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ABSTRACT

This thesis attempts to study the insulation types used in high-voltage bushings,
the advantages and disadvantages of each type of insulation, along with various
techniques used to evaluate the insulation system condition of high-voltage bushings.
Normally, bushings that have already been installed and operated always encounter
TEAM stresses that is thermal stress, electrical stress, environmental stress, and
mechanical stress. These stresses cause deterioration of the electrical insulation
leading to the change of dielectric properties according that deterioration. This thesis
chooses to propose the technique of measuring the dielectric response in time and
frequency domains to analyze the effects of leakage currents on the surface of the
bushings both from the high-voltage side and the eround side. The techniques are
polarization and depolarization currents measurement which is the response in the
time domain, and dielectric frequency response or frequency domain spectroscopy
which is the response in the frequency domain. The results of these two test
techniques will be analyzed tosether to find the parameters or issues related to this
leakage current. From the test results and analysis results, it was found that measuring
the dielectric response in both time and frequency domains provides perspectives and
point of views for evaluating the insulation condition of the bushing system or any

high-voltage equipment and what must be done before performing the test.
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1. u%%&LLUU Non-condenser

2. Y¥¥awuu Condenser

2.1.1 ~y¥¥Inuy Non-condenser

9

Uy ENREn DeulflussUULTIR UMD IRUUILNE WU 6.6 Nlalian 3.3 Ala

q
Taad 690 Tiad 500 Waas Lay 380 13

TassadsvesyBasuuy Non-condensor uusneuluse fideuseuludeauiy
nRNsEUendiu Jeimanwesuian ui Tunde nseane WeRue lagAuL LWL
(a) gninualaeANAMUANASERENNLITIIVERUIL  SHEE NN INLLINNLITENINANE
aeriudndan (b) grimualasa e neieaaudliiivesennialasseu figui 2.1

Ui 2.1 ssidiuldimnszanefvesdanmaenauslniilailftudunseis
masAdveniayyde muasenaulTh a3l ufdllenayinlhAs
famsnusduludeanudermilignmansngaiideauuld  dummaonauliih

anuysdengaiulyasitlugnisnulinurald nlaseasiaiagmlaingdintausdiuas

WINTWWINLNTS2EEYNR199 VOIUBTINDZAUNTUT UL

2.1.2 UBFIUU Condenser

:

Yudefififaussiugenin 52 Alalad 1w 115 Alalaad 230 Alaliad waz 500 Ala
Thadt nealuagldudnnandsauuliilagldfuiuseqgen Sasidonyslesuania
q%%muu Condensor #38uUU Capacitance-graded 3avzUsznaulude frideuseuly
Fpauudsiannssaeiuaduiududihedieduiafuuszqgosnanedisesunsuiiu
seninef i funsdud1mud18auIuvat W Wity isduman viedug digud 2.2

LWULAYITUYITILUY Non-condenser AUNUININLWISAT (a) gnAiTvualagAIIUAINY
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1. Resin-bonded paper (RBP)

2. Oil-impregnated paper (OIP)

3. Resin-impregnated paper (RIP)

4. Resin-impregnated Synthetics/Fiber (RIS/RIF)

Conductor

%

Solid
Insulation

Electric
stress

Radial
distance

W/////////////////////////////////////////////////)/////////////

'
Electric A
stress

Radial
distance

gﬂﬁ 2.1 y¥3auuu Non-condensor [2]



Conductor

Liquid
Insulation

Solid
Insulation

Electric
stress

Grading
Layer

NN NNN

Test tap Radial
Flange R <ot

—

Electric .~ A

|
|
|
|
stress |
|
|
I

I Radial
L I distance

g‘dﬁ 22 qﬂué?j'mw Condensor [2]
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75%
50%
50%
25%
25%

UM 2.3 Wiguiigunisnszaredivesauuiniinluysdanuu Condensor uag Non-

condensor [2]



2.1.2.1 Resin-bonded paper (RBP)
a . Y = Y A
AUIVBIYTHIMUY Resin-bonded paper (RBP) Usznaulusie nszmwadauniei
Tu3A 158U 3o Bend 3w ntuniuseusindusunssssuanaeldnnuiounay

a o IS

ausiuAmil lelisudaiatunssmusaziimsirdusiidinluumsniutaeg deasa
Fufiuszades anlassaiaiuguiiduafiumonssavuassiull silvauiuvoayds
RBP 9¢dionAnszeiiUiiasnnssriadulenssmuuasivasvestusai funsnidnly
Taoyrds RBP esfignesnuuulifannsaiuanuefenaunsilviuniaivsyna 20 Ala
Tad/gudluns

dvnnyads RBP TefunsstulwihgunnniussiuSuAnfansounain awviiliaa
fawsaviadiud wusindaisvestudaung slasdnAfiaruadoaauiuliiigndd
aunTenautuliliinuwursad ssvdstudag fsnshavsadilnAeduliafueu
veeinNwiunuliugneannielule

nsvuIumsNand lsianysal vionavasrnFeuniotsmianasinnisldauens
ihlugnsuaneuldusouimusyil 2.4 Jafnnnnisvafntansueuisesauiuilsauue
ilugmaiindesinerndluioauiutasyinliAansfawisauisduiund andussiu
wsstuldaufensy famsiaatiasilugmsusnnissrstugai

Tusgndnansldonifiensdudiluluyrdsassliidanisus ndurosauiumie
Delamination Wagrhilieangaidslnsianaingsduuay st

maAnusssuivluanelfnuanidssiiimsodsoaings dalugmsiusnanaa

WA UL RS UAUAINNTHUTNANIUVDIDINAUTIU U8 VBITUFI LU ULDY

JUN 2.4 NSUANMIAAUTOUNVDIRUIUYBTI RBP [3]



M1319% 2.1 Vafvaiduvesyrielssinn RBP [4]

Advantages Disadvantages

- Non-flammable core - Generally higher levels of PD - can be used
- Bushing failure is less likely to release main tank | typically up to 400 kV

oil - Aging experience varies

- Relatively low costs - Constraints of handling and storage

- No constraints of positioning during | - The core is affected by water ingress if incorrectly
transportation, handling and storage stored

- Oil end of busing is susceptible to transport

damage

2.1.2.2 Qil-impregnated paper (OIP)
AUIVBIYTTIMUY_Oil-impregnated paper (OIP) Usznauluaiy nszauasmiiu
seumddunssdsruenuaziinisihdudiiniein Aluminum foilnluunsnidugaes e

asiunuUszages Mntwhlusuliuiuuugyanme wanhludunsnumiuiniungde

wiasdsdauluglfo mineral oil @113UL3eAU Ultra high-voltage A11MNI19983N3zATYINDE)

Y

lsifigsweiiagtharifunuuUnd Seiaeiisfaylunsvensaunn i Tuaietu i nisiy
NEAMRUUINY WisWinszatuinisudeniiu wie Overlapping Jsduinnisviauagyiilidu
shiiTlemasglndunmeiugdouresysdassinmi fguft 2.5

Tunsalinszuruniswdnyeds o Wulusgisund sgliflluanaufaegluauiuae
FrdupruneSenau il il iSuRnmsparisuisduiganiivesy el RBP Tasyvd
OP  agilgnesnuuilvannsasumnasuaauuliiwnsriiussann -~ 45 Alaliad/
LYURALNAT

nshavsEnsafintulaTivaevewusdosman misalignment Yot
wazegneldnuasgnauliiingsniiwmioussiunaaeuauidds  dennlesu
arnaedoanuuiiniug  awbilfAnfsluinduiasnssivasuiuaraavinevilviinasu

s PN S o o = 4 % v a o ! L3
AsuauNUatsvestumilasduulunvenem luTuwuasedl UWIUQﬂWiLUiﬂﬁ’]’JU

AIUNTEAWVBIYTTY  OIP  qwldeuan nunilesgnieldanmniiguuaziioauiu

£%
=

nszawdonanmaaugdeladianainuaznninesurlawesiazaiy  wagyiliAnu

Y
YULALYINIDLEDUANWUINTITU

YB3y OIP Alauunesyauiuddusaaiusnynyuesaidesainguiiaiadnin

1%
£ 4 U s

U TUNUAIADULAULYDSHADALIAN

9



JUN 2.5 ANLEEMEMULLILNUYRIYYT

M19199 2.2 YervaidevesurBalssan OIP [4]

10

$

OIP 11999NNI5LARDURIVBITURAIUN [5]

- Very low partial discharge - can be used at any
voltage level
- Relatively low costs

- Minimal handling and storage requirements

- DGA diagnostics are possible

Advantages Disadvantages
- Very long history with relatively = eood | - Vulnerable to insulation oil leaks and water
performances ingress . if = the  gasket/sealing system s

compromised
- Higher risk of bushing explosion and resultant
transformer fire

- Positioning angle during transportation, handling,

and storage

2.1.2.3 Resin-impregnated Paper (RIP)

AUIUVDIYT RIP gaauduslude.

f. 1960 Usznauluie NseaweunUsaUR

difunseUssvenuasiinsihdusinuvhain Aluminum foil Wildunsnidugige ieads

o & ' S o v Y o a I3 Y} aa el'
faunulszqdes  aanuuilVeuliniumuugaennid  udialudunSnueiu - iend

58U Tuseninenns curing wes dfion® 158w

AOINITAIUANNITUARILNEVENLAEINTLAA

seuuANLesINANIASEanEly degun 2.6 wenanisesunndianunsaintulaainiia

Aluminum foil liSey Kadnsanvinedlane

anugadeladianasne uazdinishavisauns

AU BiTwAYNUY9919910 @ B9V LAdl

d1ullay

Tusgyinamslatuing - JudinelisuinmnusessurenIeny  AINUTEEENIg

FEMINNTUAIUIILNENUNILUU RBP g OIP 3997199 1AAANISHUSNANILUNNEIUTEAIN9TY

file  FeFdunalaainAnesNnmesia

AASTULLNULSIPUNAFDU  AILUTDA US4
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AuAIuAesERauIN i igandives Biend 15du onaluwunintn Ineyyds RIP 928

gnesnuuulviansaiuaueseaanulihuasaiiussanm 36 Alalad/iwumiuns

a

Wesnanaumgil

dnusde RIP - egnngldanumgigaasyiliinnisuentuiu )

Y0u5TWALGUNAN Glass transition 133uvzdiesuszneumuniivdeuluazndsandus
wandfuaglindunndustuund FwihliiAngesinsernia seaunn tiludnshagsaunsdiu
waz/13e winanaula tnefidinisfasnsaunsdiintuluye®s RIP uaduaglivgaiiednn

Lifianuannsalunsiuywmiiouysds OIP

SUN 2.6 MIUANAILLEUTIUNYBRUILYYI RIP [5]

M19199 2.3 JedvedvasyrTedsyian RIP [4]

Advantages Disadvantages

N
L@ﬂﬂ?iwﬁf L@ﬁ?ﬁﬁ%ﬂ\ﬂ‘u IA1NIUNT

- Non-flammable core

- Bushing failure is less likely to release main tank
oil

- The core is less likely to be affected by water
ingress

- Very low partial discharge levels - can be used
at any voltage level

- No constraints on the attitude of the bushing

during transportation, handling and storage

- Relatively higher costs

- Constraints on handling and storage

- The oil end of the body must be protected from
moisture during storage

- Oil end of the bushing us susceptible to transport

damage

2.1.2.4 Resin-impregnated Synthetics/Fiber (RIS/RIF)

YIBILUU RIS #30 RIF Wumaluladargauazinnuadendaiuuas@awuy RIP uday

Hnsla Synthetic mesh  ununslUnszawguialistuausaunsndu s laaulig

’mmﬂgﬁﬂm aauukazliinisRavsaunsdiu - ﬂ%ﬂﬂj syn he;u% . mas{mauhwéﬁag

BINUNDNITAN YNNI

HDUNTIALNUN YYUNTUNTITAN

Liinsdflagiean Snvenuilidautaion uasdosirbddadvonenammnasiifinnsiluld
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NMIAVYBTILUY RIP L0990 synthetic ldfidywidlosnasdumszinounuiges

gnunagqulusie Blend 15au

o U9t wnalulad RIS Tdagnusedu 25 Alalad fa 170 Alaliad ywdawuu RIS 1

[

fawuuiuavduuIuNauuuayldTan

Falau

[y I3 a (% [y a o M 1Y = [
NIIALNUYTUILUY RIS ARIENUYTUILUY OIP EJﬂL’JULLGII@JGIE]QEJE;I?Jﬂ"]iLﬂUiﬂ‘I%}’]

witlouyrBauuu OIP @unsariulaluynyuese

A1319% 2.4 VafvoideveurIUTEAN RIS/RIF (4]

Advantages

Disadvantages

- Void free and partial discharge free

- Non-flammable core

- Bushing failure is less likely to release main tank
oil

- The core is less likely to be affected by water
ingress

- No constraints on the attitude of the bushing
during transportation, handling and storage

- No constraint on storage

- Relatively higher costs
- Constraints on handling
- Oil end of the bushing us susceptible to transport

damage

NTBYANLINUYTFMUY. Condensor - 19 4 Usebaning1inIdeauansnInasumnsng

WsuiguaanulanumIs1an 2.5

1%
2N

M13199 2.5 AnanURNUFINYeIYYTe Condenser [5]

RBP OIP RIP and RIS
Design description
Upper (air) envelope Porcelain Porcelain/Composite | Porcelain/Composite/Silicone

Intermediate filler Oil or viscous liquid

Oil Oil/dry foam/none

Lower (oil) envelope None (RBP body)

Resin/Porcelain None (RIP/RIS body)

Basic properties

PD, pC <= 100/250

<= 5/10 <= 5/10

PD regeneration PD always exist

Yes No

tan 6 Approx. 0.5%

Approx. 0.3% Approx. 0.4%

Capacitance behavior Increasing

(Oil penetration)

Stable Stable

(Good condition) (Good condition)

Temperature limits 120 °C (Class E)

105 °C (Class A) 120 °C (Class E)




internal breakdown

RBP OIP RIP and RIS
Overload behavior Well known Well known Resin decuring problem
Oil leaks Yes (oil filled) Yes Yes (oil filled)
Resistance to outer Porcelain rupture Porcelain rupture No rupture
flashover
Collapse after Rarely collapse Often collapse No collapse

absorption, cracking

Debris in transformer Yes Yes Yes (small amount)
after internal
breakdown
Storage problems Humidity De-impregnation Humidity absorption (RIP)

upper envelope

dry version)

problems
Transformer fire Medium Poor to Medium Good
resistance
Earthquake Medium to Good Poor to Medium Good
resistance
Resistance to Medium Poor Good
vandalism
Service with broken Yes (limited time, No Yes (limited time, dry

version)

2.2 #AAMATENIEAINYBT

Indayaves Cigre WG A2.37 [1] Fesiuniudeyaaudevglngq vewmile

wlasduduiu 964 waa anUsernsusianlas 167.459 #ot) Aaet A.f. 1996 9 A.A.

' v
a v A

2010 9xladaiasuieafuysaemadl

" yudeAmdu. 14.49% vosavnivilvniieuUaddemeilodaianseduuseiu

n yedednidu 17.20% vesamaivihlaandlaiudems tavAndu 14.2% vosavnd
Flvinsionuas GsU (Generator Step up Unit) ey Wiamildesziunsuunnnin
100 Alalaad

" \fefinnsananudevnevemiieuUamingunsalvesvisioutas yrdsazegdusiui 3
MIUVRIYARIN (47.4%) WA Tap changer (23.2%) Uavagnauntngnmaay (6.3%) uag
WNUVIAN/29ATHUMAN (3.8%)

- é@vmmmLﬁammamﬁqLﬁ'mﬁummzﬁuLmﬁusmr’iu FEAULSITUNINATT 700 Ala

& o

Than fall s2AU 69-100 Alalian 0 % seu 100-200 Alalas 13 % sy 200-300
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Alaliad 16.6 % szfu 300-500 Alaliad 21.9 % sy 500-700 Alalan 28.7 %
S%61U > 700 Alaliad 9.1 %

» (fefsanauidemevomiioulasneiguomiionlas  nileulasiinanioutd
A.A1. 1980 ANEsTIARANYBTIRMTY 15.9% vsloudasiindavdsd a.a. 1980 Anu
FeofiAnanysdsAndu 18.1%

= audemevesioulasdaiamdsing wag/vie mssade anmsiyedademe
Anidu 37.89% (T HY 30.6%, YBTI MV 5.6% wazyuda LV 1.6%)

= pudevefiiennyedsiomn 3 470% shliAnnssnunun wu wdsil 30.4%
5D 10.4% 1nifuda 5.2% uasanuidevsniedan 0.9%

Jeenunsnazuledn yrdsdamansynuetnsltezddydennuideiovomiiouas
AMNEsgIsmlsuUasdlnadsmansyyuaiuuidmsundouay wwu wddud suila
uazANLdYNEeSeNneg | etlamisinenvesyrdsiainundinnindemevemsioutas

LAAIRY AISI9N 2.6

M19197 2.6 JayiianuisoiinTuladmsuysusasUsenn (6]

Bushing type

Problem
QIR RBP RIP RIS RIF

Oil leakages,

low oil level

Increased
contact v v v v v

resistance

Overheating

Partial

discharges

Insulation
breakdown v v v v v
between layer

Cracking v

Defects at the
measurement v v v v v

tap

Moisture

ingress




2.3 WALANISUSZLUUANINAUIUY
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F5lunsitadeaniugveurTakuy On-site (periodic kag continuous) #14°) A4

A15197 2.7 Yudiauaiu1salun1sidaduiii 95293 URAUINITVRINA bNANULE HUNE

UNegauand1aiy Anuasanselsyansamlumsidadevesusazisgnuandlunisned

2.8

[y

A15199 2.7 A5lun1s3dady

AN TULVBIYITIUUY On-site [5]

Diagnostic methods

Periodic (off-line)

Continuous (on-line)

Visual inspection Yes Yes
Capacitance Yes Yes
tan 6 or PF (50/60 Hz) Yes Yes
FDS, PDC, RVM and Rins Yes No
Winding resistance Yes No
Infrared scanning Yes Yes
PD measurement Yes Yes
DGA Yes Yes
Moisture in oil Yes Yes
Creepage current No Yes
Oil pressure No Yes
Transients No Yes

a a a )l aa v o U = !
M99 2.8 ‘Ui%ﬁ‘l/lﬁﬂ’]W‘U@Q?ﬁiﬂﬂ?iﬁu?ﬂﬁﬁlﬁ?ﬁiUﬂalﬂﬂ’ﬂiiLﬂEI‘WWEJWN‘] (5]

Failure mechanisms

Periodic (off-line) diagnostic

methods and effectiveness

Continuous (on-line) diagnostic

methods and effectiveness

Mechanical
Seismic disturbance VI (H to M) Oil pressure (H)
Vandalism VI (M to L) Oil pressure (H to M), C (L)

Rigid connection to bushing

VI (H), tan & (M), C (L)

C (M), tan § (L), Ol pressure (M
to L)

Electrodynamic forces on

bushing transformer part

VI (M)

Thermal

Gas bubble evolution

PD (M), AE (H to M)

PD (H to M), AE (H to M)

Current path and contacts

IR (H), VI(M), tan & (M to L),
WR (L)

IR(H), C (M), tan & M to L)

Electric and dielectric
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Failure mechanisms

Periodic (off-line) diagnostic

methods and effectiveness

Continuous (on-line) diagnostic

methods and effectiveness

Core cracking or delamination

C (H), PD (M), AE (H to M),
tan § (L)

C (H), PD (H to M), AE (H to M)

Electrode ends problems

tan 6 (H to M), PD (M), AE (M)

tan 6 (M), PD, AE (H to M)

Zig Zag condenser bushings

tan & (Hto M), PD (M), AE (M)

tan & (M), PD (H to M), AE (M)

Test tap problems

tan & (Hto M), C (H to M), VI
(M)

tan 6 (M), C (H)

Bushing end shield problems

PD (M to L), AE (H to M)

PD (M), AE (H to M)

VFT problems

PD, AE (M), tan & (L), C (L), DGA
(M)

PD (M), AE (H to M), C (H to M)

Chemical, pollutant and

environmental

Poor sealing (moisture ingress)

tan 6 (H), VI (L)

tan 6 (M), Oil pressure (H)

Internal moisture generation

tan & (L), tan 62 (H to M)

tan & (L), PD (L), AE (L)

Corrosive sulphur in OIP

bushings

Oil properties (M)

PD (L), AE (L)

Small animal problems

VI (H)

Pollutant and environmental

VI (H to M), tan & (M)

CC (H to M)

<

Gl
H
M
L

)}

UAF Y

2 L4

Fyanwaliansdsitone

ANYOILANIUSLANSNINUBII I NN
high: 35tladaUsangnasalsiangn?

= Qdeglj ! Y 1 6 o I
medium: F5tAsuTntlsiaUsngnisaidng

- low: wagnsldnslauddiulvaliaansaldaguls dodinisliisduasunuiotudu

- C wag tan &: glddmiuAnrwglalihuesyade HV C1 way tan 51 (130 PF) dau C2

uag tan 852 gnldEMIUAILUITENIN Tap Uay flange

- VI: Visual inspection nMs&analagsau

- IR: Infrared scanning N5 kNABISIEDUNTILIA

- PD: N33 Partial discharge

- AE: NM553UYANNLIILALALMUIYB3 PD location Tnele3T acoustic emission

- CC: creepage current nszuasalva

- DGA: dissolved gas analysis ETW%’“UQGU%Q OIP

- Oil properties; Oil pressure ETW%’UQGU%'G OIP
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2.4 auglwiuazaugadeladianasnyasyslis Condensor

95U 2.7 FauanseadusznauresyrTauuy Condensor 151811150 nAIALI
Inlihwessfudsey 2 fvesyds C1 way C2 uazmeugapdeladidnminvosiiifiulsey
74 2 tan 81 upe tan 52 14 Taedl C1 AeAAugliihussiugessmingadensdunsgs
U measuring tap SsUszneulusmefufivlszgdesdesynsuiu di C2 e Aranuglilin
WSITUAITZI19 measuring tap U flange ﬁsiaaaauuazam?iuﬁgiaaqau AUl C2
liannsainldvarmsioudaddanueg Tuvaedl C1 annsainldvasmioudaddnuegviel
Tduegnle [3, 5, 7]

Inggaunfudy dufulssgeshifiemugaddladdnssn nnmesnssuasziinmes
w3y 90° uiluneUfoR avuildenasdiaugyidsladidnein duiuguedesnin 90°
dwsuiinnuilannuinie anuannsaunildseiiiuussanliianugedeuuiudh
Fumuiianadsrugaydsluszuuauiu dssuil 2.8 (8]

AUN13VBIAN tan & wae Power factor @un3aigatlnainisasadyaegadg Ay

2.8 Halpaunisralud

I
Dissipation Factor = tan § = I_R
c
Iy
Power Factor = cos @ =
Iest

Twsasanga Arugliiluagaanewaznisinanlsgduvmungnunuiiesuiu

Useanilada duanuadgannistnanlsiwdusasanugandetiioaninanuininiignuny

9 Y

' '
1% o Y = aa o =3

AIEAIPUNIUNTNT 1RTaLaniinnulszuassfunuliasuIe g Ainssuvew@uIu
d' a a v QI' d' 1 [ 7N o @ v Y

Audiign Ingunfdivaaaunaudunnaiuaslaf1veIiAUUsERaEAIA1UNIY
LANMI9AU

C1 way tandl Qﬂslsffé’m%’umﬁﬁaéf&ammamm%mw condenser NSWALYUYD
C1 UIUaNfaNIstusNAILsenI N TuAI1903UY T wagNITIN LT UYRY tan 61 UUanii

A A £ P | a a X & = a

ANNGYLEETNINNTUVRITTUVAWIN Fedmingiinandsluleu aAnudu vison1sidenann
NATLTIU

C2 wag tan 62 vuiialiaanluszingdgaudisuiu C1 wag tan 61 hazA1Ya9 C2
uae tan 62 Tuluegiunmsileivesyrdaazndentad [9] wsenfan C2 AaAaruglih
Mnanddanauiiegseninguiniiuenanved C1 waggninoaInsTIn U AUTUTLLeT
1 flange nslawUaINTENa T3 C2 wae tan 62 unvaghilalidayaniuselovilunsitady

2UIUVBIYYY
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11330 tan § WudanuliradasuniuntsusninniisudunisinaInug bl
999Ny NY0e § dA1tosunn @195V tan § = 0.5% Yu & AA1ondn 0.3° Aeriuwdd

A95UNIULY & LANTRY FIAWTAAAIINAMUGUFEIINUTIALAYTEU FvdINAHDHARNS

agiiduezddny 1w lunsalidinquianyasuuuiinluvseriuenvesdwie i uuumse

9

A1uaNs A1 tan § 91adiaAnauls [10] nied1in tan & lunaesld arugaydsladianasn

o

vosnaedliaggniindnlume deluiivesyrdadesinuwiuaragen wavlinimegey
Tuanmeiniendendy leendwlanuasufiiiaeyilian tan s danuidanainld
UANAINUUNITNAZBU On-site 813gNTUNILINNTAVUAIRINaElseutaniivdeeg

o A

Aafina1iu Msdenduresdaiuussgdesyiniiaiaugliiindy widuindinig

anasasAIAuY niuanaInAnanviduianliwuuatng Test tap

Center
Conductor

C1 Insulation C2 Insulation

T -
.4 Ca=Cb=Cc=Cd=Ce=Cf Ck
enter Grounded Layer /
ot B = I H TR
Va=Vb=Vc=Vd=Ve=Vf
Tap
Electrode

hi
e Test tap
=+ 3 Earthing cap

¢k Voltage tap

3 Earthing cap

UM 2.7 24AUTzNoUVDIYYTe Condenser huuil Test tap wag Voltage tap

(4107 Yudguudl test tap, ¥3n: Yuduuuil Voltage tap) 15, 8]

I
I( 4 chst N IR
ITcst o
I
With §<<1
4 ~ tan (8) = cos (¢)
P d=/2)-¢ R
) C

5UN 2.8 19358UYa0819918U83YBTe Condenser 1AUALALT [8]
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2.4.1 aruglnftvesyvdawuy Condenser

Aaugliihwesyrluuy OP way RP dufidasilussniuldon uazainiug
nifhdaailiderleadmunuadall (nsfonfuvestusaiiluunuyede) Tumanssiudu dn
Al laifieilderleadnuuuiny  (Mawsnantndeusatutrsuudodad
vounuyde)  widwluaudinuuszaunisainisweadanuuunaiivesyrdaiaesnii

NOANMIULULLNY

£%
= o

AARlTvesysdaiuliantuegivonmall - FavslimunnTuliogumgliauns

JULPYNINLBLNBUNUAN tan § @MSUUITI OIP @n1nh N1sUU

3

©
el
)
c
o)
2
~
)
b
=
©
(ol
=
.
N
ee
*°
i)
2

(% '
[

U dwmTuyrdie RIP- @0 nstuedivgumniilegnuseanns 0.45e-3 /°C dmiurg

gauuQil 25 °C 019100 °C [12]

Wl sasuwlaiA Ll Yo I BImEN MUBIYYRS e uUy BT Sl
uanslaraguin 2.9 Tngi

dumnetay 1 saninswasuilasaiaaugiiwuuund Tuseniweignisldau

a g A ' Y o
VBIYITL (WUNTEVINNEUEE )
LEUTINEEY 2 WAASNAENINTUNISUSTEIUEIRMAIW YasnIsidaNan NN
= dy Y A o
ULBZUTUUAUTUE LAUAAN)

Wunaneay 3 kanenisiasunuasriaug i geanainnisidenannainnisiy
NURARUINAMIUTY (BAN19gNATIIHNUEUALALAAITINSIINTUYDINTSIFBNAN LA
USuaumuT)

WunRIaY 4 waninsiuisuwlaspinnuglni1g wininiusnanlsendin sty

fwealnuyvBe condenser (FufWIEY) (an1sgnasini sududidGunansdsiide

o oo X
WIIAUNEIVU)

2 dLNA

Y

1,06 I‘/M

L — I~/ /

1,04 Pral [ | e

1,03 e 4\ — A — |

’ /xﬁ = 2 | —

1,02

1,01 £245 kY, A —

100 $420KY — |

0,99

0,98+ . |
-20 0 20 40 60 80 100 120

Temperature (°C)

JUN 2.9 wnldunmsidsuudasenanuliiivesysd [5]
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ANHTULazNIsEoNan nanmsldnurilieianuglning g dganiidy Tunng
[ 74 < v ' ) a [ v 3
asaiudy nsfeniusenineduiiiluunuyy®s Condenser agvhlvianugliiuindulay

¥
(Y] a 1= 1

Lidueyfugumgd widuegfuswautuiadilunu Condenser S1urudusatluuny

Condenser %ua@ﬁuﬁ fausasu winvesauiu (OIP wie RIP) uasdssinnuasiudih
naidsuutasasraruglifiiainnisnisfendussninsdudaidudusadldly

msdindulainagyhnsasuyrdmioli drAranugliiasunasfunusininelif as

yinswdeuysds lnganunsadndeainisilisuudasaanuglnilaainmsim 2.9

M157199 2.9 nsildsunasainugliiheainnisnisenduseninsuditlagUssana

ANVSULABENNALIINURBETUAAUIL OIP. wag RIP [5]

Um, kV RIP capacitance change, % OIP capacitance change, %
72.5 12 8.8
123 7.1 4.8
245 4.2 2.7
420 2.6 1.7
550 1.9 1.3
800 1.3 0.9

Apuglihuetsds RBP dulsinslussmrinnisldemudosaminguansaunsn
Fudnluluwny Condenser g vililiiannsaldteyavesrinnualnilunisussdivann
yuds RBP Isidlawfiuiu OP wee RIP ilasnnsfentuseninetufihfunave sy
unsnfuviliienanug i st wnioutu Sensiasuuiaswnamiuglifainnsns

FonUsENI1Ua Y89 RBP Landldfanis1en 2.10 [13]

M151991 2.10 nsdsuwdasaiarngiwiaeinnisniseniusyninstusitlaeUszaia

ANSULAAENNALIIAULAZTLARUIU RBP [5, 13]

Um, kV RBP capacitance change, %
72.5 23
123 20
170 18
245 15
300 13
420 10
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< a

2.4.2 anugodeladianainvasys¥auuu Non-condenser

a

AN0Y tan § way PF tulusgivgamgiiiluegauin dulugamgivesyvleded]

Y 9 Y

e

U ¥ a a Y v

nsduiinbikasnanisiadesAnnanduluiigamgiiondmudeyaiiseyannguin ddeyadl

13Jﬁmmm’l,%ﬂimmm§ﬂﬁ 2.10 Tunsenanduld [5, 14] alaevlUuazainues tan
wanalilumsnsdl 2.11 dmsuauiundnuesysis

mdindulaanmvesysddaglian tan & Jusgiurinauiuvesysds Tnsundd 2 33
fie 1. 191 tan & Manzanzasaladmils 2. gaisudsundasmesan tan 8 seninsnsld
9 Nde Ao G tan § fld 2 WianAnTudY LansianyTaug [4] inasilunis

Y

Anaulad Uy OIP uaw RIP 81989970 (11,15, 16] 4andlinsm1siei 2.12

1,40

1,30

120 1+

1,10 A

1,00 -

Relative tang

0,90

0,80 -

0,70

Temperature [°C]

U 2.10 ¢ tan § Nigaumaillaiieuiuan tan & Neamgi 20°C [4]

Y

M19199 2.11 AdTinpuaAsgIusazAlaem UM tan & uag PF muiinauiunes

YBT3 1AIND 50760 18350 wagaungil 20°C

9 Y

Bushing insulation type RBP QIP RIP
tan & / % (new bushing) [17] <15 <07 <07
PF /% (new bushing) [18] <2 <05 < 0.85
Typical value range, % 0.5t0 0.6 0.2to 0.4 0.3to 0.4
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M19197 2.12 AaTindmsudndulaan1mys®s OIP waz RIP aunsideuniadvese tan 8

WguAuALULNaAYTRASUAUTIDUNAN8198Y

Bushing condition
Good Moderate Severe Extreme
OIP tan § relative Up to 1.33 1.34 to 1.66 1.67 to 2 Above 2
change
RIP tan & relative Up to 1.25 1.26to 1.5 1.51to 1.75 Above 1.76
change

Tngil Good: anmunf/anma 13znstngesnuinfa
Moderate: WasutiUasuunans lnisdananisalagseu vnisTadinnely 1 3 was
dhRnanuegsroiie
Severe: Wasuwdasing livhnisdanemsellaesau snisimfnnely 1oy was 1
Aanmogsienios msRasumgaliny
Extreme: WaguuUaseehann weanslfuieldnude lussosnandus véndou woy
dhRnndlogssetiion

Tunsdifien tan 6 uay PF geRinunfinasymstagidnass lngvhauazonayads
AeuBunisnedevluddnads venantduaimisald Collar daruasasniiaiioannanszny
nnseiasalwaiiag maﬁmnﬂ%auLﬁaumaé’wéizw’mLﬁ/\lal,ﬁa@u'hmi"’a’mﬁmmﬂ amLARoY
videlil msiuduvesdn tan 6 s 3 atuumuazdulylaile

dmsuyads OIP mMswasuuvasesdn tan 6 sevinddeuaunsaidnduauld (10,
19, 20, 21] ANSARAIVOIA N tand LHa o 80% W5 oU oUN2 1 VeIA LS UAY
UIUDNDENUAITALIIAAN AITVNN1TIA C2 WAy tan 62 DINAGNSDNUINUINAT tan 62
qqsﬁju maiﬁwmimﬁaumﬁ%a Fan1aifnduaes tan 52 agasndona DGA 7ilu7 way
mm%ummﬁwﬂum%ﬁqﬁu

dmiuyyle RBP Allnvesdn tan & Tuagiuuseiuld dwandlunisg 2.13
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A1319% 2.13 Ginveee tan § §1mTUYYTL RBP [13]

Um, kV RBP tan & limit, %
725 23
123 20
170 1.8
245 15
300 13
420 1.0

aca 1

Sn1sagatunis e tan § Hu lEn1sinlugeadud 15 1830 f9 400 1850
[4,15] A neIs UL agA1ud D uandlinam1s199 2.14 Taesialuua a1aan
a a =~ a ! v | aa Y
YyTaRazimsUaeuUasnesel tan § Uaglurisanudnseyll
A7 tan & gaAINdeT Usuandle mnudadeainadruialniiiifAigs dainain
ANTUNID by products 9nnastdenanImaInsigu
| P cs' | = ] ~ ) = ! -
A1 tan & geneungs usuenta Jayvngedenielui tap 0 visegasialnusegs w3e
nstenfussrinetudninuuiiannuaLnIY

a

A1319% 2:14 F3nv0ee tan § §1MSULYTI Condenser Mgaunqii 20°C [4]

Y

RBP tan & limit, % OIP tan & limit, % RIP tan & limit, %

Frequency(Hz)
new aged new aged new aged
15 <0.6 <0.7 <0.5 <0.7 <0.7 <15
50/60 <0.5 <0.5 <0.4 <0.5 <0.6 <1.0
400 <0.6 <0.7 <0.5 <0.7 <0.7 <15

lnglu Annex-5 v@1 Cigre 755 lafin1stauetiugianum i ladeauiuysBusaiugs
wioudtinvearnauglning 50/60 4850 tay Alsvesrmnugndsladidinainld Tddmsu
Y3BIMUU Condenser Fsflaouzilisn wded uad o bildduduansanusvesyrdusiiugs

fa5UT 2.11

Y
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K
L

RBP - Bushing
v

I

can be put into operation
again, next measurement
in 3-4 years

can be put into operation
again, next measurement
in 1-2 years

should not be put into
operation again, exchange or
immedeate repair necessary

v

i
0

OIP - Bushing

3

can be put into operation
again, next measurement
in 5-6 year

can be put into operation
again, next measurement
in 1-2 years

should not be put into
operation again, exchange or
immedeate repair necessary

l———r RIP - Bushing
v

can be put into operation
again, next measurement
in 6-8 year

&

should not be put into
operation again, exchange or
immedeate repair necessary

i————‘l visual inspection '—_—l
v

no indication for a failure,
operation possible

v
T

operation possible, but
maintenance or repair should
be scheduled in near future
L

no operation possible,
exchange or immedeate
rapair necessary!
1

v

JUN 2.11 A9unT3TadeauIuuaBINIWIUEe [5]

2.5 Polarization and Depolarization Current (PDC)

24

msinnsesalnanlsdusazilnalsiwdu (PDCO) uisnisneasuwuulivinaneine

TdlunsitaduanmausuvesaUnsallwiusas  Tnensiananouauesladianainlulamy

U say v o a U a %
AN waansTilazgnuanteaninlusunsmnsskalnalsiwdunasalnanlswdu Weuiunan

Tuanaasni3sy [22] MuaunIs

iyor (£) = Co U [‘:—Z + £08(8) + f(D)]
idepol ) = —Co U, [f(t) - f(t + Tc)]

laedl Cy fie A1AubnTn

LR AR (]
v

U, Ao ussnuliihmegeugutudule

o, A At lvivesauI

AUINAVDIINONAADU

g Ao Ananmeeusulalugyannia  Uwendsanuatinsavesawnliinlunisis

R UERYEINA

<.
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£ 70 AranmaNSUldIIMSE M UnsT LIS Inan sl uiARTwE N
8(t) fio Heidumaddainanmsanelnwuuriudiviile

£ () Ao Hendunanevauesladidnnin

T, flo szoznaildlunsaelwliiiuingnagey

PANNISVBINITNAFOU PDC 15U1NN15918usIsunadauliinnseiansunluning

9

s

nageundrinAnszualnanlsedy  antduihnsuanunasinensendeningrndouainsg

[ v

A o o P o = a s a'
L‘W@Vﬂﬂ'ﬁ'ﬂ@ﬂiSLLaﬂI‘Wﬂ']‘LiL‘USUUGUQNWQ’]ﬂﬂqﬁﬂasﬁqﬁﬂﬂigﬁm@\ijmq%ﬂﬁ@U @Q'NQ{LUEU‘W 2.12

v v

MIUNO BT HATNEYes PDC Uuduegiudnuurlaswainwesys®e ewindim
Anugliihgeasyilvinseuagndag iy [5] snagnanadwsuanslanagui 2.13

HaaNsYe PDC ananseitaseilalaenisitseuiisunsaiinlatagiudunsiunitia

a dao

lonsanounti vise nsraInwladn vse nsnaInyYRanlanvasmilauiu wse ns1wa1nnIs

Tdwuuanasmnendinaans [5]

v Electrometer
L

gﬂﬁ 2.12 1993N139A&U PDC

Uil A Uo,Eo
ipol(t)
t t >t
0 C
<t Te o>
idepol(t)

U 2.13 wadwdlagviluvesnsnagey PDC
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2.6 Frequency domain spectroscopy (FDS) / Dielectric frequency
response (DFR)

Frequency domain spectroscopy (FDS) %30 Dielectric frequency response (DFR)
JuisnsnageuuuuldvihanaiielilumsitadeanimawiuvesgUnsallniusegs  aens
[y a c a d‘ U sav v 1
Tonanavauasladdnasniulawuanud  waansnlnazgnuanisanuilugunsmiAIAwg
Tnihuazarugaydeladidnesniieuiuanudluainasenissy [22] auaunis

of
&' (w) + -
we
tand = ——————
& (w)

laef g, Ao mranmeausulaluamInia Yavanasanuauisavesaud il
NMTIEUF YN

£ Ao dr1uaseeAnan meusulAduR ST e uvRsTUUALIL

g Ao @IUIUANINVDIAIENINY NS ULAFUNNSITTDUYBITZU VALY

0, A AUl vesauIL

I a a

w  fg ALY

wanNNsTeInIsuadau FDS/DFR Aenisineussiulniinagaunseiaaduieiungs
LdnrsyganmINBas - wisuiunisiaateuginiuazauguideladianssniunasanud
faastugun 2.14

PINNOUIKET WaIHAENSUEY FDS/DFR  uulifuagiuvuinvesysduiioninnis
NAOUENAITUAR AN AT TaAWI [5] Fpgusasnsuandlanagun 2.15

Wil asnltlunisitadoaninauauyeds Lo

v o

1. Arauqliii Wlunnsnsadumstentetusemineduim

2. Smmduanuglwihssninsanuqluihd 10 fadidsn fu 50 1B5m Hlunsnsadu
aruduluaaun Ty Ay

3. awgadeladidnainvdowmanesiinmes Tflumsidaanmauiulaesiuvesysds 3
Usznauludevaneduds 1wy madesanmainmsldu Awudeumandl anudu A
ihlifhveninduyede uay sesrsuATIUBY [23) mundnmIudinnugndsladidnedn &
ANUgdy 3 eadUsneu A AnNgadsaINnsinanlsedy AnugydsaInnisANl

Tnifhwesawiu waranugadsannislosulueduainnishaysaunsdiu [24]
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Computer
Controlled Voltage
Source

Sample under K\’><} """"
Test | N~

. i Voltage Data | Computer with

[ dielectric ] @ """"""""" 1> Data acquisition

Voltmeter Hardware and
with ADC Software

Electrometer

with ADC
y —
3UN 2.14 19asn1anndeu FDS/DFR
B e e e it mman et TR
[——-—Capacitance [F]l
[ - 1107
i ] &
S 8
3] A c
(o=t S
[ 3 8
===t S
& - 10-\1 g
L \u l—t—- Power Factor (%)E
NSV H_'*ﬁ:h
0.1 . 2an s MR ATYS £ als 2 aaas Gl 10’12
0.01 0.1 1 10 100 1000

Frequency [Hz]

Ul 2.15 wadwé FDS/DFR lnevhluesysdaiuy OP [23]

2.7 W38UINBUILIININ1SNAEU FDS/DFR NUN159A Power Factor / Tan &
MsMadey Power factor / Tan & 48un1svagaunuy Routine finthaulaeily 4
10 Alalad videunsndefiisesusniusssuifnvosssutauuiivhnmsveasy wualiuves
A1 Power factor / Tan & gﬂiﬁ?j’l,ﬁaLﬂwaﬂmmamwmmaﬂﬂiﬂLLazmiLﬁammwmaqamu
Yl OIP anmddauluajagilen Power factor / Tan & fiAnud 50/60 1&5n laiiAu
0.5% Ywdauuulndimosuisvia 9199zdiAn Power factor / Tan & figanindnuesyzds OIP
A1 Power factor / Tan & figstuaganaiswiedisgafudinnuunsgusosiinig
ASIAOUTIIAL  A15971 2,15  WARIAIULANANSSEMIeNIVAdeuUTinRen  Power

factor / Tan & funsnadeuiivaleaisd FDS/DFR
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A1519% 2.15 ANULANANISEIING Power factor / Tan & U FDS/DFR [23]

ltems Power factor / Tan & FDS/DFR
Frequency Line frequency or close to line Variable frequency
frequency (50/60 Hz) Typically, from 1 kHz down to
10 mHz
Voltage 10 kV or below apparatus rated Not lower than 140 Vrms
voltage
Measurement time <1 min Typically, several minutes

dependent on stop frequency

Analysis Trending, compared with Compare with baseline
references signature and trending
Objective of test Used to identify general Used to detect insulation
deterioration of insulation degradation or moisture ingress

at an early stage

2.8 nszuaTInaifioyuds
navenTzuaRlmalsgnuniauasfigadly [25, 26, 271 neldRayrdediidantsn
waziontu vide nmeldimdowdasiidmmniilndigs nssuasalvaaunsaiessvieans
vostuimisazgaisidnslniviessriimenesiusihuas g iddngnsmd
navesnszuadalatissgnuaidiuninman ¢ vesnmsgiu IEEE fwed €57.12.200
23] U7l 2.16 uansdursasnseuailvaiinyyie funssuadilaidmaderinuglii
LLawhmmqiyLﬁstmﬁLﬁﬂm%ﬂ Tan & 9nn1sVnd@eU FDS/DFR hazdwwanonszialnailsigtu

waLANA st 91NNSAgeU PDC

sUTl 2.16 wadw$ FDS/DFR Taevhluresyadauuy OIP [23, 26]



<
unn 3
N1323NLUUNTIINNEB
Tuunilaena1ifan15eenkuuNIImMAEed ALNITMIeNaUnsldmSunIIagaeu

wag NMsnageunaualuInginus feusenaulime s19asBentunouNITNAGEU WagAS

IAAIYUMITANSTUNTNAADU

3.1 nswsgugunsaldmiunisvageu

3.1.1 Yvdausenugeuunseateguigiy

YT TITUGIMUUNTEA IRl OIP Tuinenfinusiauil Useneulusae yuds OIP

9

(%
v

22 kV fagufl 3.4 waeyde OIP 115 kV fsui 3.2 Fuduysdairinunsldauuiuig

‘J‘U‘VI 3 2 ‘U“U‘U\‘i OIP 115 kV dnsun1snnasu

3.1.2 WUNLLAY

a

UNDILA ﬂ\‘i’iﬂ‘Vl 3.3 aﬂumﬂmﬂu Collar Z“l’]‘ViiUﬂTﬁQ’]a@\‘lﬂiuLLﬁﬁﬁlﬁa NIYYUI

Tagaviluiuiiunuvesysdaneldniusneg ey
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i

g'ﬂﬁ 3.3 Collar 3NMUNDILAY

3.1.3 wAsaslanngday PDC
AmsunisnedsuniIsinnselalnanlsiwduwasnselanlnalswdu wss PDC a1y

\3esiionmaey PDC-ANALYSER-1MOD fsguil 3.4

5Uf 3.4 PDC-ANALYSER-1MOD

3.1.4 1asesiiavingau EDS/DFR

Fusunisnaasuniiatedidnesnanlnsalallulamueinug s FDS/DFR agld

]
=

L\A309doNAdeU  Omicron DIRANA Wag Software Omicron Primary Test Manager éﬁg‘d

35

5Ui 3.5 Omicron DIRANA
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a a 4
3.2 nsnadauluiIng idnus
luinendnusillinmegeuey 5 519m3 legsgazidendunaun1saaauLaznng
JawseuRsdmiunvagey avgnesutluudasiitesaly

3.2.1 N1SNAEBUNAYDINTS Guard sananauauasladdnasnlulau

A21MA FDS/DFR dmduysiauuunszanuguingiu 22 kv
mnndeuiiyaUszasdiite Anwmavesnts Guard luassmavadeuiinis Guard
fisumisgadneusaiy vide fsuiingad vide sieg viel Guard e axinadentsmagey
lwihde FDS/OFR ethdls Tnersasmsnaaeuuansdsgudi 3.6 laglddnwaznisdeuuy
ungrounded specimen test (UST)
Tunounimedeuiifed shnseussiunszuaady 200, ek Fasrmiilunig
naaeURe 0.01185n fa 10001830 Al IEEE a3 €57.12.200 wuzthly Ineviosmaaeusi

a Ay v 5 = A ! v v X
ﬂqﬁﬂﬂqmﬂﬁumﬂﬂmlﬂw 22 °C LuaﬂﬁnﬂqmﬁﬂvmmNam@maﬂ'ﬁmﬂﬁ@UIu%TU@u

§ Guard Position 1

§ _______ y ! Computer

§ Controlled Vollage

\ | ;

§ | Source "7

§ : Voltmeter with ®<} }

N\ |\ Abe 6 Voltage Data

§ I /q b Ci ith
] | Computer wit

§ | Electrometer | D]";fﬂ(;‘i‘i‘::;:‘;“

§ | With ADC | o

\ = | | Guard Position 2 SRt

N Vs B ‘

§ | |

\

gﬂﬁ 3.6 WITNITVAAOU NAVBIN1T Guard pawan1snadau FDS/DFR
3.2.2 wWavdy Voltage Bandage / Voltage Collar fonNanauaUIlAdLaN
AsntulnlIuAIUd FDS/DFR dmSuus@iauuunseaeguiungdu 22

kV uay 115 kV

v

nsnageuiliianuszasAiiie Anwmaves Voltage Bandage / Voltage collar 7lmag

9

o &

Mumisvesiayrdwiausuuaens inaseranuglwihuazaugapdeladidnsinainnis
ey FDS/DFR welsl wagmnilaziinaivasmuila lasasasmmaaeunanssisguil 3.7
Tneldidnuwarn136auuy ungrounded specimen test (UST) wagiinnsiu Bandage/Collar 3
yhannmunesuns souknuystdldedu dalidumisty Bandage/Collar siavim 5 sumis
dniuyrda 22 Alalaad uay dumisiu Bandage/Collar Yiamun 9 uis dufuyrd

115 Alalian
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al

fupounimeaeuiifed  vhnsdeussunszuaady 200 Taad fyrdauay
Bandage/Collar ¥apudlunisvaaaufio 0.01 1840 f9 1000 185m aufl IEEE wes
€57.12.200 wuzihly Tnevemaasuinmsnugamaiasilin 22 °C dmiuyds 22 Alalaad
war 20°C dmsuywds 115 Alalhad Wosnenmnifinasdenanismeaeulushdet et

@39 vinsdnesunis Bandage/Collar luitdumiady uameaeuludnuagifeatuy

Computer
Controlled Voltage
Voltage Source

Under 1 Shed —5>

IN Bandage /><
N <
Under 2" Shed—> \ Voltmeter with 8\ N

Under 3" Shed—5> ADC Voltage D'Eua)

Under 4" Shed —>

Computer with
Under 5" Shed —p>

Electrometer Data acquisition
with ADC Hardware and

s Software
t;ﬁiﬁ \
- Guard Current Data |
Z, >

gﬂﬁ 3.7 WITNINAADU WAVDINIT Voltage Bandage / Voltage Collar fnuanIsvngay
FDS/DFR

3.2.3 Havsd Grounded Bandage / Grounded Collar AaNandUHUDY
ladidnasnlulamuaud FOS/DFR fwisuysdaiuunseauiy
U3l 22 kV waz 115 kv

mw\@aauﬁlﬁﬁmﬂizmﬁlﬁa AnwInaue Grounded Bandage / Grounded Collar il
uiazsunsesinyrdsiausuuasdne ddinarerirmg lifiwagaugadslndidnnsn
MNMIVAaeY. FDS/DFR v3olsl uazvnfiaziinaiivisanuile ngrsasnsmaaeunanad
5U7 3.8 Tnoldanumgnisreuuy ungrounded specimen test (UST) uagdin13su
Bandage/Collar Fsvhainmuneins seunnuysddldaiv Geildumisiu Bandage/Collar
famun 5 fwmisdmiuyeds 22 Alalaad wey fifumiaty Bandage/Collar Yianua 9
Fuvils dmuyeds 115 Alaliad

Tuneunisnaaouiidad shnistisussiunszuaady 200 Tad Aivayads dau
Bandage/Collar sianuns1ig asmnudlunismedeuiio 0.01 1B$m 89 1000 1Bm Aud
IEEE we¥ €57.12.200 wuzthld Tneviomeaeuvinnsaugamaiaeilin 22 °C dmuysds
22 Alalad way 29°C dmsuyads 115 Alalhad Llesangumgifinadenanisnaaeuly
witedl iletmass vinsdesumis Bandage/Collar Tufisumusdy udmaaeuludnuas
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Computer
Controlled Voltage
Grounded Source

Bandage
©=
Voltmeter with
ADC /4 Voltage Data

Electrometer
with ADC

Under 1* Shed —>

g

=)

Under 2" Shed—>
Under 3 Shed—>

Under 4" Shed —>
Under 5" Shed —>

Computer with
Data acquisition
Hardware and
Software

Guard Current Data

A

V7772777772277

35U 3.8 1935N159A@0U NaveIN1s Grounded Bandage / Grounded Collar #onan1s

nagayu FDS/DER

3.2.4 wWavay Voltage Bandage / Voltage Collar fonanauduasladian
p3ntulawuiaal PDC dmsuyvduuunssateganingu 22 kv

nMsneEpULLIAUsEAIAIND AnwinNaney Voltage Bandage / Voltage Collar Musias

q

(%
v

ALY BRI YT s aus UUasa s InTnasionn nszualwanlsistunasnszuadlnalsiodu
1nMsvegEeY PDC wiali wazvnndaziuaiivaanaile lagasasnisnnasuuanssaguil 3.9
Ingldaneaizn1snenuy ungrounded specimen test (UST) wazdn13wu Bandage/Collar
Favhanmunasies seuumuyvisldesu Sslisumietu Bandage/Collar Havin 5 fumis
dmIuyeds 22 tlalied

JUNDUNTNAZDULA I

1. A153ATuUWsA (Initial measurement)

vn1svegeu PDC tagdnud uneun1signsinunssuansiudbludunoudening
VAgoUAINI AL NEVINTInNsTLaRINalswTY Faunnnsfaw sauseuesingvadey

Tnenailunisiasrsalunisneaauiife 1000 Wi

]
o ¢ A

NInAaeUTLUITAUsTAtALNS QAN NTUAUYBITEUUALIUNABINITIA 1Aggan

q

nszwanlwailsiwduluinauiu Fenszuan waikswdulaisastosua

ee

fAAed mndangs
°o v ]

pg1iidbezdny AmsRasutlliauiuA1INTuRUNITING3S

2. N1599UUNTd8U (Check measurement)

IN1IMAgeU PDC audunauUnd lnedngusedunssuansentes LATu waisie
Agdunoutaningrageuainsdiiieviinisinnszuanlnailsiedudaunainnisiayisa
Uszuasingnaaeu lngussiunaaaunldie 50 1as Latun1sdnewsadufe 5 Ju19 Lan

Tunnsfaw1safe 1000 Fu1¥
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3 ngdv L3 -dl' A LY 1 1 a al dl' ]

nsnegeutuliiingUsrasAliio Budurasmamaasuinliinnuiiaundlag Wevh

N398R UIULED LAZLNBLADNVUIALIIPUNAUNLAUF NS UTUNDUNITINDS IATLIA LU
DYWTIAUBALLIANUNTAATISD

3. N159ATUA59 (Main measurement)

¥nsmageu PDC anuduneuund Tngdnouseiunssuanss udisosedunauden
fmqmaauaqmnél,ﬁaﬁwmii’mmsLLaﬁIwawlil,szjsﬁ’us?iqmmﬂmsﬁa%ﬁaﬂis@ﬁuaﬁmqwmaa‘u
Tnsussunaaaudildde 1000 Taas natlunssreussdufio 1000 3urd ralunishansa
Ao 1000 3N

4 3 Sumouil 1wdinisereiasiunssuanss Mvayvdauazd Bandage/Collar Tt

a =

NAFOUYINTANRUUONAINLIN 22 °C dmuyde 22 Alalaan Llewinaumngiinasiona

Y
(7

v v A a (% [ o £ o 1 P oA [
nsnaaeuluimdeol Wedalasa vin1s818m1uLue Bandage/Collar TUMmULnU 9D Y wan

naaauludneuseIy

Grounded

Under 1* Shed —> Bandage

Under 2" Shed—>

DC Voltage

Under 3" Shed —>
Current Measurement

PDC
ANALYSER

Under 4" Shed—>

Under 5" Shed —p>
Ground

;:;'Uﬁ 3.9 2937N13NAEU WNaYaIN1T Voltage Bandage / Voltage Collar

AANANIINAGY PDC

3.2.5 Wavd4 Grounded Bandage / Grounded Collar fiaNanau&aUdg
lagidnasnlulawuiaaiPDC é"m%'umi%equmzmmjuﬁ'lﬁu 22
kv

mimmauﬁ/ﬁﬂmﬂizmﬁtﬂa ANy INave9 Grounded Bandage / Grounded Collar i

uiagiuimesinyrdstaudvuasans  hilnasorinssualwanlsedusaznsvuafinailas
Hu ann1sneaey PDC vl warvnniaedinaditianaile Iﬂmq%mimaa‘umeé’qgﬂﬁ

310 Inglddnwaiensmonuy  ungrounded specimen test (UST)  wazdin1swu
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Bandage/Collar #$Na1NNUNDAY SoUMNUYBTILAATU Fadlsinuviiaiu Bandage/Collar
Viaviaa 5 sutsdmsuyde 22 Alalad
TUABUNITNAADULAI

1. 71153ATuUWSA (Initial measurement)

msvegeu  PDC  Teednudunsunisdneussiunssuansaudiliiunautoning
vadeuaInsmiievnsianseuaflnalswdy  Funannishiavisalseguesingnagey
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2. NM15399UNIIdU (Check measurement)

$iIMN1sNeaau PDC auTumauung 1aga1ewsdnunsewansiatios Wn3uid waise
metupaudeningvndeuainIIdierin1sinnszuanlnalswdudanatnnsiauise
Uszquasinguadeu lnguswiunaaauildae 50 1aas natlunisdiewssiuae 5 Ui 1
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3. N159R9U59 (Main measurement)
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TONAAOUAINTIIANBYINIANTIANTEUAR NG SITTUTNNNNTAEYITAUTE IO TN VIAFDY
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Grounded
Under 1 Shed —>

Under 2" Shed—p>

DC Voltage

Current Measurement PDC
ANALYSER

Under 3" Shed—5>
Under 4™ Shed —>
Under 5" Shed —>

31]17; 3.10 NITNINAFBU WaYBINTT Grounded Bandage / Grounded Collar

flanan1suadayu PDC
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NANISNAADILAZIAUSIINANISNAADY

TuunfiagnanDmanIsNAasy karn158AUTIINANTISNAFBUNINUALLANSTNUS

4.1 NIINAEIUNAYDINIT  Guard Giawamauauaa‘lﬂaLﬁnﬂ%nluimuum'mﬁ

FDS/DFR dmduysiauuunszanusduningiu 22 kv

éhasi'mqf\]imsmaaﬂuﬁa%’aﬂimmﬁ'ﬂgﬂﬁ 4.1 FaYunsdl Guard 2 fumia wan1s
naaoulwhdelivansdazuil 4.2 anmantsmnaeuluzuil 4.2(n) agtulddints Guard du
annsavhiigauienld imndusumlsihyedmieinsnidfay vieanwnsa Guard i 2
Auwiaile agldnadnsamavgandesladianasnmiouiunsotnaifsaiy uwidild Guard
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09 vesrAANglifidInase 91nkare9nIs Guard
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FDS Results
30

—&— Guard Position 1
Guard Position 2

Guard Position 1 and 2

== No guard

Dissipation Facot (%)

0.3
0.01 0.5 1 10 100 1000
Frequency (Hz)
(n)
FDS Results
3E-09 - - = e -— -
i Guard-Position 1
== Guard Position 2
=== Guard Position 1 and 2
—e— \o guard
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JUN 4.2 Nadnsn15MAaoU NaveIN1s Guard Aanan1svadey FDS/DFR

(n) Arpwgaydeladidngsn (v) AAuglnindIuess
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4.2 waved Voltage Bandage/ Voltage Collar sananauauasladianasnlu
TawuAd1ud FDS/DFR dmiduysdauuunseanuguuniiu 22 kV wag 115 kv
4.2.1 Voltage Bandage/ Voltage Collar ?IEJQ‘UI‘U%Q OIP 22 kV

é’f’;aaJ"mqﬁ]iﬂwimmaauiuﬁa%’aﬁLLamﬂé’quﬁ 4.3 Fudunsdl Voltage Bandage /
Voltage Collar fisusmisldn3udl 4 vesywda 22 Alalaad nansnaaeuluidetivesyads
22 Alaliad wansfaguil 4.4 uazansnsii 4.1

NNNAMINAABUYRIYYTY 22 Alalaad Tuguil 4.4(n) wazsanadl 4.1 axiulddaiou
31 lugaanudninia 1 185a Armuagdeladiinasnlunsd Voltage Bandage / Voltage
Collar lin3uil 5 fvunagefian mumeldaiui e 1iesuil 3 1Wa3ud 2 uasldniudl 1
pudiu aunsuilesinainnssuafivnilvaiuauiudngsuia gaifiuidianainnsd
Voltage Bandage / Voltage Collar a%ﬁqLé’uwmﬂizual,ﬁuLsﬁ’ﬂgjizwamu é’fngﬂﬁ 2.15 \ag
§4 Voltage Bandage / Voltage Collar Tndfudusnuannuinlus 5%5@37?1'%1113@11/\1171%@0
fufulsraduUamnBsty Fefisundd@aTui 5 avlsvezriesening Bandage/Collar fu
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v o Y a

Fuiidesgaduinainnisilelvesdayriaed ity Auudegengn viild

Qe
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TudruvesmanagliiidInasevesyrde 22 Alalias waawsnsnaaeulugui 4.4
() wazm1399 4.1 waesliiviug luyngasanud Aeugliifidiuaswesnsdl Voltage
Bandage / Voltage Collar larsun 5 fivwingeiian anumgliasui 4 laesunt 3 lda3un 2
| o o a A o ' a LY 5 |
wagldrsun 1 audeiv Ingdaanudiasinauglniagiiamng sty 89a0uANA19Ue9
ANNbntinanALg T AUURskERIdu e Tagnsallda3un 5 aullnnunieues
A1ALlinenwdswieuiunaNdltuggn nuslelaasun 4 laasui 3 laasud
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wiulidrinugadsladianainiiainud 50 E5a ldanunsaUsvaniianaves
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Augadeladidna3niiaaud 50 Wimviadu Inefisiaiusageinnugadsladidnesnd
Ao | as A ) y ) v
ANUDAINTT 1 ESaieanavensekaililanilusadugala
TngunAudimdnsduauglniasgnldlunisamaiuanuiuluamunseaivues
Yv%4 [28] Aetun1sngnsduanugliiigaluainnseuasiivatuasyinlvinisiiagey
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nnsiiaIANgdeladidna3nafiaauden awisafauldinauiuy e
lasuAnuiudii wiaseuainainnssuasiivaainiawseiugs deihlinsitaderala
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31]17; 4.3 3933N1IVAADY WaYBY Voltage Bandage / Voltage Collar

HONAN1MAEeU FDS/DFR Yadyvde 22 Alaliad

FDS Results of a Vfoltage Bandage
30 7

- Dissipation factor no bandage

—a— Dissipation factor voltage bandage 1st

e Dissipation factor voitage bandage 2nd
‘ ==+ Dissipation factor voltage bandage 3rd

. OJ Dissipation factor voltage bandage 4th

—o— Dissipation:factor voltage bandage 5th

Dissipation Facot (%)
w

0.3

0.01 0.1 1 10
Frequency (Hz)

(n)

100 1000



FDS Results of a Voltage Bandage

=={== Real part capacitance C''no bandage

—a&— Real part capacitance C' voltage bandage 1st

- Real part capacitance C' voltage bandage 2nd
Real part capacitance C' voltage bandage 3rd
Real part capacitance C' voltage bandage 4th

—e— Real part capacitance C' voltage bandage 5th
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o
6E-10

0.01 0.1

gﬂﬁ 4.4 HadWSAIINAADU Wavey Voltage Bandage / Voltage Collar fananisvadau

FDS/DFR v83ys® 22 Alalaad (n) Ameaamdelndanssn () Aamegliindiues
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100 1000

Frequency.(Hz)

()

A1319% 4.1 Wisdiwesluniitadeainnsal Voltage Bandage / Voltage Collar ¥@eyua

22 dlalas

Voltage Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10.mHz (pF) at 50 Hz (pF)
cases at 10 mHz (%) | at 50 Hz (%) C(50Hz2)
No
band 5.96 1.31 752.370 719.097 1.046
andage
Under 1%
6.01 3, 752.791 719.463 1.046
shed
Under 2™
hed 6.20 1.34 755.165 719.669 1.049
she
Under 3"
hed 6.73 1.34 759.606 722.793 1.051
she
Under 4"
hed 8.97 1.37 780.520 728.273 1.072
she
Under 5"
hed 11.85 1.28 814.597 738.414 1.103
she
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4.2.2 Voltage Bandage/ Voltage Collar ‘U‘e)\‘i‘q%‘?ia OIP 115 kV

G'T’;ashmﬂasﬂﬂswmaauiuﬁa%’aﬁLLamaﬁ’qgﬂﬁ 4.5 §adunsdl Voltage Bandage /
Voltage Collar fisusmisliaiud 1 vesyaa 115 Alalaad nanmeaeuluiadedvasywds
115 Alalad uanafaguil 4.6 uagsneil 4.2

MANaNIIAaeUTeIyYrTa 115 Alalaad Tuguil 4.6(n) wazanansil 4.2 azuiuld
TALAUIN iuﬁaaﬂawuﬁqﬂﬂdﬂ 10 1830 Arugadeladidnasntunsdl Voltage Bandage /
Voltage Collar lda3udl 9 fvunngaiign musneldniuil 8 auiddaiuil 1 mudidu ave
iesnannszuadiunilvariuauiudngszsuuia gauiiadinnainnisil Voltage Bandage /
Voltage Collar a%fmé’ummsmmﬁuLsﬁﬂgﬁzwamu é’fﬂgﬂﬁ 2.15 Tneds Voltage Bandage

/ Voltage Collar lndfiudusinthunniiilug Aezdadidanuglifiavesiunulssgduuaaunn

'
a

Bty Gafldumidliniuil 5 azfisvgvinssening Bandage/Collar Ausiuimintosiigadain
nmsilenivesfaysdaes dlsdianrmyliihdulasgeiian vilinsyuadidnssun Talu
nsdiilgeiian vidofRedmugaudeasiigntuias

Tuduvesnaruiqlwiihdrnss swesyvda 115 Alaliad nadnsnsnagauluzui 4.6
(4) ka3 4.2 uansliiiiudn lunntasaud Arenwglitindauaiswesnsd Voltage
Bandage / Voltage Collar LHa3ufi 9 ﬁsummqqﬁ'qm arunaeliasuil 8 audsldasud 1
iy Tngdsamisinasenanglaiagiiiunng du Sspmuuansnsasaiuglndig

1A AU AsES L InTues lngaavisesAinngliianesdin gy

LY a
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Tngunfudamdnadumangliliitazgnldlunismsatuanutuluamunseansyes
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31]17; 4.5 3333MIVAADYU WYY Voltage Bandage / Voltage Collar

HONANIIMAGBY FDS/DFR 98ay3Ts 115 Alalras

FDS Results of a'Voltage Bandage

100 , .
——e= Dissipation factor no bandage
—=o—= Dissipation factor voltage bandage 2nd
—e— Dissipation factor, voltage-bandage 4th
~e-= Dissipation factor voltage bandage 6th
! «wo-= Dissipation factor voltage bandage 7th
' —e— Dissipation factor voltage bandage 8th
i —e— Dissipation factor voltage bandage 9th
g 4
o
3
©
w
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e
=
©
2
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[=}
|
1 T e— B
0.01 0.1 1 10 100

Frequency (Hz)

(n)
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1000



1E-09

Real part capacitance (F)

1E-10
0.01

0.1

FDS Results of a Voltage Bandage
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—e— Real part capacitance no bandage

—e— Real part capacitance voltage bandage 2nd

—e— Real part capacitance voltage bandage 4th
Real part capacitance voltage bandage 6th
Real part capacitance voltage bandage 7th

—e— Real part capacitance voltage bandage 8th

—e— Real part capacitance voltage bandage 9th

Frequency (Hz)

®)

100

1000

gﬂﬁ 4.6 HASWSNIINARBU WAUDS Voltage Bandage / Voltage Collar siananisvindou

FDS/DFR va3ywd4 115 Alalaed (n) anngadelndidnesn @) Araasgliiidiuaie

M19197 4.2 W5 fweslun153uaINNTal Voltage Bandage / Voltage Collar vaayys

115 Alalan

shed

Voltage Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10 mHz (pF) at 50 Hz (pF)
cases at 10 mHz (%) |- at 50 Hz (%) C(50Hz2)
No
band 37.18 4.36 487.330 258.957 1.882
andage
Under 1%
e 37.35 4.52 491.905 259.362 1.897
she
Under 2"
37.70 4.48 493.107 259.236 1.902
shed
Under 3"
38.28 a.44 497.506 259.463 1.917
shed
Under 4t
38.59 4.55 500.710 260.587 1.921
shed
Under 5™
hed 38.85 4.83 509.265 262.950 1.937
she
Under 6"
38.96 a.72 521.362 267.210 1.951
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Voltage Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10 mHz (pF) at 50 Hz (pF)
cases at 10 mHz (%) | at 50 Hz (%) C(50Hz2)
Under 71"
38.99 4.87 535.013 272.546 1.963
shed
Under 8"
hed 38.95 5.09 544.043 282.757 1.924
she
Under 9'"
hed 39.33 5.50 559.034 294.401 1.899
she

4.3 nave9 Grounded Bandage/ Grounded Collar fiananauduasladiannsn
Tulawuaa1ud FDS/DFR dmduysiauuunszateguiingiu 22 kv uag 115 kv
4.3.1 Grounded Bandage/ Grounded Collar maa‘qw%a OIP 22 kV
é’f’;aEhmwimiwmaaﬂuﬁﬁaﬁyuamﬁqgﬂﬁ 4.7 adunsdl Grounded Bandage /
Grounded Collar fidumislniudl 1 vasyads 22 Alalaad uamsveaeuluidedvesys
3 22 Alalad wdnadsguit 4.8 wavmns1ai 4.3
NnHaMsMageuYeIyrds 22 Alalaad luguil 4.8n) azasnedl 4.3 awiuladtaiay
el Iunﬂ‘d’aﬂmmﬁ Arnugaydeladianasntungdl Grounded Bandage / Grounded Collar
yeuvisliedu delngifgsiy Flnonguiudinsuadundlvasinunwuithgssuuinasd
Ananas feewn91nn157 Grounded Bandage / Grounded Collar @3191dun19nsziaasn
MnszUlauIN RaU 2.15 TasBesreevinsssminsdudaiidy Bandage / Collar faniion
vl mnugliiAUUAsgetu iiidosmnnsdieanugliihanyansditlisnatuan
vhlsinsenafieoninnszuuanudailndidssiu Foililifuultumaiuiuboanasuean
mmg@%mlmaﬁﬂm%ﬁm%’mmﬁauﬂigﬁ Voltage Bandage / Voltage Collar
Tudhuwesdrragliindruaiwesysde 22 Alalaas nadnnisveaeulugud 4.8
(¥) uazA399l 4.3 nanaliiudt Tuyntasanud armnualiindiuasewesnsd Grounded
Bandage / Grounded Collar Wéia3udt 5 fiwundiign museldniud 4 Téeduil 3 1Hasud
2 wagldaTuil 1 mudidu wimuuanssueausiaznsdillinn lasdsanudmaseiniug
Inlihazdawiiufiondntesedliiitoerdiny Fsamnsagléaind Capacitance ratio
sziiuldidmnugaidsladidnninyniaemnud liannsavseniwavesnszua
$2lwaanilangiad Lﬁaqmﬂnﬂﬁumﬁwaq Grounded Bandage / Grounded Collar {61

augaydsladidnesnuiiuiinnudideiv



g‘dﬁ 4.7 1995NINAFBY WaVd4 Grounded Bandage / Grounded Collar

HONAN1IMAReY FDS/DFR Yaayds-22 Alalaad

30

Dissipation Facot (%)
w

0.3
0.01 0.1

FDS Results of a Grounded Bandage

—@— Dissipation factor no bandage

—8— Dissipation factor grounded bandage 1st

—@—= Dissipation factor grounded bandage 2nd
@= Dissipation factorgrounded bandage 3rd

=@ Dissipation factor grounded bandage 4th

~—@— Dissipation factor grounded bandage 5th

10 100

Frequency (Hz)

(n)
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Real part capacitance (F)

6E-10

0.1

FDS Results of a Grounded Bandage
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—@— Real part capacitance C' no bandage

—@— Real part capacitance C' grounded bandage 1st

—@— Real part capacitance C' grounded bandage 2nd

Real part capacitance C' grounded bandage 3rd

Real part capacitance C' grounded bandage 4th

—@— Real part capacitance C' grounded bandage 5th

10
Frequency (Hz)

()

100

1000

5UN 4.8 naawsN13nAaau Navas Grounded Bandage / Grounded Collar #ionan1s

vindey FDS/DFR Yosyadia 22 Alalaad

(n) enavsigedsladdingsn () erasnuglnilndiuas

A19099 4.3 Wimeslun1INadInnsal Grounded Bandage / Grounded Collar U3

Y9 22 Alaliad

shed

Grounded Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10 mHz (pF) at 50 Hz (pF)
cases at 10.mHz (%) |- at 50 Hz (%) C(50Hz2)
No 5.96 1.31 752.370 719.097 1.046
bandage
Under 1% 5.58 1.32 749.975 717.256 1.046
shed
Under 2" 5.41 1.24 745.510 716.427 1.041
shed
Under 3™ 5.39 1.30 742.826 713.950 1.040
shed
Under 4" 5.79 1.28 746.074 713.758 1.045
shed
Under 5" 5.75 1.15 746.275 715.593 1.043
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4.2.3 Grounded Bandage/ Grounded Collar ‘lla\‘iq%“?i'\‘i OIP 115 kV

fegrnmsnimadevluiadeinanidiasud 4.9 dudunsdl Grounded Bandage /
Grounded Collar Aisusisléadudl 8 vasywds 115 Alalad nansnaeuluidoilvesyy
33 115 Alaliast uanafaguil 4.10 uazasedi 4.4

NnHaNIRERUYRsYrde 115 Alalaad Tuguil 4.10n) wazansnedt 4.4 azwiulel
Farauin Tuyntaannud Amugadsledidneinlunsdl Grounded Bandage / Grounded
Collar nsdllsifl Bandage / Collar agiluungsilan musnesunmidiaiu 1 1Ty 2 Téadu
3 puddu anduevewium 3 1 9 awdulfadesiu Sdaenquiudinseuadiuniiva
rueuIuingszuuinasiidianas ewnaInnsil Grounded Bandage / Grounded Collar
a¥radunanszuaseniinzuvanau dguil 2.15 TaeBesservineseninedudaiiy
Bandage / Collar fifdfasfagviliarmnuglifiadUasgedu wiilfesnnnsdidiamg
Twiharnynasdlitlasnsiusnn vilinszuafisonainsyuvatnudienlndifgeiu Savililaid
walitinnnfinduvioanaswosAiaugqidsladidneindiiudamiounsd Voltage
Bandage / Violtage Collar udnsdives 115 Alalaad aziuinduinliuanacson ile
e Bandage / Collar masises| FsazaonndpeiuaALg i Nanas

Tudruvesmmmualiliihdiuaisvesyrda 115 Alalad wadnsmsnadeulugui
4.10 (W) uagenIWi 4.4 wansbiiudn lunnyaseud arasugluiindrusisvesnsd
Grounded Bandage / Grounded Collar nsgilsidl Bandage / Collar %ﬁmmmqqﬁqm (IMEY
Fresumidldndu 1 TiR3u 2 TWedu 3 auddu snturmessius 3 819 agdulfaies
fu TneBsenuiiasimugliihazddwiaite adniiosedehifiosgddn Ssannsagle
97nA1 Capacitance ratio

sziiulddrmnugadslndidnadnyniaemnud liannsausueniwavosnszua
$alnaannilansaae Lﬁaqmﬂnﬂﬁ%mﬂwaq Grounded Bandage / Grounded Collar {61
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HONANIIMAGBY FDS/DFR 98ay3Ts 115 Alalras

FDS Results of a Grounded Bandage

100
{ —@— Dissipation factor no bandage
=—8—Dissipation factor grounded bandage 2nd
=—@—=Dissipation factor grounded bandage 4th
-8— Dissipation factorgrounded bandage 6th
! =@ Dissipation factor grounded;bandage 7th
! —@— Dissipation factor grounded bandage 8th
) ~—@— Dissipation factor groundedbandage 9th
3 |
I
o
L
40
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1E-09

Real part capacitance (F)

1E-10
0.01

0.1

FDS Results of a Grounded Bandage

50

—@— Real part capacitance no bandage

—@— Real part capacitance grounded bandage 2nd

—®— Real part capacitance grounded bandage 4th

Real part capacitance grounded bandage 6th

Real part capacitance grounded bandage 7th

—@— Real part capacitance grounded bandage 8th

Frequency (Hz)

®)

—@— Real part capacitance grounded bandage 9th

100

1000

g'd‘ﬁ 4.10 NOANSNNINAEOU NaVeY Grounded Bandage / Grounded Collar fionanis

viagoy FDS/DFR ¥asuade 115 Alalaan (n) Aragandeladidnssn (@) Aipnuglaiii

AIUD39

A519% 4.4 Wdiweslunsitadeainnsal Grounded Bandage / Grounded Collar U84

yude 115 Alaliad

shed

Grounded Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10 mHz (pF) at 50 Hz (pF)
cases at 10 mHz (%) | at 50 Hz (%) C(50Hz)
No
band 37.18 4.36 487.330 258.957 1.882
andage
Under 1%
e 34.54 4.33 445.964 256.053 1.742
she
Under 2"
hed 33.04 4.30 455.245 256.185 1.777
she
Under 3™
hed 33.41 4.26 452.885 253.662 1.785
she
Under 4"
3391 4.12 450.102 252.057 1.786
shed
Under 5"
34.40 3.90 447.493 250.486 1.787
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Grounded Dissipation Dissipation Capacitance ratio
Capacitance Capacitance
bandage factor factor C(10mHz)/
at 10 mHz (pF) at 50 Hz (pF)
cases at 10 mHz (%) | at 50 Hz (%) C(50Hz2)
Under 6"
34.80 3.99 445.929 249.359 1.788
shed
Under 7"
hed 35.20 3.97 445.750 248.745 1.792
she
Under 8"
hed 35.28 3.95 447.149 249.770 1.790
she
Under 9"
hed 35.36 3.96 455.900 252.535 1.805
she
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v o o 1
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Voltage bandage cases

1.E-06
Ipol no bandage
----- Idep no bandage
Ipol voltage bandage 1st
————— Idep voltage bandage 1st
1E-07 Ipol voltage bandage 2nd
e Idep voltage bandage 2nd
Ipol voltage bandage 3rd
Idep voltage bandage 3rd
Ipol voltage bandage 4th
< Idep voltage bandage 4th
TE’1 .E-08 Ipol voltage bandage 5th
© @ oo~ tett— |  eeea. Idep voltage bandage 5th
3
©
(]
N
‘© 1.E-09
£
o]
pd

1.E-10

1.E411
1 10 Time (s) 100 1000

g'ﬂﬁ 4.11 NadWSNISNAdOU WaUDd Voltage Bandage / Voltage Collar sianani1svagou
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fMFUYBFUUNTEAEINLISIU 22 kV

6
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U
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Und lvanwauiued g ssuuinveiintanas \18911910A157  Grounded Bandage /
Grounded Collar #379LEUNNATELADDNIINITZUUAUIU é‘fﬂgﬂﬁ 215 TneBasrasineszning

Fudiat1iu Bandage / Collar fiAntioanagilia1muglufinAuuasadu udainnsdiiay

=]
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Grounded bandage cases
1.E-06

Ipol no bandage
----- Idep no bandage
Ipol ground bandage 1st
————— Idep ground bandage 1st
Ipol ground bandage 2nd
1B07 V————————F"—""—  aa--. Idep ground bandage 2nd
Ipol ground bandage 3rd
Idep ground bandage 3rd
Ipol ground bandage 4th
< Idep ground bandage 4th

)

—1.E-08 Ipol ground bandage 5th
s | | === Idep ground bandage 5th
5
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N
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o
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14£-W
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nsganugutingy 22 kv

ohmsiieuifievammugydelndidnssntazimnugliin Sadunanouaues
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Comparison between Voltage and Grounded Bandage

30

e=m@ums Dissipation factor no bandage
e==@==m Dissipation factor voltage bandage 1st
e @ = Dissipation factor grounded bandage 1st
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0.3 }
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Frequency (Hz)
(n)
Comparison-between Voltage.and Grounded Bandage
| —@— Real part capacitance C' no bandage
{
E —@—— Real part capacitance C' voltage bandage 1st
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Comparison between voltage and grounded bandage

1.E-06
e |pol no bandage
=====|dep no bandage
L= o= |pol voltage bandage 1st
—a— |dep voltage bandage 1st
<
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Comparison between Voltage and Grounded Bandage

—@— Real part capacitance C' no bandage
Real part capacitance C' voltage bandage 4th

Real part capacitance C' grounded bandage 4th

Real part capacitance (F)
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Abstract—In this paper the diclectric respoase in frequency
domain or frequency domain spectrascopy (FDS) and diclectric
response in time domain or polarization and depelarization
current (PDC) measurement are used tn assess the effect of
surface leakage current both from high voltage side and ground
side on the FDS and PDC results of an O1P bushing. The test
object in this paper is a 22 kV OIP bushing which is out of
service. The surface leaksape current can be simulated using the
copper tape as a bandage around the bushing core in several
locations. From the FDS results, several parameters be
dissipation factor. capacitasce, and enpacitance ratio together
with frequency scanning of capacitance and dissipation fuctor
from many cases were investigated together with PDC resuits to
get the fundamental knowledge of how to interpret the diclectric
response of OIP bashing.

Keyweords— frequency domain spectroscopy, polarization end
A‘tphnamm current, ‘OIP busking. surfoce leakage carrent,
condition assessment

L INTRODUCTION

The bushing = a vital domponent of the tramsformer
because if bushing fails the tansfermier can no longer opérate
as an electricaty transfer equapment. That's why the condition
assessment of the bushing = the key 1o improve the reliability
of the transformer and also the power system.

Typacally the offline dielectric diagnostac tals of bushing
are capacitance and dissipation factor at power fmqpenty
Unfortunately, some defects have an influence on dssipation
factor at lower frequencies, such as  mossture [1], and this
offlme disspation factor does not melude the mfluence of
partial dsscharge because of low diagnostic voltage. In normal
operation the partial dscharge provides additional power loss
leading to increasing dissipation factor [2].

To gain more information about dielectnic condition, the

dmymmcloolmuﬂbeuml‘rbeﬁmquommn
spectroscopy (FDS) technique i1s now widely accepted mn
IEEE standard C57.12.200 as an effective method to detect the
bushing imsulation detenoration. Although the polanzation
and depolarzaton current (PDC) measurement technique
presently does not have the gusdelines standard, it can also
have been used for OIP bushing diagnostic [1).

Ideally, the meastring current extractad from test tap
represeénts the bashmg concmsulation but practically the effect
of surface teakage curnenl on the bushing surface both from
airsadeand liquid sde influence the measured capacitance and
dissipation factor ot any frequencaes [3]and also influence
polartzation wsd depolarzzation ctirrent. That's why before
mierpreting any results. the test et up must be ensured that
this  effect i rnot meloded “m  the, resulls 10 avoid
rmsinlarpretation.

I FREQUENCY DOMAN SPECTROSCOPY

Frequency -domain copy AFDS) s a non-
destructive tesi used 1o ostic the-ansulation of high
voltage equipment by messunag the didlectric response in
frequency domamn. The tesulis of FDS. are displayed as a

scanmung 6f eapacitance, and disgipation factor
gccording to.(1) in logarithm scale [¢) In prisciple, the FDS
results ire not infleenced by the sizé-of the bushing because
only material properties are considered 1.

» g
& (-)+u_'
tand = (n

£as)

where & s permittivity of vacuum, £ 1s the real part of
compleX relative permittivity. £~ 15 the imagmary part of
complex relative” pesmituvity. oy is conductivity of the
msulation. © 15 fréquency

The parameters wsed o assess the bushing insulation
condition are capacitance value used to detect the partial
breakdown between grading layers, capacitance ratio, which
1s capacitance at 10 mHz divided by 50 Hz, used to detect
mossture in paper [5]. and dissipatson factor or power factor
used 10 detect global condition of the insulation mcluding
several factors for example aging, chemical contaminant,
mossture ingress, high o1l conductivity, and carbon trackng
(6]-

Principally, the dissipation factor contains 3 loss
components that s polanzation loss from polanzation
mechansms, conduction loss from conductance of insulation,
and 1onization loss in the form of partial discharge.
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IIl. POLARIZATION AND DEPOLARIZATION CURRENT
MEASUREMENT

The polanzation and depolanzation cumrent (PDC)
mmbdmmWeuMka
the mnsulation of high voltage equipment by measuring the
diedectric response in time domamn. The results of PDC are
displayed as a polarzation current according (2) together with
a depolarization current according (3) over ime. Both currents
are plotted in loganthm scale [4). Unlike FDS, the PDC results
are nfluenced by the geometry of the bushmng because higher
capacitance leading to higher polarzation current [1).

a (8) = G U |:—"v Exd8(8) + f(r)) [#4)
Lpgpat (1) = =G U [f ()= [@#T)] )

where Cy 5 geametrie or ¥acuum capacitance of the test
object, U, is constant $tep voltage, oy is conductivity of the
mnsulation, & 18 permilivity of vacllm; & is relative
permittivity for very fast polarization processes: A1) is delts
function ansing from the suddenly applaed step voltage, fit) 1s
dielectric response function, T¢ 15 duration of ume during
which the voltage had been applied 1o the testobyect.

The PDC resulis-€an be analyzed by comparing the
measured curve with the curve from previous mesurement,
the curve from other phase bushing, the curve from $ister
bushing. ec the curve from simulation {1},

IV SURFACE LEAKAGE CURRENT

Thcd&no[kakxgccmhsb«npuvcdmﬂxltht
under the comfeminaled and Welled surface  or inghly
conductive transformer oil the surfsse leakage curentl can
flow betwéen the free ends of grading layers and the voltage
side or the ground side. Thee effect has also been mentioned in
annex C of [EEE standard €57.12.200 [6).

Fig. 1'allustraies the paths of the Jenkage current on the
bushing surface. This effect influences the capacitance and
disspation factor from FDS and influences the
polanzation and depolafization current from PDC technxque.

V. EXPEREMENT PROCEDURE

The 22 kV OIP bushing is tested by using FDS technique
in ungrounded specimen test (UST) wath guard messurement
configuration over a frequency samge of 0.01-1000 Hz
according to [6]. The test veltage 15200 V. The room
temperature 1s controlled under 22 €,

- =

1.

0
!
o4

{

{
{3
HE

Fig. 1. Thcpdsorlhelahgumummehﬂmgmfne-l
f g equnvalent ci [6.5]

The 22 kV OIP bushing is tested by using PDC technique
n ungrounded specimen test (UST) with guard measurement
configuration. The test voltage is 1000 V. The charging tme
15 1000 second and discharging time 15 1000 second. The room
temperature is controlled under 22 °C.

In this paper, a bandage made from copper tape was
employed 1o be wrapped arcumferentally around the
porcelain insulation under the shed to simulate the surface
leakage current of bushing. A bandage connected o test
voltage s called voltage bandage and a bandage connected to
ground 1s called grounded bandage.

There sire 11 scenanos for each technique: no bandage,
voltage bandage at'$ different shed locations, and grounded
bandage at § dafferent shed locations. Fig. 2 and Fig. 3 show
the example of test set wp of grounded bandage and voltage
bandsge at under 1% shed.

VI EXPERIMENT RESULTSAND DISCUSSIONS

The 22kV O1P bushing's results of 22 cases are classified
o102 groups: PBC.and FDS of the voltage bandage case and
PDC and FDS of the grounded bandage case. For all graphs
froms both groups. the no bandage case is used as a baseline
or reference.

A, Voltage bandayge cases

From the voltage bandage results in Fag. 4(a), 1 15 obvious
that the dssipation faclor of bandage under Sth shed case 15
the greatest and followad by dth shed case, 3rd shed case, 2nd
shed case, and Ist shed case respectively.

The reason for this is that the carrent thit normally flows
through the insulation is added from the voltage bandage. The
fower distance between bandage to grading layer. the more
capacitance of coupling capacitor and the more valtage across
thas capacator. The coupling Gapaditance. between bandage
under Sth shed o grading layer and voltage across this
colipling “capacilor-ure the greatest Jeading 0 the highest

[Ty

Fag 3. The test set up of grousded bandage case at usder 1% shod
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This is confirmed by the PDC results in Fig. 5 that the

current from under Sth shed case 1s the

greatest and followed by dth shed case, 3rd shed case, 2nd
shed case, and 151 shed case respectively.

It 15 noted that the dissipation factor at S0 Hz do not
indicate the effect of surface leakage current from high voltage
side because the dissipation factor at 50 Hz from voltage
bandage cases are almost the same valpe. It 15 important to
look at the frequency below 1 Hz to clearly see this effect.

As can be seen mn Table | and Fig. 4(b), the measured
capacitances in all frequency range follow the concept that the
lower the frequency, the higher the capacitance: From these
results, we can say that the capacilance fitfio, capacilance al
10 mHz divaded by 50 Hz, can be used o andicate the severity
of surface leakage from high voltage€ide.

Typacally, the capacitince ratio = used ta_deteet the
moisture in paper according 1o [S]. If capacitatice mlio 33 also
high from the surface leakage from high voltage side, it can
lesd 1o wrong dnterpretation of “insutatnon condition.
Fortunately, the maximum capacitance ratio s only 1.1 a8 can
be seen from bandage under Sth shed case. That means this
leakage current does not significantly affect the maisture
interpretation.

From the dissipation facior trends of voltage bandage case,
it can also be uerpreted that the bashing insulation 15
gradually exposure to mosture bacsuse dissipation factos 15
high at low frequency. But actually it s the leakage clirrent
from high veltage Side thatinéreases the responseso the effect
of surface leakage current froem fugh voltage side can lead fo
musinterpret as an lagh meisture i bushing insulation.

It is mentioned an [1] that the aging cffect of busling leads
to vertical shift of the entire ¢urve. PDC results (rom Fig. §
also show ths behavsor so the effect of sarface leukage current
from high voliage Side sgan-bring msinterpretstion as an
aging effect of bushiny insulstson.

B. Grounded bandage caves

From the grounded ‘bandage resulis i Fig. 6(a), the
dissipation factors of all gses wre close 10 €ach other:

The reason for this = thai, in pringples-the. current that
normally flows through the insulafion is subtracted from the
grounded bandage. The lower distance between bandage o
grading layer, the more capacitance of coupling capacitor but,
in this case, the less voltage across this capacitor: That = why
there 15 no obvious trend of incressing or décreasing of
dissipation factor compared to the voltage bandage case. This
15 confirmed by the PDC results in Fig. 7 thatthe polanization
currents from all grounded bandage cases are nearly thesame
graph.

It 15 noted that the dissipation factor and capacitance at
any frequency and polanization and depolarization current at
any time do not indicate the effect of surface leakage current
from ground side.

As can be seen i Table 2 and Fig. 6(b), the measured
capacitances in all frequency range are almost the same value
leading to stable capacitance ratio around 1.043. From these
results, it can be noted that the capacitance ratio, capacilance
at 10 mHz divided by 50 Hz. is not suitable for indicating the
sevenity of surface leakage from ground sade.
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C. Voltage and Grounded bandage comparison

By comparing disspation factor and capacitance value in
frequency domain and polanization and 1zalion current
in time domain of voltage bandage and grounded bandage
case at the same position and having no bandage case as a
reference, it can be concluded that as long as the leakage
current is not too much there wall not be distinctive dssipation
factor and capacitance trends and distinctive polanization and
depolanization current trends hke under 15t shed case
according 1o Fig. 8 and Fig. 9. If oo much the leakage current
15 obtained, it will cause a trend of graphs, for example, like
Fig 10 and Fag. 11 of under 4th shed case.

VIL. Concrusion

In this paper the effect of surface leak&ge current on FDS,
and PDC results of OIP bushing hss been performed ‘and
discussed. It can be summianzed that the éffect of surfice
leakage current from high vollage sde-antloences' the
dielectric response in botls frequency snd-time domiain inbke
the case of leakage cufrent from. ground side that does not
significantly affect the response in any domain. As toag asthe
leakage current from high voliage side is not loo mikch there
will not be s obvious increasing oc-decreasing irend’ in
dissipation  factor, capacitanee,  and _golarization and
depolarnization current:

Dissipation factor at 50-H2 do 'not mdicate the effect of
surface leakage cumrent bath from high voltage side and
ground side. It is recommended to look at the frequency below
1 Hz 10 dearly see the offect of leakage cutrent from high
voltage side

The capacitance mtio which1s the capacitance a1 10 mH2
divided by 50 HZ is not sunisble for indicating the severity of
surface leakage from both sades. Even the surface
leakage current from high voltage side influences this ratio. its
effect does' not - significantly  fmipact the . 'moisture
inlerpretation.

There are some #50es in this paper. The increasing trend
of dissipation factor at oW frequency can be the reslt of high
moisture exposure of bushing insulifion or surfice feakage
current from hagh valtage side. The vertscal shifi of the entire
PDC curve can be the result of aging efect of bushing
msulation or surface leakage carrest from high voltage side.

These emphasize that theeffect of susfiace leakage mustbe
excluded or removed beforeany mterpretataon of the dielectnic
responses to aclually assess whether insulston eondition 1s
good or bad. The good practice is tocleanthe bushing surface
thoroughly to mitigate the leakage current before performing
the test.
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