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Abstract

Partial discharge (PD) measurement is one of the insulation diagnosis
tools applied for testing and maintenance of high voltage apparatus.
Generally, a PD emerges, when a defect in the insulation system has enough
high electric field stress. This research focused on the conventional PD
measurement for gas-insulated transmission line (GIL). A 230 kV, 2500 A, single
phase, GIL with 2.5 m length was used for experiments. In this research, PD
was generated from the simulated defect, i.e., metallic particles and metallic
protrusions. The experiments were divided into 5 cases according to the
dimension and the position of the simulated defect. The results were

demonstrated with Phase Resolved Partial Discharge (PRPD) patterns.
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UM 2.4 d’;uﬂixﬂaumﬂiwaaamﬁiw%aiaaLaiaqaamuuﬁa

2.2.1 #7104 (Enclosure)
< [} v A=, 1 v 1 1 [ = i
gunsaiviwviesiudusng 4 ves GIS lasviannegiiieamnay (Aluminum alloy)
= =3 = 1 | & i & = = o a &

wIwman (Steel) Usiauesinenngluussauiia Sk 1T natldnuasiinssuamisniiiniu
80-100% vesnszuanlvaludfs msrasiuidvimuneeieasiu

o e i o 1 =4 o at

mnslanyuas GIS wsnudnuuzlassadeld (W 2 Usziam fie wuuiiussatauns
wioguUnIning 3a agargluddudeatu 1Sandn fadewiln 3 wa (Three Phase
Enclosure) @2udnuszinnunilsfe wingriansodifwrussyaunsaliisaaifioaviidu

\38n11 Mnsvilawalden (Single Phase Enclosure)

I Bay width I

gﬂﬁ 2.5 Enclosure

ld s s L7 s .
1We ) MNIUY 3 WE@ ) Mmdauy 1 wa A) Wunsiwseudisu Diameter



2.2.2 lau (Insulating Cone)

YN Epoxy resin i’aqﬁﬁmmﬂuamuqo VUMURBDINTA AINTBU HazU3IADIN
Inssemannelu Ineslausiuazuvamiiimsldnueondy 2 wia

- uuulla (Open Cone) Yhuthitsessugunsaisng qanelu GIS 1wy fih

- uwuuln (Closed Cone) uenamimihitsesiugunsainelundadanunsadiu

flusdu wnanwlu GIS e

JUM 2.6 Insulating Cone

e n) Wurila Open Cone %) \Uuviia Closed Cone

2.2.3 a7 (Conductor)

fnthfnszudlniihnielu Gis Imﬂﬁqlﬂﬁlxﬁ'}umﬂﬂa@ﬁLﬁﬂu N130aNLUVIZIUIUIA
pufitnnszuasiolos Tnefidivareduinadoudie Siver w30 Chromium Copper i#i®
demhliivinnsesse nssierugURsaifivisnuuBatufe bolt way wuudey (plug-

in)

g‘d'ﬁ' 2.7 Conductor

P v @ = v o = o
LD N) MUILUULEU ¥) MUILUUERA28 Bolts
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2.2.4 wasnausnines (Circuit breaker)

ymthiiduauaunans Besuensa Tneunfudy compartment vaaasnalUINNes
agldusafunfiaganin compartment u 9 (0.7 MPa to 0.8 MPa) lwasAniusninasiidlu
Gls urzdurtinieatudauulaiiln (dead tank) Tnewalasld SFs Huafauiuuasiu
anda satunsednt Jeflianudunes SFe unnduBLTweesAnusninesasLUeanidy

1 Y oo d' d} i 2/ = & e  ar d' 1 A =~ 5
2 dufemidulanadeunls (Moving Contact) uay ninduranliindaui (Fixed Contact)

JUN 2.8 dauvszneunelu Circuit breaker

MANNTMNUVBLDINALUSALADS AB Unidau Moving Contract Azfnnu Fixed
Contract uslilafioanisinnszuaazldyn Moving Contract iiagadieninean antuld SF

\WussuaiansaiasnnszLa
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Closed position Opening Opening (Arc quenching) Open position
SF, gas in puffer cylinder SF, gas in flows during
is compressed arc quenching

A L2 o . .
JUN 2.9 uansnann1s1iaual Circuit breaker

o n) Lsﬁa'ﬁ’ﬁmwiﬂma‘iag'l.uﬁ'nmﬁq Closed

e

- ) washnuininesaanla way dnsdudauia Sk,
A) Wwo fnmusninaiiidule Sk Wusadudieise

9) woshmwsninasnauuiaglusmumiate

2.2.5 Tuiians176 (Ground Switch)
[ §alg v o v ° @ a s o oA @
Wugunsalnlddmivaugigaine UInUseaIAtNoanUIy A998 NIaLTIAY
4:‘ -] al' n: o Y | s = & =
WlEUT Wi uUaennsvesuf TR Taglulinns1aad 2 gl wuusssuaLasuy
[ oA = 1% < e 1 ] = 3 o e
AALSIge laevia 2 Wuuastdamsrudnindy uswuumnusageagiinalnunda vinlita

[% | & . O | <l o | &
1857157077 ImamiﬂfﬂzmmmLLWﬂﬂﬁJL?’anLawwmuﬂmmu&?mmaaaﬂlﬂmawmmmu
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: : N %

= 1 = g
E‘U‘I’I 2.10 dwuusznavvesluiinninig

2.2.6 lulindianau (Disconnected Switch)
lidmiunuingesnw Taedeldvuszyinisusniwesinwusnines dath wisae
dv sannszuv wlluiiadnaeuazgnldnuvasiliinssudlvasgurdiluiadanouiy fa

ABUNSEUANAAINNTTISIUsEIMARINAIAS U B U Lame

d 1 = L7
5U# 2.11 dsznavvaslulindnnou



13

2.2.7 wiawlasinnseua (Current Transformer)

s o v o ) ag v v 4 6 vao o4 A e pyY)
gunsauviimunansgaunssualalgugiiliesauneldiuinsesiiodn uazldiu

4 L)
szuvulleaiu lneildasaviedni dsialluvnainugugl 1 soU asaruunuManve IVl
wUasianszuaiia Ring Type minuususzunnlaeldsuunuuilunasiazudslailu 2 vila
- winAnfsnelumads avanunsaldldiuviaviauuy 1 wa way 3 ia

1%
a s v a =

- Ansunguanmtedadldlanuviaaniy 1 wa

B

i~

5UT 2.12 dudsenavvomsisudasinnszua

2.2.8 ilowuasinuseny (Voltage Transformer)

ilpuvarinussutuiinuedenasiuladmanluaeslugaiuuy AIS Tagsansie

wlasiauseaudusnnnudeutasinnszua Aeliianizadaussylusd

d 1 v @ @
UM 2.13 aulsznauveandoiuarinilsasiu
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2.2.9 qﬂnﬁﬂiwmﬂ (Expansion bellows)
L3 s =l s d‘ b 24 o . o
QUﬂ‘iﬂJﬂﬂ&ﬂUﬂ?’lﬁJLﬁﬂﬁqﬂﬂqﬂﬂ'ﬁ‘UFJ'lEJG]'JLU@\??J']ﬂﬂ']']ﬂJ?E)U 17970 Stainless 11911
- vas o o oal Py A | ' o @ w1 = i o
LﬁJalﬂiUﬂﬁqﬂJi@UE}UﬂifﬁQSﬂﬂ']EJGWLWE]ﬁﬂLLiQ‘V]ﬂ'iSV]'W]@ﬁ'JUﬂ’N g W']IWVI@W’JU@UIQJ‘UEJ']&FW)

a t-‘l vas i 7
uUSeanudalasuminusou

n—l_h: E]

B 1L

ane N

2 e,

JUM 2.14 uansdruvsenauvesgUnsaiveny

2.2.10 gunsnlszunBusIiuiy (Pressure relief)

vt iidasiulilimfuinnsszidadesanussiuifivesauia 2 d1ufe dw
PIUANTIAYY Uag Rupture disc idnnisviaude Wefiufaussiugetu neusdsaysain
Rupture disc aasﬁariauLﬁaﬁsmmLmﬁ’uaaﬂlﬂmud’mmuauﬁﬂma Tneviluifugunsal

TEULLTIRUIAUZAARASlUYN Compartment

(i

o ! s v a
3UN 2.15 uamauUsznouvegunInlsy Ul sanuLiy
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2.2.11 External connection
- 5 =1 L3 a a 1 s n.j = v - s 1 a s 2
LB9911 GIS WUUUALYNA1NYBINTAIYTIRN 9 FadfuTanadidneinesaasuns Ly
911 SFg WlFugunsaleing o sy
5 " ] -:J 1 U s =\ ¥ o a
- SFg/ Air Bushing \udhaldsususeninaauiu SFe NuatIuanAlIgmsu
NSABYITIAN
. 1 al 1 [ s =1 la" s
- Cable Terminator [Wutadsurusenineauiu SF¢ NU XLPE “S9au1Uu 10y

walgiunisseansiadanig ¢

L

—
| ——
ey |

KN NN RN

n U

SUN 2.16 wanadILUsENauved External connection

Y

o n) SF6/Air Bushing ) Cable terminator

2.2.12 Metal-Enclosed Surge Arresters

a < a & €t < " w @
ylinves Arrester MildazilunvudsAoanlendumunzauilognvieviulay SF usedu

(%]

a I %) ' : . = i & « <
WunAlramsaunlagsIunie Sk, gas-to-air bushing ﬁdLﬁuaauwmaﬂquﬂsmﬂ‘z’f

a @ a o o . . - [y o a Y
AUIUBINTA NITNARNIVEAAAIYUIUNY SF4 gas-air bushmg LW@'ﬂ'Q\“]ﬂULLS\‘]ﬂULﬂU UeNINNY

LY 2/ as =Y = o a o o 5
surge arrester faansaldUesiualalanulaenisurluingsin SFe cable sealing end
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2.3 Gas Insulated Transmission Line (GIL) [2]
Yaqtuszuvdednelwihusagedu aunsadondaanilsidu 3 suluunan ¢ A
- Overhead Line (OHL)
-~ ‘Cahle

- Gas-Insulate Transmission Line (GIL)

1 1 I aa £ [} ' d‘ 14 kg
I@IEIH'J‘NN’]ﬂiBUUaQQWUWNiSUSVﬂQ‘lﬂﬁ 9 azlY OHL ﬂQQWULu@Qﬂ?HLWG}NﬁV}ﬁQWHV}U

v a o a | o 8 = = 1 a A o w aa
‘lumsaﬂwmwam LLEW&-J’UEJL?IEJIUL‘S@Q’UE]\??]’J'HJU']L‘U@E\@ ‘Uﬂﬂia‘ﬁUUlWﬁ’]ﬂ’]ﬁﬂ‘V]Nﬂ"ﬂN

uiefioniign du Cable daulvgasldfussuvdidreludles udtlagiu GIL Fuidhund

4

unum wazgnienunldlussuulnihiidanniu

2.3.1 d2uusznauvas GIL [2]

s

duUsenaveed GIL Yullmumdiaadsiu GIS 98191 waanssudieuiundn

=i 1

v al Y} o l P v [y a ar 3 a4 sSw o
UU GIL Nﬂ?’]l]‘ﬁ'l.l‘gauuaﬂﬂ'l'] IWEWI GIL Qﬁu?}ﬂ'ﬁqﬁﬂﬁqﬂﬂUa'ﬁuwLﬂuUaU']i’U@Q GIS ABURIUN

2
= =l

W o a Ly ; i e Qs & &
usegiugaiiawiulay i Enclosurefivioasiu fiduwes Sliding contact wazndfnyiuinielu

= 23 =3 dll A U ] ¥ =
diuia Sk huddluiunIansluimaduaviumileu Gis
- Insulator Tu GIL 1uidl 2 wiiafe Conical insulator fiu Support insulator lagia

2 vihwihwilau Closed cone U Open cone Tu GIS sugdy

1 L%

-3 . -] v 4 € =
- Enclosure 1370 Aluminum alloy e steel uuNvanuaUnsal Udeuann

q @

.

a o = ! a e
NITLAWUEIUT VINDINDFIRNU LAY GIS
= . o v oo ] 4 A o |
- Sliding contract Yinvtinimilaudiu Expansion bellows lu GIS Aavimifian

mdemeaInnsteeftesieiliasinaiuseu @alunn 9 929 100 wes)

/7

1 Enclosure

2 Inner conductor

f/
| \ 0 r‘ 32 Male sliding contact
1 = 4 3b Female sliding contact
=il h U} 4 Conical Insulator
3b 3a 4 § 1 2 5 3 5 Support insulator

2.17 lassadaneluves GIL [1]

€an
=2
=D
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2.3.2 dayaiuguves GIL WalIsuiisuiuszuy OHL fiu XLPE

- argydemslwillagsaniu shndt OHL

- 6L duliifiedAyesmsgydeladidnin

- GIL anansahanldauldiunnaninuiadeuidu amnsadl GlL #edulagnse
Usr1nmsld cooling 1édefifin 2000 MVA wieunndnit 550 kv

- Wi GIL azdAaUnBusuduinnin OHL wanewn uadamstasnin XLPE

- @nMnwIndsuneuen W du Auz vssuaniglueinimazlidwmasediulsenay
meluwes GIL uazdillemadesiivziiansiiludein wszdimdsznoudng q lu
GIL thilslnlw

- GIL fimnudaneugeuinaninsase liluynyuynee

- GIL fin1sUdesaunuuimaniniindes

a A 1Y) o 8 w a ] | !
- Waweunu OHL way XLPE Wﬂm GIL 3Jﬂ'«]']lluqlfﬁﬂﬂ@1u33UUﬁﬁﬂqﬂq{’lﬂ'ﬂ

m‘mqﬁ 2.2 msSeunisy GIL, OHLag XLPE cable [2]

doyasing 9 GIL OHL XLPE cable
(2/phase)

NAANTLULE 3000 3000 3000
n1sgeyidsluaneds (W/m) @l | 180 540 166
3000 A
msgeyideladiannin (W/m) . 24 15
n1sgayEBvianan (W/m) 180 542.4 181
AUAIUNTU AC (u/m) 6.7 20 6.0
AWt (nH/m) 162 892 189
AU lWA (pF/m) 68.6 13 426
Auanidse (Q) 48.6 263 21
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2.3.3 Yymiieafunisudesauruwsimaniiiives GIL[2]
auuimdnliiduusngnissifugudifedulugunsallniiusegs wazinan
ai”nﬂuﬁﬁaaﬁmﬁmmﬂﬁwanixwwmammmmﬁﬂl“ﬂﬂwﬁﬁwaﬁiaqﬂmmﬂﬂﬁ%mga ilel A
auindedie wardrenwiongnislisuvesguniaiussgeady q fanansznuees
awwdmdnlwiamisoudeeniliu 2 Ussiamldun
- WansyvureguUnsal 93ld EMC (Electromagnetic Compatibility ) uan
Awamsavesgunsaifiannsavinewldlaedlddelfindygiasuniums
wilmanih uarluvmeiierfudesauisanusenisgnsunauaindsingansal

andmanlwianaeuen

;
=l el a

i ¢ o oa o a g 1
- wansgvusouywd InemluauuudivinvedlanifieglusssumAdudmifiie
nwavestuniouazdilaveslan feghn 40 pT dweraunluiifiegly

33IUWR IUogAvANIWRINIFAEIAIYMT 20 KV/em aavnauiuiman i

v
1

vasgunsaliidnnnnitdnenmasiliAadunsiewnduioRauls

= : &
=
= 30 4
e
% === QOverhead line
';:: — Cable
%’ St GIL
=
20 30 40 50

Distance in m

d =l 1 as € 1
JUn 2.18 nstUTsuiBua LU uNandwmanluseuy OHL, Cable, kaz GIL [2]
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2.3.4 nszuawmilgniienensedniisage GiL2]

Tutlgtuiimeluladfdanufami Ssdinmsoanuuulfuavesaunausimdnluiiian
svuvliihidsdinansenudedunndondesiian dsfiniseenuuuliinsmieriuiniui
frdsves GIL Weadnszuamisadluiianisesidruiunssualuininieluvie it Tag

enslazganAUMLILLNTRIELINLLIMEN TIazean lUneuanveeiasa GIL 1duieg

JUN 2.19 52UUNIFOAENIUNITIATBISZ U GIL 3 1 [2]

2/
= L2 = =i

A = A o A = at s o = A @

\Wowniinseuamisnihniiimnmsstuiunszuwangludunieduiishde Jeiinns
' ¢ o & @ o & v - o 2/ ade v g “
ABAZHIUNTTIIAYA 3 Wd ivmuagyinevia 2 du ivevilvinszuasiuansfddadugudan

s (2 e’./} = a ] a i
NIIFIAUNNINABIVBINTEUANY 3 Inar Nyuanieiuasy 120 syezn1sAesyuy

¢ u = = [ : a 4 o 9w A

nimeimearilussesimngauuazilussuusaasfulaeasaiovinlfauinlvida
wiriugud lngundumnszuawmdsniiiatuazilanviiny 80-85 Wedidudveanszualy

AU
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2.4 ufindamasianvzngoalsd (SFy)

2.4.1 pauandAnIeAiiLasnIenIn3]

<—— Fluorine

Sulfur

Covalent

/ Bond

JUN 2.20 lassainaveadaasienazwgaslse

nsdnseBanaseukarlasaasveLia SF, vililefesnwnaniiuazpudeou
g9 laseassvonfatiaunsanudegamgiilagliiinnsaauivesuialsia 500 aem

174
= o C

waoa Anlwen Tuiid Tufinau lddufie ladvhufisertui (H,0) wagaaslsd (C) Snvia
(] aaa [ 2/ (23 [ q! o A v & [l =Y
Livhuiserfiunsaoufia S itumilsluufadiminian Anamuiudu o gumgil 20 oem
o/ 1 A =l o
\Wwalgyd MUY 1 bar AeUsEang 6.139 kg / m® ynnneInIANEn IR UUTEN 5
wih dmdnluanavesuiall Ae 146.06 Saamgdldeuludaesening -25 4 +50 pam
waldea n1suiANseutesLAadiiniteniauadasnuzdmsunisszuisausouly
wasAnsninesduluwszluszniranisueneenaniuvesluiana Sk, luvaziineda
5 o } 2 o na!' dy 1 A = o s
luanailldgadumuiaudiunnndsanudeuiiavgnidevesnundieluianaiinssiuaiy
=

nseuuenasieialagnsruiunstiasislviniaissuemmdouldediniiigumail

gedausfimsthanuieures Sk, axlidgann

U
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2.4.2 AauaNUAN1SIWAN[3]
o <, - a1 a g aad o & v o
uia SFe Wuufaiiluuszglnihay ZAdidninsiuni@dngs vliamisagad
a = o a I SR VI ) a v a &
Binpseudasymiiaen  leesluwduldduitduidunisssiumsiiausnanidlaliineiu
o v a ] a4 o i a = 1
winazviliiAausnanidldfidosiiauulnihganiunfiefissUanUdesdidinnsauiiiniz og
tulingaeanuiasnsernaudlumunssuiunsiiiausnaid nande uialiiauasdl
anuamusaussuliihgeanduiasssuyailuanaldasnsadudidnasould lulmnssy
Iniusegedsldquandfveuiayssinnillulduselomilunisauwiugunsniuas ssuusing 4
ﬂ” L% o ﬂlﬂ & = 2 A =l e
FalullagiuuRanfenldlugunssiuasssuulwiussgenfenda SFe diea insziinuantd
2w (eandnemavszanm 2.5 wh finaiudu 1 u13) Sussiuiusnaniigs uavannsaan
L2 8 o s g ‘ﬂ'
syuzUaonnslussuuld vinlwlsendanun

A13197 2.3 Auaulivesuiadamesianaerigealsd(s]

Density at 20°C 6.14 kg/m?
Color of Gas colourless
Molecular Weight 146.06
Thermal Conductivity 0.0136 w/mK
Critical Temperature 45.55°C
Critical Density 730 Kg/m?
Critical Pressure 3,78 MPa

Sound Velocity in SFg

136 m/s. It is 3 times less than that in

air

Refractive Index

1.000783

Formation Heat

-1221.66 Kg/mol

Specific Heat

96.6 j/mole K

absolute

Breakdown Field Relative to Pressure 89 V/m Pa
Relative Dielectric Constant at 25°C and 1 bar

1.00204
absolute
Dissipation Factor or tan 6 at 25°C and 1 bar

<2 x 107
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2.5 dunliiuaznisiiafavIsaunsduy [4]
aullni (Electric Field; E) vunetls usnalapsoudszqlnih awnsanaaeulelay

mstszgdnluandussuy dusnaniufiauwlniasdusinsgyhiuussaeaeu Galleng

]
=l

Wnvasauwlnisaiu gefieglnduszqlnihardnnuduvesaunliiginingadieg
vilnasenlu efaumlwihdanaliahesegs iliAnanuaioavesaunuluihgs was
- J =i = iAW s 14 = fal o 3

idlemaupInauwliiigaiunitifnanazuuniuld wwiinUsngniseifiiiendonas

favsa Fauwvadulssinneasalul

|

nsRavsuuvaNysel uazRausautsdin Tnenishiarsanuuanysniiinuiled

'
=

wuadule q fflanuesaaunldiihgaiuiisinasezuuniuld anderunsinnanady 3

€

SunszaunsuAliAanIsRawFaLvuany ol

1 USIAULUSNANIY dUNISAAYNST

1 - d’! A | U d" o 5
U’]Qﬁ’]‘w{léﬁLﬂﬂ‘ll‘LlLllEJﬂ’J’]JJLﬂ%EJﬂﬁuqﬂl?dﬁﬂUﬂﬂﬁ?ugﬁﬂ?Wﬂﬂau I UURINENUU

Aamsaundsziindulussuvawuiiiidnvaauslniiluiainategs viieauun
fianuliimiiaue videliduiloworfu vielidadevu Gohlianunienauilnilunegs
Tuauudlmaueieaauinlniitings

Remnsausdiu onauUsoantiiiy 3 alia Ao

1) Talsudawnsa Ae nsramnsaluauilwiliaminavogeseulanedininsauvay

4 P 2 a & 4 a a 1 a
visavaurufiaglueinid szsuintudlonrnaionauulviiiuaauulniings

Tuaine

= 1 a

2) famsanuin wietuflemiueieaauinliiimuiaudidgeiinings
3) fav1sanielu wiRntunisluauiundvseauiuwmen %&iwmﬁwagjjmﬂu
anuipssaautnliiivesauuiiinnisfarisaniely wdusgiuainuinien

awllwihvesinenudsag neluauiniu
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Q.

) lalsunfaunsa ) PAVIFANIURY A) avrsanvluseausa
1) favsanielulnsatne 2) Aar1sanelulidalanuasy

JUH 2.21 UnuuvIMsAavIseuteeEulg]

2.6 MsdagwIsaueduly GIS wag GIL[5]

fiansaunediu (PD) AenisiinRavifavinadn 4 dudeduluszuvauau Tuunansdl
wulunsafifiudiutsznounaty q daufidudeunisiifianfauisdiuiisesudiog dudsd
LﬁﬂﬁuUﬂﬁL‘du’luQmumwﬁmwmm%faﬁnanalﬂﬁmvau oglsinulunanensdinis
Aavssunsdrufueimsaiunwsomesawukasdunisusdiamndeuaniwuosauiuin

e lngarilvinuasyaunnsoslu GIS uay GIL fasaluil

+ " = [ c} =
-aumeAlave (Metallic Particles) iuwiinpiuunwsasiimunniignlu GIS synalavas
indeufisgadassuasgnasinduldihensindeudiaviiaainauuluindwi liianisidely
U1 (bounce) vetounIARABARING (enclosure) Tngagyinliiinvadssuas dyayrodlviin
' [ =l [YRPN < 9 & i < W
pgelsinmaynailuiniziuisvesauuudsezdunsadusgannnnseynirazdudh

Wliinse Uuuﬁa’uaaamuLL%«,Laxﬁﬂlﬂ@nﬁé’ummmaq'ssUU
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o

- Ymgaey (Floating Components) lun1seenuuy GIS awiidamietasiiluuinai
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Parameter Value
Diameter of conductor 15 o
Diameter of enclosure 30 cm

Relative permittivity of air 1.0
Relative permittivity of spacer 3.6
Applied voltage at conductor 20 kv

Length of protrusion 1-3 cm




32

NaN1531884

A W 4 o

- Wemngudivunn 1 9.4 %81ﬁwaﬂ’l‘iﬁf’lﬁﬂdaum1‘ﬂﬂ’lﬁﬂE‘Ub’f’alﬂ‘ﬁ

q

Surface: Electric field norm (kvjem)

20 56
w 43.34 kV/cm
5.2
16 5
14 48
46
12 2
44
10 42 L
4
kN
& .
36
4 3.4
32
2 2
3
28
2 1.5 1 0.5 o 0s 1 1.5 cm

Surface: Electric field norm (kvem)

w

UM 3.6 uan1straesauulwilunsalingiuvunn 1 o,

Line Graph: Electric field norm (kvicm)

>

P

. 10.25 cm y
. \ - 43.34 kV/cm
:: ,»// B S\ &
g A E 25
10 4 2 |
3
Ocm | s\
L TR e ]\ . g ‘ 1B
JU7 3.7 wunsvesauuliitlunsdlingiueuin 1 2.

i
o

- dletngiuilvuie 2 v agldnanisiansauulniindegusioluil

Surface: Electric field norm (kv/em) Surface: Electric field norm (kviem)
T T

F _Vﬁ m
14r s 75
12 . 72.43 kV/cm
10} o
8r 5
6
2t
20
ol
2t
15
-4
s ol
sk 10
a0t
12} 1 5
sl 1
16 . .
20 15 10 5 0 5 10 15 20 a 5 - = i - 5

Ui 3.8 wansaesaumlwihlunsdlingduvunng 2 e,

Cah

w




Line Graph: Electric field narm (kviem)

. 9.25 cm

0Ocm

W oA U @

[}

4

8

8

em

Electric field norm (K\Vem)

| 72.43 kV/cm

15K
101
sH
ok . i o
0 1 3 4 5
Arc length

] v e o
JUN 3.9 wunsmvesenulwinlunsdingdusuin 2 4.

- diedngBudlvuin 3 v, sglamanisdrapsaunulnidasudeluil

Surface: Electric field narm (kv/cm)
T T T

s

Surface: Electric field norm (kvjem)

I

-1 o 1

JU# 3.10 wan1sdnaesaud i lunsalingiuuun 3 ..

o _\
12 /,// \A\\
11 o
10
o
|
; 0cm
o
$
N |
] € 4 -2 0 2 8 n

Viem)

Electric field norm (k

Line Graph: Electric field norm (kvicm)
T T T

7|
|

84.67 kV/cm

4 5
Arc length

Cahl

U

#

3.11 wWunsmvesaulniilunsdiingBuvuin 3 v.u.




34

€
(a8

o o 3 1 = 1 o AJ
uuumnusilueauazAImsfieasaig qaad

4 o s 4 oV W
Ul 3.12 TuwadldlunisdranansdingBuvudady

o = ¢t o
A17799 3.2 WIF1UAD NINNINUA

Parameter Value
Diameter of conductor 7.5 cm
Diameter of enclosure 30 cm

Relative permittivity of air 1.0
Relative permittivity of spacer 3.6
Applied voltage at conductor 20 kv

Length of protrusion =3 e
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Line Graph: Electric field norm (kViicm)
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Parameter Value
Diameter of conductor 7.5 cm
Diameter of enclosure 30 cm

Relative permittivity of air 1.0
Relative permittivity of spacer 36
Applied voltage at conductor 20 kv

Length of protrusion 1-3cm
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Parameter Value

Diameter of conductor 7.5 cm

Diameter of enclosure 30 cm
Relative permittivity of air 140
Relative permittivity of spacer 3.5

Applied voltage at conductor 20 kV

Length of protrusion on conductor 1-3 cin

Length of protrusion on enclosure 4-6 cm
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3.3 gUnsalildlunisnagau

3.3.1 M3nandmsulsunseaulnia

d =Y o s s @l
gﬂw 3.33 1M3uwaAdmsuUTuLsIeulnin

3.3.2 MilaUUAUITIAUGINTUUAGAY 100 kV 50 mA
- Rated Power 5 kVA
- Input Voltage Max. 300 V 50 Hz
- Qutput Voltage 100 kV 1 P
- Output current 50 mA
- Frequency 50 Hz
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3.3.3 anadlunes WAn 100 kV ussauiia SFe
- Rated Voltage AC/DC / Impulse 100kV
- Rated Ratio AC 980:1 / DC 985:1 / Impulse 993:1
- Rated Capacitance (High) 110 pF
- Rated Capacitance (Low) 110 nF
- Rated Resistance (High) 250 MQ
- Rated Resistance (Low) 250 Q

- Frequency 50 Hz
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3.3.5 daninas

3.3.6 AunUUszaAUUAs (Coupling Capacitor)

Capacitance 1 nF

Voltage 100 kV
- Frequency 50/60 Hz

e e R e s

e e e ———

o Y v a
U7 3.38 fuAudszqiUua
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3.3.7 AUUASALG (Coupling Device)
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Unn 4

AMINAFADULATNANIINAGBU

PNNITANBILATETIKazTzuunIsiuluauae eesssuulwiaaniidesauiuy
wid (Gas Insulated Substation : GIS) WagsruvUdIdngauIuLia (Gas Insulated
Transmission Line : GIL) wuiﬁ]mméau‘lwﬁﬁLﬁmﬁuma‘lmsuuﬁgu WANRINAISLARARYITD
vndhumeluandwunnsesdsdadsunmissiinudusindulsznoudae 1) synielane
(metallic particle) 2) ’J’m}ﬁu (protrusion) 3) wssluawiuuds (void) 4) Tngaee (floating
electrode) Ima’luﬂ‘%zyfgwﬁwuﬁ‘aﬁuﬁwLﬁumsmﬁﬁwma"wﬂwiawﬁmaqmﬂiamLLax
fngdu esnnidudsunmsesiinuldvesiian Waidsunwiomanidrlunslussuy deds
unwieaddazneliiinnueonaunniiniugedy dwaliienuamuseusasiilui
anavthldgnisifiafavsaviediu uagsaufisnisiausnantimslniy ey defuly
U%magwﬁwuéaﬁ’uﬁ%‘qﬂuﬁulﬂﬁﬂﬁ‘wmaauLLazmma{]’UﬁaUﬂw%aqimaH’mswmaauLLw

4 < & ad & aa o v
Conventional tipanniduisnuguuast Jundssldnisluiomedeulnoiany

4.1 YUIALAZNNAYDY GIL NIYvinnIsnngau

Lﬁaﬁﬂmamé’nwmxLLaz;giJLLUUm'5Lﬁmﬁmﬂ%ﬁlmamuﬁﬁmmﬂﬁwﬂ‘ws'm AISVIAADU

2
=

gnindulu GIL 1 ia AAauseiu 230kV AfiAnssia 2500A Aue13 2.5 was Tasldenie
Duauuszindniuaziads atelu GIL Uszneufediihadiegfanaies GIL Fagnie
selmuliafiuaneves GIL fisewing Disconnecting Unit uae Straight Unit 9x14usulugnas
Wuawuitedrassuinneusuudeiiléfusswin GIL (Barrier insulaton fiua1ewes GIL s
Jouussiuhendendasininssuaaduiiin 100KV 50mA lnsseaiBeniiuinues GIL

waRdluMIS199 4.1

= v i
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M13197 4.1 uanstayaidinirues GIL

Item

Particulars

. Rated Current at 42degree Celsius

2500 A

2. Neutral arrangement Solidly Earthed
3. Nominal voltage 230 kV rms
4. Highest voltage for equipment 245 kV rms
5. Frequency 50 Hz

6. Eﬁclosure inside diameter 350 mm

7. Enclosure outside diameter 366 mm

8. Conductor outside diameter 92 mm

9. Capacitance per phase per meter 42pF/m
10. Inductance per phase per meter 0.27puH/m
11. Length 2% In

a9
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4.2 7995N15Vn824

Resistor
o - .
L
7 . ! erDﬂ%t M
Regulator Test transformer Voltage Test Coupling
transformer ( 5kVA, 100kV) divider  object  capacitor
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4.3 UADUIUNISNAADY

4.3.1 Junaulun1sInnisiinfayISauneEuLuL Conventional
1. ﬁ'lm‘iﬁia'm'iﬁagﬂﬁ 4.2 uag 4.3
2. \dledonasiadaiinisasuiiisuAUszguesnisiinfidyiauisdi LAz AT ITUT
aula
3. TunnsneaesinisAnsadsunndessiasasianun 5 nsdl Insvuiniinanafanisned
4.2 LLaxqmﬁmﬁ'ﬂﬁagﬂﬁ 4.4
4. FMSTuLSTUIUNUNSIARREY S IUNsEIY

5. YNNSUUNNNANITNAADY

M15197 4.2 Lansiiniaresingyadauvie GIL

PD measurement of protrusion on conductor

1

Length (cm) !

3

PD measurement of protrusion on enclosure

1

Length (cm) 2

of

PD measurement of protrusion on conductor below the mylar sheet

1

Length (cm) 2
3
PD measurement of protrusion on conductor with protrusion on enclosure
Conductor Enclosure
1 4
Length (cm) 2 5
3 6

PD measurement of metallic particle on conductor

0.3

Diameter (cm) 0.4

0.5
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4.4 Han1Inaasy
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The Study of Conventional Partial Discharge
Measurement for Gas Insulated Line
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Abstract—TPartial discharge (PD) measurement is one of the
insulation diagnosis tools used for diagnosis the condition of the
high voltage apparatus. Generally, PD is generated at the highly
electric field stress site in the insulation system. This research
focuses on PD measurement in a gas-insulated line (GIL) by
using the conventional PD measurement. The 230kV, 25004,
single phase, GIL with 2.5m length was setup and used for
experiments. In this paper, the experiments were divided into 4
cases, according to the types of artificial protrusions, i.e. 1) a
protrusion on the high voltage conductor 2) a protrusion on the
enclosure and 3) two protrusions on both conductor and
enclosure. 4) a protrusion on the conductor covered by
insulation compartment. The lengths of protrusions were
varied. The results of experiment were presented with the phase
resolved partial discharge patterns.

Keywords—~Partial Discharge, Gas-insulated line, Phase
resolved partial discharge

INTRODUCTION

The Gas-insulated line (GIL) are widely used in electrical
power system because of its advantages; which are the
compact structure, small size, and high reliability [1].
Although, the GIL is good at high reliability, during GIL
operation, the failure may occur due to an insulation defect,
e.g. protrusions, particles and voids in the spacers.

Partial discharge (PD) may occur, when the insulation
defect exists in the insulation system of the high voltage
apparatus. This PD can be detected by using the conventional
method [2] and/or the nonconventional method. The
conventional method is the better way to detect PD in
laboratory. However, the conventional method might be
difficult to perform onsite because the capacitance of gas-
insulated apparatus is very high. Therefore, it is not worth to
find and displace the coupling capacitor, which has
capacitance higher than the GIL [2].

In this paper, a 230kV, 2500A, single phase GIL was setup
for using in the experiment. The artificial defects were
prepared. The phase resolved partial discharges (PRPD) were
detected and analyzed.
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TYPICAL DEFECTS IN GIS AND GIL

Generally, there are several types of defects occurring
inside the gas-insulated high voltage apparatus. When PD
occurs, it may lead to a failure of the insulation system. In case
of gas-insulated substation (GIS) and GIL, the typical defects
frequency found are 1) metallic particle 2) protrusion 3) void
in spacer, and 4) floating electrode which are shown in
Fig.1.The different types of defect cause different damages. In
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order to obtain the useful information for condition
assessment, it is necessary to identify the defect types.

Fig. 1. Typical defects in gas-insulated high voltage apparatus

Protrusions

Among the defects in gas-insulated high voltage
apparatus, the protrusion at conductor is a common defect
which can be occurred by polishing the conductor
unqualifiedly during an assembly process [3].

When electric field is applied, the protrusion causes a
highly increasing in electric field stress. The protrusion tip
which has the highest electric field stress causes corona
discharge when the electric field stress on that tip exceeds a
critical value [4].

This protrusion problem can lead to surface discharge and
the electrical breakdown respectively. Therefore, when the
protrusion is detected, it has to be removed immediately.
However, during PD measurement, the PD level from the
protrusion problem is very low and close to the background
noise; it is quite difficult to detect the protrusion by using the
conventional method [4].



Particles

The metallic particle is a defect most found inside the GIL.
Due to lack of human circumspection, this defects usually
include to the system during the assembly process [5].

Free metallic particles can be moved along the enclosure
and may reach the HV conductor, depending on their size,
weight and the electrostatic forces acting on them [4].

Metallic particles in GIS and/or GIL can be charged inside
the compartment by acquired voltage. When the value of
acquired voltage exceeds the specified value, the metallic
particle jumps and moves along the enclosure [6]. Moreover,
the moving particle has potential to develop into the other
types of defects, i.e. particle on insulator and protrusion. For
detecting the metallic particle, some experts prefer lightning
impulses test than AC withstand test, due to more sensitive to
PD, which emitted from particles [4].

EXPERIMENTAL SETUP

The experiments were performed with a 230kV,2500A,
single-phase GIL consists of straight unit and disconnecting
unit. The other specifications of GIL, using in experiments,
are summarized in table I. The artificial defects were set and
placed on different locations. Then, the conventional PD
measurements were performed according to IEC60270 [7] for
measuring PRPD patterns. The test circuit diagram and test
circuit arrangement using in the experiments are showed in

Fig.2 and Fig.3 respectively.

oA L rr
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transformer ( 5kVA, 100kV ) divider object  capacitor
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Fig.2 Test circuit diagram used for conventional PD measurement

TABLE 1. GIL SPECIFICATION

Item Particulars
1. Rated Current at 42 degree Celsius 2500 A
2. Neutral arrangement Solidly Earthed
3. Nominal voltage 230 kV rms
4. Highest voltage for equipment 245 kV rms
5. Frequency 50 Hz
6. Enclosure inside diameter 350 mm
7. Enclosure outside diameter 366 mm
8. Conductor outside diameter 92 mm
9. Capacitance per phase per meter 40.11 pF/m
10. Gaseous insulation Air
11. Length 2.5m

In this paper, experiments were divided into 4 cases. The
positions of artificial protrusions in each case are shown in
Fig. 4.
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Case 1: The Protrusion on The GIL Conductor

The aluminum wires were used as artificial protrusions
with lengths of 1 c¢cm, 2 cm and 3 cm respectively. The
location of the artificial protrusions was on the GIL
conductor.

Case 2: The Protrusion on the GIL Enclosure

The aluminum wires were used as artificial protrusions
with lengths of 1 em, 2 cm and 3 cm respectively. The location
of the artificial protrusions is on the GIL enclosure.

Case 3: The Protrusion on Both GIL Conductor and
Enclosure

The aluminum wires were used as artificial protrusions in
three cases: 1) the protrusion with the length of 1 cm on the
GIL conductor and of 4 cm on the GIL enclosure, 2) the
protrusion with the length of 2 ¢cm on the GIL conductor and
of 5 cm on the GIL enclosure, 3) the protrusion with the
length of 3 cm on the GIL conductor and of 6 cm on the GIL
enclosure.

Case 4: The Protrusion on the GIL Conductor Covered by
Insulation Compartment
To simulate protrusions near the barrier insulator, the
aluminum wires were used with lengths of 1 cm, 2 cm and 3
cm respectively on the GIL conductor, which were covered
by the insulation compartment.

Fig. 3. Test circuit arrangement used for conventional PD measurement
(a)Test transformer (b) Water resistor (c) Voltage divider (d) Coupling
capacitor (e) Coupling device (f) Compartment of GIL (g) Insulation
compartment

Fig. 4. The locations of the artificial protrusions inside the GIL
(a) The protrusion installed on the GIL conductor (case 1)



(b)The protrusion installed on the GIL enclosure (case 2)
(c) Protrusions installed on both GIL conductor and enclosure (case 3)
(d) The protrusion on installed on the GIL conductor, which was covered by

insulation compartment (case 4)

RESULTS AND DISCUSSION

The PRPD patterns measured from experiments are
shown in Fig. 5 — 16 below.
Case 1:The Protrusion on the GIL Conductor

In this case, PD cluster appeared at 270 degree, which was
similar to the typical PD pattern of corona discharge at high
voltage electrode. Test results show that increasing the length
of artificial protrusion causes decrease in partial discharge
inception voltage (PDIV). The PRPD patterns are shown in
Fig. 5-7.
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Fig.5. PRPD pattern at 9.53 kV caused by the | cm protrusion on the GIL
conductor, Qec= 5.20pC
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Fig.6. PRPD pattern at 7.61 kV caused by the 2 cm protrusion on the GIL
conductor, Qgc= 3.672pC
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Fig.7. PRPD pattern at 5.77 kV caused by the 3 cm protrusion on the GIL
conductor, Qgc= 8.540pC

B. Case 2 :The Protrusion on the GIL Enclosure

In this case, PD cluster appeared at 90 degree, which was
similar to the typical PD pattern of corona discharge at low
voltage electrode. Test results show that PDIV decreased
with an increase in the length of artificial protrusion. The
PRPD patterns obtained from case 2 experiment are
illustrated in Fig. 8-10.
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Fig.8. PRPD pattern at 27.51 kV caused by the 1 cm protrusion on the GIL
enclosure, Qgc = 3.821pC
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Fig.9. PRPD pattern at 19.10 kV caused by the 2 cm protrusion on the GIL
enclosure, Qiec = 7.809pC
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Fig.10. PRPD pattern at 12.56 kV caused by the 3cm protrusion on the GIL
enclosure, Qec= 7.585pC

C. Case3:Protrusion on both GIL Conductor and Enclosure

In this case, the result from experiment clearly shown the
PRPD patterns consisting of 2 PD clusters caused by the,
protrusion on the GIL conductor (first case) and the
protrusion on the GIL enclosure (second case).

- Fig.11(a), 12(a) and 13(a) show the PD clusters at 90
degree, which were generated from the protrusion on
the GIL enclosure.

- Fig.11(b), 12(b) and 13(b) show both PD clusters at
90 degree and 270 degree, which were generated
from the protrusion on both GIL conductor and
enclosure.

When the length of protrusion on the GIL conductor
and/or on the GIL enclosure increased, the PDIV was
decreased.

However, in case of PD cluster width, at 270 degree, the
PD cluster width increases when the length of protrusion on
the GIL conductor increases; in contrast with the PD cluster
width at 90 degree, it decreases when the length of protrusion
on the GIL enclosure increases.
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Fig.11. PRPD patterns caused by the 1 ¢cm protrusion on the GIL conductor
and the 4 cm protrusion on the GIL enclosure
(a) PRPD pattern at 10.82kV, Qgc= 3.621pC
b) PRPD pattern at 13.52kV, Quec= 44.12pC

Fig.12. PRPD patterns caused by the 2 cm protrusion on the GIL conductor
and the 5 cm protrusion on the GIL enclosure
(a) PRPD pattern at 8.235kV, Qgc= 11.62pC
b) PRPD pattern at 9.927kV, Qec= 23.81pC

0 N o ]

Fig.13. PRPD patterns caused by the 3 cm protrusion on the GIL conductor
and the 6 cm protrusion on the GIL enclosure
(a) PRPD pattern at 7.025kV, Qgc= 7.636pC
(b) PRPD pattern at 7.628kV, Quzc=22.11pC

D. Case 4 : The Protrusion on the GIL Conductor Covered
by Insulation Compartment

In this case, PD cluster appeared at 270 degree, was
similar to the typical PD pattern of corona discharge at high
voltage electrode. PDIV decreased when the length of
artificial protrusion increased. When compared to first case,
the PD cluster width of this case was thicker, and the value of
PDIV was higher than first case. The PRPD patterns obtained
from case 4 experiment are depicted in Fig. 14-16.
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Fig.14. PRPD pattern caused by the 1 cm protrusion on the GIL conductor
covered by the insulation compartment (PRPD pattern at 11.68 kV, Qzc=
8.408 pC)
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Fig.15. PRPD pattern caused by the 2 cm protrusion on the GIL
conductor covered by the insulation compartment (PRPD pattern at
8.682 kV, Qigc= 15.57 pC)
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Fig.16. PRPD pattern caused by the 3 cm protrusion on the GIL conductor
covered by the insulation compartment (PRPD pattern at 7.048 kV, Qgc=
9.096 pC)

CONCLUSION

The results of the experiment can be summarized as follows:
- PRPD patterns obtained from every case study were
similar to the typical PD pattern of corona discharge.
-When the length of the protrusion increased, the PDIV
decreased accordingly because the gap distance between
tip of the protrusion and the grounded enclosure was
smaller.

-When the PD source covered by insulation compartment,
the insulation compartment causes increasing in PDIV
and the thicker of the PD cluster width.
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