nsAnenavasAnugliuslugunsallniiauiunsearwguiungdu

THE STUDY OF STRAY CAPACITANCE EFFECT ON OIL-IMPREGNATED
PAPER INSULATING EQUIPMENT

e guanadya
SUTHAT SUKSAGOOLPANYA

3Mﬂﬁﬁwu§ﬁLﬂudauwﬁqmaemiﬁnmm']wa"ngmﬂ'%mumu']?m'miiuﬂ'}amumﬂ'wﬁm
d1913y13An sl
AMEIAINTINAENS
aondunalulaginszaauindiinaumnsaianszds
N.F.2567
KMITL-2024-EN-M-027-189



THE STUDY OF STRAY CAPACITANCE EFFECT ON OIL-IMPREGNATED
PAPER INSULATING EQUIPMENT

SUTHAT SUKSAGOOLPANYA

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2024
KMITL-2024-EN-M-027-189



COPYRIGHT 2024
SCHOOL OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



Wadainentinug n1sfnwnavesr1aug i uddlug unsallaWrauiu

nszAwRathiTy
unAnw wggyia guanadyan
suaUsEINAn 62601052
Usguaun IMINTIUAIAATUIIT N
A3 Aengsuluiin
N. ¢ 2567

21913INUTNBINEITNUS  5A.A5.UILATEY WALAY

GUER

Tngrfinusaduivnauenisfinwnarasainugliiiudslugunsalluiiauy
nszmuganiTugsliun yrdaasmioutadiiimids dnsunsinuinasiinsiesiysdeos
iy 2 nsdifinu nsdifnwi 1 Wunsinvimadanismaaeuiiierihss fsaninawiuves
OIP yadeseduusssugsuunans Tnefl 2 adlansvagay fio Msiaduszneuidsgade
Y9421 (Insulation Power Factor (IPF) Test) uagn1sinnszuglnanlsieduiazalnailsie
%1 (Polarization and Depolarization Current: PDC) AU OIP q%%ﬂizﬁmmﬁu 25 kV 91U7u
5 ¢ LA IEAULSIRY 34.5 K. §1u 5 # INumsidaumudannnndy 25 U nsdlfinuni 2
Hun1snwanvenishisidesiiaiunudimawy (Test tap) Tu RIP yadsiinnslnsl
seunsedu 123 K lngldnantsdaluaum (Onsite test) vosyudsiiRndsiundiauassiu
6 qn uagnanaaasliosUfiRnsuazkamsvaaedluau WeAnwatvniilididvosn
U BuRLgIALI (Test tap) Tu RIP yelmasannfndetiuimiiouuaiudn Han1smnaoy
Tunsnaest 1 wudimediensaadusenouidsgndeluauiudmiuyrdaduigia
Dowuitansowansdsnisndenanmussaunysdaiuy O ldusliaunsnssyfetiami
yilauuvesyrdadenaninld waranmatansinnszualnatlsiwdunazilnanlsisdu
(Polarization and Depolarization Current: PDC) Wumsidenanmvosauyvdslildiin
9NNTdeNAN MR sAUIUNTEAY Han1sadeulunTRaesil 2 nuinAInUTIRLT TR
wiaundlu RIP yadsiifasdlmifiandonuuanlsamuinndessana 46% anvniiinnis
DeavuiinnifunanmansdmuBuudiirannmiowanedodotaiiysds uazaun

1 s

s uAUgNa1e NIRRT 1eanyvde RIP lifivasnlavensindiunieyly
Mfsvenliaudadliiln wenaindl dwsunisfinwuazinseindenvaslniaigs asdu
nsAnwmansenuanaulidaugavesianuglnihudsvemdaudasiiifings Wide 500

KV 39MMUARIVNIUTSININANTENY TI@UMaANINNITATIINUIATOUTU 8 UTLIRNAY



a a

fnidsafilwRond @iie 22 k) veamfeuvadlwihsmludanuidiusasuldihflsdanao
aullilanna SeviliAsuswuiudaduaumiiliAngadeusing1n ainnsdudumilag
azideanuinannvesdyniinainaianuglniiseninweainefegiisuwnumanves
vilautadliifianuliaunaiesanveuvasliiidmanlmiinsees nuuulassasied
uansnaannfeuvadlniiifinves 2 gniimde ety msuidamiesidursdoadiudai
glidaedaiudszadnlvsunudvanainefegiivisunsnd laeladinisdiasdagly
TUsunsu PSCAD Liledhansfameuqliinidoserfiudnluaulddunzanlae 193513
v TefRevilRusauluig 3 wia deraunauarhifussduiuiatu lnedufuuseqd
Fonltluumenuaduilfe wieulasipussunuuiaiulsyy Seldinsdedildnuas a1n
uan1sudlatlgmmuiuseduliihfida 22 kv fauaugauintu swddlivinlfAausey
LﬁuLL@zi;J@iWWUﬁ;ﬂ%f@ﬁiﬁﬁUﬁﬂLﬁ%@ﬁL%awiaﬁ’wmmmmaaqﬁ Faiuafesnmiazaa

Yuyeiaueinisaunsewdasininluszuulniinigs



Thesis The Study of Stray Capacitance Effect on Oil-Impregnated

Paper Insulating Equipment

Student Mr. Suthat Suksagoolpanya

Student ID. 62601052

Degree Master of Engineering

Program Electrical Engineering

Year 2024

Thesis Advisor Assoc. Prof. Dr. Norasage Pattanadech
ABSTRACT

This thesis presents the study and analysis of effect of stray capacitance on oil-
impregnated paper i.e., bushing and power transformer. For the bushing, in can be
divided into 2 case studies. In the first case study, there are 2 test techniques for
condition monitoring of MV OIP bushing that is insulation power factor (IPF) test and
polarization and depolarization current (PDC) measurements applying to 5 samples of
25 kV OIP bushings and 5 samples of 34.5 kV OIP bushings that were in service for 25
years. In the second case study, investigation on the root cause of the unrepeated
testing values of the test tap capacitance for the new installed 123 kV RIP bushing
compared with factory values was performed by using the onsite measurement results
of bushing installed with 6 transformers and using experiment test results both from
onsite and laboratory to determine the cause of unrepeated test tap capacitance in
RIP bushing after installed with transformer. The test result of the first experiment
revealed that IPF testing can indicate the degradation of the insulation but unable to
specify its causes and the PDC was performed to ensure whether the major cause of
aging was from the insulating paper or not. From the results, it indicated that the
insulation was degraded but its major cause did not from the insulating paper. From
the test result of the second case study, the onsite test tap capacitance value of RIP
bushing deviated from the factory test up to 46%. Such deviation was caused by the
existence of the additional stray capacitance due to the bushing socket structure and
the bushing current transformers equipped with the bottom side of the RIP bushing
inside the transformer. For the power transformer, the effect of unbalanced stray

capacitance in single-phase 500 kV power transformers were studied, and the



mitigation technique was established. The problems were the hotspots at the surge
arrester of tertiary winding (22 kV) were found and the unbalance of phase voltages
was observed, resulting in overvoltage as a root cause of the problem. Once a thorough
investigation was done, it was found that there was an effect of unbalanced stray
capacitance between tertiary winding and ground core since the new power
transformer has some different designs compared with the remaining. Hence, the
mitigation technique was performed by adding the capacitor parallel to the tertiary
winding until the voltage balance was achieved. Simulation with the PSCAD program
was performed to determine the optimum value for additional capacitors, i.e., voltage
balance, using an iterative method. In this article, the capacitors used for additional
were capacitor voltage transformers, which have been installed. As a result of the
troubleshooting, the voltage at the 22 kV bus was more balanced as well as not causing
overvoltage, and the hotspots at the surge arrester of tertiary winding were not

detected resulting in gaining the stability and reliability of using these transformers.
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N.8.

8.A.

a.A.

..

bLE. | WAL

5. NNADTINLUYYT

ot uRn1g

6. WsEUTRYANIT
NARDIY YT

AAFUY

7. MInaaesysTily

AAFUY




8. ALAUNITIATIZI

LLﬁ%ﬁEﬂNﬁﬂ’]i%ﬂaa\‘i

9. LHYWWTUNAIY
391015 ICEAST2021

AN5197 1.3 TuspUNSANYUMSANY 2564

MAseUN 1 Un1sanwen 2564

MASEUN 2 Un1sanwen 2564

nsALiueu -
an | ne. | aA | we | sa | we | A | 3| we. | we.
10.ANYINANTENY
31nAL AN ATDY
AU LUl | @ ° P ° P ° ° ° ° °
voandaulaslnia
184

A15199 1.4 JUPBUNISANYIUNITANY 2565

AASEUN 1 UnN1s5Anw 2565

MAseun 2 Yn1senwn 2565

n1sANtuIu 3
an | Y | A | Wy | 5A | wA | AN | Ba | Wy | we.
10.ANWINANTENU
InAUlUaNNavDS
ARl | @ | @ | @ | @ | @ | @ | @ | @ | @ | @
Y991 awUaslwin
ANAY
AN51990 1.5 TuppunsAnwUnsAne 2566
L MASEUN 1 Un1sfinen 2566 AAseun 2 Un1sinwl 2567
A15ALLUIY -
aa. | ne | ae | e | 5.8 | WA | aaw | 2A | e | e
11. e unnsdy
° ° ° ° °
MIAS
12. IANI51891ULAY
° ° ° ° °

LIS




UNMUNILITIUNSTUTIREATRq
Tud w.a. 2544 Pritpal Singh la W Laue 113 3815 89 C2 Power Factor and
Capacitance Of Abb Type O Plus C, AB, And Type T Condenser Bushings IuUWﬂaﬁuﬁiﬁ
yafansiadiuszneuids 2 uazAranug e syrdsuuuneueuiesd adumder
wiamieuineg auls luunanaleuadlalufisiuseneuids C1 way C2 uazAAny
liiiwesyrds uazldyaiannuuansimislasiaiiauazniseoniuusening C1 wag C2

waznadeiuUsnanunsadanadenyinle [1]

Tud w.a. 2547 SA Bhumiwat 1 1Lauea1uT 815 09 Insulation condition
assessment of transformer bushings by means of polarisation/depolarisation current
analysis 9118 @nw1n15Uszifiuanimauduauiuvesy vdmeuvadliingae3snng
Ansevinszualanlsiwdu/nszuailnanlsiedy (PDO) Auyrdauunsunuwes s Iui
fefinseenuuuauiufiuanaieiuanuiuy Wi nseatwguingu (OIP), nsemuuszanuisdu
FaAT9 (SRBP) waznszawulsdy (RIP) dsleliteuusidmsuisnissuiunisin PDC
wuumAauY Tisenassenoutuneunsiuiunsin POC uaznisussliuaninauiy
wan C1 ainnannsindwiuyrdsusagysuan dsiigaliiuinanuhlunismsadunis

\douENWURIRRIUTRIVATA PDC HUANIINISNAZDU 50 Hz LuULAY (2]

Tud w.a. 2555 Antun Mikulecky Te¥tauaaudseis o1 Transformer Bushings —
Failure Case Studies Tutnaauilldynfsauduiusseninnnudumainesysiuas
AwidtusosviuUasayiynennuduimaiuesysds 2 Usuian Ae Anudumaiyvis
flsivhlvndauandeme wasanudumaiissevesysldsamalimioulasdumadld as
winlddndienudumaivesywd wimuaiad uitselaeilidodl 4353 0adulag ary
dumaunainosyrds 13 nsdinuildgnieszdifieniaiva nalnnsdumad uaznad
pan wagldfinsyatedadafnvesnsidaderunuseulaiazeonlatiuagldinistiiaue

[ wa

N15US Ul 353098 Auaudfuitedivasaulnluyuuesvesnistdesiudansielag
N30 lnsianizegedamansenuilidulildvesnisifeusenanuduinaivesysds
wANANTUIANITOTUIETINITRONLUU N15UINNT MITITVEANIN wazAauTRDU VeIyY

BIUILLANABUAUGDSTIY 3 WUU (3]

Tud w.e. 2556 Antun Mikulecky wag Zeljko Stih latausanuideises Influence
of temperature, moisture content and ageing on oil impregnated paper bushings
insulation tJun1s@nwavEwavetanm)l AU KAZNISEBNANINANUDIYFBAUIUYTTS

gilansgawyuiniu Ineldnanignievseyrdaduanmgnianvilinisudasiniidades
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Annauvueenlatuazooulat lnslannzegvddlaensinnnuglilih vie C winmesigs
andeladifinuin tand Femnafiwesivanifinnududounszarsadsuudaddile
1¢5uBnswangangives Iagldvinawieuidisuanmstaysdeianssaueuisiui
sonuuuiufivay nefuualildsuamuduluuiinauiuandadudssulunisauiuuag
sEriansdaesmndenan ety Jauandliiiuin tand \Juilsdduvesnsiine il
5‘1/1%%@'@msmmﬁmmw%aﬂszLﬁuamwmammum%ﬂﬁﬁalé’%’uﬁm%wamaqqm‘wqﬁ

AUTU wAENISIERNANINANDTY [4]
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2.1 Yszinuazlaseainevasyvs
UszLanueayrdauteandu 2 Ussan uonauisnistunisinumauulni Taun

YBBuUAaUauLes fuyrtwuulilineumuges
2.1.1 yvgawuulifinouauises

yiassnniazdszneulufesnifidonseufetanauiunsinssuonliitasndu
wesmau ui isfuvide nivay warduq Ui 2.1 Tasanumulunundedl a asduogiv
ANuAuAlsIaulivasauIu drussgzauuILAY b azﬁ'ﬁyuaq'ﬁ’umwmwwia
wssdulainvessanandlngsou Insnsnsranedavesaulniluysdwssaniag iy
umsatanuuuad s onuuuiiuia pnueiongduioauiuenayiliifianig
Pamsausanlddmaliengnisldnudua anuieisanuuuiinuevdmaliiinanisny
IrlonaAale doussduidngunsalliiuingsdu Advosysdeiiseimsazinguinauysds

Usgamillglylaludefis

Conductor AL Electric A

V\ stress

Bushing
Insulator

Wall or earthed
barrier

— =
Radial
distance

JUN 2.1 ywanuulidfineunuees [5]
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2.1.2 YBIUUUABLIAULLD S

£

fussiugunsailaingaus 52 kv Fuld lneviluagldyedessinidanndrsan
Usziannountnssiiiludeauiuduasdduresiniunsnifleadsduivdseggonde
ayﬂiuﬁ’uiuﬁaamuﬁ?uﬁagﬂﬁ 2.2 Lé’umu@uéﬂmqLLasmmmwaaLLﬁas%umaaﬁaﬁwﬁugﬂ
sonuuUIlefiagslsinnsnszarefwesauliihaauuunuiiauaiiaueuaz A

A a A o w

Lilienuessaaunliihauuwsaifuindndavesianauiu

Conductor — Electric A
stress

/

Bushing
Insulator

NNNNNN

Wall or earthed
barrier

a e =
Radial
distance

Conducting
Layer

JUN 2.2 YrrnuuAouLALees [5]

]

ydsUszian Condenser uioonidu 4 wiautsmuiagauiuiily lau
1) ‘thi%ﬂ Resin bonded paper (RBP)
2) qsﬁ%\‘i Oil-impregnated paper (OIP)
3) q%%\‘i Resin-impregnated paper (RIP)
4) ‘Uq%%ﬂ Resin-impregnated Synthetics (RIS)

‘Lg?ﬁl'\‘l Resin bonded paper (RBP)

Tutlaqiu yuds RBP gnandnlildlulwiussdumlneianizly Switchgear 1ng
AsTATEAzIAREURIE Phenol wia Epoxy resin anntussiudunsenszuennelininuseu
wazudy nsldyrde RBP gnindnseanuniisvesnsyay wazandunsevosamlsl
iefpsynannuouvesauauilesanuiames tand vesian yuds RBP IHFumseenuuuLite

Tdaunenuesealuwuisaiigegauszana 20 kv/cm



awl RBP fo1niesuiuannnsyaneseninadulevenseas lunsdiivia Failure
LﬁE]\iﬁ]’lﬂLLi\iﬁulWﬂ’lﬁI%ﬁUQ%%ﬂLﬁlmﬁﬁu Partial discharge @nunsaL3uintufivanedu 3
mmLﬂ%mqaﬂ'jﬂmmLﬂ%miuum%’ﬁﬁawdm%whaq mswunszasluseninanisndndild
gndiesenvdmaliiinnisumndnmuiduseuisitinannisuadmienisainizves Resin 7
Tiudusdludosinediiindu dwalvnnueseanisliiinesfiudu uazeravili Partial
discharge WliAntufiszsunuia3ens

useuiufiiAntu Sfaziingin Switching w3 Lishtnine dadunssduiudavae
Tnen13 Breakdown vasydaniglimnuedsntspaniidnag Suduluwunuainvanedy
1194910715 Breakdown vasen i Tasauysaldunissaufiuvesnis Breakdown Tuiuuny

waZWUITA]
‘1,!“11’?1'& Oil-impregnated paper (OIP)

21N TEA1YYes OIP N1 INNTEAM Kraft 61UN3EUIUNT vacuum Uazgn
UMY mineral oil Tneltunseuunasiuduinimndu asth Aluminum foil unsnsewinaun
nszenw Lileinasaualiinanelusiyads (Fauandusuit 2.8)

auuduuenaunsaduldis porcelain 3o composite (Fauansluguil 2.9) lag
AU composite Tudumionsinarsimiluueays¥sinnain fiberglass Taglyinusousimig
nalfgs (uufulvm) vilivasnfeanndau usssweinengnisldoumesyaislstnde

21nUIA35 [EC 60137-2017 Y34 OP anansaldfuussiulwiadous 24 kv F9
550 kV wagmuimsgiuanansaldeulalugumall -30 esegai@es fe 40 sdawaigua us
llgeuaseanunsaldlalugamgil -60 esmigaldes 63 50 eymwaLga

INUMSgIU IEEE C57.19.01-2017 yade OIP anansaldiunssiuliadaus 25 kv
69 500 kV wazmuannsguansaliaulalugamgll -30 esmgaded f9 40 samwaLlea

withluldauassanunsaldlalugamgil -60 esriwa@ea fs 50 psriwaigya
U“U‘?N Resin-impregnated paper (RIP)

FauILNTEATEYed RIP ¥NtNannseauiilAwiiniunszuIunng vacuum waggnau
& epoxy resin Tnglunszuiumsiudusatidy shune1n Aluminum foill unsnszning
auunszay Wendsauuliiinnelusiyds (Fauanslugui 2.8)

auauduuenveIy i saunsaLduldia porcelain w3a composite (Fauandlugui
2.10) Tngauau composite Tuduvisnsenanssuluresywdeinanain fiverglass ¥aelviny
sousananalsiga (unudulv) vlivaendonndatu uasdmeinengnisldnuresysdald

anee



NUINTFIU IEC 60137-2017 e RIP ansnsaldfuusaduluindeus 24 kv s 800
KV wagauunsgiuansaldaulalugumgll -30 ssmigaideod i 40 ssmgaifod ui
lldnuasanunsaldlalugamgil -60 esmiwaldiea 61 50 semwaldea

2IN1MIgIU IEEE C57.19.01-2017 yads RIP anansaldiuussdulaiindaud 25 kv
89 765 kV wazmuansguasnsaldnulalugamgil -30 esmigaded G940 samiwaliea

withluldauaseanansaldlalugaumall -60 ssrwaldea fa 50 samwaliea
Y9 Resin-impregnated Synthetics (RIS)

U84 RIS Todmsuussauluiasaus 24 kv fs 550 kV nszawazgnunuiiaeiileln
dwesdunszndsligaduauiu uaza1unsald Epoxy resin MiANAY Alumina B30k

Y LY

Silica FavduTanauaninumiu Mouwseugeld Iruaudfiniiauiounavu nssuiuns

q

s a ¥

NARTNEUAY karlInSNuToual WNUADULALRIYNAARUAIY Silicone elastomer ATNNT

Y

a

nuauiouninlavesianauiu RIS luniamisuisalivesursiely anitiagauiu RIP 8a 2

3

Wi

nsRnRmAEeUT Koeberg Insulator Pollution Test Station (KIPTS) luwensnnls
Usenoufeysda RIS 123 kv 2 i sausiieriassu 2552 aanil KIPTS S90evisann Cape
Town Usganal 20 km Aneilsumanvnstesnuaudn Fenlddnduaniinaaouuaniie
nafeudafiFreussnaaddnwarianslaonsud sullasuesgaumg i sguliy 20 oaen
waldea wardanudugensuimuenyifuuafiiuvnagaamngsy uagd uainiud
inwasnssn linuanudumavesauliinluysds RS Taqluszninemneaeunionds
NSNAFBY

nsRncessBInSaLsnuaTe RIS 725 kv 3 ¢ vunffeutasludioudiguisy 2554 Tu
aonflgos Grynau Aisiiunsing Axpo luaimwesuaus Axpo vHu utility filwe)iJususu 2
yosaimwoiuaud anamgienmaiianii gumgiazuandisfuszning -15 sarealdualy
099U wazgeand 30 eariwailualuggSou AT wAIEYaIIINTER UL ML 400 m Anda

szuveaulalieliaunsainuastuiinaudnvaevasuudila
2.2 wmallansussilivdanwauau

nUsrasAraiNsEfnmuLaEItteuYTe Ao LiloagaIunsaUssliuanInueIyy
Falpeinan 15 IS aNaN1TNAARUNIONISATINER U UFUSEEIU N3 TRaunsavinls 2 wuu
Ao Yoauuudurianan wse Tauuuseliies mavedeuyrBwuuutiniamsiseenlaty

1Y

gyhiuniloudasiimaadelnmielidrgliiiuiuediuiTitadelug Mmmegeuluusiaiiies



10

[

seoulattiuazyinuntsulamanglnlaesnluiflnsiinouiines1dusie S0ad8 Nl

aglullagiudmsunisveaasunuuseulatuazeanlatiuuanal i 2.1

3199 2.1 FadeyrTEmsunImeaeukuueaulatuazealal [5]

Diagnostic methods Periodic (off-line) Continuous (on-line)
Visual inspection Yes Yes
Capacitance Yes Yes
tand or PF (50/60 Hz) Yes Yes
FDS, PDC, RVM and R, Yes No
Winding resistance Yes No
Infrared scanning Yes . Yes
PD measurement Yes® Yes!!
DGA Yes Yes 2!
Moisture in oil Yes Yes 2!
Creepage current No Yes
Oil pressure No Yes
Transients No Yes

' Sensitivity to low PD detection in the bushings may be a problem

2 Methods appropriate for continuous application but rarely used for bushings primarily because
of high costs.

2.2.1 MmyinarnBuauduasansiauszneumasgnidevasauiu

v !
tY @ 1 v 1

TuyraUslanAounUER THLAEUSENRUMEFINUUTEAL e vauRsiRaun U AL

q

[ d‘

Winanduinhiunsneghuiloninu legdmulngurdasiidmwnseniuninsmagey (Test
tap) wAnIReIUN 2.3 Insununsnadeuiasiteseiutuimiituuenaaieusiuinuysey
sonlu 2 daufie CLuag C2 vieldlunisinaArnuidunud Ardauszneumasandeves

QUL BALAINISHNAREYISIVINEIY

C1 v Budaiuuszqlniussgeuesusds Fadunasinvesdunuussamniininvies
Ulgununisvageu C2 Wudniulszgussiseninuninsvageuiulsiinveays®
lage1vee C2 311031 CL tusendnanisldnuuninrsvaasuazgningawinlv C2 gn

AM1995 AUUIETLA C1 ﬁETWNE]QJI‘IJ’NR]iL’Ja’mﬁaLLUmﬁ’N’m
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0IP bushing showing C1 &
€2 capacitances

S
HHH— e

3UN 2.3 unumaneaeuluyrdanuunaunues [6,7]

awunabiiausasaneglusviasanyalaqagui 2.4 §edsznauluaedy

U

v o* £ %

W (R,) sievunuegiuduauusyglii (C ) Araudumumalwihuansieanm

U

A
geysdsluauinniavun lagAwiayszneumawesauiufesnsduseninaiaslniiaie
A

dalniidsingisannns
P=S-cosd

cosf =—

vseanNsalugUInTdNIE NN ERERNNAIUML (1) Aunseualagsi (1, ) Aegun 2.4
I

cosf ==
Itot
o Ir
4
Y lc g L
Ic Lot
U — Cp Rp 3 §)
0
U Ll
(a) Equivalent circuit (b) Phasor diagram

UM 2.4 nannsvasnsnageuAIUSENoUMagadevadauiu (4]
Tun1siaArmUnBunugvesauIunan C, u,azﬂ'wéhﬂizﬂauﬁwé’aqmlﬁafwﬁwma
WATUUU UST (Ungrounded specimen test) Instinisaednsunsiiuonlas 2 anain A
yn1seans HY vesundsdneussiulwiidisuiadovesm el BV uagvinndensioyyi
HV fduuaz HY damseaiidvyrdeimdswinsmaasuey ntuwhnsieans LV 109

widsneiiniuununsnaaey lneyyie LV avuaiay LV Tanseasdeainsiin aagui 2.5
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W o v Voltage source

W v ‘n
- ]_,i iﬁii;
11

Guard

v

SUN 2.5 1993501590 C1 Lazadiusznauniasdgidsiuy UST [7]

v Y

I
= £y

Tun1sinap1IUaguaus C, warA1miUsenaumadanldeduls19emoI9asHhuy GST-

LYY

LY

Guard (Grounded specimen test - Guard) lagiin1snadinsunsalulautlas 2 1aadn A9
418 LV 109una 94978l 590 NI n131130 sl uia1nue syt e antuinniseeany HY

YRILNAIINLIINULNUNTNAZDU AagUN 2.6

Voltage source

-
=S
'.,,E
-
=

LV lead Guard

C2 & tan delta test circuit: GST-guard mode

3UN 2.6 2935M1330 C2 wagAnmus¥naumMasgaydewuy GST- Guard [7]
2.2.2 mMsaanseealnanlswtutasnsznan wanlsiwdu [8-11]

nsianszualnanlsigtunas i lwanlsigdu (Polarization and Depolarization
Current: PDC) findnn15vina1ude ¥n15918u st utaAuseninadanesysdaiunsanivei
TAan swarlsisduluiioauiu lnenszualwarlsiwduiiiiad uaglualunnsing as

anunsamensziateonuiaruanyle lnenszualnanlsiwduanuisadsutduaunisla

v
v

U
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wé’qa]’mL'Ja'wi'miﬂﬁzhwﬁmmqahaLLiaé’fu%gﬂé’mWiLﬁav‘f'ﬂ,ﬁamuLﬁmmiﬁiwaﬂiw%’u
Nadl b Asnsruad lnatlsiedun d9avazluasinauiueenuig ninig lnenseua

Alnarlswduaiunsadswduaunisianed

g = 2 (A ™)

T

Taofl A :%(1_6‘% )

0

U, Aousssiuaduinangliyuds

R, ABAINNATUNIUNTZUEARNTS

nansinnszualnanlsidunasilnalswtugunsovandlansguselud

u.l4 Uo.Eo
ipol(t)
t t "t
0 g
<t Te =
idepol(t)

JUN 2.7 wanisinnszalnailsiduiasAlnanlswdu
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2.3 vislauUaslnnnnas

ndoulasvihmasiunuimfdAgyegsunluszuvdsagluinmas Ineyiwdag

'
=

wlasseAuuseuduns eauielvilvanzauiufi seuunseny 3 ueg fussegnianldds

o w [y

Aaslud wWesndusasderdalninnszeenislnadu Asnduazdedldusssuluifiszauas

Y

a o

Pulunsdsdne Tnsludseinalng u Jagtufidaussulnihnssuaadugegauesssuudsang
liwA WA 500 kv

wifoutasliiinidsifidn 500 kv luszuudssredsegmelinisquaresnisluiinde
wanuisUszmdlneazdealfifuniouvannaiivanndeudesmeiuduiu 3 gn dnsuld
sluszuulali 3 wa Wi efisiadesaanluszuulni idesanmndaudumaives
nffeudaulalamanduintufrausadsunaunudondaulasgndisedld uasmgua
Sewwavemdoudadliindmmndudszan 3 walusesiiauedilnguaiidmsng
110 Frefiuiifsrfavasantdlwihussgaialy Fsgilinnsoudiouasiodaiiguassadle
Wisuiiguiunsidaunisudanaisien 3 an Sathuuda TnsunfvslundeuUanaiionts
3 gn sfsgnd1ses azseafiniseenuuulididneng q wiloutunnusznns lemnuauna
Tun1elden uenand lumswaavsiouaslrifmaiteidnana Tneunfagndnsiuau 4 gn
Tny 1 gritwdeazlfidudsadunsaifivdenvadlniignlagnudaiaeiuduiman wethile
disatosnlunisléou uanuundedevessyuuliin sauluisamnsaiiszanszozing
nswdemeudaslvliinludiil onunuivsleutaslsifingniduiiAinmnuduimad swiaagly

a1 1 U MIuINAI

2.3.1 Tassadeiugruvemioudadiaig
ﬁauﬂﬁzﬂauﬁﬁwﬁ’mamﬁaLLU@QIWWW Usgnoume wnumvan iumaiuvesdu
Wdndusmanuazilvaangesyn yaviududiudeuwssiuliads Snyavdadufiudie
wssdulwiliean uenIALNUIVENLazIRaIn Tautuddefudiulsznouddnilugunsal

Trusegannylia lnvdiudseneuramiiautadlniuanasiagui 2.8
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HV bushings

LV bushings

-3 DTS ETY,

On-load tap = e 2 1
changer LV win
= g =]

== I L
K £ — — -
| - ;’,é =
> e =
2 I fﬁ“
P

5UT 2.8 dudsvneuvemilosdasiniifiuuuudstn [12]

Ingswazieunvedlassasnenned lundeudaslwiniasss neusae

_ Radiators 3aaA3UTDWMsauUad Yuthiissuremusouns 85095 UNM VeI
ihdunsfoudadinil Tneiffondeutaslifiiidwieu sumpivemteuvadluinazgedu
dwmalfiinnisvenesve gy ﬂ%UﬁuamﬁaLLUaﬁﬂgﬂaaﬂLLUU;J']LﬁaiaU%’Umisumaﬁmaz
ituilrernielnaninu dmaliszunsanudouldgu

- HV bushing w3 ayvdsilausssugs snaname Serauiivtiidiussiuliing
dhdunannusssiuliigevemlioudas uarduduauiusenindnussiulnihgeuasdds
niloulasdnnie [13]

- LV bushing 3 ayudsilausssiusi vinunainwessiaudvifthinusadulsidiem
iindunaaussdulwihivemiioudas wazduduauiussminssathussiulslihauagiada
niloulasdnmie [13]

- HV winding n3ovnadnusasuluiings sahiiliiananneunsinseuitauiy
NsEAEMsaLAdUaNsauIY Fahild v auanidanay dwmasuiud wiouduuis g
Fnvgsu/Aneussiuliiigs sﬁuagjﬁ’udqLLsaé’u1V\Iﬂﬂﬁ]3gﬂmﬁ'mﬁﬁuﬁmmmmﬁﬂm [14]

- LV winding 3 sunadnussdulniiign dauhiildvimnainnesuniinseuiuauiy
NsEAEnsBIAdaUATTaUIY Fahild T unnifanay dmdsuiiudi wieunuue 39
GummmLL'Nﬁ’uIV\Iﬂ'm"”]%agjé’amaULLﬂuLwﬁﬂ LLazqﬂ%’amaaué’wwmmﬁjqLmé’ub\lﬂ'}qq
Faanagud 2.9 [14]
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Inner winding

Pressboard barriers

Core
Qil

Pressboard sticks

Outer winding

JUN 2.9 Iassadeiugiuvesauiuman Gy lunliawdaslwiheiiaunuwmén [15]

- Tapped winding #3a¥aalauwi dutmduuiliau imiAwdsudielsd
On-load tap changer @nusarUagusenunssulatasnineau
- Oil expansion vessel #3@ia385UNISVEIEMveUndY Tnadrdludarsussundiu

Fap50USHn 57 kAT A UAT IMTUBIAINY ST W 0385 UENITNAIN Main tank waLinns

Yengsluvuzansorladlnin g winnuee

Y

1 1 | v

- Buchholz relay M%‘agﬂaaaaé 7190852 1INNNBLYaINU Oil expansion vessel

Y
14

99918 owlad UUUINNTIIUANURAUNATLNAYUA18 UL akUad bl 8L ANURAUNR LU

'
v A

wlas Arudevagilminmed Imaﬁ”wﬁLﬁm%uazuwLmuﬁfwwmuvwamﬂaa‘ia&T ik
Tanassgnansluyrleasiadanseiuasaufissysunilaziidyaranieundslingu [16]

~ On-load tap changer (OLTC) ¥veindi 1 Ua suusivve s audauiiednwsesu
59U v emsasumalaeniswasuwlasdasmdenvadlii 89 OLTC anunsaUdeu
viawldluvaeiindsudasgaaelunaney lnsdulvg OLTC Ussinndadumiunie
Resistor-type OLTC %gﬂaméﬁgaaQﬂﬂﬂiuﬁwﬁal,t,ﬂaﬂw% Tuausdi OLTC Useavisuenmes
%30 Reactor-type OLTC azgﬂﬁméﬁy’qagaQiuﬁdauwﬂﬁhwm Feunfrzdeurudmlouuas

Tniin éfmamgﬂﬁ 2.10
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n) OLTC azgnAnsiagedludasusn ) OLTC azgnindsednieludmloudaslni

Ui 2.10 4Tinwas OLTC [17]

- Three limb core %30 wNUWMANWUY 3 Wit tnealunfieudadluih 3 wia 98
ANwaurlATIATIUNUITANLUU 3 LAY wasunurananisaunuseenlailu 2 vialaun
Wound Core LW'i’lzﬂﬂi%ﬁ;’gﬂﬂLﬁNﬁﬂﬁlﬁﬁﬂﬂ’ﬂ&JmLﬁ&l wazAnsruavnzliilnaniatoy
ilesanlasaairaves Wound Core Hansaiileaanidenss Insusiumanusiazusiuazanaies
fuludnuay Step-Lap viSefPen T ulsRof U HnANUAaZLRUIWE DU

v ¥
4 v v

Stacking Core unuanvinfazdiNufinindauuudwmasuiudn, 7035d nSauuugayu 39

Tusgiurwannaidivemdeudaiiila lnsunumdnuuudindeuiuduazdnsaasly

naIndtlaviaANEgduINN UL oY
2.3.2 wifoudasinialuszuulniamas [18-21]

Usztanvosudenladliin asnsauuanuanuuzswaain (Transformer winding)
o 2 Uszian feo
2.3.2.1 Isolating Transformer
Duvsfeuvadlwiinfild furll 2995ve9unaramsiuUsunfazuenvinainynain
mesunAend devaainmsiulgugitazunalnmssunegiiaglisedaiumsliiin

whazdlnanduaivanaassiuiu (Magnetic coupled)
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JUN 2.11 vaainnesulgugiiuagunainnieseunieniissladedsiumslaih

wiazdindnduwlinanadeesiuiu (Magnetic coupled)
2.3.2.2 Auto Transformer

Juniiowtasluiafvaaianisdudgugiifinisdeusdedswsmalniiduanain

=

NNUNAEQE Faramanienulgigiluazunaianisuieisrsefaiunialiii uaz

aedlnandusinanaasssauii (Magnetic coupled) Tnguselowiinsidaurosmiowlaslnin

(%

WUURAD aursausuAusaulndlanu@nInis

IHV
1[v0—f_——'——[
‘ ——TT P |
V|| Nl l I1 ér ’
¥ — ; S 1
Vo Vi, {
HV I I 2 f ‘;&‘:
|| e
. g C’ﬁ’o
l V_‘ Nz :—g— -
1 |’;
\ > a/f A - \ B ¥,

HOX0

JUN 2.12 waainenulsuiluarvaninmeinuyiniiseaefaiunialii

Y

JoRvB9 Auto Transformer

o nfouladliihdlusiFmldvaaneadiiuisdunndnuasussndadlide

. whuladliindslut@iimsamuauusssulwihiidninilesanenusumuussdiunn
AseuaTATTUaNUAUT Y SURAINLRETToEN T

. whuladliingsluiRiiussavsamgsnimifeuvadwihuuusnainaessi ilesan

fimsaydelenuiindevasasnisgaydownuiiiosannisaniaguiiaudadli
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Jaidevas Auto Transformer

o paanAsgilulauaniuanueaIndgugd vinldndauvasliindnludfiedne
wsesulnidnntiiuseas wagvnaianfeniivin wssdulimdnifusdudase

nRsgRsadudunseseuiifnuuasgunsel
Msiunsiauladninonlul

o lwnweusssulninfianadeensifivussdulnitluszuusimiie

o Hlugonilwihfiusssulniidesansssuatiasiinduvinfuussuliiihfivaiesuds
ndudmiuagunsal

o TtluvesuftRnnitelilduseiulihfiunnensiuensoiilos

o lmdounismupumsieuasiniilusausunssaulain .


https://tha.jf-parede.pt/basic-types-voltage-stabilizers

UNN 3

N1SANYILAZIATITANINAUIUVDIAUIUY YT

Tuuniiouneiin190onuUUNIMAGEY TBaxBEATEINITVIAGDI YAVAFOU LALIIDT
manageulumInsAinwikagiinsgsianinauiuresauuyds lnsnsveasdluineninug
atuiazgnuisoandu 2 nsdifinw 18un 1. nsfinwuneiianismaaeuiiaidhss Taanm
1799 OIP Yadeseiuussiugeuiunatd waz 2. msfnwinislidiavesaaundunud

yoanauny (Test tap) Tu RIP yuBsiinnsslngl

3.1 n3elAnen 1 nsAnwuNAlANAFa U aLENTE 19N INANINYDY OIP YBTI5EAU

useAugeUIUNaNg

[

nsvaaesldnuinaianisuaaeuiiisiinsy Ssanmauiuves OP ysdsseiuusedu
geUmuna1e Mg 2 LnatlAn1snadey Ae N13IRFIUTENo UM qLdevesawIU (Insulation
Power Factor (IPF) Test) kagn1sinnszhalwanlsiedunaszilnanlsiedu (Polarization and
Depolarization Current: PDC) iU OIP Yriaseiunsasiu 25 kv §1uan 5 f uazszduusediu
34,5 kv S 5 ¢ ArrunsTdemsnudasnnnd 25 T Smswdsunisnagoussil
1. As19ERUANAIEUENYEY OIP v 10 ¢ fosagluaninauysal laifthius:du
sefuthiuludesaueglusyduung
2. ¥ Ol yBaste 10 #1 vuwiunadunan 24 dalusrounisvagou faguil 3.1
3. sevthuauvesysBmniansdvesiesiifins
4. &neassznitsiaiiununatsuazimtulauvesyrdiieanedani ieaeUszq

Triffsluiionuiuve sy
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JUT 3.1 N136is OIP yedeunwviunadung 24 filasieunsnaeey

3.1.1 m3InAUszneumMasgyidevasauu (Insulation Power Factor (IPF) Test)
nsneaeuiidunisneaeumaslniiieldnsiaianisidenanmvesauily op
Y Tngyaiasesilonadeuazsznaulusnindieussiu nmafausadiu nszuasiluaniou
eauruuazarhasgdsludoauiu iosndmirdusuduosyadsazdsenaudae
A1AUAT LT RUINNEN warArAUIBwALTUeRIUaLNU (Test tap) T9dodldaaes

NSNAADUAIIUN 3.2 Lag 3.3 MIUAIY

i = |
s = $tnp up tranadformes = |

Ligard | Lo Volgage Lead ;
ey, —
1

Cirounid] Lead
l
. |
|
|

gﬂﬁ 3.2 y9sadeudmsuAAmUNguaudveIauIunan (C1) mensinwuulingindan
nAdau (Ungrounded specimen test (UST)) [22]

(% o w S|

Tupoun1TINAIUTTNBUAAgyIdevesauIU (Insulation Power Factor (IPF) Test)
dmsvaniuvan (C,) Heall
1. dawmseunsesileinlinieou

2. Uananganiansseniendiknunaauasniwlaura sy sz inoen
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3. WashUamauwivesysdsiaginsinesn wagianuazenimerinazon

4. soaptounssdugainiiivesysdsiiozyinnsianugui 3.2 lasdediaredou
LLS\‘iﬁuQ\‘iﬁgx‘imﬂﬁULLﬂU“U@x‘iQ‘U%\‘i

5. sipaneTausafusii (Low voltage lead) lihilgaimauny (Test tap) vesyads

6. domunindveneiasieininiunindvesyrisiiagnaaey

7. Yfuduniseaaiosfloidudumiainsiauuulingndiagmaaeu (Ungrounded
specimen test (UST))

8. Juussiunaaeulufl 10 kv uazfaegiimdauniinsinasiaiadu

9. USumdmannszualransenasnatlnaifiuuinsin

Y

o w

10. Usuashgaurtddlriilieidslnihadlngifumnasin

11. U§usausuensdsinsiufiomiumisiidatadensidslndiegn

12. GufinFussfunaaey mnszuaialva AmddlviinuazAnaungunus

13, anusssuiteuandugud Iardesilainnazdanmetiouusssiuuazansiasing q een
RRERIR

14. dmsasszvisdthununanilagnihulauvesywdsiimageuiaiaudn

15. v vaaeugilude 2-14 IUATUAUYYYIIY 10 fa

-
1
-
= Siep up transfommern

] Icz

. -

N 88 R b S
. — )

1 W Mletes

5UN 3.3 13asnaaeud mumaUBunuduasawiumawny (C2) AEn1TiwuunInian

NAADULAZNI5A (Grounded specimen test (GST-guard)) [22]

Tunaun1TinfUsenaumagaidevasauiu (Insulation Power Factor (IPF) Test)

£
v

drsvamiunawnyd (C,) daall
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b

10.
11.
12.
17

14.
15,

23

JownSeaiasesdlatnlinioy
Uananedmsassyvinssithununansuasmihulauvesyalsiiiag inoon
Weslamaunyesysdaiiaginisinesn uazshanuazeinseinazenn
soaeouusafugainfigamauny (Test tap) flazviinsiamusud 3.3 lasdedli
aetiouussugatianiuunuveaysds

soaneTausasium (Low voltage lead) lindisthununansweaywds
soanensnsvenatesioiaiifunsnsueay s

Ususumisreains oaderdudunusnisiauuunsnd fagnaaeuuazniin
(Grounded specimen test (GST-guard))

Puusssunaaeuluil 2 kv uasdegiidndauniimstaasaiatin
UsuAhaunszualvienszuaiivatindifungta
Usuenshauindstihlim s d i dlndifusnste
Usuiusumidsiniuiendusiduiadendsinidnan
tufinAussiunaasy mnszuaialua ArddslaiuazAnniuBunud
anussuiitouaadugud Yandesiletauazanametiouussuuazasiasing q sen
MNFIE

dmarsseviadathununaiasthuUaute syrdeiveaouiasauda

inn1sveaeuglute 2-14 UASUAUYBTING 10 67
3.1.2 MnAgau PDC

n1snageuiilunisnageuneliiniiouiuenANENYAEN1INOUALITBIRUIUYDY

OIP yaBanaldauuluiinssuanss mMsvegey PDC Wunsnadeuliviiaetununageu
melAsesdle PDC-Analyzer 1 MOD wislvianisindianugnaasasdasinnisagyseq i
A9l paUIUANYBIY TH B aNNBUAIBNITIANITIENINAILNUNA LA T Iwau

VIYYTI TILWITNTNAAOUR



———

PDC Analyzer-1INMOD

JUN 3.4 1995MInegey PDC dmsuysi

5Ufl 3.5 2s93m3Madey PDC

24
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[
v

Funeunsvagou PDC figsi]
1. dnwsoudosilednlrmiey
2. Uanaedmsassgnidimiununaniuagnthudauvesysleiaiag insen
3. WarUamaunivesysdsiiazyiinisinesn wagimuazeinseiazen
4. semeteunssiuiriidiiununaiswesyrdsiiagsinsianiuguil 3.4 Taodedli
awﬂaw,l,iqﬁu&gqmﬂﬁ’uLmusuam%%q
5. demeianszuaiinfigamaunyvesysde

6. #RANENTIINVBNATDILDTALTITUNTIAVBIYYT

¥
a

7. yhmsta PDC dwfumsta PDC vasywds utseaniu 3 dumeudsil
Funeudt 1: msinnseuanundomeluileauiu
Suneudl 2: YouuseunsElanss 100 viﬁﬁuqm%alﬂunm 437 lonsrvdeudn
nszualnanlsiduiinnitinsuasdodliifiu +1 mA Wesinedesdlonageuauisa
"‘J’mﬂizLLﬁlé’QqqmlaiLﬁumﬁﬂmﬂU antddsmuamanszualnatlsieduiug ey
1,000V 91nA1nSELaR 100 V mnainssualnanlsedud 1,000 V Ay +1 mA 9z
yhmstanszuailnanlastusodiensdnasitunumasouiislieeyszqaundn
nszuadlwanlsiwdugiingenssuanavdolutunoudl 1 undnroaudaAnssua
Iwarlsieduf 1,000 V 1Au +1 mA lransesunsaruiladouasuliivanzay titelsr
nsualnantsidulaitiu £1 mA
Suneud 3 Jouuserunssuanss 1,000 Vv iutununeaeuiieanszualnanlsie
Futdusan 1,100 311l Lardnsastununaaeuiietanseuaiinatlsieduduia
1,100 2

8. Uu¥inA1 PDC

9. YnrsesloinuarUanmetioulssiulazatedasng o oonaInsyd

10. 5maaa]iizwdwq§1’aﬁw1,t,ﬂuﬂawLLawﬁwLLﬂaumaaqm%aﬁmaauLﬁ%ﬂLLé’a

11. vhmsaaeudilude 2-10 IUATUAUYLUWIY 10 #a

3.1.3 HamsAnwmaAliaAnsNasaUINaIl sz EA ALY OIP YUBITTAULITIAY

gelunany

v =

N5InAIUSENRUANGIALAsUBIREIU (Insulation Power Factor (IPF) Test) lngka

YR

n5IndUsenauidsgaderesauiurasuadadnuiu 10 f1 wanlifannsnan 3.1
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MSWI 3.2 HAMTINA %IPF v C; 71 20°C uazwes C;, Ngauminilvniein

mjgz‘ia WAALIIOY | g A1 %IPF 989 C; | A1 %IPF 989 C,
LAY (kV) 1 %6IPF fithotle 7l 20°C fgaumgiiunizia
1 34.5 0.23 0.81 0.62
2 34.5 0.23 0.54 0.51
3 34.5 0.23 0.57 0.77
4 34.5 0.23 0.73 1.00
5 34.5 0.23 1.01 1.13
6 25.0 0.26 1.06 1.06
7 25.0 0.26 1.21 1.27
8 25.0 0.26 1.11 1.30
9 25.0 0.26 0.66 1.45
10 25.0 0.26 0.65 1.21

3.1.3.1 Mnagau PDC
HAN13NAEBY PDC 83y 38 949113U 10 7 wanafeguil 3.6 D93UN 3.7 uagns
Usziluanuduluilieawiunseany Avauszneunagaidevesauiuinnud 1 Hz uage

DNINAIUTLNINANAIUNBLAUSNANUD 1 mHZ $9AUD 1 Hz LaAInIn1sI9n 3.2

1.0E08
—1.0E-09 A
<
1=
2
=
LJ 1.0E-10 +— —No.1 |_pD| —No.l |_[|E|}EI'| 111
—No2l pol =—Noll depol
No.3 |_pol No.J |_depol
—Nod |l pol —Nodl depol
—No.51 pol —No.5 | depol
1.0E-11 ! .
1 10 100 1000
Time (sec.)

5U# 3.6 nan1svageu PDC vo3yvTamsnelay 1-5
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1.0E-07

1.0E-08 -

1.0E-08

—No.61_pol
—No.7_pol
No.8|_pol

—No.91_pol
—No.10 1_pol

Current (A)

—No.6 |_depol
—No.7 |_depol

No.8 |_depol
—No.9 |_depol -
—No.10 |_depol

1.0E-10

1.0E-11

10

100
Time (sec.)

1000

JUN 3.7 namsvadeu PDC ¥09U38maneay 6-10

v =

M990 3.2 NsUsEuANLTLlueauIuNTEA Y ANRIUTENOUMNG G FvRRLIUNALE

1 Hz LazA19Rs1dUTENINNAIPIUBLAUTNANUD 1 mHZz $aanud 1 Hz

w2y i ARIYTENaY ANDRIIEIUVDY
\ anuvuluiiaauIu 5P 12 A ) = Il .
YYTINLaY Masgaden | ArnUIBuauginaud
n3zAY (%)
1 Hz (%) 1 mHz/1 Hz
1 1.0 0.36 1.14
2 1.0-1.5 0.27 1.12
3 1.0-1.5 0.47 1.14
4 1.0 0.58 1.16
5 1.0-1.5 0.50 1.15
6 1.5 0.72 1.19
7 1.5 0.65 1.17
8 1.0 0.63 1.16
9 1.5 0.69 1.23
10 1.5 0.53 1.14
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3.1.3.2 N15ATIZRNANTNAFU

NAIT1N 3.1 LAAIDINANISNAFBUYBIAIAIUTENDUNAIEULEEYRIRUIUNEaN (C,)

U v

' '
=

20 83 Fauuunagamilviiu 1.05 Ngamaiivagiawiiu 30 e AIUsEney

=)

Masggdevesauiunan (C,) dn1snseatgdinaus 1 9 4.6 Wi1vesassytedeoves

U v

Il I al

UBBauiazsa uwazda15ening 0.62% 89 1.45% Jadurfisinitfiszyliluunasgiu IEC

60137 [8] Tuveuzdinan1snagaureIaIfUsenaunadidsraunainy (Cy) aLlanaan

U v

Mgaumgivasy Inintiu lduSuuiananiigamgil 20 asmwaidya

v & a g v v N @ v
f\]']ﬂﬂ»laﬂ']iﬁ/]ﬂa@‘i_lLLaﬂ\ﬂ‘ViLﬁu’)']ﬂu’)u%@\iusﬁsﬁ\iwﬁbﬁﬂ’]u&’]LLa’J 25U 119 10 /7 4N

Wouanm nMsLiiuTuresrslsenaumasgaderasaniy uiliaunsaszyfsannngi

U =

biawiudeuanmle WesinAdiusynauidandevesmuiuisiantaninvesauiuly

¥
=) ¥

ANFIUY SnsideNanmiiuina AN UAe et Uiyt IngunAnaiaisa

Uszneumavgaydevesauiuveunauny (C,) agliAnadu

mﬂgﬂﬁ 3.6 94 3.7 ULagM15NN 3.2 waninanan1snedau PDC Lagnan1sussiiiy

'
a

AUl LoRUIUNTEM BUBIYBTIWE 10 F1 arelusunsy PDC daA1Anudusening 1.0%

89 1.5% wazAf1usenaumasdLduvasauiuiiaingg 1 Hz deraawdndes 9 duan

¥ LY

e

fudsunadaernuduluioauiu waraenadossunanisseiiuanutuluioauy
nszenw oniuysTemetay 1 84 3 Allddussneuidsgaidsvesatiuiinnud 1 Hz Ll
g91nin UszneuduaA1snIndIusEni1eA AU uaud A naud 1 mHz doniud
1 Hz veayaBiea 10 1 Serlndifssiuuazsinii 1,50 9anmantsmadeuviaun auiuly
ioauan ﬂ'ﬂﬁmizﬂauﬁ’]é’angtﬁaﬁuaqamuﬁmmﬁ 1 Hz LagAI9 1@ IUTLNINIAN
AMNBULALEAAAA 1 mHz #enud 1 Hz wasslyiiuinammmdnvesniaidenaniwly

YyPena 10 M ladldinainawiunssasdeuanin

3.1.4 ayUnan1sAnynailanmagaulinaiilnssdsanInanIuYes OIP Y3y 9seau
usaugeUIUNaN
NHANTNAFBUNUIINTIRATIUsTENaUdsgideluauiudmiuysdauands

NsdoNaNMYeIRWINYYLUU OIP JelilsiinannnsidenanInuedauiunssay
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3.2 nsalAne? 2 MsAnwINsldgiavesAImUIBunudvesmauny (Test tap) Tu RIP
yyganaanslva

n1snaaesflfnwannnnisldgirrvesdraurBuaudinauny (Test tap) Tu RIP
YyBaninnslvsszaunsiy 123 kv lngldnanisinluauiy (Onsite test) YeaysBNfAnAsiv

v

niloulasdnuiu 6 gn uaznannasalivesljuanisuazuanisnaassluauiy

'
=

dlofinwanuniiligrAivesaiardunudinauny (Test tap) Tu RIP yadandsanings
fumsfoudasud Wnefimanieunsnaseulufesufifinnsdedl
3.2.1 uam3InluauIy (Onsite test)
Hunmsmusamanisinaurduaudimainy (Test tap) Tu RIP ysdsasmiioudas
$wu 6 gn dResyriuds enusaEaemzyriiiusssiu 115 KV ity wae

Wigumeunamsinluaumiunan1sina Nt s udugs

3.2.2 mnaaasluiasljuAnis

= N = X oz oA a & v B 1
193370 RIP yrdiesundnuil idusunduvesysdanegimulundeudasliiivasn

Y

[
v

Tangnsnanu MdunisnaaedtuiesdfiAnisilunisdnaemansenuainssegrnemening
Arvesyrdsinuneglunfouasiunislansvemsioutas Inelduniuviodvorqilidonuas
wiulangshudunsanszuendnasadunislansve wnloutas f95U7 3.8 waw 3.9 uas
¥ip3osilennasuaiiadunisindivsznaudidsgadeluauiy Sadaudunud
vosmauny (Test tap) WeideulunsTnsne q el

1. yudsiadan daudndlsifinsldusiunedeozaiidonvideurulans

2. ywdsdruasldununedsozqiidenwuseuAaduivesyis lasin
AAIUNTUAUG L UAIBNITINRUUNTIIN LaZLUUNITA

3. yudedauanslduiulangnsansyuen fdssoenasenineiavesyslouag
wulang 5 cm lagdna1a1Unguaud lud18n15TARUUNTII0 kA

LUUNSA



3
U

U

=1
N

UM 3.8 nslduwriunedeevaiidondnaendunitlansvamdaudatini

3.9 nslunulangsudunsinszvaninasadunislanzvomsiouwdaslniia
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[

Junaun15indIuszneunag i vesaulu (Insulation Power Factor (IPF) Test)

dnunsuauiunainy (C,) Hsadl

1.

2
3.
a

o

10.
hit)
12.
1Y

14.

InunsouesosileTnlrmien
Fapsusiyrddidulunuieunsinfanandredu
WeshUamaunyesysdeiioginisinesn wazshanuazeinsisinazenn
soanetounssiugainiigamauny (Test tap) Mgvinsianuguil 3.3 lnedeq
Tfaneouusafugadaanniuunuesysds

foaeIAlTIfum (Low voltage lead) Winfidhtiununansesywid
soanensnAveAsasiieindunsduesyds

Ufusmusvesias esflerdusuvisnsianuunsndianaaeunaznidn
(Grounded specimen test (GST-guard))

Puussdiumpanuluil 2 kv uasdsogiientounimsinasaiadu

1w

USuAfaunszalieinssias lvadinafiuuinsia

Y

o w o w

Usuandpamaaliiliemaslndidlndbuunsin
USushuSuamadiiiiionisudsiduintamaslufieege
TuiinAusssumagaeuy Anssuasalng amdshiianazainu1Bunud

v A < ¢ a = A o v v
anussruntdeauanluaud UniasestiodnuarUanaigtUouuseiuiaganginng q
2ONIMAIYBT

innsneaaugiude 2-13 Tiasuyniteulunismaass

3.2.3 NM3NIAaSUMATUNY

n1snaaedluauinidunimeassiuyed i fnd suundaudatuas Fadin1sinae

o a 1% 1

nouladnInsdieiniidiunuanvesysdane lnenisaassildpIasdienaasuyaiiginu

nsindauszneumatagdeluauiu Saranguaudus unauny (Test tap) Inedidouly

YRR

Y} z:l' = Y & A ) o A A o Y '
A1997 2 L\T@TJIEU A 1. ﬂ75’3ﬂiqwﬂiguaia‘l‘mawmqumjﬂwaLL‘Ua\‘iLﬂia\‘iNa’J@ 2. ﬂ']i’)@lili')ll

nsswaslnanuudvIlanUauAInslnlin Inednsesun1snaasesail
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il
]
—
SRR R AR R

SASSN

.|}-‘

X

3UM 3.10 suniaisieuUauasesiledn (Bushing current transformer, BCT)

Tunsfeudatliituneunsindiuseneumasgadevesauiu (Insulation Power Factor

10.
11.
12.
13.

14.

£
a v A

(IPF) Test) d@1usuauimvany (C,) Usil

FounseaesosileTnlsmiey

Jawwseudmiiasdadiihlinseudwiunaaeu wu Yanaelnindiuazeandiile
wdaslvi uaydensasyrdausazivesusas suvaamadsnety
WashUamaunivesyrdaniazyiinisinesn wagyhnazeinseiiazenn
soanedounssduguiiaamauny (Test tap) flazvhnsianmgui 3.3 laodedld
aeliouussiugatiannduunuvesysis

soaneanssius (Low voltage lead) NAiduaunan U9 syBae
AoaensNdvaseisiainiiniunsndvesyd

Uuduntsveuns esdeidudunianisinuuunid fannageuuazniin

(Grounded specimen test (GST-guard))

1%
a1 A !

Tuusaiunaaaulud 2 kv wazAnegiiddauniinisinasiasadu
Usuadpmunssudbianssuasilvatlngdiiuunsia
Usuadgaiaalnihliamaddluialndiiuunsia
Usususuammaalriiiienisunidsiduintiamasluiiege
JuiinAusssiunaaey Anseuasilva amasiiiwasAnnu1Bwnud

v < & a = A o v [N
anusaiunUeuasdugud UninsesiloTanasUanaeleunssiuiavaieineie 4 aeon
INFIYVT

ihnsneaeuglude 2-13 iasunnReulunismaass
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3.2.4 wamsanwimsligrAvesriaUIuaudvaanauny (Test tap) Tu RIP Y3

da Za
NRaangluy

3.2.4.1 HAN15INUATIAFUIY (Onsite test)
HaN15InAIAIUBwALgvaawmawny (Test tap) Tu RIP ysdenansaslval N53u593370
PUBWUAITIUIU 6 an LAAIAIUANSIN 3.3 waEnSIMUSeUTIBUAIANUNTLAUT T2 N3N

Tuauuuarnan1TInNTsUERAnLaAIAFURN 3.11

Compare C2 between Factory and site test 123 kV

—={"1 Faciory test

=] Siic st

Capacitance (pF)

- P— Qo] —_——— —— - -
el = ] ] e e = Z Fd A & ] - ] 7z e 4 F
=] at = = = = = (=] [ = = = = =) =1 = (=i =
B 7€ & ! HisEeaiotteot) B SEJIR By E 2 BY £
F 27| B 2LUECRCORSRCRV)E RVE R R (B OB E
o= = - ¥ = o - T 3 A = e = o + E e '
E = adt — = = .- wF - i = [ ] L= -1 -~ = -2

Serial no.

JUM 3.11 nswliUSsuimieuaauigunud senine Inluauuuwagnanisinantss g
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' ' o
a aa o

M3199 3.3 anvinmauBuaudvesnauny (Test tap) Tu RIP ydanannslyadnsiusiuan

niiaulasd Iy 6 gn

dnaod . G (pP %PF C,
Uy sy u

I saganas i wld | waneay wanAdoy | wawmdou | % WEAUY | mavedey | wavAsDu
wilbulag ! anlsau | Tusuy s | Tusuqy
X1 MOZ10665 183 23246 2703 0.70 0.682
wiafaue KT1A SETFT X2 MOZ10663 183 23331 27.49 0.70 0.706
550-123- | X3 MOZ210673 183 23395 27.84 0.70 0.664
AE3B X1 MOZ210671 186 24255 3040 0.70 0.589
A5E .? 2 KTdA Spez x2 MOZ210666 1BB 245.04 30.34 0.70 0.655
K3 MOZ21066T7 189 204,93 2959 0.70 0.644
x1 MOZ10661 1BB 270,77 1403 0.70 0.440
dmwse 1 KTLA X2 MNOZ210653 185 260 29 4456 0.70 0.465
X3 MOZ210637 185 27016 46,36 0.60 0.465
X1 MOZ210652 1B9 20022 27.10 0.70 0.530
Admwse 1 KT2A SETFT 2 MO210643 190 2389 2574 0.50 0.530
550-123- | X3 NOZ210632 187 25175 34.62 0.70 0.500
AEZB X1 MOZ 10660 190 22936 2598 0.80 0.997
@l 3 KT3A Spez. X2 MO2 10652 190 208 27 3067 0.00 0.679
X3 MO210657 1BE 20573 307l 0.70 0.674
X1 NO210645 airid 234,91 3201 0.70 0.569
Woalnl 3 KTAA x2 MOZ2 10646 177 238.00 3451 0.60 0.548
X3 MOZ210636 180 24382 3505 0.60 0.705

3.2.4.2 mnaaasluriasufuanig
Han1sn1snaaedluislunn1silunisdiaesmansenuaInssugriesenieives
yrdamuiegluniowasiuniislansvemiiouas logldusunadeesgiillouuazurulans

% [~ ) [~3 £y} % [ 4:1'
P TUNTINTEUNINa0 T UNL A L0 9%l anUad WEAIHARIANSINN 3.4



A15199 3.4 wansneaesluiesfuinig

35

C, (pF) % % PF C, y
nGLaY 4 wouly
P Nanagay 2] QLN NANAFIY | WNANIT
YU ) ) n1snAgaY
M99 | 11591889 Y 95997 | 91889
Laigd
196 226.4 15.51 0.70 326 | vedgorgd
DG
Woreewadl
196 460.4 134.9 0.70 1.70 WHeuad
N30
N0210662 130
196 207.8 6.02 0.70 320 | vedgorgd
Wy
unulaneas
196 257.0 31.12 0.70 3.70 .
319
NISALNY
196 213.2 8.78 0.70 3.30
lav

3.2.4.3 N15NAADI lUEUY

n1snaaodluaununmaaeanuyrBifassuumiauUaiwd Jednishande

WUAeATOI B INTIAIUAUANITBIUBTINIY HANITVIARBILARAIHARINISIN 3.5

A1519% 3.5 Han1snaaeluauIy

Cz (pF) % %PF C, '
PUBLAY ; wauluns
< SN
yds NanNA#ay | WanIs NaNA&aau | NanIs —
n15997U | 91889 | U | 9qnlsenu | 91aes
196 247.7 | 26.35 0.70 0.63 lain$m BCT
N0210662
196 222.7 | 13.60 0.70 0.69 ﬂ?i‘ﬂ BCT
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3.2.4.4 N1TAATIIRANITVIAGDU
MnuansinluanuisuTnanvdeudadliinfadae®a RIP Jull 91u3u 6 gn
TAALTIAUVBIYITUNAY 123 KV nudmanUgunudraanawny Llgauuanuanaaeud

T599UUsE1 32.56% wazlud1uuifiys®e 3 s Aaandluiussasanunsiu 1 Aanman
9 Y

nilauUad KT1A wuandgauugeandtyadadiau 9

ndagmdiandt welidlaannsvesdyminuiase lnegeusznutymaamansed

'
v v aa

pUriunudvomiouanaiasioTayrds uasdfiiifedesyrdaduddy laelddiass
waznaaouluvosfjoinislneldukunledoorgiideuuazuiulavsunusdsiifafoyads 910
nannsnaasLansliiuinileusiunodoozqfifloniufinduitvesysduaznszuaiiluaas
uiunedsergiidengninssarldadouvuvesiadunudueanaundgais 134.9%
waznszuadluadiudldgninazldandsnvuvesianfunudvesnawanaande

6.02% LU

dlowdsuduunulasd silvesineseriniavaysduesunulans 5 cm 99nKaNT3
maaqLLamﬂﬁLﬁudwLﬁamzLLa%"’ﬂmaaLLsiuIamgﬂ%fﬂéhs%léfﬁmﬁEml,uumaqmmm%lmusﬁ
vounauny 31.12% u,azﬂizLLa%"ﬂﬁadauﬁhjQﬂﬁfﬂwiéfmﬁmLuwuaqmmm%umusﬁmama
uwlanasmae 8.78% Wit

o
(Y

INHaNIsnasluauuiundawUaind susBuas Insleuladin3 ol o inyvas
wud lenszuadivanmdeudaniesieingninmearlarilsauuvesiiauBunud
YUNALNY 26.35% LLazﬂizLLﬁ%@iﬁadauﬁiﬁQﬂﬁfmwiéfﬁwL:ﬁENLuumaqmmm%umeﬁmawa

unUanadinae 13.6 % Wiy

3.2.5 a3Unan1sAne1n1sladeA1vasAaUIguaug vaunauny (Test tap)
Tu RIP yydanfinn sl
NHaNITNAdeUAIATUGLALGYasnawnUly RIP ysBeiiinaaluaivnsainuanis

nAaed 91889 kaznansintuisslfuinisuagluauiy nudrAimuguaudvesnawnyly

RIP y@eiiAndeauuanlssnuunniauseana 46%



uni 4
n1sAnedeyninazinaan1sussmInsalAnwINanIENy

vaaNg i wuulisunalunsiouuasluimilanavuin

[:%4

NNALSINY 500 kV

Tuunfiuansuanisfnundymuazmatanisussimnansenuvesaug i uly
aunatundauvasliimi anavuianinauseau 500 kv edwaviliiingasoutuniuan
W50 dawaligunsalfinaradenie uasfnwianlavdsanfnsmdoulasaussiuwuusa

Wiulseq
4.1 vislawlaslnilnasnigldnasdnen

yiowUadwiAnandslunsdifnw duntsuvaiuuueals (Autotransformer) &4

= aNa

Usnausiy 3 Ynatnliln unainUsugdl vaainnfsgdl wazuaalanfond Gaiiiinusadu

%
525/ 3, 230/Y3 uag 22 kv auansu Tnsuansnsanaansieudaslyiing 3 qné’a‘gﬂﬁ 4.1

' v
al a v

JUN 4.1 ndeuvadlviiidnuiu 3 gn fignanasluanniilviiisles

Y

M IANTTUATATOYTE

\losanimgnisalnnuduvadvesvisfeudaslwiiuna B Sadndudeaimsfouvas
Tl rdrsesunldauunudl usagaslsin ‘wﬁaLLU@ﬂWﬁWéWﬁaaﬁwﬁmﬁgﬂwiL%'uﬁulé’ﬁmﬁgﬂ
vl udouniiugs fefundeuvadliiihdrsesiithuldaudana i adunseudas
I inEslng (FarmEn) Tnevsoulasnihiindalmifnulndidestunsiowdas iy

wnfaneglsinuniaudatiiignlmifindetunildnu winvinfadgmnszuasilva



38

U v a dl 1 ¥ 2

Hrufudnidsativuangeiaunfuazasianunseuduniuinidsailedesnigndeaignn

'
v U a =

ANUToUTUARTUNIUANETI VAR InARY

l oy
!' fuanidisvaand A Hedennssuaflvauazianuiougs
L]

v @

JUN 4.2 fudnidsaiinanudenmeananuseunsdumtmdeuUadlima A
4.2 gUNRgIU

amgiilRAatandnantu Buldlddnionn 3 anmgléun nsdeuanwaes
fludinidsa, Jeymn Ferro-resonance v3an1siindgymenuliaunavesusduinliinusmu
A agslsfion iWevhnmswAsutusndsammifiiiunsadeuamn masNATE U A AR
R damping \leudtamn Ferro-resonance wda uitgymdudnidsefivinauidenisann
arwouridansed asuammvesilamIdlildiAenintusndsa uiinnneuldaunaes

59 b NEN LNV AL A RS IR
4.3 Muazavnvestdym

wdnnsufinwesdam Susuinisinseiuazmmadladam lnensiauune
uazUnAUTRISITLTITE 22 KV fiduvimaainrRenivsiouladaifiuueslii 3 gn Tagld
soadalaalauid sus o ull sussiumaemaudasTaussuliil1 (Voltage Transformer)
uanades Uit 4.3 Tnglivdfantastnussiulnindsusussuutiostuveddiod 5oN Fududiaddld

A5I99UNT NI NBARANTUSTU UM DUSBLUUAAAN [23],[24]
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Ui 4.3 myfnmunniaggUaduvesussiudiva 22 kv Tngldeeatalaalauilousie
T PR ROV LRI e NN
Tnenansinvuaussduas Aol
o la A LilBunsmn 22.44.20° kv
® ula B Lilauns1m 24.34.£-47.05° kV
o wla C Lilaunsg 4.03.£-42.05° kv

Ingsupduvasussiuninlngldosadaladlal dennfunisinluaniizionuas

13180 (No load) fidnmzasia (Steady state) LLamﬁqgﬂﬁ 4.4

=1
N

UMl 4.4 yunauayUuaiuveus I uTa 22 kv

CaN



a0

MneansiaLsstunuifiussiliaugalaonsianuussiuiuiima A uas B Fadu
awmivlFtusniasainaudougaty Sadululfinfsaneuusndsedassaiionmana
yoswsfouvadliiindsesiindnl (hsudn) JeldTnsdudumsiadmswivemsiouas
It 9ts 3 gruTsuiitsuu Tngldiag esil enaaey CPC 100 (Omicron) G aidued asilofil
AuansalunsinAuawesanugydeluauiunudrinug e seuiulugunsel

Tihusegale Inglddiiunsmeaeulaedneusiunaaaunswaaauun 10 kV wuitAey

2D LD

TrihsgvirsweanUgugiinuveaiandiegiiuarAanug i senineainefeidiisunsma
ANULANANAY WARIHANTIARINNT I 4.1

M19197 4.1 Al daldvesmiieuyawmia 3 gn

A iviiszninsuaadnugugiiiv Al sz sunaanRend
e VIRINARLHI (NF) Wigunsng (nF)
A (1) 0.030 1731
B (lv) 2.990 2.860
C (1) 0.040 18.21

IINANTNIN 4.1 nudeanEgiiiserinueanlsugiiunaInaReNiikas AN

Y

Trifsevinwemsefegiiiiieunsnadanuwind 199y wenaniiAiniug i wawiloudas

T e B Andaluddadinmrsainemdsslasiiinnnegeditedfylasanizos198s
dwsuaranuliiussevinaneRugiveunsg
lngannsnsaeusUkuunseanuuuYaanvasdoudaslniinns 2 fudia (fx

wagnanlval) Lanesiagun 4.5
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Care *1 Y1 Core X1 v1 Tank
o .

~ l_ ‘\ '_/' l— "

,-/'. N 2 E

. ) \ N b S

Y Icom Tap. + v g Cont. Ta v N

’es AN
y I_ \\ o -,

- - /4 '_

HOX0 Y2 HOX0 Y2

(A.) (1)

Uil 4.5 (n) lassa¥swnainsfoutadlliinga GEC ALSTHOM
(v.) Tasaadrsvnaavsioudasininlva (Thuwunud) ABB
(n.) lasaasngUuuuanaIntenoulaslnfitvesikanfy

() IastadregUuuvvnaaveanaudadliihveosindslv

desannavesanuimnavaslaseas wamnnelumiouUadiingagui 4.5 agiu
AAnugliussezdmansenurhliRemsteuiviureussiuliihdutdonnnnesduszney
arqliinadeudulading flunes dsluanazunffindeudadlwiigis 3 ia flaseath
il surufiagvinlia1amg i 1wesia 3 wla wiafu sed Ussneunssdulnidouity
(Superimpose) flana R azvae g sensnsadanaldannasiiussiuesiuszneudmiuiigudas

= I3 6
Nvuadueue

Felagvinluudavdnnislunisanelouussiy (transferred voltage) aimdnnset 2
Uszian lauwa
1. nseneleunseiunuumienth (Inductive) : \undnnisiidlefinszudlvaniiuunain
avafrndngluiisndasiuaindnilands Seszdunsesu (v, V,) innsiudeti
ﬁ]zs’ﬁuagjﬁ"ué’mwd’ausuaaai’m’;uiausumamﬁaaaa (ny, ny) Taerdundnnsiluves

patanUadluin Fananalameaunisi (1)



a2

LE QG (1)
Vs n;

2. nsaelauussiunuuaugbiia (Capacitive) : \unannisangleuduiilasninua
vosauu i dunulameaugliiudsdazeguuiiugiuvediading aluees
Tngssiuusatuagduiudnsdvesrnugliiive 2 esdusenau (C,, C,) Fauans

MLaUNSN (2)

A1+ 2)
Vz C1
H1 X1
f N2 r
i i_*xz 1=
N1 | Y1
: N3 Vi
i Y2 2 T \(2
H2 2 k)

(n) ()
U 4.6 1asauyananeleuuseiu (n) wuumnnmieailii (v) wuuenugliih

aantenanlutssundnnislunisaelousssiunelundoudadiniindsd 2 dundn
Faludrmvesanumisnihvuaglilasunansenuisesanuliaugaiieniniinisesniuy
Usznavadnaiielldniausduvesusasuaainiinnzauwasiinuauunsluyn o wa

LY ]

usiazinaludruesnigliinandiialilumsied 4.1 Fadlednsrdrudanuliaunaiuf
awrliussduisamafinenuldaunadailifiounaussfussdusenoudfugudiiniu
ARl uessEnInveaInlgugdifuunainafien duasvaainnfon ey
nsdvpmieutasis 3 gn fuwiauandstudmaliAnnaldaungavoauseiu [25-26]
Feannsoudlaldlaemsreruuiufvseqiufiovaermeuglii e Wusshluiis

3 LWaﬁsummﬁ'au@a
4.4 wuamansuideymn
4.4.1 mi"i'mmﬂLtazgﬂﬂﬁu%aaLLiaﬁuﬁﬁa 22 kV
mﬂﬁlﬁﬁﬂmﬁmmmLL@ngﬂ?{umaaLmﬁuﬁﬁa 22 K oy Fadumsinluanyily

mua‘%ﬂmaﬁqmﬁﬁuﬁﬂL?ﬁfaLLawﬁaLLUaﬁmLmﬁul,%amiaagj MIINRINANIDIVLAINA AT IF



43

Aalatinsandeuluananudussduiionnanmsifpuunsvesussiulnefusnidsanio
nsduiunuwdnomiioulasinusstumnifaussiuiu fedulsiosimsUangunsaiineanil
panaNUd 22 kV u,axﬁ’mwﬁmsummLLangﬂ?{ué’wIaaéLm Aluneslaudousonmaussusves
Thadm Alasesiuadlawendeandadeudelus weadalaalal Taasine Aluaesildnu
Judszanduiuusyy daussiu 100 kY wazdanuglnii 1 nF (eedlidasdiumsannay

LIPUVDIIBNLAD PALARSUBINE A, B ey C winiu 12306:1, 12646:1 wag 12260:1 muansu)

IPguanInSARAsAsIUN 4.7

— =

==

|
i
i
:
{
1
1
b

JUN 4.7 madadsliawaalinesdauiu 3 mdmsumsinvnauasguaiu

VBIUTIAUN IR INRAREHI (22 kV)

lngingUsrasAveansinvuiniasUunauressiiume itethdeyanan1sinvignass
wazwiughludnaesmelusunsuiiomannug i iz auiagtihudeusa iy
lngRzanan1sinlulseuisuiunsdnaasmelusunsy PSCAD R399 4.2

4.4.2 M39naenlelusunsu PSCAD
Tsunsu PSCAD il uldsunsufignldanusgnunsvaglunisdrassdsingnisailu

seuulnfinids Inegldauaiunsoeeniuuiasdnsunisinast ke dlATIgRHaansnIs

d1aaald [27]
Tudeiidunisdassusngnisalluszuulnihiadesldlusunsy PSCAD Tnans

gankuuRshiihdaemdeudadliimas dwsumennuglnihidesamiudiluieln

wseAuliihauna Tngeenuuuieasaagui 4.8



L= =
= =
§I 8—[
Ln-"mnﬁl..:l 31— ET
v AG ,,.ég P =
—..!, I u_'g..
M ( I_“_I =N
- &
= = 0.000015 wF] 2
] = 51
v h
L & o =
e A o
[ FOn %I §I
v L=
||_|:|._(\c_2 BT - - 001495 [uF, ’P': T = T
€ ) ! A
2 ) T =1 v
i 0.001495 [uF] ‘E‘I .
4
aT -
= =
31_ | ]
- 00007 'n='1 _ET | E.-—
G #HOEH ~
52 v
Ly J=d
=]
0.00002 [uF}~ 2
=\ ol

UM 4.8 luwanisdnasainmsideusesanuuszainiihvemiouUadluimg 3 an

Tnglunisdnasdlaeldlusunsuaglin1sdiaoanuulsaswuung

o

aa

1AW (Lump) F99%

NINSUNDINANTENUVRU TP UINA AU FITUFILUTANUAIUNIULAEAINULAT N

Inifvesvaaiavsioudasiniindsligniiansan desnarsananigdanusaininuglnings

Wunaanlaseasisvesssuvauiulunsiawdaslwinminguy

Taglunisdnasatiaginualia1nnnuglniisewinsuaaiatsugiinunainnfend

WensdensunisuynaInuazuiianlaeunnin Inelvuinvetanuglii 1 2 dumnis

Jueimiwesainnugliiianialalunisnd 4.1 wagimuaainnugliihssninaueaae

aReIdisunsTiMdevsaialirianugliiifuiasUanevesunaindefiawinduasands

Y04A1ANURNTTILUMIT1N 4.1 Tasdeinanugliihvediadne Alunesvesusdasinaiiioy

A519 F98A1 1 NF WeEUguAINEIN1SOIUN1SINaRIR8TUSKASY PSCAD 34leiin15Tm

YUALAL FUATULTINUIT BN UTHUEURUNANTTINRRY LAAIFIAIT1NT 4.2

M13197 4.2 LUSEUIgUNaNIT IR IRUa R ieuns1IAvesda 22 kv

wal wan1sI1aassaaluswnsu PSCAD (kV) Nan15InvsIelaamantnes (kv)
A 14.65£0° 1558 £0°
B 22.23/-69.81° 23.98./-52.81°
C 8.19/£-147.5° 8.05£-115.9°
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MnnansiUsuiisulussei 4.2 wuinnissiaedeeldlunavesisasuuuieu
(Lump) fanalinadnsfilndifsatui ldsmiiunisTaaseiaeliadins fluned Judiss
wotlazldlunanisdrassfananitefmundanuglwih iz asuiagdosioiidnliile
mA1Auq liinvesdaAuuszaiidesdeiiiu Feldiin1sdransdielusunsy PSCAD Lile
ey i funzauiidesevuufisdrluderhldussiulaii 3 wia fana
dunansonde LLNﬁuaﬂﬁUizﬂaUﬁ’]é’Uﬁ'@uﬁ (Zero Sequence Voltage Component) &A1
TndiAssquelsunniign Tavannguil 4.9 wans sULUUMIHBRIAUSENBUAANLY LU
1& (Variable Capacitance)lneidensiofinesitavesvnainnfondia A uaz B 109z

AdunisInasalaglyisnisvingn (terative Method)

£0@00 0

\URET7S
B @y S c_u.]_jg'ﬁ_l,ua
Y AG sRL¥2 W
L

0.000015 [uF]

Scapgdm ¢

i

—= 7
|

4nj

]

1

=
u H ILEE': El\.

F'|2; 2y

AAAAA

——

o =
N,

el

#=

0001405 [uF]

{an] crropr it £ L00 D

i

— bt

0,00002 [uF]

147) 50 L 600’857 50 1600 0
1

="

3UN 4.9 luansdnaesnisideusiadiiuuseg s

NNan1sIaemuInmANNg i imingannd s usevu il laun wia A
wazila B siorunuA1nnug iy 13 nF wag 39 nF anuddu

A lihiidaedlaranaaziliussiuliinida 22 kv fvunausaiuiazspinas e Ui
® ula A Wleunsnin 12.76.£-30.12° kv
® i B \igunsnn 12.70.£-149.71° kv

® wia C Wisunsnm 12.65.289.83° kv



46

4.4.3 mspvunuiufiuUsziiiudiivnadnisndsg s W ldAraug il

GRRFGHTE

Mnuanssaesluiidenount Sudendufulszaliindidenldsudmivsie
Wudude wiowdasliiinusatuiuudiiuyseq (Capacitor Voltage Transformer, CVT)
dwsusaifinvase AL iuansssUT 4.10 agslsfny Asufiazdinisthluldauads
wllowdasinnssuiuudiiulssgnimazdeswiun1smageunuuInsgu laud nsnaaeuy
anuasuneliisifunszuaady nMsmaseviavfavisdiiiofazannsailuldiuais
Isegravannsfouaziamnuindoio sudinsindanugluiiielviaonadesmudiildain

ns1asemeluswnsuluidena il

JUN 4.10 wilaudasinussiuuuusinnulszad miusevunuiuiaunigeanaugn

[

Inensiteusesiunulszgdianftazdonldrmumionas Ialssduuuudni uUseqas
wanslums1an 4.3

A15197 4.3 Jeyaniioulasinussruuuuiunuussadmsuldsovunuiiuiy

dduil | dwSusioiiaia WNALSIAY (kV) AAuglnAASald (nF)
1 A 69 14.87
2 69 12.10
3 69 12.08
4 ’ 69 11.72
5 69 12.02




ar

Mneseaslainaanugliiasaideiia laun wa A 861 14.87 nF uaz wia B
{1 12.10 + 12.08 + 11.72 + 12.02 = 47.92 nF azdunaitAmanugluiinldauasadinnig
wANARINTLATN1SINRedulesnaindednin Fenlunsesnwuuserdenlularininug
Trfindunladnasal i

4.4.4 nshanmdiaulasinussauLUUAIUUSEY

8991711597809 TUSHNTU NAINUUT L AYNNSRRAIaAM A LLeashuy

Funulsey ngladniunisinaauugulasanan uanefegun 4.11

3UN 4.11 nsfnsmgieutasrinussdiunuudniuusyauuy

4.4.5 MIIAVUIALATTUARLYBILTITUTITE 22 kV MFRINMIAARITIS

dlediunsnsmdiowdasiihiaussiuuuiauivtsegdeilduanduidenaun
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Abstract
Thiz article precentz the -tudy of the effect of uobalanced -tray capadtance in cingle-phaze 300 KV power
trancformer= and extablizhe: the mitigation techniqoe. The povrer man-former: were operated in Wang INoi Sob-tarion for

trancmirting the electrical power. There are 3 unit: of zingle-phase power man-former. Previcuozly, a can-former of




i

phaze B filed after being zerviced for zeveral year:z. Thuc, the new power ransformer was crdered instead of the failed
one. Hovrever, once the newr syztem had been opsrated, the hotzpotz ar the surge arrecter of tertiary winding (223 V) were
found and the oobalance of phaze voltages was obcerved, reculting in overvoltage az a root cauze of the problem. Once a
thorough imrestigation was done, it was found that there was an effect of unbalanced -y capaciance beroreen tertary
winding and ground core zince the new power wancformer haz zome different decign: compared with the remamning.
Hence, the mitngation techmique waz performed by adding the capaditor paralle] o the terdary winding unril the valtage
balance was achiewed. Simuolarion writh the FSCAD program wa: performed m determine the optimuom vabee for
additicmal capacitarz, ie, volmge balance, u-ing an iterative merthod. In thiz amicle, the capacitorz ozed for additional
were capacitor volage man-former=, which have been in-tafled. A= 3 rezalt of the mouble-hooting, the voltage ar the 22

kY buz waz more balanced az well az oot canzing overvoltage, and the hotzpotz ar the Surge amezter of tertiary winding

were not detected recolung m gaining the ctability and reliability of wcing theze tran-fommer-.

Krvywords: Fower man-former, Capacitance, Unbalance valtage, Capadror voltage tran=former.
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Abstrnct— A bushing is one of the most important parts of a
transformer. Fallure of the bushing may cause the transformer
destruction, which can lead to the Tablure of the eleetrical power
system. Therefore the insulation mondtoring of the bushings is
essential.

This paper investigates the approximate 30 years in serviced
miedinm voltage bushings. The 5 units of aged and deteriorated
bushings were removed from the electrical power system, and
the electrical festing was performed. The electrical festing
Included the insulation power factor (IPF) testing and the
polarization and depolarization correat memsurement (PDC).

The test resulis showed that the TPF of the main insulation
was Ineressed approcimately 1-10 tmes from the nameplaie
values and the initial corrents of PINC measurement were high
for all bushings compared with inbifal corremis of PINC
measurement of the gosd hushing insulation condition from the
database. From the test resulis. the combined test technigques
between the power factor resting and the PDOC measurement
provided wselul data for the insulation condition diagnosis of the
service bushings.

Keyworads—OIP  bushing,  condewser
transformer, naliion power facior

bushing, power

L INTRODACTION

Electricity Generating Authonty of Thailand {(EGAT),
the only utility responsible for generation and transmission in
Thailand, supplies electricity to distnbution systems atvoltage
levels of 22, 24, and 33 kV. EGAT systems have transformers
that step the transmission voltage levels down to the
distribution voltage levels. The low voliage sides of those
transformers are equipped with O[F condenser bushings with
rated voltage of 25 and 34.5 kV, as well as the tertiary
bushings of tie transformers which have the same rating.
Combining all 25 kV and 34.5 kW bushings used in EGAT
systems could be in the order of some hundreds. of units.

For power transformers, bushing plays an important role.
Generally, the bushing comprises the conductor, which leads
current to power transformers and the insulation between high
voltage conductor and metal tank. Vanous types of the main
bushing insulation are used, for example, oil-impregnated
paper (OIF) and resin-impregnated paper (RIF).

EGAT performs time base condition monitoring (TCBM)
[1] of bushings by the insulation power factor test. The tests
are performed together with the other parts of such a
transformer. The initial measurement or nameplate value of
the insulation power factor wall be considered as a reference
value, and the second test will be performed when the
bushings have been in service for one year. Then the following
measurement will be done before the guarantee of transformer
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expires, and after that, the insulation power factor test of

bushing= will be repeated every six years.

If the value of the measured insulation power factor
becomes double from the nameplate value, then the follow-up
test shall be performed every six months. [f the insulation
power factor of a bushing becomes triple from the nameplate
but not exceeds 1%, then the bushing should be removed from
service. If the imsulation power factor of a bushing exceeds
1%, then the bushing should be removed from service
immediately.

Polanzation and - depolanzation.  current  (FDC)
measurement is 4 non-destroctive testing method that can
indicate the deterioration of the insulation by analyzing the
insulation behavior. PDC measurement is a quite new test
technique applied for insulation testing performing in
Thailand. In this research work, PDC measurement was also
used for bushing msulation testing.

IL  EXPERIMENTAL PROCEDURE

A, Ol fmpregmated-paper (OIP) Bushing

Ten oil-impregnated paper bushings were removed from
service. Five of them had the maximum voltage for
equipment { U} of 34.5 kY. The others were 25 k'V, as shown
in Fig'l:

(a)
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The main insulation (C1) of the bushing was measured by
using the ungrounded specimen test (UST) [3] shown in Fig.
3. with the test voltage of 10 kV, whereas the tap insulation
(C2) of the bushing was performed by using the grounded
specimen test with guard (GST-Guard) [3] shown in Fig. 4.
with the test voltage of 1.5 kV.

The results of the msulation power factor of C) were
comected to the 20 °C temperature condition for comparison
with the previous test by using the correction factor specified
in [3, 4]. The test results of all sample bushings are listed in
Table 1.

ibi

Fig. 1. 25 kV (1P bushings (a) and 34.5 KV 4P bushing {b) which removed £

fram the system due fo the merease of dissipation factor aver the linait of 4 £ Biep up wransl

EGAT criteria. 3 £
4 2

ey

1 igaand - Low Volgage Load
B. Insulation Power Factor (IPF) Test 9‘?

Insulation can be explained as a circuit, as shown in Fig. i K Lrommd Lewd
1., including parallel resistance (Rp) and capacitance {Cgj.
The resistance represents the loss of insulation. The
insulation power factor is the ratio of real power to apparent
power as represented in the equation below,

P

—

P=K.cox8 {1‘} Fig. 3. Test set-up for the O measurensent accordimg to [3] with the
| umgrounded specimen test (LIST).

sl =— (2% Vi Bt Bl W
A .
or the ratio of resistive current Iz} to total current 1), as !
shown in Fig. 2. !
¥ '
cosf =—L i3 |
IM —_—
In addition, [PF values can be calculated to percentage form : é
(%lPF) Y : Btap up wanalcamer
¢ 5 ks
YalPF = cos 8100 4} P Guand _
15 Wik Leter

Fig. 4 Test sef-up for the C: measurement according to [ 3] with the groundad
specimen fest with guard (GET-Cuard).

o .
U T s R,
o) A

(a) Equivalent circust (b} Phasor diagram

Fig. 2. Principle of insulation power facior test [2].

The insulation power factor test can reliably indicate
moisture in 8 bushing. The low initial values of the IPF
indicate that bushings are still in good condition. Increasing
of insulation power factor 15 evidence of changing in
dielectric  characteristics. the damaging condition is
developing.

@us
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TABLE L  RESULTS OF INSULATION POWER FACTOR (IPF)

Bushing Us Nameplate's "‘{I.":I"' SLIPF of
na. 5% %IPF IIIHZ Crat Ta

1 345 0.23 0l 06T

2 345 0.23 054 0.1

1 345 0.23 07 077

a 345 0.23 073 100

s 345 0.23 L 113

f 250 0.26 106 106

7 2540 0.26 121 .27

] 250 0.26 L1 130

] 250 0.26 066 145

1 250 0.26 065 (el

C. Polarization and Depofarizaion Currens fELDC)
Measurement [5-8]

PDC measurement is performed - to measure  the
polarization current when the DC voltage source 15 applied,
and then the depolarization current when disconnecting the
DC voltage source by which the test object was shorted
circuit immediately. The diagram of PFDC messurement for
the bushing test 15 shown in Fag. 5.

The polarization current is given by the following
equation:

%
Ul U —
4 RZ R
i5)

whereas the depolarization current is-also given by the
equation below:

()= | Ae ™" {6)
d=]
Where:
U =
A ==Ll 2g 85 (7
=R ( )

U is applied DC voltage
R; is DC resistance
Cj is capacitance

172

PO Amerfvzer-INCTY

Fig: 5 Diagram of P measurement circuit of the bushing.

For cach bushing, the main msulation was discharged by
grounding the center conductor and the flange for 12 hours
before charging them by a 1000 V., DC voltage, for 1000
seconds. The corrent during this period is called “polarization
current.” After that, they were disconnected from the power
supply to discharge. The current during this discharging is
called “depolarization current™ The setup of PDC
measurement is shown in Fig: 6., and the test results are
shown in Fig. 7-8. and listed in Table 2.

— Mo 1 I_epel [

VOB jo2ipel  —Mo.2 i depod
—Holl_pel  —Mo.3I_depod
—Hod_pel  —No.41_depel
—HoSI_pel  —Mo.5I_depol
1.0E-11 |
1 0 100 1000
Tirm i s |

Fig. 7. Polarization and depolarization cumment measurement of bushing no.1-
5

It Vg
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1.0E07
—Mogl_pel = Mok |_depal
—MNo.7I_pod = HNo.T |_depal
— M08 1_pol — MouB I_depol
1.0E-08 : ——— —MoSl_psl —Ne9|_dupal
z e | —M0A0Lpol = MNo.i0 1_dopal
§1 BEDS =
o
1.0E-10
1.0E-11
1 10 100 1000
Time {sec.)

Fig. . Pelanzation and depolarization current measurement of bushing no.t-
10,

TABLEIl. RESULTS OF POLARLZATION AND DEPOLARIZATHON

MEASUREMENT
Bushing Muintpre THOE © ratio of
. oonbent im 1 Hx P ——
paper {(%sh (*al

1 W] 036 1.14

2 Li0:1.5% 027 1.12

i} 1.0.1.% 047 114

q 1.0 058 L6

5 1.0:1% 050 I.15

& 1.5 T2 L3

T 1.5 &S |

B 1.0 63 1.16

t 1.5 a9 133
10 1.5 053 114

[I.  EXPERIMENT RESULTS

Tablz I shows the test results of insulation power
factor measurement at 20 *C by which the multiplying factor
1.05 was used fior the ambient temperature of 30°C [3]. The
results of O ranged from 1-4.6 times over the nameplate
value. The results of Cz ranged from (.62%-1.45%, which
were lower than the consideration point specified in [¥]. The
results of C; were presented at the test temperamre. The
results of the insulation power factor indicate thai the
insulation was degraded. but the root causes of degradation
could not specify since the insulaton power factor test
represent the overall condition of the insulation. Generally, if
the external moisture is the cause of degradation. the
insulation power factor of C: will increase accordimgly.

Table I and Fig. 7 and § present the results of FDC
measurement. The moisture in the paper of all sample
bushings evaluated by the PDC software ranged from 1.0 %%
- 1.5 %, and the DDF at | Hz, sensitive to the moisture
content in the paper, were high, which comespond to the

73

evaluated molsture content in the paper, except for the
bushing no. 1-3, the DDF at 1 Hz of them were lower value.
The ratio of C at | mHz to | Hz of all sample bushings was
similarly which was below 1.50. The moisture content in the
paper, DDF at | Hz and the ratio of capacitance showed that
the major cause of aging did not come from the insulating
paper.

IV, CONCLUSION

Insulation power factor testing can indicate the
degradation of the insulation but unable to specify its causes.
In this research work, the PDC was performed to ensure
whether the major cause of aging was from the insulating
paper or not. From the results, it indicated that the insulation
was degraded, but its major cause did not from the insulating

paper.
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Abstract— Capacitance tesiing is the mest imporiant for the
service bushing condition sssessment. However, for the new
Resin Impregaated Paper (RIPY bushing used ia EGAT, the
repeatable test resull guite deviates. The aim of this paper is (o
investigate the root canse of the unrepeated testing yaloes of the
test lap capacilanee for the installed new RIP - boshings
compared with adary valwes. The messurement resulis of tesi
tap capacitance were collected from tem fnstalled 113 kY
Ishings. Those resulis deviaied from ihe Factory values of
approdimatdy 33%. A aew RIP bishing was weed 0 s up the
laboratory test experiment. The laboratery test wed a portable
insulation power best sel (o measure the test tap capacttance, The
alumdnum (ofl and the dhiet metal were uwsed o wrap arousd the
boiiom part of the bushing for simulaiion of the ground
elecirmbe and leakape corrent guarding. Onsite mersorement
was performed with as isstalled buisling with BCT (boshing
curreal ransformer) by grounding BCT and goarding of the
leakage current of BCT. I was Tommd fhat the fest tap
capacitanee was decreased with inereasing the dinmeter af the
simulated ground electrode and decreased with the application
af the leakage eurrent guarding. The best results showed that the
beoiiom part of the RIF bushings without ile ground sleeve and
conditions of BTC sweh as the dimmeter of bushing pockei,
imsiallation with or without BCT mainly  impacied  the
uirepeabel test lap capacilance

Keywords—OIP - bushing,  condenier  bushing, power

trawsformer, fnsnlation power factor
[ INTRODLUC TION

A transformer is the main equipment used in the power
system.  Transformers eonsist of various tvpes of the
components such  as  bushing, © solid. insulation, liguid
insulation, protection equipment, and so on | 1-2]. From the
failure statistic of the ransformers. The failore of bushing
always leads to the complete destruction of the wansformers.
Therefiore, bushing maintenance is a very important task that
has to perform with the correct procedure.

To evaluate the bushing conditions, the dielectric loss
factor, the main capacitance (C, ), and the test tap capacitance
(Ca) need to be tested [3-5].

In the Electricity Generating Authority of Thailand
(EGATY), Resin impregnated paper {RIP) bushings have been
introduced to replace oil-mmpregnated paper (O1F) bushings m
the electrical power system. However, after service of RIP
bushing for some periods, the test tap capacitance of most RIP
bushing largely deviated from the origimal value tested in the
factory.

Morasage Panamadech
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King Menghul s festitate of Technology

Ladbrabarg,
Banghkok, Thailand
norasayge. palakmitl. sc.th

II. TEST TaP CONSTRUCTION OF BUSHING

Bushing test tap capacitance is the testing point of the
bushings for dissipation  factor and partial discharge
measurement —Bushing test tap capacitance is  from
capacitince between the extenal layer of the grounding
conductor and the flange, as shown m Fig. 1. by which the
test tap and the valtage tap struchure are presented.

Teppod cops: iy padeg Wy

N P e o L T

Ve o W codaaines
Niam =
i kg Lo
omrmnm o Tl g

| S R & ?
Ol med o 3
{a} Test tap ) Paotential tap

Fig. 1. The basic eonstructson of 0 bushing with (a) test tap and (b) pobential
tap.

ITI. EXPERIMENTAL OF BUSHINGS

A, Ohsite Test Tap capacitance

The test tap capacitance {Cy). including the power factor
of RIP bushings of power transformers with the maximum
voltage for equipment (U.) of 123 kV were onsite
measurement which is summarized in Table 1.

The measured test tap capacitances deviated from the
nameplate value of about 31.56 %. Besides, three bushing
shows quite higher values of the test tap capacitances. Fig.2
demonsiraies the onsife tesi fap capacitances and their
nameplate.
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TABLE IL TEST TP CAPACITANCE AND POWER FACTOR OF THE BUSHING SPECIMEN RATED OF 123 KV

C, ipF) 2aPF C,
Lacation Type Fhase Serial Moo Faciors Shie Y dev. | Faciors e
HERl E HERL HERl
) . . Xl M2 (M5 L] 23146 7.0 L] DUAE2
Clmengrrttons Sebeetion e NOZ 10663 EEN RN T T T
) SETFT 550113 X3 MOZ106T3 182 23395 I7.84 0.7 [
] e ] AESH Sper. X1 NOTI0ATI [ 24255 | n0.40 0.7 580
Sarabur © Substaticn ] NOZ 10666 188 | 24500 | 0.4 | 000 | vess
) N3 M 1T 189 24493 x50 L] D6dd
Xl X1046] 1E8 27077 44.03 070 D460
Sam Phran | Substation ] TR — T T e Tis
T X3 MNOZ10637 185 27076 36,36 [T LE65
; X1 MO 10652 189 24012 AT [T [T
Sam Phran | Substation ] T ET061 T 155 ST — TG
KT2A - —_ — —_— = =
- SETFT 550-12% X3 P13 £ 251.75 Ly 62 .70 _SCH)
. ALE2R Spex X1 B2 106G 140 23034 2508 050 nse7
Chung ME'I_: Substation = ROZI0650 190 | M52 | w6 L0 | 0470
- X3 [ 245.73 X0.71 [T 0674
. M1 177 23491 1271 .70 1560
Chiang Mai 3 Suhstatiom o 177 AR AR 1451 .60 0548
e X3 L&D 24382 35.45 L] 0.5
4 emmpare T 1 betveen faciory and s iear IITRY
= From the test results, in the case of the busing was
L T e uninstalled with the transformers, the test tap capacitance
g F. - - . (R value deviated from the nameplate up to 1551 %, If the
- e a b 3 r . fa .
= - Bt T e et alumimum fodl was wrapped around the bottom part of the
i bushing and aluminum foil was grounded, the test tap
E capacitance value deviated from the nameplate up to 134.9
R e L e AN R T, W %, and if the aluminum foil was guarded, the deviation value
' was reduced to o2 % For another bottom part structure, the
“ilE E B0FE B ¥ gt 3 E s B i alumimume foil was replaced by the metal sheet. If the metal
IR SRR Z BRI LYmllE % shoet was guarded, the fest tap capacitance value deviated
e~ from the nameplate up to 31.12 %, and 1f the metal sheet was
guarded, the deviation value was reduced to 3.78 %. The
Fig. Z. Test tap capacitance From fsctory test and site test. bushings encapsulated by the aluminum foil and the metal

shizet are shownan Fig. 3. and Fig_ 4, respectively.
B Laborvarory Test for Test Tap Capaciuance of the
Rusiing Specimens
The capacitance wvalue while using sluminum foil
wrapped around the bottom: part of the bushing was
investigated and then eompared with the test tap capacitance
values from the nameplate are summanzed in Table 2.

TABLE II TEST TAP CAPACITAREE VALLES WITH VRS TES
COMIITICNS
Serial Cx Y % PFC; Test
ni. Factory Sl Dev. | Facory | Sre condition
fest Test [T Tiest
Withouw
1946 124 1551 0.70 13 slurminum
foil
Cirounded
1946 4604 1349 .70 170 aluminum
foil
WO210 arded
&63 Lamrded
- 1946 2078 .02 0.7 1M slurminum
foil : . . . .
5 ru:;_dm.i Fig. 3. The extended diameter of the botiom part of the bushing with the
2570 | 312 171 3.7 ' aluminum fisil.
1946 2574 3.2 0.70 AN | heet metal
- - - (nmarded
194 2132 | AT 070 | 330 "
sheet metal
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Fig, 4. The exiended diameier of the hotiom pan of the bushing with the sheel

mictal.

. Field Tesi for Test Tap Capacitance of the Bushing
Specimens with Bushing Current Transformer (BCT)
Test tap capacitance of the bushing equipped vwith the

Bushing Current Transformer (BCT) inside the transtormer

was investigated. Ome terminal of the BCT ‘secondary

winding was grounded at the control cabinet of rransformers.

The other was connected o a conductor for connecting wthe

meter or relay m the control room.

Table 3. summarizes the iesi tap. capacitance of the
bushing obtained from the onsite test. With puarded BCT, the
test tap capacitance deviated from the nameplate values up to
26.35 %, and without guarded BCT. the lest tap capaciance
deviated from the nameplate values upoio 13.60/%

TABLE ML CaPACITANCE WITH (U ARDED BT AKD WITHOUT
L ARDED BCT
“1{pF) WPF
- L Test
Siwlall Factory | Siee | deve | Faeiory | Siee | comdition
Bist sl st sl
Without
196 MTT N 658 0T AT maarded
RCT
M2 1662
we | 2| o | o foss | Cver
2.7 13 / BCT

IV. DNSCUSSION

To much more understand the mentioned problem, the
stray capacitance of the BCT and the bushing socket was
considered, and then the experiments were set. The test
results pointed that the large dewviation of the test tap
capacitance obtained from the onsite test and the nameplate
value should be due to the existences of the additional stray
capacitances between the BCT and the bushing core under the
flank inside the transformer tank, as shown m Fig. 6.

3

7

r-]
¥
3 I-"::
H
b
Fl
H
¥
H
A
[
B3
H
¥
H
H
Fig. 5. Bushing sty capacitance in normal case.
rr e

I..

R T R R T, T

Fig. . AddStional bushing stray capaciiances dse to BCT.

From the test resalts in Teble 2. and Table 3, the test tap
capacitance Tz deviated from the nameplate. Besides, the
power factor of the capaciiance C; | did not show the intrinsic
msulation condition between the last conducting layer of the
grading capacitor and bushing flange.

W CONCLUSION

From the tzst result; the onsite test tap capacitance value
of RIP bushing deviated from the faciony test up to 46%. The
root cause of such a large deviation was examined. It was
found that such deviation was caused by the existence of the
additonal ' stray capaciiance due to the bushing socket
structure and the bushing current transformers equipped with
the bottom side of the RIP bushing inside the transformers.
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