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Abstract

The research aims to design and construct the 24 kV high voltage underground cable
( XLPE) terminals for testing the partial discharge of SF, gas insulators which resist to high
breakdown voltage. The experiment will result in reducing in the dimensions of the terminals.

In design, the dimensions and the shapes of the terminals were taken in toconsiderations.
Moreover the electrical field stress of the designed terminals must not be higher than the breakdown
voltage of the SF, gas insulators. This could be experimented by analyzing using Analytic equations
and finite elements method in order to simulate the electric field stress (E max) occurring in the
terminals and also to examine the maximum rate of the electric field stress. The data was gained and
led to the design of the terminals.

The results of IEC 60502 -2 standard cable testing with maximum partial discharge not
over 10 pC revealed that SF, gas could be used as insulation. According to the testing system using
3 examples of cables and terminals; 240 mmz, 185 mm’ and 150 mmz, it was found that the
maximum partial discharge conformed with standard testing, so that the dimensions and the weight

of the terminals were reduced and could be applied in the laboratory to replace the other insulation.

KEYWORDS: Cable Terminator, Partial Discharge, Electric Field Stress, Insulation, High Voltage
Under Ground Cable
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13190 2.4 anuaseaau Idwusnaivesemea 2]

d (cm) E, (kV/cm) d(cm) E, (kV/em)
0.1 96.0 8.0 32.1
0.2 73.3 9.0 313
0.3 64.1 10.0 314
0.4 58.8 15.0 30.0
0.5 55:2 20.0 294
0.6 52.2 25.0 289
0.7 499 30.0 28.6
0.8 48.1 35.0 28.3
0.9 46.5 40.0 28.0
1.0 454 45.0 27.8
2.0 39.5 50.0 27.7
& 3.0 36.7 55.5 27.5
4.0 35.0 60.0 273
5.0 34.0 65.0 272
6.0 33.2 80.0 26.9
7.0 32.6 90.0 26.7
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A T ar
g‘lh"l 3.27 szezdaiwais v1n XLPE a\‘l Semiconductor H14AU 80 mm
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¥
3227 hmwde 3.2.16 vmiundn OK 9214 Electric field USRI XLPE a1l

3.28
mmml\"ﬂ“]_
25
9] TSN S
P WL N .
g
i
E v LS YRS NN, SRV, M N (OO (INTRIS IO e
os ; \\\ P |
‘.- % 001 em om u.ﬁ 005 005 007 o8 009 01

Semiconductor to XLPE leneth (meter)

4 . '
U7 3.28 wansnu Tl XLPE Nszuz 80 mm

3.2.28 iimsnlasuszezilaieate 910 XLPE 84 Semiconductor 197U 90 mm uazaan
'f'II Menu Solve --> Solve Problem

717 3.29 3z8¥a10a10 910 XLPE 4 Semiconductor #1311 90 mm




3.30

3 ¥
3.229 Mwdn 3.2.16 mniuadn OK 9214 Electric field USnmAY XLPE awgii

um‘ Electric field, norm [v/m]
.l B WO TR W 1O T
; n
1 = SEEE
............... N
g N
k

0 H
0 001 0.02 0.03 0.04 0.05 0.08 o7 s om 0.1 01

Semiconductor to XLPE length (meter)

= = -
U7 3.30 wamsu WA XLPE 5262 90 mm

L] A " ar =]
3.2.30 vinmisulasuszozdawae 910 XLPE ﬁa Semiconductor H19NU 100 mm LAZAAN

9 Menu Solve --> Solve Problem

d o
319 3.31 szuz1larwai 910 XLPE §13 Semiconductor W13 100 mm
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¥
3231 awde 3.2.16 Mimiuadn OK 9214 Electric field U3IMAY XLPE mugilii

3.32
smf Elecric field, nom [V/m]
E 73] NOSRORORSSSUN. (: ORPRTRITRUORL - SO SO SN i p
A . S |
i el
\\
; \

o 0.02 0.04 006 0.08 o1 012

Semiconductor to XLPE length (meter)

d " d
311 3.32 wan1391 Il wAs XLPE Aszez 100 mm

3.2.32 iimsn)asuszezarsaie 910 XLPE 614 Semiconductor H1911 140 mm HAZAAN

1 Menu Solve --> Solve Problem

711 3.33 szuzalarweny 910 XLPE 63 Semiconductor W13/ 140 mm
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4
3233 hamde 3.2.16 vimundn OK 9214 Electric field U3mA XLPE awgali

3.34
" Electric flald, norm [V/m]
s
L — —
[ SRR, WMSETY.: PIRNS. JE e 0 S TEL . ——
gz.s
g 2 (\\ .......................
T é ,\\ ...............
4 SRR AR SRR | S e G
=
. , \_
n 002 D04 008 008 o1 212 0.14 0.16

Semiconductor to XLPE length (meter)

31U 3.34 wamsnuIrla i XLPE Aszuz 140 mm

3 o ’ il -
3.2.34 Minsulasuszezlarsaie 910 XLPE 64 Semiconductor H13f14 160 mm tazAan

1l Menu Solve --> Solve Problem

317 3.35 szuz1)anedno 910 XLPE §i Semiconductor W31 160 mm
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¥ ¥
3.235 Wamde 3.2.16 nimiuadn OK 9218 Electric field UMY XLPE amgili
3.36

Electric fleld, norm [V/m]

w

i

-

&

Ebectric fiekd, norm [v/m]
"
w

/

G

0 om 004 0.08 008 n1 oz 014 0.16 218

Semiconductor to XLPE length (meter)

4 - ;
U7 3.36 wamsnu I XLPE 3262 160 mm

° P = = ar Pe
3.236 vhwad ldnnTdsunsumnufSoudisumsifansnu ldawis sy 1ddeg1li 3.37

1A9n328zNonNnaUIU Semi conductor A9 90 mm

0 | - — | J5% [ I ST | S ¥ —
0 0.001 0.002 0.003 0.004 0005 0.006 0.007 0.008 0.009 001
Semiconductor to XLPE length (meter)

11 3.37 Wisuimeumsiansnu awdnn T sunsy
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¥
3.3 ﬂi‘fuﬂaun1‘iﬂaﬂﬂmummmﬁmﬁaq&
denswszeznmstenanuaalumisnaaeuainldsunsy COMSOL Multiphysics 3.3
=5 ] 3 = oo oo dy
vaimsien Tastuseunmistenaomialingl
3.3.1. iimsdaszeznezionaemiian 1d91nna Simulations 1A 1% maliuane Tviwu
aw ' ) ot ] o ny o Y o o Ve W =
szoziial (M ldmilafiduanaenindvesmamdaszir Idmudumianganu) aega

3.38

317 3.38 Faszezezilonmuimiia 7114910 Simulations

Y w o A = - [ - W o
3.3.2 . l¥liasameiniaasuunmlaonuen (Sheath) nadiutasveslulianameing
yuRnldenuen (Sheath) 1 lnddadauiidly  Separator Tape Tasn3aeeniluasaualy
ANYAZILIIYN 0 DIFN 1AZIY 180 BN 1HBININABUABNAIADAUBN (Sheath) 9zADIABNDON

nazaiu A3l 3.39

317 3.39 msnenHlasnuen (Sheath)
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3.3.3. dionianatldenuen (Sheath) 14lvarsthauuuiamediudarsaisvesi
3 o { o F (- |
wdenuen (Sheath) 1Wineeduudninisasnoonmuszoeiiall 92ty Separator Tape

Aeg1i 3.40

5171 3.40 faimsaeniasnuen(Sheath) pon

3.3.4.MM3@A Separator Tape 8OAVIAY Copper Shield Tape (Hunindvesay )

Aeg1i 3.41

Eﬂﬁ 3.41 Copper Shield Tape

o o . e ¥ ¥ A =
3.3.5.11M151AU Copper Shield Tape (iunsavaseme ) IiGsuiouiionsziniouns

donawludIuuos Insulation Shield #3319 3.42

gﬂﬁ 3.42 dnvazMIny Copper Shield Tape
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o a ! - 3 ] o 1 i
33,68 M3 3aANUE1IMEYen Semi-Conducting Tape udIdmuadimianizeon

Semi-Conducting Tape 890 (3302317 1A11nN13 Simulations ) A7 3.43

:slﬂ‘ﬁ 3.43 Jannuennzilen Semi-Conducting Tape

& a o i - < g v a“ :

3.3.7. ihlasAameinIAnIUUAIY89 Semi-Conducting Tape T anasli/luiio Semi-
Conducting Tape Wovszinaliansonsnoenld used1 190 Insulation Shield ins1zazshli
s W12 Insulation Shield (150w 9211 1¥iAA Partial Discharge (PD) Tuminaaou1d

AsgUn 3.44

=Y

gﬂﬁ 3.44 MINTANHIVDY Semi-Conducting Tape

' ¥
3.3.8 1y hnuuuiaidaiwaeveadiu Semi-Conducting Tapelingavusazy)

3.45

=b.

3.45 19 lvanathauuuianlawme

Sh.

i

@al
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ar

o . ; a4 a4 gy A - Ay ¥
3.3.9.m1M13080 Semi-Conducting Tape Bﬂﬂ@'l'!l!‘iiﬂUﬂﬂ‘iﬂ.l’JnJBﬂﬂﬂﬂfJﬂﬂuﬂﬂigﬂg'ﬂjﬂ f

a1 Aagin 3.46

gﬂﬁ 3.46 M3n0n Semi-Conducting Tape 89N

Vet o 7 = ¥ A A o . . - o ]
3.3.10. l¥iladawmeinialisouiiioNezda Semi-Conducting Tape iaonasn Aty

Insulation Shield A431/# 3.47

gﬂﬁ 3.47 A9 Semi-Conducting Tape Naonoon

Yo d w . . 3 Pl Y A ¥ .
3.3.11. 19Aana3A U Insulation Shield 138U INTUTINT A LU #B 1 Insulation

Shield 1luseo1AZINZ Insulation Shield NHuNDAIAIDDN Aa71/7 3.48
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511 3.48 AU Insulation Shield

Y9

ol ' A 2
3.3.12. 19lvarathauuuianlateaiovesdu Insulation Shield Nau'ldliineaiu

¥ ¥
nmiulfAudiaeenziiunsauasvesmaiafagli 3.49

gﬂﬁ 3.49 3@ Insulation Shield 990

v o
3.4 myvanuuumsaamuliihithimivase
cid = d‘l Y = :: 1 1
namsninmsdenmumdamiefloadumsnudawAniuszdinadonisniznoues
=y A 4 :: A af a a =
auwTlihmelumeanda Fuiluwaduiiesnannmsdendunsdniensen i mldifa
] ; = nl: & w e 5 i = ¢ a u‘:
anu limiuawegausnavevvestunadniwen wazeziilidmsifawsnainusnagu
A @ e Fd o
nsdnienldlunga
1 ol o = Yt 1 1 ar a 7 A al
uaninminimsdenmumiialiiszozvisznnassdugenuninamotloatums
a a & ¥ { - S
fiamsn Iawis salumsdenmeiuiniiuiiszdesendunsdnimensenlidae daym
4 oo & p & S & o o a B
Mgzinavunmnaoanu Ilihnveuvessundnimenszifannu lisiuauegs Aume
=3 oy I 1 1 u‘ 1 ot -] 3 A LY o é
wdalnaaun Iihnznszanwegedminauelunuiu senindnivagyundinimen) ¥
¥
wih lgmiswsnarmiluauau g Sedufludesmuguauin ihusnaiulfidaaw 'l

miwauoosiga Tasasmsauguaniu Trih
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¥
o A

-ﬂ‘. o - l!; é L] 1
11 350 uamamisnsznwveadudnd ihlumonidiafidasunadnimennadiuoon

o

& I 7k & o d w e - " a

msnaauy Iihn luaduase luuSnasunidniwenmivevzd liinanms

=) o ' . ] [ = - o
ANT13IU19AIY (Partial Discharge) 14 azazih lgmsifawsnainiediaauysal (Completed
é o ' =) 4:‘ o o‘: = = n: - J :
Breakdown) 39z Idmumdanhmaaeuiumiannudonio 14 msud lvdayminifavuil
o o i ' = g & @ o & °
annsai 18 Tasmstadudnd I inuiniuusoavevvesdunasnieneenll #avzi

¥
=y o é L o L o 1 L]
MWawn i luusnaveuvesvunidnienndsnntadudnd i udq5id a1y

i
19'-\‘0

aliuawonaas 114mﬁﬁmﬁuﬁmﬂﬂﬁnfummm’lﬁtfm%‘qm, vhiy, niemsnuauedbui
1% TuawSiviiden dauauie sk, dudrelunstadudndliih deldauosme
widaiiaunisamu thaiuauedu ndsnihmsdadudndliihlusuiuvesmenida
uds szl IS navesiuddnineniuiin st uauoanns Seezili e
M3AAMT 9 (Partial Discharge) Fuludunuou XLPE vesmomiia nieifasutionas
msaauauau I 1635 Refractive Stress Control Tasmstiu@nsunuondiiar ladidnasn
g Pseumenidia mifousumsfunuidmmunda Tavlumsdennuiiuee ¥
S S, RiiAledina nduimETlszng 1.00191 ornldounad 18T usgfuaninues
qumqil manuaumallhussgazins 1 aqauiunawsiadsznoudu Fanuausen i
Wﬂzﬁf\'uﬂa{ﬁmﬁ?ﬁ’ﬁwﬁu'lﬂmiﬁﬁmId?"a'ﬂanu3uﬂ'1wﬁﬂmmaﬁ1ﬁ’aﬁaqmﬂuﬁﬁmana

L4 = o 1 =, Y o
mani MmiungimInszneau ldihingndesdeslfnssuiideduavinnanionins
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] ¥ '
nAnBa MM SE, ninnlefiadiaduimsnlszua 1.00191 sannsavihundiuauiu
oy A 44 -
veruioaamsnszowau i 18 18 nniige daszlinsaanisnsznaunihlndides

@ é L 1 1 ] =l L
MuauIu XLPE Faznanisludiveamsesnuuumunnaduriiguinaimvioszadanse 1

3.5 MIseANUUMVINAIFURUgUna1aNeeAdan
iafmngauveanssnszuandounnusan e SananigaRa NI ONUABIT IFUL

vl Idqaqauaz i lalni ussdunsnanivesdidn Insansanszuondeuunusum 14

nauaznguinsanszuendeunausmiineminiuszdnnaunnavesnszuenld Taom

o ]
nnaduriuguinaavesidemonidiala vinaumsi 3.1

(r_’] = 1_ (3.1)
P2 I e

Tagi  r, Ao SANvesdidnlnsaly

A w e a d
r, Ao SrllvesdanInsauen

317 3.51 BidnTnsansenszundounnusu

duruguinanavesiremeaiia 1031l 52 annsomvinaduriugudnaiaves
¥
Qs L) =1 A ar @ a e I ot o =
Vdemoaidia’ld vinaumsi 3.1Tae , Aeialivesdnhiiawiify 0.95 cm uaz r, Ao $ail

b’}
voamemunz 1@

noxe

0.95 X( : )
0.368

2.5 cm

?’2 oip

]

a > [] a 3 1 oG
Aniuduriuguinaivesiiremoi 2.5 cm X2 = 5 em
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3.6 msauguauaieaauvivh
au I luswarwadanssge msldauauniiar e, anduminzieeg 14y
rod 4 ) 1A das " w
auns T himiuaue Faezwlinnumisaauin i lunuiuudazFuiiia g, andu

1 r z i o o 4
Wi lndifeany anueseaauy b ludlenuunsaiilag dunaldainaunmsn 3.2

1
E(,-) _ : 12?rU : X(Z:r:rs J (3.2)
(—fnr—z+—fnr—3+—fnr—“J *'
&L h & N & n
Tawii E,, #oanusisamnlrihlunuouiisad « kviem)
U Ao wsasuTthiidou kv)

- ) qn; : =
£,8,,6, 0D sﬂammmmmﬁmuww 1,2 ung3
et ol

" flo §eivead NI (mm)

ry ry,r, A0 SANVBIRUIUEUN 1, 2 taz3 (cm)

Stress Control

Insulation

PMMA

- o o = - o 1
1U7 3.52 peatszneumsduaau ihimondaludnyaznsanszuenunusn

nnaumsi 3.2 annsasamauaivamu i xee ( Er,) waziiia
veatasomudy Ao (Er,) TaoldussdunanougeganuiInsgIu IEC 60502-2 Ao 1349AY
24KV
3.6.1 mivanuuuazMInIUguANUAIsamun Iih (@evu1a 240 sq.mm)
R rh Electric stress) voamuiaiiia fnuidhuazAufinuam

XLPE e13n3nfuania 1aananaunisn 3.3
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= (3.3)
rln(fl]
T

y 4
51091 3.53 anuduauiyliihnae 240 sqmm

< dd o o
L Tagh  E,  fe anwduauiy ldhnduaased o

=t s -3

VBIAIUI

_"'I
32
aig

3]

o

I Ao fATluea XLPE

ﬁ. -4 =1 -7 -] ; =1
anuauauy IihanuAs i waziua XLPE v ldainaums 3.3 fe

. 24000
B =

conductor 0 95 l 1 '5

Q‘ 2 0.9

= 55.309 kV/em

24000

e =715y
1.5In| —
0.95

=35.029 kV/cm

1) ldomaniuguanunioaaui i

manumisaauy Iihniadivesdni fe E m'ldan

L, J
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_— (27 x 24000 ) e ( 1 )
(r) 11 1.5 1 75 1. 3 27%0.95%2.3
—in G o n—+—In—
23 095 1.00054 1.5 3 2.5

= 14.266 kV/em

mnnunseadum Ilfhniativesnuiu XLPE fio £, mldnn

— ¥ + n—+—tn—
23 095 1.00054 1.5 3 2.5

= 20.769 kV/cm

. (27 x 24000) ] x( 1 )

("2) [1 1.5 1 25 1 3 27 x1.5x1.00054

uagramsfude3s I luddamudmsnszaeanunisaauiy lvihiina XLPE (Er,) Tu

Program COMSOL Multiphysics 3.3 92 1dd931#1 3.54 1 E, =21.591 kV/em

1] L w 1
U7 3.54 annSeaaum Tihids Er, auiufe Ao oimafiaioviia 240 sqmm
o 1 e = o ot o s e
wian ldnnmsdnadisaumsianzinlseumouiumssaud 1053 I luasamudn

¥ 1
Program COMSOL Multiphysics 3.3 manuaivasuin IWihlusunuiunsaiivenuiu XLPE

i lndifesiu woz manumisamnuliihnsedvesnuau emede £, mldan
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(27 x 24000)
=
3) [1 s, 1,25

" . J
3] [27rx2.5><3

—¥én n -+ l
23 095 1.00054 15 3 235
= 4,156 kV/cm

[ ¥
uaznansandie s W ludsawudnisnszneanuasvamny IihaRinelutaeme

widia (Er,) T4 Program COMSOL Multiphysics 3.3 9% 14A431/7 3.55 A1 E, = 4.186 kV/em

U0 3.55 anmnvaau A Er, auiumes Ao emaiamouia 240 sqmm

v ldnnmsdnnadisauns nziaSeufoudumssuiadieds I luddamudnn
Program COMSOL Multiphysics 3.3 mausssaruy i ludunuuisaivesioniely
omomdiadimindineaiu

2) 1qaymnmet muauanuaisacun T

manuaioamum liihiisaiivesdni de £, mldnn

E = (27 x 24000) ! |
e

wr
() (Lfn 15 1,25 1, 3 27%0.95%x2.3
2370951 1.5 3 25

= 14.267 kV/cm

manuassaauy Iihiisalivesnuiu XLPE Ao £, wildnn
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. (277 x 24000) x( 1 }
3
(r5) ( 1, 15 1,25 1, 3 } 27 x1.5x1

2.3 095 1 L5 3 2.5
= 20.774 kV/cm

wazramsAinudwds I luddawudnmanszneanunivaauin Wi XLPE (£r,) u

o é L
Program COMSOL Multiphysics 3.3 92 1ad331/71 3.56 A1 E, =20.563 kV/cm

31 3.56 anminTvaau Tdhitis Er, auauime fio qagimaimoina 240 sqmm

a1 inmsanadisaumsinewlsuieudunssuaudieds I ludea
E [
1IUADIN Program COMSOL Multiphysics 3.3 a1nnunaseadun Iihlusunuiuniaiives

auan XLPE fimndifveiu uaz manunioamun IMihnselvesquamaie £, mld

1N

(27 x 24000) 1
Bed=|7T 135 1. 25 1, 33| \zsvasns
3 [—En—+—fn;+—8n—J '
23 095 1 1.5 3 25

= 4,154 kV/cm

o = daa o | y '
wazramIfualn s I ludsawuamsnszaneanuassaany i nAineluiineas

wuiia (Er,) W Program COMSOL Multiphysics 3.3 9 1884311 3.57 1 E, =4.189 kV/em
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3101 3.57 mwnvaauw Iihid Er, auauie Ae qaygimaiaisuina 240 sqmm

haildnnmsdannadisaumsinszinsuisuiumssnadeds I ludsanudnn
Program COMSOL Multiphysics 3.3 mamuioaau i luFusuuisaivesioniely
emuaidiadindifvaiu

3) 19 SF, auquaruasoaauin T

' - o et W
anruniuae i isalvesdni Ae E, nlaan

¥ o (27 x 24000) . [ 1 )
() 1 , LS 1 28 . 1. 3 27x0.95%2.3
—4n + n—+—-In—
23 095 1.00191 1.5 3 25

14.279 kV/em

manunsoaauy Iihnsatvesnuiu XLPE Ao £, wi1ldon
L5

(277 x 24000) 1
ey 7713 1 25 1 *( 27 x1.5x1.00191
2 [—— n + n— —En—J Aig s
23095 1.00191 1.5 3 25

= 20.760 kV/cm

uazramIfuIudw3s I ludddmudnminsznoanunivaauin Iihid XLPE (Er,) Ty

Program COMSOL Multiphysics 3.3 92 1Ada31/#1 3.58 A1 E, = 20.750 kv/em
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4 = e - a
Zﬂﬁ 3.58 ﬂTuJ!ﬂsUﬁﬁu']u.lﬂﬁ-l“H'] Erz ﬂu’mﬁ'ﬁf Ao SFG nawvUIA 240 sq.mm

a I - a 3 = o = ) o s Faa o

i 18nnmssuiadieaymsinsznlisudisudumsanaudieds I luasdwuann
¥ ]

Program COMSOL Multiphysics 3.3 manuassaauy i luguauiunieiivesnuiu XLPE

1 ) ' o g
S lnddeaiy manuaseamoy ihhsaivesnuou i sk e £, mildnn

(277 x 24000 ) 1

Eed=lT1T 15 T 25 1, 3| (2rx25x3

3 (—i”n =+ =t —} '
23 095 1.00191 15 3 25

= 4.160 kV/em

¥ ¥
naznansande s W ludsamudnsnszneanuaisaauin Iihidine luiadeae

wiia( Ery) 11 Program COMSOL Multiphysics 3.3 92 14A131/113.59 M E, = 4.173 kV/em

= = da =
517 3.59 anunTeamuu I Er, auruie Ao SF, Ad1ovu1a 240 sqmm
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i Innmssnnadsarumsinsrzsufvusunmsannadinds Il ludsawuden
Program COMSOL Multiphysics 3.3 maunssamy I ludunuuitaiiveaianielu
Tremumiaimlndifosiy

362 msesnuuuazmsianinisnzae aun i (@1 185 sqmm) AwAy

au IdhAnuAd ez v XLPE mldnnaums 3.3 Ao

24000

E =
conductor 0 851n 1.45
' 0.85

= 52.866 kV/cm

24000

Eyp: =_T
150 ——
0.85

= 30.990 kV/cm

1) Tdomaniuguanunioaauiniih Amanwasvasu Ilihndaiives

ani1fe E, mldan

S (277 x 24000 ) x[ 1 )
(r) 1, 145 1 2.5 1, 3 27 x0.85%2.3
—{n + ‘n +—in—
2.3 0.85 1.00054 145 3 25

= 14.659 kV/em

o e

' = =
Annunuam llfhisalivesnuu XLPE Ao E, mldon

E

_ (277 x 24000 ) x[ 1 ]
(ry) (1£ 1.45 L, 25 i) 27 x1.45 x1.00054

—In + n 3
23 0.85 1.00054 145 3 2.5
= 19.754 kV/cm

o = daa 7 o
uazrwamsfuaieis W ludsdwudnisnszneanunieaauny i@ XLPE ( Er,) Tu

Program COMSOL Multiphysics 3.3 92 14@331/ 3.60 M E, = 20.675 kV/em
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310 3.60 A vaauw IihiRa ( Er,) auaume flo eimaiamouing 185 sqmm

a_ 1 cny 3 ¥ a S = a o 3 e e i3

u'm'ITI.lﬂi]'lﬂfl'lﬁﬂ'Iu’]ilmilﬂﬁllﬂ']'j'Jl.ﬂﬁ'12:HﬂEU‘LII.TIU’Uﬂ'lJﬂ'lﬁﬂ111'2&?]‘18‘]‘5114111916?1!”11?!%11’]
o "

Program COMSOL Multiphysics 3.3 annuaseamun I ludunuiuniativesnuiu XLPE

dmlndiReaiu  annuaieamnu liihnsaiiveanuiu emafe £, m'ldnn

t
[

(27 x 24000) " 1
et

(r3) (1 145 1 25 1. 13 27%x2.5x%3
—A£n + In #—En—
23  0.85 1.00054 1.45 3 25

= 3.821 kV/cm

a =, s P g v
waznansaanal0s W luasawuamsnszaeanuassazuiy Ilihndinelutdeae

wtdia (Er,) T4 Program COMSOL Multiphysics 3.3 9 14@331 3.61 A1 E, =4.130 kV/em

307 3.61 anunssacuu lihinAy Er, ausuma Ao oinaiaisvua 185 sqmm
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s lgnnmssnnadsaumsinssinFoufvutumsdnnudieds I luddduuden
Program COMSOL Multiphysics 3.3 fhfmnm‘%Uﬁﬁum"lvlﬁﬂué‘?uau'Juﬁ%’ﬁﬁmmﬁamﬂu
demundiatiaIndiRvaiy

2) Wamanmiet aauguauaieacu ih

annuaiaa i niaiivesdni fe £, wildnn

- (27 x 24000 ) ] x( 1 ]

.
() (1 45 1, 25 +%£ni 27x0.85%2.3

—4£n n
23 08 1 145 2:3

= 14.654 kV/cm

manuaseaun Ifhnfaiivesnuin XLPE fie £, mldnn

—fin——+—-fn——+—-In—
23 08 1 145 3 25

= 19.758 kV/cm

(27 x 24000 ) 5 1
e

E =
(r5) (1 148 1,25 1, 3 27 x1.45x1

a ) aa o = e
wazramsmurndeds W ludsamudmanszneanuaisaauTilihiia XLPE (Er,) Tu

Program COMSOL Multiphysics 3.3 3¢ 1ada3U# 3.62 M E, = 19.854 kV/em

71 3.62 anwmSeaau lWihiid Er, auauime Ao qRIMATABYLIA 185 sq.mm

a. 1 § 3 o = a a o =, aa
i 1gnnmssnnadisaumsinne il suiousumsaoudleds W luddamudnn

¥ "
Program COMSOL Multiphysics 3.3 fanum3eaduiy Iih lugunuiuniativesnui XLPE
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imlndiRseiu uaz manueieaaundihnsalivesnuaugyamea fio £, mldnn

g (27 x 24000 ) X[ 1 )
(r3)"[1 145 1, 25 1 3] 27x2.5%3
—n——+—In——+—fn—
23 085 1 145 3 25
= 3.819 kV/cm

v ¥
o = o o = w
naznamsaand03s 1 ludsamudnsnszoeanuassaguin iharimeludaeas

wiia (Er,) I Program COMSOL Multiphysics 3.3 92 1AA93171 3.63 M1 E, = 4.015 kV/em

317 3.63 avmasvaauw ihida Er, auauie fie qagnmanaisuua 185 sqmm

i ldnanssnnadisaunsinsginSoudsuiunssoudeds Wudsamudan
Program COMSOL Multiphysics 3.3 maraioamu b ludusuuisativesfionelu
omomdiadion lndiRoaiu

3) 19 SF, muguanuassaau i

manuassaau Iihniativesdni Ae E, w'ldan

B i (27 x 24000) x[ 1 J
(r) (1 oy 45 1, 25 i] 27x0.85%2.3

—fn + n + L n
23 0.85 1.00191 145 3 25
= 14.672 kV/cm

manuasoaaum Ilihisaiivesnuiu XLPE fie £, m1dnn
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— (27 x 24000 ) 5 [ 1 ]
(r5) [ 1, 145 1 2.5 3 ) 27 x1.45x1.00191
/ £ +=4

g, it g
23 085 1.00191 145 3 25
= 19.745 kV/em

waznamsfnudieds i luddawudmnsznennunioaaun ik XLPE (Er,) Tu

Program COMSOL Multiphysics 3.3 92 18@3317 3.64 E, = 19.531 kV/em

71 3.64 amuaTeaau Ilihida Er, auaume fie SF, Nenovina 185 sq.mm

i lannmIsusdsaumsiniznalisuieudunsmuiudlnds i luasawudnn
'l v
Program COMSOL Multiphysics 3.3 sianumaisaauy i lusunuiunsaiivesnuiuy

XLPE fimIndiRosiu uaz manueieadu lihisaiivesnuau fa SE fe £, mldann

(277 % 24000) ( 1 J
E = X
(ry) 1, 145 1 28 ... 3 27%2.5%3
——1¥{n + /n +—fIn—
2.3 085 1.00191 145 3

2.5
= 3.824 kV/cm

L] deaa ’ ¥ '
wazkan1sand03s I ludsawuamsnszneanunivaauin ihiaineluddeas

= o J 1
widia (Ery) T Program COMSOL Multiphysics 3.3 92 14A93171 3.65 A1 E, = 3.912 kV/em
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= = da =
1 3.65 anuassaeu vihiiis Er, suouie fe SF, icovuia 185 sqmm

i ldnnmsdnnadisaumsinizinsuisusumssuadinds W luddamudnn
Program COMSOL Multiphysics 3.3 manuassam Wi ludunuuisatvesionoly
rdemunidaiialndmosiu

3.6.3 MIvoAUUBLAzMIIIanImInsze a1 (e 150 sqmm) anuwAu

- 4 a @ o ; =
g I ARuAd N e e XLPE w1 ldonauns 3.3 As

24000

conductor = 1.35
0.751n
0.75

=54.441 kV/em

E

24000
EXLPE = 1.35
135m(' J

0.75
=30.245 kV/em

1) l¥emanuguanuassaaui i

manuassaauy i niativesdni Ae E, m'ldan
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—=n i n +—fn—
23 0.75 1.00054 135 3 2.5

= 14.925 kV/cm

i .= (27 x 24000 ) ) x( 1 ]

() (131.35 I .25 1.3 27%0.75% 2.3

manuaieadu lWihiisalivesauau XLPE fle £, wildnn

§ o (277 x 24000) ] x( 1 )

(!'2) il 1 1.35 1 25 1 3 2z %x1.35x1.00054
—¥¢n - In +—fn——
23 0.75 1.00054 135 3 2.5

= 19.060 kV/cm

uazwamsiundds I ludsamudniinsznsanunioaauin Iihnds XLPE (Er,) Tu

Program COMSOL Multiphysics 3.3 92 Td@s31/#1 3.66 A1 E, = 19.854 kV/cm

1 H “ M
31 3.66 AN saaun Ay Er, ausuiie fie eimaiaisvuia 150 sqmm
a_ v et 3 o = L4 = ar o 3 ad faa o
A ldnnnsdadeaumsinszinioudeudumsfaudieds I luasdwudnn

¥ [
Program COMSOL Multiphysics 3.3 manuaseaauiy I lusuauiuniativesnuiu XLPE

imlndfeaiu uazamnnuaieaau Ilihnsaiveswmuiueimanie £, mldnn
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—In n +l n
23 0.75 1.00054 135 3 25
= 3.432 kV/em

g (27 x 24000 ) x( 1 J
(r3) [1£,1.35+ L, 25 _3_) 2r%2.5%3

a = oo o ia a‘: 1
uazransfuIua33 Il ludsawuamsnszneanuassaauiy Wi nfiineludidede

wiida (Ery) 1u Program COMSOL Multiphysics 3.3 92 14ds3171 3.67 M1 E, = 3.518 kV/em

317 3.67 anunsoaau i Er, ausuie fie eniaiaiouuna 150 sqmm

hai ldnamssnnadisaumsinneiuSouieuiunsanoudieds W ludsanmdan
Program COMSOL Multiphysics 3.3 manusssamy i lufunuuisaiivesianelu
Homomiadimlndifesiu

2) [qayapmet auguanumivaaunInlih

manuaseamu I nsaiivedni Ae E, n'lden

(277 % 24000) ( 1 J
E, .= X
(r) 1, 135.1..25 1,.3 27 %0.75%2.3
—In "+ —Un" —fn—
23 075113573 25

= 14919 kV/cm

manuaioamuiihidaiveanuin XLPE As £, wildnn
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B (277 % 24000)
e
(r5) [1 i35 1, 25

E

LI ]
23 075 1 135 3 25
= 19.0641 kV/em

o - J
3] (277x1.35x1

° st e o = o
uazramafuIade3s W ludsawudninszaeanumaisadun IWihnm XLPE ( Er,)lu

Program COMSOL Multiphysics 3.3 92 18As31/1 3.68 1 £, = 19.812 kV/em

77 3.68 mnminIoaau lWihiids Er, auauig fie qoanmaiaoving 150 sqmm

Wi ldanmIsuadlsayms sz nils sufousumsannadieds W ludsanudann
Program COMSOL Multiphysics 3.3aanma3oaauy I lusunuiunsativesnuiu XLPE

= 1 = £-") 1 Av =1
fmlndduasy uag manumseaau i nsaivewmuuguanma de £, mldwnn
n

+ o et gy Ly 8
23 075 M 133 3 28

= 3431 kV/em

By <l (27 x 24000) ]x[ 1 J

(r3) (1 135 1,25 3 27%2.5%3

a = = e o i n’: '
uazram s uana09s W ludsamudnmsnszneanuaivaguin Iihndimeludneae

wiiia (Er,) T Program COMSOL Multiphysics 3.3 92 14A931713.69 f1E, = 3.962 kV/em
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= da 5
710 3.69 anaSeaauw Ilihiiia Er, auiuie Ao qamnmaimonng 150 sq.mm

i ldnnmIsnnudsaunsinszinfeuisusunssnudieds W ludsanudenn
Program COMSOL Multiphysics 33manaioaau Wi ludunuuiisaiivesianiely
Tomondaiian IndiReaiu

3) 198 SE, muquanuaseaau i

¥ o @ o 3
amanunieadu Iihndelvesdni Ae E, mldan

o (27 x 24000 ) " 1 )
() | (1, 135 1 25 1, 3 27 x0.75% 2.3
—/In + In =l —
23075 1.00191 135 3 25

= 14938 kV/ecm

manuaieadum llhiSaiiveanuau XLPE Ao £, mildnn

] 1.33 1 25 1
n + In +—In—
23 0is LOBI9Y 138 30 2S5

= 19.051 kV/em

(27 x 24000 ) [ 1 }
E = X
(ry) [ 3 ] 27 x1.35%x1.00191

e =, e L i
uazramisudwis W luddamuamsnsznoanuaioaaun Iiihnm XLPE (Er,) Tu

Program COMSOL Multiphysics 3.3 92 1d@a31) 3.70 A E, = 19.784 kV/em
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i

711 3.70 s vaauw Iihiidy Er, auauie fie SF, aevuna 150 sq.mm

o 1 Al W o [ - ¢ | = Y o s daa o
i Idnnmsauadlsaunisns izl sumeusumsmuiaae3s W luasawuann
Program COMSOL Multiphysics 3.3 manuassaauny Wi lusunuiuniaiivesnuiu XLPE

A lndiRsadu uaz manuaisamu iihisalivesnuou i sk, fe £, wildnn

(27 x 24000 ) 1 J
E = X
(r3) 1 1.35 1 25 1, 3 27%2.5%3
——¥{n + In —fn—
2.3 0.75 1.00191 135 3 25

= 3.435 kV/em

v £l
wazran sfua13s I luasamudnsnszawanuassaauin Iihnaimeludde ae

wudia (Er,) 1 Program COMSOL Multiphysics 3.3 92 1ddag1 3.721 M E, = 3.841 kV/em

519 3.71 annTeaau i Er, nuiuie Ao SF, idovuia 150 sq.mm
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hmi ldnnmssnoadsaumsinnzinlSsuisudumsiandeds W ludsanmdan
Program COMSOL Multiphysics 3.3 mamuaioanu i lufusuouisaiivesiiamulu
ihdomunibaiialndifveiu

luaideidenldme sk, mruquanuaioaau i amudennuniva
vl szam 87.8 kv /em iffosnindademoiivnasafinhfy 2.5 em daiu mnm
anuaivaauih Er,uay Er, wuhmusal$lumsnagen1dlaslidanswsnaind
Tunwudaiiduie s, uazlifaTalsiluan3seiidenlfeezasanlmiuiagauan
dwsuindeany Famuannaivaaum i 1815z 350 k/emTaodonidurugudnas

6 cm LIAZANUHUT 5 mm

3.7 MI0AMMUUEAFIHIBIFUTIARAININEIAIlANT I UG XPLE

' 3
NANEANTINTTUBNFouuAuIIuANaM Iz Uz AMIUINYIAYeInTZURN 1A

¥
] 4 v 1w 1 @ o e e N
,= 2.5 cm WiordurIuguInaalin Ay 5 em dIuv0egIUIBITUITARIIMI FUiaiu D
= o 3 = o = v 3 = 1 = S ' o = 1
?f'l[ll.ﬂl.l]ﬁ!l.iQﬂu'qqﬂzﬁﬂinﬂ'l'iﬂ'l]Nﬁﬂﬂﬂﬂ1ﬁﬂﬂ1ﬁ%ﬂﬂﬂ1ﬂTﬂT“ﬁLlﬁu“ﬁ'ﬂqﬂﬂaﬂ$ﬂ11ﬁlﬂﬂﬂ1
i = F] 1 o a [ = o =t Y - & ﬂ ' =
Partial Discharge 819adomoduda hinednu uagludnnihinilvzdeuiluganedomialy

A4 A ' P A gy aa - w P
NITNATDUINBDLYBUABDIVTAIDY ‘ﬁﬂiﬁﬂqn&uﬂﬂﬂﬁ@ﬁqzﬂﬂ 3.72

32,27

44,25

¥
71N 3.72 vuuuagamguIesTuTIMeA NI MuAILANT UG XLPE
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3.8 msvenuuUtazasgAaamaNInssaa Ivivh
' = = ! = W = o &
gaaamanuasoaaun ihnyademomidanssdugaiinihilumsmuiiunvesya
¥ ¥ '
dudausanuganganaaouldliiuiiunn awesnnunioaauinihanas hineldinaa

= '3 [ A [ o A = o =
ATFITIUNAIU luaw‘l'ﬂTﬂIﬂTiu'lﬂﬁiﬂi INTOATFITVATUNT

=]
3
3

-

-
) ¥ o
317 3.73 daannunseaau i aveddeans
:r ' =
3.9 HuuvYBIvIAdMIEIAILANISIGY
n'.: ' & = = A i O | o A a
msvenuuUTIdemeAInaunnegiitouie IiiluTanzsiiafuriuiuusesdy
3 L - = [ o o o s 3 ] ¥ 4 ar H
ihdednhmeamdauswugauaz Idudaiugusesiutide liinnnigadsgii 3.74
20
-
's]
o
~
- — | 9
20
at
44,25

" ¥
Eﬂﬂ 3.74 LUULAZNNYBIV IR TUIALL auIIg
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—— e

———

3.10. tpuvearmlunszusnazaiania
" ) £
mseenuuyludiunaanunizuenezaianlamslydmsutarhaseut e momidans g

é 3 - d'.d :' a -f'! a - ey
ge¥aldezaianlaiiinnunu 15 mm Tambheoniudadeutlszaudunszuenazaianle

weraInegli 3.75

U7 3.75 wuunazglveanihulunszuenezaianla

3.11 nuvvesrhassunszueneznsania

=9 aa () 1 ' - = “h: al o
N3 EI'E]ﬂ!.L“IJUd1ﬂiﬂﬂﬂ1‘§€i$ﬂiﬁﬂ1ﬁlﬂfﬂﬂu uaasIaIudIIzINTANAUNIIANNAY

o a i

d o w o oY n{a Y =1 & o dvad
UAZNAINIH T VAN FNTAYISUTANBIAAANUTIUUATY

109

317 3.76 nunuazglvesrhaseuszuonezaianla
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3.12. uunvasIdanmwine il¥imysa

' HS w ) o s dow o =
fnﬁaﬂﬂl!ﬂﬂﬂluﬁ‘]unﬂﬂﬂu%hﬂﬂﬂlma.lﬂ3Uﬂﬁcﬁﬁﬂﬂuﬂ‘lcﬁ”ﬁl]aaﬂi]’]ﬂﬁéﬂﬂﬂﬁﬂﬂﬁﬁ]ﬂ

(=) ¢§ Sy al = y ] at o = al ﬂ'
l.ﬂﬂ]mﬁif:f’w‘l“ﬁﬂﬂﬁﬂil"'lﬂﬂxﬂ‘iﬂﬂiﬁ i]:ﬂﬂ“lﬂmxllﬁm']ul%ﬁ']ﬁ'E‘Uﬂ‘uI'E]'ii Llﬁﬂﬂﬂﬂ?‘ﬂﬂ 3.77

&

= w oo o
3UM 3.77 vuutazgvesdizames

3.13 HanmMIveamsialosadamas

aeldeznsanlanngy 3.77 dludduTeTedezilin 3.78

t g

100mm 60mm

. % U

31 3.78 wuugimslaTeds

3.14 ﬂ1ﬁﬂﬂa1ﬂ1ﬂ“ﬂ1ﬂj1“ﬂﬂaﬂﬂﬂ
Tasn ldudaaranulasassnuied dnavmirldwisannuduussdanisanu
) - o 4 vy ¥ Y g ¥ N o T &
Muusaasninvesiag ol ldauAu ¥ (Working Stress) Tugudmndidseoniuy ¥
¥y
FundAU9 9 ANUAUDOALUY (Design Stress) HioanuAau ¥y Idadulsamnnulasany

N, iy 3
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aseuensasanlasaiumyuzanudumiaue Mrueriinanene My
w o= 9 é el o o o as ] d = J
aunivesiiaiia s iefsuduiainnu i dmsuduanuduiinaliuauuuIves

= + 5 = 1 9 1
N3INTZUON BUNANUIAULLILAY (Longitudinal Stress) BAnTounanmAuluuaduseu
4 & a
A39 1ufe

Pr
2t
a4
Tj3
o, = anudulunuunumsanssuen (N /m?)
P =anuauemd (N/m?)
r = 3alvenszuen (m)
(= ANUNUINBINITUBN (M)
& nmauguEiAvemmaanuriae 8o, =37.922 MPa

. i 37.922
AIUU o, = ——MPa (Safety Factor = 3)
3
=12.64 MPa

NAUMTN 3.4

2to
wld p= =
- r
_2x(5x107 m)x (12.64 MPa)
0.5m

252.8 MPa

Y o ' - 5
dle P, fie AnwduusIcIne danasgiuiszduimeiaiszua 14.7 Psi n30 101.3kPa

& ,, v H
aaufFouiioy 1Idnuanugavenit 1034 m uazson 760 mm

252.8MPa
101.3kPa

= 2.496 bar

Y v
daiu myvaomanamnnulasany =

124




3.15 ayqll

ussduilFlumsmameuiing 20.76 kv uazussduiildmagougagaiint 24 kv
MATFIU EEC 605022 luminageudesiimsdenmuniiiassniiionnsiiadeas Tavdsit
KoamilsdadednalivIffamiFvadanaluideme Fazinliaiifaldianan Tas
msﬂammﬁaﬁ'msz"'J'amhw1ﬂ1ﬁ1ﬁxﬁﬁ#uﬁ’aﬁ'3ﬁ1ﬁu§u5zmnmuﬂﬂnmﬂzﬂzﬁﬂﬁ
auhiihiiiuinfugauiumguenniFeasanivlduazszos ey semiconductor
layer U XLPE miludndutsiiinanemafiamiiFoananialdmusiu msssnuuuiaiives
nszuenezaianlimquiianmumnzanveamsanszuendouunusan1dsaiinely vesnszuen
Wiy 25 adasialdidennszueniifisafiniouen 30 dadmas wazannsnaaeaf LI

au IdhnnaunisiwsginSouisudu s2doudsimadaaveuy W ludsamud wu

¥
a

¥
' Qs ' o oa a oo 4 =

FTULHIIAIUA 30 VAANATIUDITLEL 160 HAAIUATINDHIANYIIVDINTZUBNDZATANIY

' ret P T I ar P .2 - ' v oA
wu bty Iddhaiantuus s Iduusnamivesndusuiuiinnszezanuvie uaile

£l "
wnsanswiuanuazalnlunmsiszneumedinuisonazanulszndane lidealonae
wialierunulduds Juden 1 l%5ze2¥11 90 Hadwuas AInTzUNTIANYI 250 HAALAS
Fl
o - o = 4 o " (=1 ot o

1A lufamsiBeadarises mstszaeui lade ludualdsiaie vunanzyiasa uazen

=3 H P T ar H ' ar
AMIMUIUANVUVULTIVDINTZUIANHUI 5 AANATNUINNULTIDAINANAIANNYavady

é -3 dl 1R 1=
1% 2.496 bar Fausaoaoimeane 1¥auegn lunu 2 bar
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N 4
a d a d
M3 IATIZHIIAMAAYITIVI9AIY (Partial Discharge) Bz

Dielectric Loss ¥93aenlansanugy XLPE

sineimmarssaneduiisamelumunbaus siugs Winorinudunil
WumsnadeumomlionsWuga XLPE Y1IALTIAU 24 kV 5au'flgwiaﬁ1mmﬁnmqﬁ'uqaﬁ
ponuuuuazad1sty Taoldme sk, dunuau Taoimihilumsaaaaunioaauiiih
moluiadome wie vinamveimuaidaiszdoshimsleniensnaaeummanmi
iRy msInTzHnuaniavesiig feunsaduanumuiuyesme Tasms

ar ar . 1 ﬂé 1 (=] 1
Sannuduvasmaiganinadarziinademinaaouadmisuiadiu

4.1 gUnsnimsIamim Partial Discharge (PD)
1. 1n3pa3am1A1 PD
2. msesfuiladyanaiad
3. MM FADTIIATTIUILIA 100 pF
4. nileuasmaaouVIA 107100 KV
5. rdomuaiiafiadasumageundoumy
6. @10 XLPE 11330112/20 (24) kV vinafuiinda 240 sq.mm ,185 sq.mm 1Az

150 sq.mm

4.2 Humeumsnareuinaemunida

Tun133anIAT PD  928AIBINITNATDUAMINNIATTIUNITNATIVYDI [EC  60502-2
nanfe sundiansIdugIvIARng 1220Q24)KV Taoassainsiaun1unasgiu IEC 60502-
2 i 20, Sawidu 24 kv THudiunan 10 Sec udMnINAdeuA PD pomnfiiifa
usadui 3U, MNTUB LA PD 08MNIINI0YBAATEITA PD FundovzudaInaveiia

15 3@uUaY Partial Discharge (PD) Handuwinls uag vondyanasuniudreniiuindosun

o4 A5, 0 iao
TwudhdyarasunnannieziinadenPDinialdde




Hipotrouies PSF ample Under Test C Calibrator
C =100 PF

E

I

PSF Ground Staud

HV Area Ground
Connection

517 4.1 2995 lumsnagey

= d 1t a d 1 = ) == :.'; A
4.3 m‘i'éllﬂ‘ﬂs‘ﬁﬂ'lﬂﬁ'l‘l‘iil‘l.l1Qﬂ1u1uﬁ1ﬂlﬂmmiﬁ~1ﬁ“qq XLPE nﬂs::namrmama

itiia Viaan

minagenlasl#inioaianidaianredau (Partial Discharge Analyzer) ¥DIUFHN
HAEFELY TRENCH lumisdniiziiamaieg lumsnadounaziamansivnsdiua
R334 IEC No. 270, No.60502 yminageuauIuvesmaaiiafszduns swuilflums
NAADUAMNIIATIIY IEC 60502-2 Tavaoiatinyns THAI-YAZAKI fauduilu XLPE vuna
240, 185 , 150 miiiadwasuaziifasz AL Ii 1220 kV nadeuTiTzdUNs IFugaRR 24
kv uaa1 10 Sec M1NUINTTIM IEC 60502-2 masgiumsiaaamiouadin vzldusedu
wamoude 173 U, MinsAnaammussiuiildnagous: Idussdumaaeumainaanis
VAN

1ummﬂmmmﬁauiaﬁ’uqaé’amfwiEJﬁwmsﬁausqﬁuqaﬁaanuwﬁ%’mﬁanﬁamu
u mavmihitaannunioaau fhusnadaemeadailasnnioinmsaiugumsiin
mysamu i Tunsnageumumiiafisademonidialaesulfussdulunsnadoud
seiunsadn 0 kv udaldseduiulldosn wnhindemundaus siugesz 18Aunasgu
Touisdnuazvesnuuit ¥ lumsnanoudsil

1) UM e 9INA(AiD) Sae 1A 1.8 bar

) uumafegumax3x10 Torlaoldintenihqyaimaluniesihn b

3) UMM Ao SF, 6A0INIAN 1.8 bar
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4.4 wamsnageumansssandumenidansaiugs XLPERUsznauiu
ihdemeia vinaidn
Faiiavosmsmaaeyiadidde i
4.4.1 HOYBININATBUTAIBVUIA 240 sq.mm
1) MINATDUMIMATIT I d YD AT AT ITUT 24 kV Taol4ademu
A sRL IR Ao 0107 (Ain Saemiaiussdulunszuen 1.8 bar usidunadey

20.58 kV A214D 50 Hz vamsnaaoy 1aszaua1 PD = 8.55 pC

! n‘: ] = =3 = =
zﬂﬁ 4.2 HamInaaauvINDaIunILa RUIUNY ﬁ'ﬁ] 2INIANTIBVUYUIA 240 sq.mm

| e o 1 - o 3 '
2) NINAADUNINATYIIVUNAIUVDITUIALUALITIAUN 24 kV ]ﬂﬂl%ﬁnﬂﬂﬁw
= ot [ - = ot =
PIUALTIAUGIRUIUNTY AD TYYINIA NUTIAUNATDY 20.48 kV AIUD 50 Hz WANMTNAT DL

1852A1uA1 PD =9.85 pC

[ ¥ [
314 4.3 wanmsnaaeuinAemesaia Tuan1zgaINA NAWYLIA 240 sq.mm

a
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e o 1 = o = ni: '
3) MInadeUHIMATIIIIdINveImuAaus wug 24 kv Taslgvadede

iidiaus snganuIume Ao SF, dananussdulunizuen 1.8 bar Aussdunagon 22 kv

o

A0 50 Hz wamsnaaey 1aszAua PD = 4.12 pC

[ ¥ v
31U 4.4 wamsnaaeuinAemoiAia AUIUMY AD SF, NA0VUIA 240 sq.mm

4.4.2 HAVDININATOUNAIWYUIA 185 sq.mm
1 & o 1 = [ c:: 1
1) MInaaeuIMaasIs vudIvesmaniiansidugs 24 kv Tasldiadeas
inilianssdugInuIuma v 01019 (Air) daoIMANLIIAUTUNTZUDN 1.8 bar NFIAUNATDY

20.45 kV A0 50 Hz wamsnaaey 1asEAuA1 PD = 8.87pC

v ¥ [
171 4.5 vamsnaeudRemoAiia UMY Ao 9I1MA NA1WYUIA 185 sq.mm
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¥
=) o ' = o ¥
2) MINATDUMIAMIAANTVUNAIMYDIM TN UL 24 kV Tagldidey
iidaus WUFIRUIUME Ao qyaInA NusIRUMaaeU 20.05 kV 12100 50 Hz HaNMSNAR

1@52@ 1A PD = 9.78 pC

] ¥ [l
517 4.6 vamanaaeuvwemoaia Tuanizgyy NI NaBvIIA 185 sg.mm

¥
3) MINAABUMIMARINTIWNA VB ImoIITausIdugd 24 kv Taoldianeay
idaus wugIRuIUMIY fio SF, 6an1aiussdulunszuon 1.8 bar MusaAuNaaoY 20.95 kV

AUD 50 Hz waminaaou laszauaT PD = 4.56 pC

: ay; ' = o =
Eﬂ'ﬁ 4.7 HamianaaouvIaeTuaila RUIUNIGY ﬁ'ﬂ SFﬁ NABUYUIA 185 sq.mm
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443 HAVDIMINAAOUNAIWUYUIA 150 sq.mm

o
1= ' = o < Y 1
1) MInadeUImaay3 1sduvesmombauswug 24 kv laslsinaede
wifiausaduganuauie Ao 01 (Ain Saeimainssdulunszuen 1.8 bar iussdunaaoy

20.21 kV A70A 50 Hz waminaaoy laszaua1 PD = 9.25 pC

m t
20.21kV

' ¥ ]
U7 4.8 wamsnagevidAemoniia auIMMA AD 9INMA NAYVUIA 150 sq.mm
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Analysis of Electric field and Modeling Design of High Voltage Cable
terminators for PD Testing Using SF¢ Insulator
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Abstract

This paper presents the analysis of electric field by using FEMLAB simulation tool to find the optimal electric field and
component designs. Design of Cable terminator is tested by finding PD Value with IEC standard. This paper also proposes the
electric stress when we design the cable terminator includes SF; insulator. The modeling design is very useful for High Voltage

engineers to find the optimal solution of Cable terminator design.
keywords : Insulation, Electric Field Stress.Tesla Transformer

1. Introduction

Because of the country has a lot of improvement in
distribute the electricity power. Underground Cable is a part
of system. The testing to find the Partial Discharge inside the
cable so that the stem of the High Voltage Cable XLPE is
important for testing analysis. From the several study of the
Stem Model which is connect to the High Voltage Cable.
The example has model by analyze the High Voltage Electric
Field from the calculation. But in this article would lead for
analytical for finding Electric Field that happen in the cable
so that it would be improve the stem model. From the oil
transformer insulation and other insulation substance to be
the insulation substance in the past to be the insulation
which is using gas SF; to be insulation substance in the stem
connection to High Voltage Cable that has present in this
research.

Figure 1: Structure inside the High Voltage Cable

In the consistent of insulation against electric voltage is the

highest electric filed stress can endure without damage or
lose the insulation state. In general, there could find from the

regular electric field

From the first equation |

U

max == du *

E (1

By Em : is highest Electric Field Stress (kV/mm.)

U  :is Electric Voltage (kV)
d  :is the distance between electrons (mm)
n* :is Electric Field Factor

Electric Field in the high voltage cableto be use the
insulation that has the value E, that difference is suite for the
irregular electric equation so that it would help the electric
field stress in each insulation to have E, value differently to
be similar. The dama%e of electric field in the insulation that

can count from the 2" Equation
E, = £,&,U @)
X r% ?-2
r.g,| gfn—+¢g,fn=
£ h

By E, :isthe Electric Filed Stress in the insulation

atr (kV/mm.)
U :is Electric voltage that provide (kV)



£€,,€, : is Permittivity of the insulation 1 and 2

1, :is the radius of the conductor (mm.)

r, .1y :is the Radius of the insulation 1 and 2

2. The Calculation of Electric Field Theory

£ =50
e
EM—ZJ

Conductor,¢ = 1,84 cm
XLPE ¢ = 184 cm
FVO ¢ = 184 em

Figure 2: Showing the structure in the period that has the
electric field stress in the high voltage cable XLPE

The diameter of the stem cable from figure, can finding the
diameter of the stem cable from the 3™ equation. By r, is the
radius of the conductor is worthy 9.2 mm > and r; is the
radius of the stem so that it would be (High Voltage
Engineering Book, Dr. Sumreuy Sungsaard)

B = nXe

92 xe

25,01 mm

Instead the 2™ equation

2.3x1x 24000

£ = 25.01 16
16x1 2.3;;;[ il (PR g,{_]
16 9.2
= 218 kV /mm
B! = 2.3%1.00191x 24000

25.01x1 2.35;{25‘“‘]“ g.{ﬁ)}
6 92

= 1.395 k¥ /mm

Suppose r; = 50 mm. Cause of his will create the stem
connection which would have a radius equal to 50 mm. so
that:

2.3x1x 24000

{2l )

348.69 kV / mm

Er, =

From the Electric Field Stress Er; and Er; will find that can
be use in the test without breakdown. This research is chose
to use the stem model connect with the clear acrylic to be the
insulation material for stem connection, which is durable for

July 6-10, 2008, OKINAWA, JAPAN

the electric field stress around 35 kV/mm. By using the
diameter 60 mm. and 5 mm. thick

3. Analysis of the Electric Field in the High Voltage Cable

The length of cable stem, consider from the voltage
testing and the peel line system between the conductor and
the ground. By the high voltage that uses to test according to
the standard IEC 60502-2 is 2U, equal to 24 kV. For the peel
system distance, from the model of electric field stress
distribute. It would be the distance of peel system equal 6.5
cm. According to the Figure by consider from contour of
electric field between the tip of line system and ground.
While consider with the tip of electric line system so that the
all distance of a peel line system will equal to 9.5 cm. And
when the oil transformer is control the distribution of the
electric field in the whole distance at the tip of line system.
It would be length at 20 cm.

Elewtrn firkd
Vet ¢ lamidee
§ e ton
[ I e
i : >

Figure 3: Contour of Electric Field at the tip of cable line

The model of electric distribution of the component.
This project has bring the rule of finite element to help in the
analysis of electric field stress distribute. By using 2
dimensions of analysis and without thinking the result of left
purgative left. Use FEMLAB program which is high voltage
in the test that is 24 kV and the value E, from the result of
electric distribution model from several component of the
line system that design according the 3" -4" picture

e LR R
gt SRR SRR G TR WS ek -

218 kufmm. -

Figure 4: Show Simulations Electric Field Analysis
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Figure 5: Show Simulations Electric Field Analysis

According to the theory of cylinder overlap axle that
suitable. It can calculate the side of cylinder r; = 25.01 mm.
or the diameter would worthy 50.02 mm. that is very
difficulty in establishment. Because the area of cylinder face
is less and difficult to insult the gas pressure meter which is
space and valve for air pressure and the important thing is
cannot seal for gas inside. So that the suitable for the create
and comfortable for the model so the design of the high
voltage cable stem to be the diameter equal to 100 mm. The
main test of the finite element program that model of electric
field equal to 100 mm. The result that the value of the
electric field would be insider the radius, its show that the
cylinder that has 100 mm. diameters can be use

The model of the base support for the high voltage
XLPE. A part of base support will have the touching with the
high voltage cable stem. It should has a suitable point which
would not built up the capacitance at the connection point so
that it would be Partial Discharge. If the connection point is
not match and the other task would be the cable connection
point for testing to connect with the distributor. It’s use as
the aluminum from the picture 5-8

Figure 6: Show the pattern and the base supporter for the
high voltage cable terminator

Figure 7: Show the pattern and high voltage cable

terminator

1 ]
kN0

i

Figure 8:

Show the pattern and Sail Gas SF, that leak out
from the connection cylinder.

Figure 9: Show the pattern and line connection which is

Figure 10:

using gas SF; to be insulation

Show the circle of line connection which is using
gas SF g to be insulation testing for finding the
partial discharge value in the high voltage cable
in the side of 24 kV
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Figure 11: Show the example of the testing in the Partial
Discharge Model

4. Summary of the Analysis

From the analysis finding the result of Electric Field
Stress which occurs in the cable would make the line
connection model in this research is easily done. Including
help to know the distance of the cable peel which would
mixture with the line system that has design from the
analysis of electric field. It is easy to create the high voltage
cable connection model for testing partial discharge which is
using SF to be insulation. It would be the improvement and
innovative of the partial discharge measure that more
effective for the future use.
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ABSTRACT

This research aimed to design and construct the XLPE 24 kV high voltage cable
terminator in order to find out the partial discharge with the application of SF; gas insulation Then
, it was calculated to find out the electric field parameter and designed to simulate the distribution
of electric field stress at the cable terminator in non-insulation condition by the application of
finite elements method. Moreover , the experiment after aimed to find out the optimum parameter
of Electric field Stress and the application of insulation called SF gas insulation which is a good
insulator. In addition , the appropriate dimension of cable terminator with gas insulation to control
the electric field at the end of underground cable was calculated. This designed cable terminator
can be used to examine the partial discharge according to IEC 60270 Standard. In this research ,
the researcher applied the SF gas insulation with the cable terminator instead of transformer oil.
The researcher also studied the output of the cable terminator with gas insulation for developing

appropriate method to test the partial discharge of high voltage in the future.

Key words : Cable Terminator, Partial Discharge ,Electric Field Stress, Insulation, Electric Field

Underground Cable , High Voltage Underground Cable
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PD Detector 1 - 6/08/2008 01:24:02 PM
Discharge =29.94 pC, Voltage =5.38 kV
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PD Detector 1 - 6/08/2008 02:54:22 PM
Discharge =25.11pC, Voltage =2.94 kV
71 11 auaufing Ae goynaa Ausadulunszuen 1.8 bar

PD Detector 1 - 6/08/2008 02:54:22 PM
Discharge =4.12 pC, Voltage =22.00 kV
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