/lllﬂ’J’]llE‘Ill‘W‘lJﬁﬂ‘UﬂWﬂUWMUWIWWWﬂWSIULUBQU’JU
£

waziumendlidusgiunszurunisinarlsduesauiu weuil 1 dazusingluvaeiivhnsane

Y
i

wsesuliifuawuiiudaneud 1 sxdumeniiflanuduiusiunssuanisiiliihaesauiu
ol 2 Aewneuves £8(0) Fudumeniiliannsavhnsialdlunsuitfidesinns
WasuuawesmwanssudesesanEaduneni 2 Teziinainnssuiunisinailsdildszezian
lunsiinsiasinaiy Electronic Polarization tOusiu
woudt 3 Aeweuves f(t) Wumeniiiiauduiusiunseuiunisinadlsdnanunfiingy
meluioauiusniiunssurunisinanlsefildssozsnantunisiinsadadinanlUlumend 2

Faveud 3 Tazilumennfianuduiusiunszuanu@inuasnssuagadu

2.4.2 nzuaflwanlsytu

9nte 2.4.1 Wengadeusssilifuauutaginmsdmaasauuiioauuianisae
Uszqangnsnad luanausgussglihnglutienuiuasfnnsdaisowidnganiznineudiay
fiaunlifiannssyinszianieysyq (Discharge current) MaldunzvinmsdmsasTiiuauiuey
gnienInIsuaflnanlsti (e Nsvdaninailsiudy azlotrussneu 2 du fe

1) nszuan1UIBnAas1s9 (capacitive discharge current, i (discharge)) Fadunszuad
AadusazasasegrafuiiviulauaasdaudneagmiioutunssuanUi@invosnssualnan
Isdiduunditanssthudty

2) ﬂizLLﬁ@ﬂ%’Uﬁﬁ%ﬁﬁ] (absorption discharge current, iapischaree) %ﬂLﬁuﬂizLLaﬁﬁ 189

Y
P o

Tughausnuazifiovinismeyszliiuauiudeluisesqnszuadananaziimananszuagadu
Pamdadasfinadnvusmioutunsuagaduveinsyualnanlssdunsasdtansediutudini
nszuarlwanlseduarlifiesduszneuvesnseuansthiniuagnszuaislvasmegieioanin
yhmvgadeunswiilviivauiuudanszuarinanlsistudouldfsaunsd (2.17) uaznszualnan

Iswduuaznszuaflnailsiwtunialdiansiesun 2.28

/depo( = /c(discharge) + iab(discharge) (215)

depol(t) -CoVol fit) - fit + T)] (2.16)

T fio szughamvinsewssiuliiuingmagey
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Ue(t)

Ipol(t)

Tc
Idepol(t)

/

JUN 2.12 nsvualnanlsiwduuasnseiaainanlsiedu [11]

WlaN9NsNENNISN (2.14) way (2.16) Wi anansamnssuailiitlunafoalalaents

nszuadlnalsietunialiuaueenannssualnailsietuinialaluns jus

lcon(practical) N ipo((practical) 7 idepol (2.17)
/Con(practical) N ic jik iab + icon + il -~ ic(discharge) o iab(discharge) (218)
lcon(practica() = icon * i( (219)

2.5 NSNAFDUAMUAIUNILAUIU (Insulation Resistance Test, IR) [14]
AsnageuAi YR duMsadeULTUUSES (Rountine) §1asyinrianaunas
swiemsldauaiosdinsna Seiduntsmageuuuulaivinane fuiudsliviiliaunlwiidene
egninarldUszgndlifaudd ae. 1912 MmmadeunnuiunuauIumMadeuTiaunsn
ldienazsinsa lneranisnaaeulsvenisaninveauin Tnefienanufiuuauiy o

nalae Ae

V
R =— (2.20)
/f
gV 0 w5enulNinsEwansIntalunIsneaay
Iy Ao NASINVBINTERANIALANAI91INIAN t

Ri AD AIAUAIUNILRLIUTILIATLAS
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M13197 2.2 ALSIFUNADUATIUAUNIURAUILANLINTFIU (AUNINTFIY IEEE 43-2013) [14]

Anwsasuvasvnan (1as)

LSIPUNTERansanlglun1snegaumuA I unILaLIL (1had)

Hona1 100 500
1000-2500 500-1000
2501-5000 1000-2500

5001-12000 2500-5000

111N 12000 5000-10000

2.6 nsnadauAnrtlwantsiwdu (Polarization Index Test : PI)

NNSNAABUAFILLINA ST UMD AN UTLNISLANT? ABDMITIAIUVDIAIIUAIUNIURUIU

(IR) Malanasainaewssnulnfndusyesiian 10 i (Ryo) oo 1 w¥ (R,) Aeaunsy 2.21

IR
pl = —10 (2.21)

IR

1

M919i 2.3 anmwesaualaeUszidiuaine Pl (muuwIg1u IEEE 43-2013) [14]

ANINUDIRUIU Pl (10/1 i)
DUATIY I 1.0
aulueadlgm 1.0-2.0
AUIUA 2.0-4.0
awuf e 171nA71 4.0

M13197 2.4 A1 Pl AgavetrsesinsnalilinszuaadulasnIzianss

seuiuvesaun samgilandenilauuansovuld (emisaiea) A Pl g
A 105 15
B 130 2.0
F 155 2.0
H 180 2.0
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2.7 msnadaullSeuiisuldsa (Surge Test) [12,15]
\umsvmeaeumuaugavesiBuiinnudvesauiumeIBnsiieudioudsa dadums
WIHUBUNIINY DI 2 ﬂsWWﬁLﬁﬂﬁfumﬂmidwLLawthsJﬂizLLaﬁLfJuﬁaﬁlﬂé’wmmm
2 9 Tuns@ifidnadufiwnudiimnuaunasdolimluunnssiunsmveauswiuilafozdou
fu uAdmnunaeUIgAidiaLUANTes luAnN1TERIRSUT DaUILYBIAUIMANUIE L]
A151E ouAN M NIINVBILTIRUT L9z uEneenaIN T sHANITAADUITYNATIITUS Y

poadlagalay vla 2 v&@u (Dual trace)

A1519 2.5 N1381UAMNIMNSNAZRULUSBUTIBULESS

15DUAAIN , / . o
NIIRNDUVAIALLUUANI ATIRNBUANAINLLUULAARN

N
N Jine

ANVULVDIVAAT

ho) )

AN999
SERINVA

AN99
LRI




unil 3
nsnadauiivadukuImslunsingedneasasdnsnanyu

LSINUFIUUUAGLAY

3.1 nga1adh

MnUszaunsaimsihnugesguaiesiudaliiuazueimeslugnamnssuvunsivg
Tngaznamiaeiesiudnluiussdugeaunadiin 70.6 MVA 10.5kv Aldlulsdlaiimasleth Tng
firdostiuloduluedosuidmmedasiudeliih lunisteuthzueiesindalnihusedy
aeilzutanisgoiissoonidu 5 dawndn Tiun awnees awes szuussutvanuiou valve
slow drive tazia3aataniou (heater blower) Lagnd@Ifiams Overhaul Nowmosvumin
6.6 kV

5U7 3.1 n) Nameplate vauA30ar

Wialndn ) wsasndalninvesl

selldwdslaun

3.2 JupaunstaNtizuaTasilalniLssiugs
Tungeutrguasesdudalniussiugaiulianansandoudeisesiiianiluge
Mssnulalupsuser agdesiinsensuuwazuieuRalugannlsany wavusdILgaunng

UALAN LN UEIFUN 3.2

€

a Nl

209U m) Funanrvadeurounisdentis MR R FG PN RET o]

l

vA@oU Run on-load B Usznouudwfias On-ste B Aunanisvindpundamstentig

JUN 3.2 unusnisgeuvnsuasesilinliiusadues
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3.2.1 YunaunNnsIenauAsasiLialuiuseaugs
1. nyaaeuindl Alignment AguN153808U MAINTULIARA busbar AU 3.3 Uax3.3v

AUAINU

3U% 3.3 n) n133nen Alignment neunisTeney Lag

) N15Uan busbar

2. nan valve slow drive kg brush holder ring Ae3Ufl 3.4n Wag3.41 MUARU
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4. 980 sleeve bearing 71U D-end Uag AW ND-end AIgUT 3.60 UaE3.69 AIUAIGU

5. dnsvezunuennavasainifiunen cover guard F93UT 3.7n uaE3.79

ﬂ 85

[
Y

6. nam coupling bolts wazAnssgunsaldmsutnlanesoanainamnes AU 3.8n war3.8%

v v

ANUANU

A
o
Y

3U# 3.8 n) aan coupling bolts wag v) Annsgunsaldmsutnlsnesesnimnannes
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7. gnlsimeseananainnes Aegun 3.9n

8. SesvuUTEUIEANINTauTauATastLnlndn Aagunt 3.90

3.2.2 unauNstaNUIgasnIadauLdazdIuvasaTasnlalii L sAugs

Tunisgenvnzuaiasiniatiiiussiugelitswusnsgentisieandu 5 dndn loun

ALALADIT LSLMDT TTUUTEUIANSOU valve slow drive waziasasuiausau Tuksazdiuazdl

nsnedeuLvelUSsUTiButayansukazrdanisgedunge Tuunilagveeiurenisgeuinzuanty

AUALALADS 15LADT LAZSTUUITLUIEANLSDY

3.2.2.1 nMsgautnsiuduvasanings

1. astedeunanHaAUng

@ N X

1@ Stator lamination core
\@n Stator slot wedge

\9A End winding and support
@ .

1A Busbar connection

Neddu Electromagnetic Core Imperfection Detection (ELCID testing)

2. MngevawnasmenIInagaunngliiineun1stenUigs

Insulation Resistance Test
Winding Resistance Test
Polarization Index Test

Insulation Power Factor Tip - Up

3. Nead@au Current Transformer (CT)

Ratio Test
Resistance Test

Insulation Resistance Test
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- Impedance Test

nadoumuiesarlusesadon (Slot wedge tishtness)
MANNdzoInaLAAasAIY Dry ice

aulaewadaatraudou (Ory out)

PAAANDS ALY

O N & o,

neaeuammesienmageunsliihnadimdnisdeutiig
- Insulation Resistance Test

- Winding Resistance Test

- Polarization Index Test

- Insulation Power Factor Tip - Up

9. WudaLumo3s (Air brush painting stator)

= 3 .| .- 24 ¢ y l' R B "-
3U# 3.10 n) naaeu ELCD ) MsinAiaaya1naininesele Dry ice

A) aUlnELATBRUIANTBU 9) MAALMADSAIEINEY 3) WUFALHLADS 2) FLALNDTNAIVINANUEALD R
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NanN1INAEau Slot wedge tightness
7533a@U Slot wedge tightness LGN Wedge Tightness check \iensiadeuAIy

wuvealuTeIEden lnuNan1IaaaULandlUAISI9N 3.1

A19719% 3.1 LARINANIINA@DY Stator slot wedge

Number | Wedges per slot iau overhaul

ofslots | 1 | 2 | 3 | 4|5 |67 RTI Category

1

No. of Slot : 42

Wedges Per Slot : 7

Test Points : 3

0-30: 31-60
DAMAGE UNSAFE

| NN

O | 0| N[OV | A~ W
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NaN1INAEaU Insulation Resistance Test Wag Polarization Index Test
A&V Insulation Resistance Test wag Polarization Index Test aew@3a9 Insulation

Resistance Test uag Polarization Index Test fis3U 3.11 lagran1snagauuanslunsei 3.2

A1519% 3.2 LARINANISNAZBYU Insulation Resistance Test way Polarization Index Test

, R @ R @ TEST VOLTAGE | WINDING TEMP
STATUS N19619 Pl

1 min (GRQ) | 10 min (GR) (Vdc) (O
Y 5.25 19.30 3.67 5000 32
Before OPEN - Y 8.00 33.20 4.16 5000 32
O/H OPEN - Y 8.30 32.90 3.97 5000 32
OPEN -Y 8.20 31.90 3.89 5000 32
Y 9.78 48.00 491 5000 33
After OPEN - Y 13.40 66.90 5.00 5000 33
O/H OPEN -Y 12.00 59.40 4.96 5000 33
OPEN -Y 11.90 62.40 5.26 5000 33

=

g‘tJ‘ﬁ 3.11 N) 1INAEBU Insulation Resistance Test Way Polarization Index Test
) WITVNPADYU Winding Resistance Test A) WaINA&@DU Insulation Power Factor Tip — Up
3) Lﬂéaﬁﬂ Insulation Resistance Test llag Polarization Index Test

) \3eein Winding Resistance Test @) \A384 Doble insulation testing



NaN1INAEeU Insulation Power Factor Tip - Up
NAdRY Insulation Power Factor Tip - Up §ep3e9 Doble insulation testing A1 PF Tip — Up #1970 PF 7 1.0 Vp-0.25 Vp lnananis

NAFDULEAILUAISIN 3.3

AN319% 3.3 LAAINAN1IVAFDU Insulation Power Factor Tip-Up

N13610 MILLIAMPERES WATTS PF. TIP-UP CAPACITANCE (uF)
. TEST ) " - = . ¥ ; - . -
18 WIND KV nNou %ag NU %ad U ViGN U e U e
®I9AU GRD. Overhaul | Overhaul | Overhaul | Overhaul | Overhaul | Overhaul | Overhaul | Overhaul | Overhaul | Overhaul
U V+ W 2.0 1012.95 1010.22 54.41 54.39 0.537 0.538 0.32225 0.32158
3.0 1013.41 1011.13 55.41 59.38 0.587 0.587 0.32263 0.32187
4.0 1014.61 1011.22 56.41 64.25 0.642 0.635 0.230 0.213 0.32279 0.32208
5.0 1014.87 1012.07 57.41 70.12 0.704 0.693 0.32309 0.32231
6.0 1015.91 1012.16 58.41 76.00 0.768 0.751 0.32326 0.32248
V W+ U 2.0 1007.14 1003.93 59.41 52.69 0.526 0.525 0.32038 0.31970
3.0 1007.71 1005.19 60.41 56.82 0.573 0.565 0.32069 0.32000
4.0 1008.6 1005.50 61.41 61.58 0.625 0.612 0.224 0.202 0.32090 0.32020
5.0 1009.43 1006.17 62.41 66.86 0.689 0.664 0.32112 0.32041
6.0 1010.23 1006.93 63.41 73.13 0.750 0.726 0.32144 0.32067
W U+V 2.0 1006.53 1004.02 64.41 50.88 0.521 0.507 0.32028 0.31962
3.0 1007.32 1005.25 65.41 55.05 0.56 0.548 0.32060 0.31990
4.0 1007.66 1005.85 66.41 59.78 0.603 0.594 0.187 0.195 0.32075 0.32008
5.0 1008.7 1005.94 67.41 64.66 0.653 0.643 0.32100 0.32033
6.0 1009.29 1006.44 68.41 70.60 0.708 0.701 0.32117 0.32045

8¢
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3.2.2.2 Mmygautrgsludiuvadisnes

1. A523d0UMARAUNG
- Check run out rotor
- Check balance rotor
2. vageulswasientsnaaaungliiineuntsdentigs
- Insulation Resistance Test
- Polarization Index Test
- AC, Impedance Test
- Voltage Balance Test
- Recurrent Surge Oscillation Test (RSO)
3. nen Fan Blade uay Retaining Ring 9199w D-end waz@u ND-end 1A uazen
4. 39 Insulation Support End-Coil Lﬁam?{ausqmimi
5. 099 Axial & Redial Insulation Blocking Slot Wedge Wag Slot wedge 11vinANuaE0A
6. nanunaanlsiaeioananunulsines vdmntseauiuieenanaadnlsimesLa il
7. YSuunulsimes Adjustment lamination
8. Usznoulsweslaesuainld Slot Armor sulvuiadluses audeveaialsmes wazslot
Wedge tazUnnay Axial & Redial Insulation Blocking Slot Wedge suluil udumaasusiey
epoxy painting
9. Usneu Retaining Ring uax Fan Blade nduidnluiilsmes
10.U5uaaa Us sl

- o

5U# 3.12 T51me3naanis overhaul



30

- ﬁf{bi A

Remowe insulation tum

to turn of overhang coil

\ -'rrll'Jr ‘I ‘ .

M

THITH

Rermaove dnsulation fum Copperbareenerator

Laminated Roters || Collactor rinss

to twm of main wall retor

JUT 3.13 diudszneuvedlsinesngnielunisteutiss

3.2.2.3 M3geautngsluduvasszuusTuIgnuTou
1. wenN@UUsENoUTEULTZUNEANNTOUNIIANEYOIRLaE A fiegU 3.14
2. Waguing s (Filter) voe5rUUsEUIAUNTOU 69U 3.150

3. WAbu gasket YAl fagu 3.159

4. Wagy rubber seal Yolvial AegU 3.15A
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5. 1Wavu O-ring Yoyl

6. Test pressure cooling system f?fﬁ'g‘d 3.16

_ U R PRI o

3UT 3.15 n) snT04 (Filter) ¥8333UUIEUN8ANNTU V) gasket YAy A) rubber seal Ynlu

gﬂﬁ 3.16 Test pressure cooling system

3.3 9UAPUNI5 Overhaul YaLmDS
97U Overhaul UDLABTVUIANNALIIAU 6.6 KV 2UIUAANE F IAULEAININADULALART

Overhaul ﬁagﬂﬁ 317

.--W--r‘-fi"—"‘;_

4 1 —

JUN 3.17 Yaimasvunaiiiauseiu 6.6 kV ) Aeu Overhaul %) a3 Overhaul
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1. AFIANIYAUNNTBY
2. A UNaUNSTRNUT
- Surge test

Resistance test

Insulation Resistance test

- Core loss test

Winding recistance test

[meulation Resistance tect Care loss test

SUN 3.18 N1snAdeULBLAEINBUN1S Overhaul

v

3. 39dUUTLNOULDLADS

=
N

Ul 3.19 n) 151095 ) dLeas A) bearing housing

€aN
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4. Anwosazgminanuazandndafieindnussdundroufigamnd 120 °C Wuian 10 Flus
5. lswosnndau dynamic balancing WagmIIREULNG"
6. NAUAZDIALAZNIE bearing housing
7. Usgneutudiumomewnes
8. NuANaLmes
9. NAFUNEINTTRNUF
- Surge test

Resistance test

Insulation Resistance test

Core loss test

3U# 3.20 n) asalanes v) Lsimesuagnaaay dynamic balancing A) LNALUTY

N)) UsENauTUaILTDILBINDS



uni 4
mivmaa‘uLﬁaL‘i‘fluLLu'JM'lﬂunﬂiﬁﬂ§a%’nw'\Lﬂ%aﬁninamu

w3enUgIRBuUIAnELE TVl

4.1 na1i
Tuuniagnanismsfinwamauifauuannesvosemefusaugddagismmagou
AvantRauIumiensinnssudlnalsiedunasnssuanlnanlawdusniumaiianisageuwuy
Fufuniiegoutizuaiesinsnanyulugnamnsseuslng nmdnawinesnesddmivuewmes
punsalildlumsvaaey uazdsdndunimaaey dwsunisdnuauivannesvoseines
usaugeaziamsinmoonifu 3 dau Wud LamsdnwpuatRauuluidasduneunisuana
WimasApgRdmiUNaInes 2.n1sAnwInManTRauILTasBIMBs NauLAaLnAINTToNUTITn Y
3 navnasurowe STl dunauu ludwinddfidmnadofnvuagianudil
AuandRawIuwassliavesanne sasadldd s unamasuIugae BN s Tanseualnanlsiy
Funagnszuaiinanlsiody drudiaesiidmneiiawisuisunuaisiauiuneinos usigs
seasnstanszualnanlaisdunaznsvuailnanlsiotu uaynnsnadeuselnosieTsou 1 ns
Fapaudauniuauid (R) way Surge test 35manilneUnasiuisildnaaouneimasiiie
UsziliunaziUisuifiunainesieulagndsnisdoutiiss il 3 iefnwiauandieuiuneines
usssugailallfldanudunaum
nsteuthsuaiesinsnausulugaamnssuvnialugluuniagnaniuedosdnsnanyu
ussiugs 4 i TeSeuiisunafildanansmeaeuauduniuauiy wasansveaeuiiln
a1l uUDINoUN 1S TOULTLLATNAIN 1S YU UYL "'meqﬂismﬁﬁuaadauiﬁdﬁﬁumsmums

FouUI3uAIRITNINAVUIALYEY st auaNan1saaauN1nidouwasra NSN3

4.2 AsIansesalnanlsitusaznsetaninalsituluLiaIunauUNISHARELR

LDIABYAFINTUUBLADS

[
o L2 =1

nnUszasdvesnismaaesiliisAnwinansuausdlndiinn3nvesuaazdunaunisny
YanaLnaslaedIsnisinnszualnanlswtunaznseuamnanlsiwduiaidunuimislunis
AszauIuNoLmas 1aelevinn1IneasItuanLnasARYREINSUNDLADS 6.6 Nlallad  SEaU

awIuAANE F 91U3U 5 Aogd Fenszuiunislunisnanawinesaesdazgnuusesndy 5 Juneu
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VRINKIUNTEUIUNSHAR L uAasTunauIN T InnTelalna lswdukas nsvianlnan st
dwsugunsainldlunszuiunisudngnuandlusun 4.1 uasswaziBealunisudnlagnesuiely

P10 4.2.2

4.2.1 gunsaifldlumsndnannesnosddmivuewmas
1. Wi meauns

. Lﬂ%‘laﬂ Hot press

. NOMEX paper

.y Kremica

. 11U Filosam

2
3
il
5. wU Conductive
6
7. WU Semi-conductive
8

SwUlndeames

UN 4.1 9Unsaii g lunSHANAMLW S ADYAAMSULDLNDS

]

CaNl

422 VumsuMsHANAMMDIABEAEMSUNBINDS

Fumoudl 1. LLm@]’aﬁ'maaLLmﬁgﬂﬁué’w NOMEX paper Qﬂﬁflmsuml,azﬁﬂ%ulﬂugﬂ
Diamond shape f43U 4.2n

Funoudl 2. fumy Kremica $1uu 6 s0u Tudummssdmiundusesadonuazaiia
Avosainnoinond fagy 4.29

Fumoudt 3. WumyU Conductive $1uau 1 sou ludwmmnsidmdundlusesadonvos

awmainwd nagU 4.2n
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Junaud 4. iannasaosdanduneun 3 N duases Hotpress Fadunisivdnludiu
nmmssdmsiunslusesationvesaninained InefinsmuauanuduLazaamailiag feu

M 1 U1s wazgamall 160 esrnwaided Wuaan 1 93lus 30 Wil fsgu 4.29

o

Tupauin 5. Wy Filosam 91U 7 50U NUTIUNLAUAZINNSE dsRntuiuny

Semi-conductive 3143 1 50U NN Tugavneiumulndieanasdiuiu 1 sau AU

lAduazunsd Aegu 4.29

& ===

=1

SUT 4.2 sUawmeiresdudasdunauntsnin
. ammai‘ﬂaaéﬁé’asﬁugmﬂu Diamond shape

9. anesneganaaLImy Kremica ludunensesasadon

A AnmesAsandaumy Conductive lugunemsesosadon

6. AwlnespeedlunszuIums Hotpress ludiuniensssesadon

9. awimesnasdndsiumy Filosam, WU Semi-conductive sl ndloawnasfiau

rRRG LRI

4.2.3 MsIanseudlnanlsiwduuazilwanlswdudvsuaminesnaea

dnsvamnesapualtisasinnsrualnanlsiedulavalnanlsiotureauiuseninana
(Phase to Phase Insulation) 3995 Li nadeufuainmesaesdlure s fURn 57 amnsauen
nsseenld Tngagldrasilunisnaasinisinnszualnadlsedunasnssuamlnanlsiwduluusd
arTunUNIINAR AlAoinosddMSULeInes

dnsunsredsasiildnegeunsianseualnadlsetusazilnailsoduresauiussning
e amaawm’mgﬂﬁ 4.3 lngiesdegiilenundnastunusosadonvesannes WusOUTY
NAFDUUSIUAIUN19959TUI09ad om TuN1TNAERUILYIINTTIN8WSIAU 300 Thad W ludauns
FrwesanmesAesiuan 1000 Sunft WioTanseualnanlsiwdy wdainAsumuaIaza

nszanlnanlsitu lnen1sanieasasnsnukatvasslvauiufassadual 1000 Fud



37

E‘U 4 3 ’J\‘i‘\]iﬁulla’mﬂi”LLﬁIWﬁ’llﬁL‘U“UULLﬁ”ﬁIWﬁ’]lﬁL‘U‘UU‘U@\?QU’JUi”W}’NLWﬁLLa‘“ﬂ’]i(ﬂ@’l\‘ﬁ]'ﬁ

dmsuinasianssualnanlsiwtulasilnailswtuvesawiuseninanaasldgunsnl
dmSunngeuianszualnailsduuasiinal sadued
1. wdasianszualnanlsitusazilnailsiwdu (PDC-Analyzer- 1MOD)
2., a7l
® aveianszua (Current sensing cable)

®  MeyABUIINUFEMTY PDC-Analyzer-1MOD (Voltage cable)

® @19ns13m (Ground cable)

PDC-Analyser-1MOD
voltage range 3020000
Current range 21 mid
resalution 1 pA

urrent Ensing

vantage aole Qraund canke

000D

UM 4.4 aﬂﬂimmmma%mﬂizLLaIwa'ﬂ,iLszisuuLLazﬁiwaﬂﬂ%usuaaammw’mmla
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4.3 NIVAFBUALIUVINBLABIABUNTTRNUITILALVEINITTONUNTS
Tuhdeilsinisnaassiunemessiuau 4 s Tnefanszualnanlswiunazilnadls
T, ANAUIUALIL (IR), Polarization Index (PI) Wag Surge test UpsNBLADINDUNITUOLU
UuagmaansgeNUnge
wawnas A : iunewesinienii 3 wa Afausdu 6.6 Alaliad vuiafds 240 Alated seau
auuAAna F Aeunmstesiganuhiinivesauiuaameinesdilijuinizegidntes fagud 4.5n
wag 4.5v Mé’qmﬂﬁ?uﬁ'maLma%mweﬁamﬁﬁﬂmamié’wal,ml,ma% MARAOUNTY LLazaUﬁqmugﬁ
120 paraidea Wuiian 10 Falug 'vié’aﬂWisﬁamﬁwqmaLma%”Lu'wuﬁaUuLﬁauﬁﬁaﬁuaaamea%

ADEARIIUN 4.50 Uay 4.59

3U7 4.5 (n) wawmes A feutaut1ie (v) awmesvesuaines A neugeuunse () uainesnasen

U139 (1) apipesvasmelnes A nastoutise (@) lsmes (@) Msvianuazenanines
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wawes B : iumeimosiniloni 3 wia Aidauseiu 6.6 Alalaad vuindids 240 Aladnd sedu
auuAana F Aeunsteutgswuiniiinvesauiuaiinesnesdilijusgidniios faguil d.6n uas
4.69 n¥snduthueinofindesniislasnisdsamnsos a uazoufigumfl 120 ssrmwaifea
Huran 10 Falus vdamsdenthyweweslinuasudeufifnvesannoinosdiguil 4.6a uay
4.69

FouUnge (1) dnLnesvasenes B ndweuunye () 1wes () nsvhanuavonalanes
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wawes C : (uneimesvileni1 3 wia fifausadu 6.6 Alaliad vuindids 400 Aladnd sedu
auuRana F Aeunisteuthgsuiniiinvesauiuainisnesnesdilijusgidniios faguil 4.7 uas
479 n¥nduthueinofindesniislasnisdsamnsos ia uazoufigumfl 120 ssrmwaifea
Huran 10 Falus vdsmsdenthywewmeslinuasudeufifnvesannoirosdiiguil .70 uay
4.74

JUN 4.7 (n) wawmes C noudouunge () awmnesvedalnas C neutantns (A) doimes C nas

FauUnge (1) awimesvaenes C nawwaut1i () Lawes (@) NsvinANuazeInannes
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wawes D : Wunawedndenh 3 wia fifauswiu 6.6 Alaliad wuiamds 400 Alatnd széu
auuAana F Aeunisteuthsswuiniiinvesauiuaiinesnesdilijuseidnios faguil 4.8 uaz
4.8 n¥snduthueinofindesniislasnisdsamnsos a uazoufigumafl 120 ssrmwaifea
Huran 10 Falus vdamsdenthyweweslinuasudeufifnvesannoinosdiguil 4.8a uay
4.84

3U% 4.8 (n) wawnes D neutautise (V) awmmesvewaines D neutautis (A) walmes D v

FoauUnge (1) AnLnesvaelnes D nastantnge (3) 1swas (2) MsvhAnuareInaaLmes



4.3.1 n159ansewdlnan lsiwdunazilnanlsiwtudnsunawmnes

Ausunamaslinasinnsewalnalstunas Alnan s dureuIusEnIuWanu

A5717% (Phase to Ground Insulation) 293stldnaaaUiUaLALADSABEAVDILBLADSUNTHIN bl

AN115008NNS1NPeaNLe Iagazltisasilunisneassnisinnssualwailswtunaznssuaninanls

wiuvesainaineunstaNUIT Ay aIN1TToNU13

AusunIseeRsiianegaunIsInnselalnan s tunarainailstureauINTEning

Watiunsne  Aesienasnugi 4.9 Tunisegeussiinsdieussiu 100 Tiad  whluds

weslusaveausaviaidunal 1100 Jundt wetenszualnailsidy nasainasunualazin

nszuanlnanlswdu Inanisdniasasnsninaivassliauiudarisadual 1100 Fund

JUN 4.9 3asinnszualnanlswtuuasilnanlsituvoauiussnitanaiuns g

aTipnseialwalsiwdunagalnanlswiuvesauuseninaiunsnnegldgunsnl

dusuneasuianseialnantswtuwasinailsidun sl

1. wsesinnssualnanlsedunasflnailsedu (PDC-Analyzer- IMOD)

2. 1A309978US96 (PDC-Phantom-1000XE)
3. ggluiile

a1eAuAl (Control cable)
a183nnIza (Current sensing cable)
@18n37179 (Ground cable)

#eA8usIRUgdmIy PDC-Phantom-1000XE (Single wire for voltage

application and current sensing)
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PDC-Phantom-1000XE
voltage range 30-1000V
Current 5 mA short circuit

PDC-Analyser-1MOD ”jdeﬁ nitely
voltage range 30-2000V
Current range +1 mA
resolution 1 pA

single wire for

current sensing voltoge opplication
controlcable cable ground cable and current sensing
’ g ~ i x ~g
| N
4 Y
et % i Z l . _ A » AL -] _“ - ¥

Uil 4.10 gunsafluisasinnszualnanlsiwdunasilnanlsiwduvesauussiaslatuns e
4.3.2 MsIAANUMUMUALILLazAR YR INalstudnsULBLIAeS
MMSIAANNAIUNIUAUIY (Insulation Resistance Test, IR) way @eilnailsiodu

(Polarization Index, PI) wosuowes 1ip5es Mesger MIT525 5 kV diagnostic ﬁﬂgﬂﬁ 4.11 1o

ﬁaawﬁmmméﬁwmamuéf'm%’uuaLmai‘ﬁqgﬂ'ﬁ' 4.12 wag 4.13 lunsvadeuueimes 6.6 nla

Tad Adeuneaauasiinisidusavaasnawnosdunatodnates 50 uif ndwintusuns

nadaulngazangusanuliiinszuanse 5,000 Tad 1uian 10 wiil lnea IR AeAAnuAmIunIy

P¥alsndminaeuseiuly 1 uifl daudn Pl azmlgansnsidrumuduniuauini 10 widl ae

AMUATUNIUAUIUN 1 W F9aNnIST 2.21

U 4.11 1A309 Megger MIT525 5 kV diagnostic
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3 Phase motor
Megger

(O)¢)

HV Starpoint
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S
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Grounding

L

4.12 WATIAANUATUNIUAUIU

€aN
c
=D

5UT 4.13 N15HeNITINANUAUMURUILYDINBLADT

4.3.3 mMsnadoul3auliiguldsa (Surge Test) AmsuNDLADS

nMavaaeuUSsuTeudsa WunmageuiiensiamanuunnsedeauIuEnINeseu
vosanDiAegd lnsedndnnisvesmsnanvesussuiiogluauanesludaunainvinli
\Andeyaondsaty gﬂiwamaaé’mﬁgmﬁéﬁuagJJ'ﬁ’Uf-ﬁﬂﬁmﬁl,mwﬁsuaaamma%ﬂasJa’ NINAADUIY
yhnsisuisudsinemnainaiaarg S1umu 3 ¢ fe

Lawla A U wia B

2.@ B AU wla C

3@ C AU Lla A

nsnegeutun1siUieuiieunsnvesussiu 2 nsmiinduannistienseaiiu
adludwnainvesiideulauazasiaduisesadiaalay TunsdigwnneArduiiuauddan
aunmsvedanliunnsnaiunsmvesuseiuildAazdaudiy widmnunanuiyaiiaiig
UnNTad WAANIIENIRITS pauILTBNUIMEN VUi s doNan s Nveus sl A

LENODNIINAY
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UM 4.14 1ASemaaeulUTEUTIBULETA

=5
| One-turn search coil

| Surge-inducing coil |

/ Surge generator

Resistive-type |

| voltage divider
| 1000:1 ratio

Oscilloscope

i Relay-operated swith

Tt T epios T 'l
[winding Ungier testy]

5UN 4.15 199sn15naaullIeuLiguldsa [15]

4.4 nsnagavaLILYRsNamasa1se i il ldanduraiunu
Tuhdetildinsmeassiutewmesasesililaldnudunannusiuiu 4 & Tnevinnns
Tanszualwanlsioduuazalnalsieody, A21UA1UNIUauIL LA Polarization Index n1573m
nsvualnanlsiwiunasilnanlsidudmsunisnaassiidisesiieniuiite 4.3.2 dmsuemes
Tneldrmasinnszualnanlsistunazilnanlswiuvesauiussnihanaiunsiag 1asildnadeu
fuingueaeuiiliaansausnnsndesnls mm’aawamugﬂﬁ 4.9 lun1snageuazyinnisaney
usasiu 100 Tad Winlugdamesiiveamianunafunan 1100 3wt wietnnsvualnanlsiedu
NaaNATUMILIANAEIAnsTuaRlnalswdy Inensanisasainsituaivaselinasnsaduy

181 1100 Uil dmsunawmesarsesnlulaldaudunaiuiudiuiu 4 61 laun
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wawmas M1 : Wunawesmilenti 3 wia ANAwsIiu 6.6 Alalian UMY 300 WL
sgdvawIupana F vimthiuaiugu THuesiaaedoiui 11 a.a. 2560 ldldlduduia

24 19U é’fﬂgﬂﬁl a.16

UM 4.16 saimas M1 ussgtudslel vzsianasinnseualnanlswdunasilnanlsiadu
UaLas M2 : Wunowasumtleitn 3 wla fANAwsIsu 6.6 Alakian YUINAIET 350 w3931 SEeU

awuaaid F inhiduiewesdy Idausssgavinediotun 25 w.a. 2561 lildldeudunm

17 1o ﬁqgﬂﬁ a.17

JUN 4.17 waimas M2 vaugsiodnsinnseualnanlsiwduuazilnan sty
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wamas M3 : Wuwawes 3 wia idausaiu 6.6 Alaliad vuafnds 400 usal seivawiupaia
F vimthidunemesluaiesfuyuussiugs Iauassgavnedeoiui 30 w.e. 2561 lilaldau

Wuan 11 wheu éﬁgﬂﬁ 4.18

JUN 4.18 wamas M3 vauzsiodnasinnseualnanlsiwduuazilnanl st

UaLMas M4 : Wunowas 3 a ANALsIsy 6.6 Alalnad uIaiias 400 1S9t seAuauIUAaNg

'
=

F vimthiuadiugu Mauesgeriedoiun 7 5.0. 2561 ldlaldauduian 10 Weou dagy
4.19

B
JUN 4.19 waimas M4 vauzsodnsinnsualnanlsiwdunazilnanlsgdy
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MU TN UGB UUIARFNE T

dmsunananeaeuluiite 5.1 Msvegeuianseialnallswduuaznssuanlnailswduly
uazdunounsnanammeinesddmiuLameiusIfugs azuanmanisianszualanlsedu
waznszuaninatlsietu nssuan sihlniilnd Aeugliiugdeou waswiamesanuayde
Indianmsn luainaaentadiy (logarithm) daunanisvaaeuluiide 5.2 N1SAROUAUIUTDA
UBmasNEUNITTNUIT AL NAINITToNU3Y FuanIanTInnssualnaliudunaznssuanin
anlsiwdu psguanisiliilndy dreuglwiitdeu winwesarugaydeladidnasn A1 IR
A1 Pl Lagkan1sIeuLigy Surge test AMSUNANITYAADUIIUS 5.3 N1SNARDUAUIUTDS
vewesdsedilildlinuiuimun avnanmenisinnszualnalsistutasnsz uaiinalse
u nsguantsiiliialiih Apugliidedeu winmasnugydaladidngsn a IR uag

Pl Alea1nnsialwanlsiadu

5.1 n1snadaulanseidlnanlaisdunaznssuaninarlsiwdulundazdunaunis

NANELALADIADERFNNSTUNDLADS

Pnnsnnaesianssialnanlsiwdulazilnalswduluudasdunounsnananne saosd
dvsutemasiififitause 6.6 Alalias seuauiuaaia F 31w 5 ased Tngvihnisnaaadly
HosufuRmafiauaugamgiivioglutas 25 - 30 ssmaidea uavarududuimsogluzag 50
- 70% Han1INAaBsILanINaveInseialnalswdulasalnalswdu nsruanisiilada an
aruqliiiBedon waruamosrugndoladidnatn vewusaziuneunisnanainnoinesd
FagUdl 5.1-5.4 puddty

mﬂmamsmaaﬂugﬂﬁ' 5.1 wuluduneudt 1 Miftesudauau Nomex 1 $u nszualnanls
wdunagAlnalswduiizuhafudunsdaanausionaililumsadtusasiivuatesn
an LﬁaqmﬂamwﬂwﬁalﬁmLLazm’]wuwaqamumqw‘?fqm dlowuawiuinnduluduneui 2
ey 3 wuiinsvualnanlsistusazilnanlswdulidudunsadosanluduneunistuauid
nsuendulidifuidoiety wasdvunvenseuaniaeaninninduneud 1 1ios91narLmun

VIAUIUNINTY U NFIHIUNTEUIUATT Hot-press U 19nseialnalsiwdunasvilnailsigdu
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naunJudunss®nase insizinen epoxy resin Tu Kremica agangvildawiunaunnduiile
WU WaEIUINYRINIEanTnlsanas naanisnuauInluusnadulArInswalnan bsiwduy

wagdlnanlsiduninlaiinsiudsuwlashieliAnganny

Current (A)

|| @® 1" NOMEX paper
|| @® 2" Kremica Therm

g = : == 3" Conductive Tape
1t =22 e Jom— B -\ — (3 P —& “S=.. | @® 4™ hot press 160°C
10 100 1000 th
Time (s) @ 5" Polyester Tape

JUN 5.1 nssualnalsiwdunasnszuaninailswduluuiayduneunisiinannesnoeddmsu

1BLHBSNIUNNAIINY 6.6 NEALIAR

Mnuansneeedtuguil 5.2 suiiluduseudl 1 nssuanmitliihdvunadesngs
Lﬁaamﬂmmumﬁuammuﬁasn‘?iqm slewuauausnniulutuneud 2, 3 way 4 wuihaunves
nszuanstliudissnTusnnaiduneui 1 et nAunuITeIRLILINNT Y VNS Y
aundluusnadnlfsnssuanisilwiiuinniduneud 2,3 was 4 esaniivsinasves

QUL INVULALANUNUIVDIRUIULUF WAL A LU INVUA7E

Current (A)

-10
10 15t NOMEX paper

2" Kremica Therm
3" Conductive Tape
4% hot press 160°C

0™
i th
5" Polyester Tape

10 100 1000
Time (s)

[y

UM 5.2 nszuanisihbidlviiveusazdunsunisidnaminesaegadmsunelmasndign

LSIAU 6.6 Nlalian
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Nnran1eaedlugul 5.3 uansmanugliiiiBsdou Tasmaugluiiiass azudsns
finsanidu 2 dawferisannudigs (1 Hz - 100 Hz) wax$3ANNAM (10° Hz - 1 Hz) AAdag
lylihaSatsuigaazsuonfermamuglainduileosnanlasaiisamy - mauglilihage
Fuanuidazvsvenarufudofetuesauu Weaundinmauenduluduseud 2, 3 uas 5
g ieauuduidodntiluiueud 1 weturoudl 4 awsesaosdinunszuiums
Hot-press TuIAvesAIANLg INihaTatsmuRmaziiam

Al muazuamesaugy dldidnmsnlusuil 531 war 5.4 4
LLU’ﬂﬂjiJLLazﬁmﬁmzﬂiﬁWﬂﬁﬂﬁﬁuﬁgﬁaaﬂﬂi’lWLﬁﬂﬂ’i’lWﬁﬁ\‘anﬂax‘iﬁ’lﬂ’J’lﬂJQiyLﬁﬂiuﬁaawmiﬂ&l
avufiinsusndiulutunoud 2 uas 3 lidguniauuiifudeelutunoud 4 uasnaves
myviuauludnldsiiiusosadeniiidauglihiunnauazunamesrugydelndidn

ASNLNLTU

10®

Real Capacitance (C)

1Y NOMEX paper
2" Kremica Therm
3 Conductive Tape
4" hot press 160°C
5% Polyester Tape

1
B
|
|

10° ko) 107" "10° DR I0N(Y 10T B Wty 20T 0Odo?
Frequency (Hz)

Imaginary Capacitance (C)

15 NOMEX paper
2" Kremica Therm
3 Conductive Tape
4% hot press 160°C
5% Polyester Tape

10° 10* 10 107 10" 10° 10t 107
Frequency (Hz)

()
JUN 5.3 anugliihiedoulundayduneunisiinaninesnosddmsunanasnaniaw s

6.6 Alalad (1) Auglningse (v) Anuglnddunam
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1* NOMEX paper
2" Kremica Therm
3" Conductive Tape
4" hot press 160°C
5% Polyester Tape

Dielectric Dissipation factor

10° L e .
10’ 10+ 103 107 101 10° 16! 10°
Frequency (Hz)

UM 5.4 wiawesanugadeledidnninluudastuneunisndnaininesnesddmsunenesng

ANALTIAU 6.6 DLalIasn

5.2 NMINAFIUAUIUVIWBLADSNOUNITYONUITINALHAINITHONUITY
TurmdatilevinnisneassiunatneasatuIu 4 /M leginnseualnanlsiwdulasmlnailswe
U, NITNAFBUANUAIUNIUAUIY N1SNAdaUAsvillnarshswdu kagn1snaaulSeuiiay

159 Yowam e NaUNTTRN TN T AL MAINTTYBNUITY

5.2.1 N1SNAFBURUIUVDINDLNDS A
11095 A [Wunsmsudetil 3 wia NSy 6.6 Alaliad vuinniae 240 Aladted

sEAUAWINATA F Naunisdeut Jinuiniiivesmuitdwmsesnotailunizagiantios nasin

[
&Y )

TudawesingeutiFlaenIaames MawaeUINY Wagaufiaamall 120 asriwaidya

[ Y v 1 o 1 a A Aa s 3
Wuian 10 3lus Maﬂmi%amm'gwaLmaﬂuwuawuLﬂauwmmaﬂammasﬂasJa

5.2.1.1 nsnagauIanszialwanlsistunaznszuaninan lsiududniy

UBLADS A

nnsneassianszualnatlasdunazilnatlssduresmained A AR
WS 6.6 Nlaliad sEAUANIUARIE F NBUNITYONUITILATIAINITYOUUITI IUAAINAVDS
nszualnalswdunasilnarlswdu nseuanisinlnd Aanugliintedou wazuiawasniy
gaudeledidnadn Aaguil 5.5-5.8 mudrdu nnsmnuIAnszualnan s dunazAnanlsis

Hu A1ruglihdunnm uazuiawesauagydeladidnainvewewnes A nounisgeutny
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wazmaansgenUI IR wiAnseuanisih e swames A waa1un1s Overhaul fen
anauiloaa1nma Overhaul sandsniidivesauiuanas AU 195 eANAr1ves

1LY A NaINUNIT Overhaul HANanaduiuiiosann1s Overhaul dinnseuvinlaulutdy

WaLRgINUUINTU
10¢
B ~—— ipol. be
T e —
107 NN gy TN Nt 0] af

10°

Polarization and depolarization current (4)

1 10 Time (s) 100 1000

JUN 5.5 nszualnalsiwdunasnszuaiinailsiwdureswones A naun1sgeuinzaasnanis

LRGP

10°% | RN R - Ho M PFFS - - -

Conduction current (4)

10°
1 10 Time (s) 100 1000

JUN 5.6 nszuanisihliiliihvessewes A feunsgeninzawasnainisgeuung
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6x10%

sx10°%

(n)

Real Capacitance

4x10°

10° 10+ 107 107 107 10° 10! 10°
Frequency (Hg)

S
Imaginar Capacitance

101

107 104 103 107 101
\ Frequency (Hg)

5UN 5.7 enanugliiiledoureuomes A naunnsgeudiakas nainsgendng

(n) Aualiiase (1) msglnihdunnin

Dielectric Dissipation factor

1075
10° Iy
10° 10+ 1073 1072 10! 10° 10! 107

Frequency (Hzg)

UM 5.8 wilawesaugadeladidnsinvesewes A neun1sgentlseuasndnisgentiss
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5.2.1.2 HANSNAFBUANUAUNIUAUIL Nsnadauafvillnaslsiudy uas
nsnadeullSeuliisuldsa vewamas A

Tugas 1 wisnwuhaauduueunundsteuthsdiduniy uwhiledn
auFunUaWIURslUf 10 wnil wunfidnanas amdriinanlswdundsdeufiandosaain 3.95

Wide 3.22 WawSeuiisuwsasudsanuinwadviuniuioinawiulidings short turn

AN5199 5.1 LAASANITIAANUAIUNILAUIL NNSNAADUAIRIRLINANS STy wazn1sadau

WIBULTBULATA YoemBLABS A founsaNTITIkaEvaINTsgauUI

QOIGYELGEGTRER naINIFoNUI5
IR 1 min i 1.07GQ IR 1 min ;0 1.48 GO
IR10 min :  28.0GQ IR10min : 251 GQ
Pl t 395 Pl 3,27

5.2.2 MINAFBUAUIUVDINDLARY B

Hunowesvilenit 3 e Aifausesiu 6.6 Alalaad wiamaa 240 Alated szduawy
pana F - deunstenthgsnuhiiiivesauiuamneseosaiidunizegidntios  vdsintuih
uewmesinteinigilasnsdsainnes valndeoundy uazeudigamgil 120 ssmwaidea Ly

a1 10 ki nasnsgenUnsaawmeslinudulouniivesamnesnosd

5.2.2.1 ANSNAFBUINNTZ WA LNA LSt ULazNTTwaR Iwan LS duansU
1Ls B
nNNsneaasianszualnanlswdulazilnalsetureiusmas B AUNAALI I

6.6 Alalad syavauIuAaTa F Naun13teuinauasnain1sgouUun e IlanInaveInselalna
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lnwdunagAlnanlsiwdu fsud 5.9 nuinszualnanlsedunasinanlswdunounisgontigd
Agsnimdstenige luvhusaienfuiunszuanisthlsliiluguil 5.10 nszuanisiludiiney
nsteigsdienganimdsteuthsndesanauiuluioauiuanasarsanysniialdgnin
oon AnnualniiBedou uazuramosanugaidslndianain fsguil 5.11-5.12 awdidu
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wWaguuUawmaegauings
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Abstract— One of the non-destructive test methods commonly
used to characterize the electrical properties of power
equipment is polarization and depolarization current testing.
The objective of this paper is to study of the change of
dielectric properties during the manufacturing stages of a
stator coil used in 6.6 kV 260 kW motor. There were five steps
to manufacture the resin rich stator coil. The first step, the
copper coil was wound around by NOMEX paper. Then the
slot portion of the stator coil was wound by KREMICAL tape
as the second process and by the conductive tape as the third
process. Then, the insulation and conductive layer of the stator
coil were pressed and cured at 160 °C for one and a half hour
as the fourth process. The pressing and curing will combine the
multi insulation to be homogeneous insulation of the stator coil.
The final step, the end winding portion was wounded by
Filosam tape and polyester tape. The polarization and
depolarization currents were measured and recorded after
finishing each manufacturing process. From the test results,
the polarization currents and depolarization currents obtained
from each step were clearly different. Then the polarization
and depolarization currents, conduction current and
capacitance of the test results were analyzed and reported in
this paper.

Keywords—  Polarization current, Depolarization current,
capacitance, NOMEX, KREMICA, Conductive tape, Filosam
tape and Polyester tape

L INTRODUCTION

The stator insulating system plays an important role in
reliability and stability of using high voltage rotating
machine. After manufacturing stator coils, the stator coils
are tested to evaluate the condition of insulation by various
well-established diagnostic techniques [1-3]. The techniques
involve the measurement of the insulation resistance
(according to the IEEE Std 43) [2], polarization index, a
withstand test (Hipot) and the dielectric dissipation factor
(according to the IEEE Std 286) [3].

This article uses non-destructive measuring technique that
is polarization and depolarization current method to evaluate
the change of dielectric properties during the manufacturing
stages of a stator coil used in a 6.6 kV 260 kW motor. This
technique is generally used for assessing the insulation
system of transformer and now applied for other kinds of
high voltage apparatus such as rotating machines [4-6],
underground cables and bushings. In the PDC measurement
process, a test voltage does not affect insulation integrity or
service life. The aim of this article is to present the PDC
characteristics of the stator coils under manufacturing
processes. More particularly, conduction current and
capacitance are mentioned.

978-1-5386-4126-2/18/$31.00 ©2018 IEEE

II. PDC MEASUREMENT

The polarization phenomena is described in [7-9]. When
a step DC voltage is applied to the insulation system. The
polarization mechanisms P(#) of insulating materials take
place due to the force of the electric field £(#). During this

process, polarization current is generated. It can be
expressed in (1) [7]
v AN
Ipol(t) = —+ —€ "4 1
pol(1) R Z( R X (D

where Vis the unit step voltage response, R is direct current
resistance, R, is additional resistance in the network model,
and z, is time constant.

After disconnecting the DC voltage source, the test object

is immediately short-circuited. The depolarization current
idepoi(t) occur through the test object as expressed in (2)

-,
rl

MOk -z(mg.’_)e’ ) @

i

where ¢, is the charging time.

DC conductivity or conduction current can be
determined as a steady-state value. It can be approximated
from the difference between the polarization current and
depolarization current. Hence, the exponential terms can be
neglected for long charging time ¢ + # >> 1, . DC
conductivity is indicated in polarization current as the
component V' /R_. DC conductivity is expressed by the

following equation (3)
lc{m (t) = lP01(t) + ldepol(t+lL) ~ Rf (3)
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Fig. 1. Polarization and depolarization currents of a dielectric material
exposed to a step-function electric field.
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Fig. 2. PDC Measurement diagram and network model of linear solid
materials.

III. EXPERIMENTAL DETAILS

A.  Manufacturing stator coil

The stator coils used in this research was designed for a
6.6 kV 260 kW motor. The temperature class of the stator coils
was 155 °C (class F). In manufacturing of the stator coil, a
form winding used rectangular copper wire which was
wound around by NOMEX paper. The coil winding process
began with looping of the copper wire. Then the looped coil
was shaped by a forming machine for occupying in the
stator slot. In the slot portion, the form coil was wound by
KREMICAL tape and then by the conductive tape
respectively. After that, the slot portion of the stator coil was
pressed and cured at 160 °C for one and a half hour to cure
the resin, making a rigid winding having specified
mechanical and electrical characteristics. For the end
winding portion or overhang, the stator coil had Filosam
tape and polyester tape applied.

In this article, the experiment focused on five steps of
manufacturing the resin rich stator coil which had been set
for measuring the polarization and depolarization current for
every step of manufacturing process as follows:

1) The first process, the copper coil was wound around
by NOMEX paper for 1 turn and shaped in diamond shape.

2) The second process, the slot portion of the stator coil
was wound by KREMICAL tape for 13 turns.

3) The third process, the slot portion of the stator coil
was wound by the conductive tape for 1 turn.

4) The fourth process, the insulation and conductive
layer of the the slot portion of the stator coil were pressed
and cured at 160 °C for one and a half hour.

5) The fifth process, the end winding portion was
wounded by Filosam tape for 7 turns and after that polyester
tape for 1 turn.

Sections of the stator coil investigated were shown in
Fig. 3.

Camdluetior Conductor Conductor
Nomex paper Nomex paper Nomex paper
g g‘g;’%a TZZ)Z i Kremica Therm Filosam Tape
; )
Semi conductive tape Conaluctive tape (Reliesiier e
Polyester Tape
1. Connecting leads 2. Slot portion 3. End winding

Fig. 3. Sections of the stator coil investigated.

B. Test arrangement

The PDC was measured by a PDC-Analyser-1MOD to
record both the polarization and depolarization current of
the specimen under test. These experiments were performed
at the ambient temperature of 22-26 °C and 50-65 % RH
The test arrangement of PDC measurement on phase-to-
phase insulation was shown in Fig. 4. When switch 1 was
closed, the DC voltage (300 V) was applied to the tested
specimen. The polarization current was measured for a
specific time (1,000 s.). After that, the DC supplied voltage
was disconnected from the test circuit by the process of
switch 1 being opened and switch 2 being closed
simultaneously. The depolarization current was measured
for 1,000 s.

C. Test procedure

PDC measurement needs to be consequently performed
for three steps as follows:

1) Initial measurement Measuring the remaining
charge inside the insulation system under test, only the
depolarization is measured.

2) Control measurement : Verifying the test circuit
whether there are any abnormalities in the test circuit by
applying the voltage for polarization current measurement
for 5-10 s. and then measuring the depolarization current
until depolarization current decreases to the same level of
the remaining current.

3) Main measurement : Applying the test voltage for
polarization current measurement very short time for 1,000
s. and then shorted-circuit the test object for measuring the
depolarization current.

Test
object

Amp.

Fig. 4. Diagram of phase to phase insulation PDC measurement circuit.



IV. EXPERIMENTAL RESULTS

A. Polarization and depolarization current

The polarization and depolarization current results of
the stator coil obtained from each step of manufacturing
process are shown in Fig.4.

After the first process of stator coil manufacturing, the
stator coil had the lowest polarization and depolarization
currents compared with these of the stator coil finished from
other process.

After the second and the third process of stator coil
manufacturing, the polarization and depolarization currents
of the stator coil were increased and the polarization and the
depolarization current had high influence on the initial
exponential shape of the conduction currents from the
beginning of measurement to 10 s.

Then after pressing and curing the stator coil at 160 °C
in the fourth process, the polarization and depolarization
currents of the stator coil were reduced again due to
combination of the multi insulation to be homogeneous
insulation.

After the fifth process of stator coil manufacturing, the
polarization and depolarization currents of the stator coil
increased compared with these of the stator coil from the
forth process. The higher amplitude of both polarization and
depolarization current refers to lower insulation resistance.

B. DC conductivity

The DC conductivities or the conduction currents are
illustrated in log-log scales in Fig. 5.

After the first process of stator coil manufacturing, the
stator coil had the lowest conduction current and the
conduction current of the stator coil obtained from the
second and the third process of stator coil manufacturing
had high influence on the initial exponential shape of the
conduction currents from the beginning of measurement to
10 s. The conduction current of the stator coil obtained from
the fourth process was smooth and reduced again due to
combination of the multi insulation to be homogeneous
insulation. The conduction current of the stator coil obtained
from the fifth process was higher than that from the forth
process that show the effect of end winding portion to DC
conductivity.

C. Complex capacitance

Fig. 6a and Fig. 6b show the complex capacitance of the
stator coil at each step of manufacturing. From PDC
Analyzer, the extrapolated were calculated down to 10~ Hz
and up to 100 Hz.

The real capacitance of the stator coil obtained from the
first manufacturing process was quite constant because the
insulation had merely one layer of NOMEX and, the real
capacitance existing from the forth manufacturing process
slightly increased. The real capacitance of the stator coil
obtained from the second, third and fifth manufacturing
processes at low frequency were similarly high. However,
their real capacitance at high frequency were different.

The imaginary capacitance of the stator coil obtained
from the first, fourth and fifth manufacturing processes had
similar shape but their value were different. The imaginary
capacitances of the stator coil obtained from the second and
third manufacturing processes were different.
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Fig. 4. PDC measurement of the stator coil at each step of manufacturing.
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V. CONCLUSION

The differences between polarization currents and
depolarization currents of the stator coil obtained from
manufacturing process can be summarized as follows:

From the experiments, it was founded the polarization
currents, the depolarization currents, the DC conductivities
and the complex capacitances of the investigated stator coil
obtained from each step of manufacturing process were
clearly different. It is obviously seen that the amplitude of
the polarization current, the depolarization current and the
DC conductivity is reduced after the hot press and curing
process. However, after the endwinding portion is wounded,
all the mentioned currents are relatively increased.
Moreover, the complex capacitance both the real and the
imaginary capacitances of the investigated stator coil are
also changed for each step of the manufacturing process.
The hot press and curing process also improves the
manitude of the real and imaginary capacitance of the stator
coil investigated.
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Dielectric Properties of Stator coil Insulation

of Medium Voltage Motor
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Abstract—One of the non-destructive methods commonly
used to characterize the electrical properties of power devices is
polarization and depolarization current (PDC) method. The
objective of this paper is first to compare the dielectric
properties of the stator coil without overhang insulation, the
stator coil after hot-press process, and the stator coil with
overhang insulation. The second objective is to compare
dielectric properties of newly wound stator coil, the stator coil
heated at 60 °C, and the stator coil heated at 90 °C for a specific
time. The stator coils in this research were designed for a 6.6 kV
260 kW synchronous motor. For the stator coil without
overhang insulation, the slot portion stator coil was wound by
Nomex paper, Kremica tape, and conductive tape. For the
overhang insulation, the end portion was wound by Filosam tape
and polyester tape. Then, the PDC measurement was
performed. The parameters from PDC analysis were used to
assess dielectric properties. These parameters were composed of
the PDC shapes, capacitance ratio, polarization loss and
conduction loss. Test results showed that different insulation
types applied for each part of the stator coil manufacturing
provided different dielectric properties. This point should be
considered when PDC measurement is performed with the
whole insultion system of the high voltage motors.

Keywords—  polarization and  depolarization  current,
overhang, dielectric properties, capacitance ratio, polarization loss
and conduction loss

1. INTRODUCTION

The rotating machines play an important role in the
industrial sector, energy sector, etc. since they are capital
assets and their failure may result in immense financial losses.
Their reliability depends on the healthy condition of the
insulation. The insulation systems of the rotating machines are
a complex combination of materials. In the past, the natural
binding dielectric materials were employed as stator
insulation of HV rotating machines. Until the advent of
synthetic materials (Polyester, Epoxy, Silicone resins) has
been developed, they have introduced and then utilized as the
insulation system of the rotating machines [ 1]. These materials
used in stator winding depend on the required performance of
the rotating machine.

The basic type of stator winding for the large rotating
machine is form-wound stators which can be divieded into
two types, coil type and Roebel bar type [2]. For medium
voltage motors, they use the form-wound coils (stator coils).
The forming of stator coils begins with a loop of wire shaped
into a diamond shape and then winding the insulation over the
coil loop. For machines operated at 6 kV or above, the
insulation of the end-winding (overhang) and slot portion is
different because the stator coils have undergone the high
electric stress, especially in the slot portion. This part has to
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apply the slot semiconductive coating to prevent partial
discharge on the coil surface [2].

There are various standard methods applied for insulation
testing to verify the insulation condition such as the testing of
Insulation resistance (IR), Polarization index (PI), DC high
potential, Power factor tip-up and Dissipation factor, Loss
angle and Capacitance, and Partial Discharge (PD)
measurements [2-5]. For the past few decades, polarization
and depolarization current (PDC) measurement has been
introduced as one of time domain dielectric spectroscopy
techniques applied for insulation condition testing [ 6-9]. PDC
testing shows the advantage that it neither makes damages
nor increases ageing to tested object due to testing with a
given low voltage. Therefore, this method is suitable to
analyze the insulation of stator coils.

Dielectric loss is one of the main factors to evaluate the
integrity of insulation. Dielectric loss consists of conduction
loss, polarization loss and ionization loss. Practically, PDC
measurement provides total loss factor or so-called dielectric
dissipation factor containing both conduction loss factor and
polarization loss factor. Ionization loss factor should not exist
since a low step voltage is used for testing. To enhance the
understanding about insulation characteristics, Fourier
transform is used to transform parameters in time domain into
frequency domain. Then, the derived parameters in frequency
domain such as complex capacitance, polarization loss factor
and conduction loss factor can be used for further analysis of
the insulation condition. This paper presents the application
of derived parameters for dielectric analysis of the new coil
and the simulated degraded stator coils caused by thermal
stress.

II.  PDC MEASUREMENT AND ANALYSIS

A. Principle of PDC measurement

The principle of PDC measurement is illustrated in Fig. 1.
In PDC measurement, when switch 1 is turn on a given step
DC voltage is applied to the test object. The polarization
current (or the charging current) is measured and recorded for
a specific time. Then, switch 2 is turn on for short circuit the
test object. Simultaneously, the depolarization current (or the
discharge current) is measured and recorded for a given time.
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Fig. 1. Principle of PDC measurements.

B. Dielectric response in frequency domain

In this part, Fourier transform is used for transforming
parameters obtained from PDC measurement in time domain
into frequency domain [6-9].

The relation between a measured current [, ( w ) and applied

voltage (_f(a)) as

I(w)= joC(w)U(w) (1.
Where C(w) is the complex capacitance
Q(a))zC'(a))—jC"(a)) ).

Where C'(w) and C"(w) represents the real part and the
imaginary part of complex capacitance respectively which
can be expressed in (3) and (4) respectively.

C'(w)= C+Z]+( SRC ] A3)
and
1 . wRCS
"(w) = i 4),
(@) wRdC+;1+(a)R[C‘,)2 2

Where R, is DC resistance of the test object. R; and C; is
partial resistance an partial capacitance obtained from curve
fitting technique and Cjis geometrical capacitance.

The capacitance ratio (Cruio) is the ratio between real
capacitance and geometrical capacitance. The capacitance
ratio is given by the following equation.

_C(o)
ratio CO
The total loss factor (zané ), the conduction loss factor

(©)

(tand,) and the polarization loss factor (fand,, ) can be

expressed in (6) - (8)

tand(w) =tand, (w)+tand,, (v)= g, ((Z))))
n 2
1 " Z C()Rici -
oR, T 1+(wRC)
= c (6).
(@)
The conduction loss factor can be expressed as
1
tand = 7
and, (a)) a)RdCC'(co) (7
and the polarization loss can be expressed as
I &  wRC’
S — i~ 8 .
s pol( ) C’(w);I+(coRiC,.)2 ( )
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III. EXPERIMENTAL DETAIL

A. Preparation specimens

The stator coils used in this research were designed for a
6.6 kV 260 kW synchronous motor. The temperature class of
the stator coils was 155 °C (class F).

In this research, there are two objectives, first to compare
the dielectric properties of the stator coil without overhang
insulation, the stator coil without overhang insulation after
hot-press process, and the stator coil with overhang
insulation. The second objective is to compare dielectric
properties of newly wound stator coil, the stator coil heated
at 60 °C for 3 hours, and the stator coil heated at 90 °C for 3
hours.

For the first objective, the experiment was divided into
three cases as follows:

1) Case A: the stator coil without overhang insulation

The copper wire covered with Nomex paper was looped
and shaped into a coil. In the slot portion, the coil was wound
by Kremica tape and then by the conductive tape respectively.

2) Case B: the stator coil without overhang insulation
after hot-press process

After additional insulation applied on the slot portion
stator coil, the slot portion of the stator coil was pressed and
heated at 160 °C for one and a half hour by hot coil curing
press machine. During the hot-pressing process, the coil legs
were cured the resin in Kremica tape, making a rigid winding
having specified mechanical and electrical characteristics.

3) Case C: the stator coil with overhang insulation

After the hot-press process process, the end winding
portion or overhang of the stator coil was wound by Filosam
tape and polyester tape.

Sections of the overhang portion and slot portion of stator
coil are shown in Fig. 2.

Slot portion (coil leg)

Overhang portion
—N—

Overhang qortion

Conductor

Hot press 160 °C for an hour and a half g‘

Nomex paper

omex paper

Filosam Tape
Polyester Tape

Case C

Fig. 2. Sections of the stator coil investigated.



B. PDC Test Set-up

The PDC measurement circuit used to investigate the
dielectric response is illustrated in Fig. 1(a). To perform the
experiment, when switch 1 was turned on, a step DC voltage
was applied to the tested specimen. Simultaneously, the
polarization current was measured and recorded for a specific
time. After that switch 2 was turned on (switch 1 was turned
off), the DC supplied voltage was disconnected from the test
circuit and the test object was shorted -circuit, the
depolarization current was measured for a given time. The
PDC test results were plotted in a log-log scale. In this
experiment, PDC-Analyser-1Mod was employed.

C. PDC Test Procedure

The 3-step test procedure for PDC measurement was as
follows: initial measurement, control measurement, and main
measurement [9].

The initial measurement determined the insulation
condition of the test specimen prior to the experiment, wherein
the depolarization current was measured to determine the
remaining charge inside the insulation.

The control measurement was used to check whether
there were no abnormalities occurring in the PDC test circuit
or not, whereby a step DC test voltage of 50V was applied for
a period of 5 seconds to the insulation system in order to
measure iy(?) and then the test object was short-circuited to
measure the minimum level of 74,(2).

The main measurement was used to determine the PDC,
whereby a step DC test voltage of 300V was applied to the test
specimen for 1,000 seconds to record the 7,,/(?) measurements,
after that the test specimen was short-circuited in order to
measure ize,(?) for 1,000 seconds.

IV. TEST RESULTS AND DISCUSSION

From the experiment, the PDC test results in time domain
were recorded and analyzed. PDC shapes showed
polarization and conduction mechanisms of the test object
under a tested step dc voltage. For capacitance ratio,
conduction loss factor and polarization loss factor, they were
presented in the frequency domain.

A. The dielectric properties of the stator coil without
overhang insulation, the stator coil after hot-press
process, and the stator coil with overhang.

The comparison of PDC test results of stator coil without
overhang insulation, stator coil after hot-press process, and
stator coil with overhang insulation are illustrated in Fig. 3.
The PDC shapes of the stator coil after hot-press process is
lower and smoother than stator coil without overhang
insulation. For stator coil with overhang insulation, the PDC
shapes aren’t only high but also quite linear.

Capacitance ratios are shown in Fig. 4 that the stator coil
after hot-press process can reduce capacitance ratio at low
frequency. The effect of additional insulation winding on
overhang portion of stator coil increases the capacitance ratio
at very low frequency.
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The conduction loss factor and polarization loss factor of
the stator coil without overhang insulation, the stator coil
after hot-press process, and the stator coil with overhang
insulation are shown in Fig.5. The effect of additional
insulation over overhang portion and hot press process
increases the conduction loss factor but for the stator coil
without overhang insulation after hot-press process the
polarization loss factor decreases.

Polarization and depolarization current
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Fig. 3. The PDC test results of the stator coil without overhang insulation,
the stator coil after hot-press process, and the stator coil with overhang
insulation.
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insulation.
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B. The dielectric properties of newly wound stator coil,
the stator coil heated at 60 °C for 3 hours and the
stator coil heated at 90 °C for 3 hours.

The PDC test results of newly wound stator coil, the
stator coil heated at 60 °C for 3 hours and the stator coil
heated at 90 °C for 3 hours is illustrated in Fig. 6. The PDC
shapes of the test specimens are similar. Likewise, the
capacitance ratios, and conduction loss factor and
polarization loss factor of the test specimens are also similar
that are demonstrated in Fig. 7 and 8 respectively.

Polarization and depolarization current
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Fig. 6. The PDC test results of the newly wound stator coil, the stator coil
heated at 60 °C for 3 hours and the stator coil heated at 90 °C for 3 hours.
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Fig. 7. Capacitance ratio of the newly wound stator coil, the stator coil
heated at 60 °C for 3 hours and the stator coil heated at 90 °C for 3 hours.
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Fig. 8. The polarization and conduction loss factor of the newly wound
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heated at 90 °C for 3 hours.
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V. CONCLUSION

The hot-pressing process causes a combination of the
multi-layer insulation to be homogeneous insulation. The
stator coil without overhang insulation after hot-press
process, the PDC shapes tend to be lower, the capacitance
ratio, and polarization loss factor decrease but the conduction
loss factor slightly increases.

For the effect of additional insulation winding on the
overhang portion of stator coil, the PDC shapes is raised due
to the higher absorption current. The capacitance ratios at
very low-frequency increase because of the slow process of
interfacial polarization. The conduction loss factor and
polarization loss factor of the stator coil with overhang are
also higher.

From the test results of newly wound stator coil
compared with the stator coil heated at 60 °C for 3 hours and
the stator coil heated at 90 °C for 3 hours, it was founded that
the dielectric properties of the investigated stator coils are
quite similar since their insulation can withstand temperature
ofup to 155 °C.
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