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ABSTRACT

This thesis proposes to represents the investigation of surface tracking of various
types of cable insulations. Five kinds of cable material i.e. XLPE-unfilled carbon
black, XLPE-filled carbon black, low density polyethylene (LDPE-filled carbon black),
medium density polyethylene (MDPE-filled carbon black), and high density
polyethylene (HDPE-unfilled carbon black) were examined. The test specimen has a
dimension of 10 mm in width, 50.8 mm in length and 1.52 mm in thickness. The test
samples were classified into two groups for investigation. The former group was the
new test samples, whereas the latter test samples were stressed by thermal ageing
with 120°C for 168 hours. Then both specimens were examined. One side of the
specimen was contacted with high voltage electrode terminal made of 1 mm
diameter Nichrome wire. Another side of the test specimen was dipped into 0.1
percent solution of ammonium chloride as grounded electrode. The spacing
between electrodes at dry area was determined for 25.4 mm. After completion of
the test set up, AC high voltage was applied to the test specimen. The dip rate of
the specimen into the solution was set up as 4 times per minute. The test voltage
level was in the range of 1-3.5 kV. The experiment was performed in accordance with
ICEA S-66-524 (Method B). The test voltage was applied to the test specimen until
the insulation failure could be observed. Then, the insulation failure voltage and
failure time were recorded. The test results illustrated that both unaged and aged

HDPE and XLPE-unfilled carbon black provided the higher surface tracking resistance



than XLPE-filled carbon black, LDPE and MDPE respectively. Besides, the thermal
stress aging had not much effect on the surface tracking characteristic of tested
material. It can be summarized that the material structure much more influenced

the surface tracking characteristic of the cable material.
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1.1 anuluniwazanudAgyvaslym

Tutligtu aewaiaoinia(space aerial cable) wiofitaFuniuinany SAC difnd
Jusrgiifleniinder Fussauiuassty auiuduiiniadunseaddneiofidudlinay
ASUBURUEN(XLPE-unfilled carbon black) aurnduiigewiandenuenilunseadadned
lfiAuTNANANSUBULUAN(XLPE-filled carbon black) faguil 1.1 aewilai iidad(shield)
gniunlgluszuudmingidsini 22kv, 33kv dmiumsiiihdiuginiaPEA) uazszuy

24kV dwmsunsluiuasuaiaMEA) (ﬁyaztﬁ'ymgnﬁiuﬁufumﬂnwn n-7)

WABN XLPE (Filled carbon black)
AUIU XLPE (Unfilled carbon black)

ANIUAIUN (Conductor Screen)

P

a

L8 (AL Conductor)

as

PPRDLER)

(n) (V)

JU# 1.1 (n) angiadaninA(SAC) dmsuszuudmuielnih

(%) TAseas1avasansAlaninIf(SAC) [1]

Ygyyiinuvesiane Ao anmiAtvesans SAC Wensidenanmmiagnyiranelviin
anudemenievdanilddassldiuludnszeznamis  auvguesmsgnyhanevain
aurueninuntadenieg Wy amnuaTeaauinlni gaungll A11uTau Lawan
WINNA AnTwIndausie TiRnssldau fuarens dunsa lainde wisenavziinainian

q

fhanldviduauuvesangli visoainangunssiiadusineg Mdlunsindsu Wusy

Uaduenee a1t agviilianmineesans SAC Aeee Budsanimessnisiuauiuas

o o a o ) aa - a a & ] _ . a

Foeq MiliiAriinszuaiazlvannagelu wastinn1sfavisaunsdiu(partial discharge) Uuin
w o L = d a 1 = -dd

Yoy SAC aaisenaiAglagudssnnudgeiuten suuusosailwuiiauniingg

Andsany SAC MugnileauIulwiiiinsulator) WUAIFUN 1.2(n) w3euiinany SAC fu

wdaaiwasi(cable spacer) L'&uﬁcgﬂ‘ﬁ 1.2(2)



d = € i - d" ﬂ‘ ) - s
JUN 1.2 Aawisavndiuniadeumendadalsun (n) iisdunusnuEiang SAC fugnie

avulnyh (@) Hedunusiatiats SAC NuAlaawes

o o= L3 1 1 vV a J ar = d' >
HAYBINTINARAYISIVNEINITABIMAnAAUA YYINTUNIUTEULING wasdaans(radio
interference) uagyilviiamsggdsiaalwi Msendt Madlnwiggydslalsui(corona
A - ‘I‘ - < - o L 4
loss) Wiainannenszuadilanuiivesawiu auiamsulnmuEa(flashover) agvinlv

L
-

\iInTBTBBULRT M3enT tracking v3Ba1AiANTSANNIBU(erosion)iinduld (usagun 1.3

Erosion

o - 7 = ] 3 a
JUN 1.3 maiAnses(tracking) wagn1sdnnsau(erosion)uuiiany SAC

idlainsen tracking 1ntu nszuaialvafiazdanniu sunseiainldiAsnisendn
(arcing) w3eaun3n(spark) udtilugmuduimarfiauysaiveanisiinseenaia vie
surface tracking failure ¥83a18 SAC Lﬂiuﬁ’qgﬂﬁ 1.4 Fuiindusenineany SAC fugnie
auaulnih wazguil 1.5 Faufedusewineans SAC Auimdaawioes ulumgliiAnns
dmvasvasszuuiniluaninlwiidulblackout) vildszuuiddlniaduiiaanuindede
(reliability)waziais sam(stability)anas neliiinaudeniesaningsnawargnannisy

Wurenale



P v - a a o - - ) a ¢
E'U“ 1.5 AMUAUVAIUDIINNNTAATDENNHINUILIUNIAE SAC nulAtUaaLuLeos

fewmaill 1ATeieIiunsifinseenia@ia(surface tracking)vesans SAC Jaududad
Il [ 1ol a e o T o= W a P Y = [
wauly wardiliifinansifenuudaineriuiasauiunmunsandmivvinats SAC Faiide
asdudn ddsuauiuvaatdenuanats  SAC  npudadunseadiAnedioRnaunnay

3 o [ a 4 4 ] o a . Vel 1 ]
ﬂTi'UE]'LELLUaﬂlﬂLﬂuaqi'ﬂﬂLW]U‘UUQE]UVIWTH'WE‘UQS‘U'JUun{jﬁy'ﬂqﬁﬂ\ﬂ tracking ladninegnals

MATEIMInus 3elvihnsAnumitessdnsiiasesmeindviuauiueaden
aeialanInig wagAnwmiaudunussenIussulwvih-nawensiianuamaINIg
Avesianauiualaviiasineg WewSsuiisuivauuwuuiduildeglulleqiu Ae Aseadad
wedlefiaunlinaumivauwuanuazaseadernedieniauiinanmiveuuudn fuauiueiia
Tmidn 3 oila Jaduvdanediefidu(polyethylene) ldun wodlafiduriinaamumuiutiusi
(LDPE), wadiehiduvinainuvuiuuulunala(MDPE) uazwadieniaurinaiumuiwiugs
(HOPE)  Tmgviamismaasunieldian1nzund uaranneiignisiengiemiuiouthermal
ageing) %umauuaﬁ%msmaauﬁﬂLﬁun'ﬁaamﬂﬁaammmmiﬁwu ICEA S-66-524 (35 B) [2]

387305 Dip-Track Test [3]



1.2 IngUsrasAraInIsAnen

1. iedAnwanautRvesTagauiuaidasdasie Avungaudwmiuiduauiuves
wWienany SAC

2. \flBRanuuuANABUANIUYIUANSIAnTaEMeRI(track  resistance test set)
MR ICEA S-66-524 (35 B)

3. ieAnwINsAnTesMeiwar e udusErInausadiulii-naivenisiie
anuduvaaiesianauiuadavinsiiieg Tuanmzund wazluannieiign
13901 AILANTEY

4. eagumnumnzauvesianeuiualarialmifirrsesiunlivhauiuveauden

a8 SAC Baazreuntynises tracking

1.3 ANNAFIUVIINITANYN

MndeayasienunanIteves MTEC (gudmaluladlanzuasiaguiianii) wie 26
AUAS 2557 FanslwihaugiiniaPEA) lalviuideun MTEC vimsidemeuiuuss
aunalaawgasvlianediefiau weasnadaawwesuuuiuiiialymivssuiiaia

& ) v A o e < & dda -
ATIUAWANTN InsrznuauTauInLasLaaviadyTlailmivieluveiuniidgnises

& oo v & o a s P o o o 1 s o,
AU A wesidenanwmiisuiwruazeasmniununiiiuasiaiwesnanedu
snhlihuazsdusiummiliiialgmane SAC sulinuiavee ) Jevsauduagonusly
usiazAATURUTIWIWINN

namIveues MTEC unumelalagidouasiaunalaaniwasvianodioiauainy
wuwiugadunadiis Faldrunisneasuudrindiarumuniuganiuuuidsunniugng
anmeiouly

sauualdauufigiuiminasildsuawivreadenats SAC wwluawiuvlawad

iiduAIMIILLUgeRIEAnawIuKUUFIvEs lineafulymiTes tracking

1.4 YBULUAYDINITIVY

m'ﬁ5’51516'{%m‘sﬁnmamauﬂ’ﬁmaai’aﬁ}amu'ﬁﬁﬂdw‘] Fmngaufuany SAC uagvin
NMINAADUIATITINITAATOENIRT WIANFNNUSTEWILTsRUlAI-Ia1veIn1siia
mmduvamiivesianauiuala 5 olia fis 1) aulunTeadsAnedieniiaudilinay
ASUBUWUAN(XLPE-unfilled carbon black) 2) auiuAseadsAnedieniiduiinauavey
WUBN(XLPE-filled carbon black)  3) aulunedlefidusinaiumuikuus(LDPE)finay

< < a ada a ' o & ]
ATIUBULLUAN 4) AUIUNALDVAUTUAAUNUILUUUIUNAN(MDPENNANAITUDULUEAN



uag 5) amuwaﬁLaﬁﬁuﬁﬁmﬁmwmuﬂuqamDPE)ﬁlaJmaum%uauLmﬁn Jusathmaaeu
wilait 1 uay 2 tuhunnauiuvesans SAC @ndufedrmedeuiadi 3, 4 wag 5 18
Mnmssatuguienmieu Juiedimaasunsazviauyeeniiuasingu nguusnidu
Fusethalmilildgnissony naaeuluanmsund uasnguiimsadutiuietaiignissonysdae
arwioulasnisauiigamad 120°C Wunan 168 Flus Fusegnamaaeuvisasanguazgn
thumedsuiiawieuiiouiu Taedunilsvestusetrmaaeuseiutadidninsasulnin
ussiugeheaailasu(nichrome wire) fivuiadusiugudnas 1 faduns Sndumila
yastusetnmaasuiasluasazarsuenliionnaslsdiNH,C)  Fovar 0.1 Fudutn
Sudninsafideasiu Avuaszeziieseninatadidninseluvinafiufady  band)

o =

25.4 fiaduns (1 1) szivussiulwihnszuaaduiliveasuaglugie 1-3.5 kv lagauiunis
ADAAADINNUNNIT M ICEA S-66-524 (35 B) [2] %3875 Dip-Track Test [3] Janimiian
naaaugnianiessumslaslsanugndnagln naaeuiaatumalulanszeunduingu

q

nnsannsell uaglsanugranansln viim asslvelisuaudiaita $ain wmwu

1.5 NUNIUITIUNTTUNNGIVDY

U 2503 fnsviaueraudes “Electrical Tracking Resistance of Polymers” [4]
e G. M. L. SOMMERMAN Tu AIEE Electrical Insulation Committee, Atlantic City, N. J,,
June 19-24, 1960, Paper 60-857 lagldvimsfinwiAdueununsiinsasualian
WoAlNaITUARI99 1BU Polyester chlorinated, Polyvinyl chloride(PVC), Epoxy resin,
Polycarbonate resin, Polyamide (FM-3001), Polystyrene, Epoxy modified, Polyester
acrylic  modified, Butyl rubber, Polyethylene(PE), Methyl methacrylate,
Polyoxymethylene, Polypropylene, Polytetrafluoroethylene Wudu fmeisnsneasu
Dust and Fog Test (ASTM2132) W3suliisuiuis Arc Test (ASTM D495) wWui1se8elIan
Y8IN1LANAIINANNAIVDITS Dust and Fog Test 92UINNT1V89ID Arc Test 19U SzE11a7
289N19AAANEIMAITEY PVC d w3y Dust and Fog Test awuUswangs 0.5 ¥3lus usl
dm3U35 Arc Test agUsvana 53U, d@u PE dwmiu Dust and Fog Test agUseunsu
15-40 Hlae usidm3UTs Arc Test azdsvanas 95 Junil mansnaasuiildveniiaesisas

ululufienisiigenndaaiu

¥ 2508 finsunauenaudes “Discharge-Resistant  Characteristics of the
Polyethylenes for Wire and Cable” [5] lae E.K. Duffy, S.Jovanovitch, I.J. Marwick Tu
IEEE Transactions on Power Apparatus and System, Vol. PAS-84, No. 9, September,

1965, pp. 815-825 laglaviinsd@nwanusuniunisiinseevesianauiuting e sy



35n1smea@eu Dust and Fog Test (ASTM2132) wuanauiuaiin Ozone-resistant rubber (oil
base), Polyvinyl Chloride(TW type), Neoprene(jacket composition) wWway Ozone-
resistant  rubber(butyl base) HszazinatveinIsiinAduval desnin 1 Falus
Hypalon uag Polyethylene (weather-resistant, black) fisrurna118INSIANALALIYAY
Younin 2 Falus dau Polyethylene (low molecular weight) flsildansifuidu svezinan
¥93N5IAnALANWAT 40-60 $alua Polyethylene (high molecular weight) Tilaild
asiiudiy szeznanveamsiianinudumas 200-250 $3l8  Polypropylene (black) &
srEEAYRINSInAINAIWA 250-300 49lua  Polyethylene (high density) #ilsild
asiudu wag Irradiated Polyethylene(black) fiszeziianveInisiinaauaumal 350-
400 #alua  dwdu Teflon wae Silicone rubber #lildansiduiiy Sszeznarveansiin
AmuAIIMAITIgaian Ae 400-500 Falus  uazmudmMasnansasusuwudniinavilil
SEETIAYBINISIAAAINNENIMAIANAY WU auau Polyethylene (PE) fifldiunauaiiuau
wudn Yesniwiewiiu 1% szeznatveansiinaudunalnsysyann 200-250 Hala
SElAUNANANTUBLLUANLINATWIBWINAY 2.5% SE8EIa118IMsiinm LA Izanas

widetaunin 2 Talud

9 2510 fimsiausranuiias “Dip-Track Test” [3] 1 C.F Wallace, CA. Bailey
1u IEEE Transactions on Electrical Insulation, December 1967, Vol. EI-2, No.3, p. 137
(Paper 31 TP66-360) lagldvinisAnwmanudumumsiinsesvesianuiasiiag deas
W3guiisuiuds Inclined Plane (IEC587) wuindanuiia 2029 Paper Phenolic Yugien
ussduivhliiAnamdmaivesnsiinsesdsi dmiuis Dip-Track Test azagUszay
1.6 kVac 33 Inclined Plane 9zagiuszana 1.5 kvac  dwiuiaguia 11508 Glass Cloth
38 Dip-Track Test azUszaned 2.6 kVac 3% Inclined Plane agUszane 2.7 kVac  dwmsu
Yanyila Vulkene | (Carbon filled XLPE) Cloth 35 Dip-Track Test a¥Useanm 1.2 kVac
dwiuTanuila Vulkene Il (Noncarbon filled XLPE) 33 Dip-Track Test agUssanm
2.5 kvac 38 Inclined Plane asUszana 1.75 kvac  dwiudan Neoprene | 35 Dip-
Track Test a¥Useanas 1.4 kVac 33 Inclined Plane gUswanm 1.25 kvac  dwiuian
Butyl 735 Dip-Track Test 3gUs¥ana 1.5 kVac 73 Inclined Plane agUseunay 1.25 kVac
Lara1usu ‘5’?!6} PVC 35 Dip-Track Test aguUszunas 1.3 kVac 35 Inclined Plane 9%
Uszanm 0.75 kVac waxajuinis Dip-Track Test lenafilndifsuazasandeaiuiuis
Inclined Plane usiidaiindi33 Inclined Plane Aovuravestusiogimaasuazdnnia
wangdmivTasildrusiiideditavessuaiibiansanioutuiiegedmiunaasuld
yenniitalduaiisanganiiissu 1w 38 Dust and Fog Test (ASTM2132) agldinanlunis
nadau 200 Falustu dwiUTs Inclined Plane (EC587) asldanluntsvaasuyszanm 2



fla 3 dlus dwmiutaquianiie wasds Drop Test (EC112) agldianlunmismaasuyszaune
- 1ol = 1l o e - o
30 u uAIS Dip-Track Test aglgtiarlunisneaauielainuii Jsarusanaegyiings

vaaeutlivateqass viliatildiimnugnieazuiveundy

D 2547 fimsuauenaauides “Analysis of surface degradation of high density
polyethylene (HDPE) insulation material due to tracking” [6] le& R Sarathi, S
Chadrasekar, V Sabari Giri, C Venkataseshaiah and R Velmurugan Tu Bull. Mater. Sci,,
Vol. 27, No. 3, June 2004, pp. 251-262. (indian Academy of Sciences) lavindnwn
LﬁmﬁumiLﬁﬂ‘saa(tracking)ﬁ’m%'uﬁ'aqamuwaﬁLaﬁﬁummnmuﬂuqa lagvinn1svaasu
n1siingee(tracking test) 833 Inclined Plane (IEC587) WU132821Ia1983015LANAIM
duwalveanisiinsas(tracking time) Musaunaaau 2 kvac , 3 kVac, 4.5 kVac uae 5
kVac fiB 360 Ju¥, 60 Ju¥, 30 Tufi way 25 UM MUAIWNU  WUINITTEELIAITDINTIIAR

- " " = ° i
ANAUWMAITEINISIARIBl(tracking  time) AN lWWNN(conductivity)uasaisazaney

viedau 1,000 2,500 3,500 wag 5,000 s/cm dwiudhegieiibignisieny Ae 35 Jund,
- = < = i o ar e ' - L] W v
34 3undi, 20 Uil waz 9 Judl eudwiu dmsuietngnissenyiieainuieu 90°C,

15 34 Ao 24 W, 20 UM, 14 Tu9 way 4 UM ANUaIRY

U 2554 finstiiauarausae“Study on the Field Behavior at the Contact Point
between a Covered Conductor and a Dielectric Solid” [7] 1@ Quoc Viet Huynh,
Boonchai Techaumnat 1u 2011 International Conference on Engineering and
Information Management, 15-17 April 2011, Chengdu, Sichuan, China, pp. 148-151
TngldAnwmaunulnih u vinugedudaszwinaeindasnmawasanives deinavial
auIuvesany SAC inmsideuanmasuaziinges tracking sulugmsdumaivesszuy
i 9annns@nen wudraunulwihlueinieaiidanniige m geduda  wazanas ledl
swpviennaduiadiat  auwilih o edudadieuiniu dednsialadidnainves
awweiiadu  nsdaFusansdeiliaweinedieffumnumuiuiugididnyuzyes
aulihuderfuszuuiildaeswefsau wislvuraaunlui o adudasiinid
Uszunm 41 9% auliih o gedudadidniniu demumuivesaiwesiiuiu
auilvih a edudalimanasegsndudlounsndunedieffumumuiutugs  uianag
\dnties eduwediofiduvuniiuty uenaind maiuszesvissewinasialasniais

awdudaN M amiiasruuihvauuliih o ndudaiidinanas

a4 au o “ 7 ) - ” -
U 2554 finu3deiFes “nsAnwitanisaieiessesvuiiauin’ (8] Tay weygyduns
w19diu wazuglaumd arduu Tagladnwinisainesessesuuimauiulniiussian

= o - d a v v oa = 3 a ' ' a
QU']'ULL%\’ 'ﬁ\TV]'Ilﬂq]ﬂﬂﬂﬁﬁﬂ'ﬁﬁ'ﬁuuauﬂum‘l LAHLASLYEUAITUDLUR IU@Mijaqutlmnﬂqﬂﬂuaa



0%, 10%, 20%, 30%, 40% uaz 50% lAenAdauMUNINSEIU IEC 60587 (38 Inclined
Plane) FIBWSITUNSTRARAUIUIN 5.2 KV wudpuiulihfifisnsidrunauvsawnaidoy
asualunludiendisdy faus 0% 1 40% fszezarmausiiunadauauinusnaal
Wty widlednsndrunauvenaa@suaisuaiunludfiondisduninnit 40% wuin
szpzMmUAEIdeUIUAAUSNAITzE Ty wazilowAsuyuszsuuidusildlunig
naaouINTIAsE Ui mUALITL 45 83m Inevnaaouiiyy 30 89 way 60 BaA LML
WU spspuuBaiiiinty wvdmalisrernanaudiBimageuuinusnaniiituuas

- o ' & ' - -
YUTTUULBEITIanaRrdA I EEL AL UNAZEUIUAALUTNANIYARAT

Y 2555 finsunauanaudas“Electric-Field Analysis of Spacer Cable Systems
for Compact Overhead Distribution Lines” [9] 1 Isaias Ramirez-Vazquez, Member,
IEEE, and Fermin P. Espino-Cortés, Member, IEEE 1u IEEE Transaction Power Delivery,
Vol. 27, No. 4, October 2012, Mexico City. Paper no. TPWRD-00113-2012 WU31A214
unnsnsvarAsialadidnninseninansiuialaawiwesvietaninanedauin axviili
aunlviih w gedudaiinty waznannmsfuuisRsLwes Weiinisiielw 3 wia las
frussulwihgeaavinfuis 3 ans muedeaauiliihgagaaregiiuion messenger
wire fumlaaiwes uiduvia A uaz B Hrusedulviiihgean Yesniua C plavils
mna3eaaulnihgianszegiiviium a C vieduna A wia B Tuswiulwigsan

g e" -l' - = 1d a z
wnniAsailweanadu amnueienaulnihgegaaragnuianuay

U 2556 ilvAdeises “miadeuagrenalaaniweivtianedioiauanumuiuuugs
ar o 1 Ld ] d » ar ¥ e =
dwmiusruuimineg meldmmeasuisinsideueny” [10] lae weuivgy) uiaduiin lay
Anwndnwurnsidensny mununussnsiinsamndauaninainiulv waznisdnniau

: o - . L3 - - o ] s o il
vosnuiveuAlaaiweseivianafioniuanunuiniugs dmiuszuudivmune 22 kv
Tneuwvsnsmadsvesnidu 3 n1sveaey As nsveaeuliaimsidensigseuenleinds

lll ' al = o L}
1,000 97138 MINAABULTINSIEBNBIYMENYAIUATEA 1,000 FIL1I ULALNITNAABULS

- v v Y a P a = « ¢ v
NM3EeNIYMEWBTUUNGS 30,000 58U WUI1 iinlAlsuIRarIsIkazatsnuauwetiuly

U 1 - ‘A 1] ) d d a
FENIIMIVAARY Uaznwud iadaaweindummvagausimsidausigilodunaien

U L a U ) = 4 ' a
wWdramsniiuiesssesveInisianssunazsesidouanimainiuinldedradaiay
Tagiawzduniiganeasiu uasnan1TIATIviie FTIR veuadaaiwaindinimadau

si v = A @ aa ) L - ey ar -]
wumsisuwladasaimaaiiissnnujisersendndu wazufisermsusluiedui

&‘ - - - - = ar 2/ ar 44 A‘ G‘!‘
Winuiveuadaawweiiinnisidenanguduldanuiunuiuse C=0 wag C=C ity

= P | aw o @ a § o a aa
U 2557 fliddeises “lasamsidemevivupnuamiadaasesvlianedionau”

[11] Tag gudwealuladlavzuaziaquisn@(MTEC) saudumsivihdiuglina(PEA) 16



= e d a dl a L3 - W a e -
FenUazURansITe Wodun 26 nuamus 2557 lag MTEC anansaiielaianwadionau

(HOPE) Tildriumsnaaeulunng annzieuly awnsaldls
v < i @ ra v w1 v '
Arpadsu Fe¥aglminldmudilimsaldnulduiueei

yHANeATIAUAIINVU UL

MUMUNIeRANTYINES 1 T
Yoy 5 U Usngiwily 8 U Adsanunsaldnuldmuund

1.6 Ustlewiiimndnezldsu
1. demmiuasdlaiefuauaivesiasauiuailaviasiag
2. Femwiuwazdnlafniumsiiasesnafivesianauaualaviiasineg
3. leynavagauausUNIUNITIRATBENNAE(track resistance test) ATUNINTFIY
ICEA S-66-524 (33 B) dwiuneaauianauruiailaniatanauiuriindus
4. awnsadldiuugaviewannianauieialwililiussdniaminit nyaw

Aunslgauuauiureaydonale SAC

)
1.7 YUADUYDINISANEN

ar

a a ¢ o X, X &
’JYIEJ'IUW‘UGQUUULLUQLU?JW']E]BﬂLﬁu 5 Un MU

d [-4 L) s I3 -
unil 1 anadunnuazanuddgueslgm dagusrasdeaimsfine auufgiuves
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vosaialasiniakazeIna awuliihvesansiatasniawaziallaadiwas nsiia
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fifinasanunmusienueienaulniweruiu nalamsiiawsnantdvesauiuuds
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unl 2
ad o v
LA IGERERY
2.1 ngufjvasaunlni (12,13,14)

msmawulnivseanuduauulnd satuisawtinisiansaneanlau 4 seuu

giasialull
2.1.1 aualnihszuugausey(Electric Field of a Point Charge)

- = a o el' - - 173 cJ
Ao sruuuseiienUsegdruviuniianszatvegluyigl nsmanuduawulnim

v

b
LY v

= = o o A
a9 luigiawnsaildlasnsiuszgneaaeulunangaiu udamnnwmesauiulni

ansvasauulWhilinnnUsequsiazgauseq

! ' ol
nguenasuv(Coulomb’s Law) na1131 “mindivsyy Q, uaz Q' Mivwimdniduyn
1 s = o ] o - ' d 1
Nnwihefuduszezna r andeuss F asvihseduluwwniiiameiedionlsaseninassey

WW” Feannsouanalasagui 2.1 uavaunsi (2.1)

[ i
@ 0
Q Q

o o4 a & o W o
JUN 2.1 us3 F viinawuainusey Q1 wmeunulsey Q' vilssesna r

Q'Q,f  _  Q'Q,f

4mer3 41er?

- ) a ' a  w
We Fo, g A usennUsey Q, Wisuiuusyy Q' Nilssuzymar fvuhedu e (N)
= -l ' [ L3
Q.Q e Uszglwih wmheiluaasuy (C)

-

< & o | v W f ;A a o o L3 ' ~
A8 L’JﬂWl'E]‘J'NWLLWlNﬁ!JWUﬁTJENU'S%Q Q' WwEUAU Q; FUNNMDIVUIW T =

- i-y

€ fe anmeaumnanvioasiiniinuawianata(absolute permittivity)
€ = gF,
- M T § S = o o 12
€9 AD LOINAMIAYBIFYRYINA(vacuum permittivity) HAWNINY 8.854 x 10 ~ F/m
g, Ao wWoslnfinduind(relative permittivity) iauniiiFenin Armsiiladidnesn

(dielectric constant) dwiueina AdiAn g ar = 1
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v = o i = o i i [¥) - -t
filuszq Suau N Useq nszangegvateyn wasiianwasiumisingg fu du f 8

; g o

fnwesmbewintu (i =1, 2, 3..N) ausmunuees Q; dawsuiu Q' WIININUAT
o 1 [ ' ‘ v =
NIEvieie Q' WIAUNATINNNNNDTYBIUATUSY AD Fy  Fsanunsauanslassaunisi

(2.2)

-o

N N N
F ' ZF ' Z Z
Q Q1-Q 2

- - 411.91'1 — 41r.€r1 (2.2)

NauNSh (2.2) wsUsERenee nsviweUsyy Q' aaduuswieniiamiieyseq

Q' Auseni anaduauulnia(Electric Field Intensity) w3iaanuAsoaauINlnn

(Electric Field Stress : E) fsanunsadouduaunsle faunisi (2.3)

N
Z 4mer;? (2.3)

d a Y 19 s
ile e #e Usyylnihwesdidineseu winiu 1.602 x 10~ pasuy

o | Tl

= o o Y =
nguasnaaul(Coulomb’s Law) Judsutiuaunsvialuld deaunisi (2.4)

F = QE (2.9)
o 5 = = o " o . o 5 - [l
Ay auulniy E Aa use F finssvindausey Q vuiavtlamitengauy fivae

Wy dadusiegasuy (N/C) fsauntsit (2.5)

_ 0 (2.5)

F
Q 4 7er?

dUsey Q Wuusequan (+) iavnsveaduaunulniiuavneen widwsey Q WWu

Uszgau(-) ) evnsvenduauslnihiuey T muﬂm’lusﬂw 2.2

d o - -
JUN 2.2 dnwaugiiansvesauuiniuinaseulszquinuasysygay
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mndszy Q WWulsyyrliaiefuaziiausndniu witdusey Q dusnviatuasiin

wsagaiy fwandlugun 2.3 waviidnuuzvesauuiniduanduguin 2.4

a o 1l a
auuAvsey Q, Wulszyuaniial 7uC 219egN9R(0,0) wazUsey Q, Wuusyyauiim

5 uC 1MBgYA (0.3,0) m Irannsavaunlnihiiyn P #neegiiyn (0,0.4) m Faguit 2.5

| L] q
v

aeatl

X

< < o a ¢ = =
JU# 2.5 anuduaulniiszuulseange P Alienuasiuvnaanemes By, wag Eg,



Q (9x10%) (7x1079)
mawwmawlni Egy = ! = ( > = 39x10°5 N/C
4 7EgT? (0.4)
Q 9x10?) (5x10~°
waeauulni Egy, = 2 5 = : A . ) = 1.8x105 N/C
47[807' (05)
Aanaulniives Ey, Wanuunuy idwindu - 3.9x10% N/C
wavnsauuliiives Ep, fidwiiu  E,cos @i+ E; sinfj N/C
- o Y 3 ” 4 R
FIUAUNINY “<Bai==E j N/C
5 5 3

v & = ' "o i — —-
aauaunilwiige P liewindu - E, = Eg +Eq,

= 39x10%f + 1.1x10°f - 1.4x10°

= 1.1x10%8 +25x10% 1 N/C

2.1.2 aunalwirszuuyszqliadu(Electric Field of a Line Charge)

14

= 1 s v o a o w & o s =
nIfivsEgnITeag Al aauusninetuatud Mellvuunu x  Mgun 2.6

TosfiaumuiuiuvUszdadulline charge density) winiu p; fimiailuaasulsewns

(C/m)

|
i

T —————————— x
+0L

{ v o a a  w v o )
JUN 2.6 anuduauiniiinensuuysygdaduuuinhenaluetudlunmuunu X

‘ o vo &
annsamAatuausliiige P (0,0, lagail

"N P =ag/x (C/m) Fatfu dq = pdx

' °o 8 va v = R 6 a 3
Uszytion dq vlidamuduauniiye Py dE Jalunnmeifieniwmiuannes s
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nnwes S =xd,+rd, 10 s =vx2+r?

v ¥ ool g - XAx+rad,
et NPEIVLINERANIYN s A9 G, = ——m——
o VxZ+r2

M E. =———3a, unuE, ¢e dE, unu Q Mme dq , wnu 2 fe s?
T 4mgr2 T r Q q
~ 1 ~ s n‘; i — dq ~
wavuvu ap My a5 awuerld  dE = ———ag
4meyS

’ , R XAy+rady
wdwnuA dg = pydx, @ = 5= #av s = Vx?% +r?
Vx2+r

g s prdx xa,+ra, ayxppdx a,rp;dx
gl dE = - 2 m i 3 *+ 3
7 = =
ameo(Vatar?)  VXTHT ameg(Va2+r2)?  4meg(Vat+r?)?
! Qyxppdx T .
N9 3 lAWIAU 0 HBIRINMINTENEUTYY MIUAU -X Wy +X 3
41eg (Va2 +r2)?
AaLIIn AU A Enau Ll ving iy
o @ — azrp[d.x
paiuagld  dE = 3
4T[80(Vx2+r2)2
wiswuslales E = [dE
v — azrp[ + o0 dx
° (Vx2+r2)?
v U v v ] o o
fauu sglemnutnauulviige P (0,0,) Asaumsi (2.7)
= PL_ ~ o ~
E, = a ;e = 7
r = weer 02 . leevia, = a, (2.7)

2.1.3 au'm'lwﬁﬂszuuﬂ‘izq@ﬁﬁuﬁq(ELectric Field of a Surface Charge)

=

nsfiuszynszatweg nainanavudnhmdunduuie faunisuazaueriiu

3
= -

@ o« ) o - ' a . "o =
atudl  dlaguin 2.7 Tasdimnuvuiuuuuseadisiuia(surface charge density) wihfiu pg

' € 2
'WLI'}?JLﬂUQaauUﬂamqiqqmms(om )
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P /Ex dy
\ =
paiic. M

X

o 2/ o a - 3 - " @ o o e 1
JUN 2.7 anuduauiihiinansyuudssgiisiuiuuuiuiniuisiiaumuiuiy

Useq ps

L

annsavmauduaulvingiae P (0,0,2) 19sil

fsanwtsdmthnueeenduidudng ndne dy muiuunu x wazaadesduluvu
ST xy  wianiduidng evllmnamuuiuidady p;  deuvsdmveaduiiudiugen
g1 dx  winzduaiiusey dg = pydx

uazdutaiuuaiuil ds = dxdy fafu dgq = psdxdy

wldmudaius  p; = psdy

MNgUT 2.7 39 P nnwediumindioutulseg Ju 7 = yay,+ 28, weeld

—ydy+ 23,

an  E = a, uwwm E, i dE wiu p; = pedy

~ —-yay+ 23,
uwnu :,/yz + z2 uazuvu  dp = M Aur Al

r =4¥% + 22 wanweiniwhefienen r fe d, =

” azzpsd
Wi df - s L
211.'80(y +z )

wivswuslalas E = [ dE

y = +o0  dzzpdy
= E = | oo Ty ia
= a +co  zd
E . zpsj‘ y

2mEy Y~ (y2+22)
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UNUAT y = ztan® |, dy = 25ec’0d0 wavtan® + 1 = sec’d
& 5 & v T v T
Toefiasafianismsnus iy = —o 160 = - 5 i fix=+o 60 = F
~ n ~
y = 8zp5 2 azpPs [ﬂ m ]
Azl E= — do - -— (==
21, f--z":' 2me, L2 ( 2)
iy azldmmuduaunilwihiiye P (0,0,2) Asaunisii (2.8)
= Ps ~
E, =—— 2.8
r 280 . B

[
—

Togn d, = @, Junneresnimhsfininiuwiuiig,

2.1.4 audlniszuudszadsanas(Electric Field of a Volume Charge)

- ' 8 ) ' & ° = '
nstivsEnsEetnaanavndulutearsuudmsinay laslinnunuiwiy
UszdaUiumsivolume charge density) Wiy p,, fimieiduasudsegnuindums
3 ar d
(C/m’) mgun 2.8

d L 4 o a = = @ o ﬂi "
JUN 2.8 anuduauwihiidinanszuuUssdainnsuuiiimsainauiiiinamumuiuiy

Useq p,

annsammudivauliingige P fegrinnngagudnanavsanan sresvng ry sl

fsunulsduivisunsonduyimesidng dv A wminieangagudnanvssnay r
TneluvSinesdnagil filseg dg = Pydv  uaEMEUBAVIINALTIYA P agy R INdIUAN
veeUsey dq Wusseyma s Usey dg vhliAnesduauniliiige P iy dE winss

naufinawauunsyvilitiauwlwiluwandy r, wieildAe dEcosa = a,.dEcosa

4 A 0OMN1



fiffavsenan dv = r’sin0drd0dd

- ) Sz+r12—?’2 T2+T‘12—Sz
'l“tmg cosine 9ElM cosqg = ——— _  cosh = ————
251y 2rm
sds
wag sinbdd = —
rrq

» o e
m  E = >dar wnueh E de dE
4TIEGT

Wy Q M dq = pydv

2 v v o
uny dv = r'sinBdrd0dd wazunu r g8 s elnaunsn (2.9)

. r?sin0drdod
dE - 4,22 - ? cosa
4T1ES

(2.9)
WVILAN cosoL uay sinddd agldaunsii (2.10)

_~ . pprisdsdrd$ ,si4rq2—r2
dE - ar P 2 (
03T

wilswuslalee E = fvdﬁ

) (2.10)

milIwusiisunu d azlaaunisn (2.11)

E - & (") AT

4meg s? 1 z ( 2 )

—_

E = &

4nar2ffr(1+

wavnUSWusSeunu ds aglaaunisin (2.12)

)dsdr EEY

E = r4nsr2f (fr1+rds+(r1 —rz)fr1+r( ds™1))dr

Tty ar
g —2=L [ r (4r)dr (2.12)
wasyUSWuSIAeuRy dr aeldaunisi (2.13)

— TPy, A r=R
E - 2oL 4r? dr
4meyry 2 r=0

= £

4
= =T R3)
ATty 2 (3 Pv

& a,
E Q

- 4 3
: we Q =-mpyR
4megr,? Q 3 TPy

(2.13)
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AMunuILLraanandinAi nuaM U uauIN WA
ANUTLLUTEINdnglnin(electric flux density 38 electric displacement) (e
[ P & o w Y ' - ' & ¥ @ ada '

unuMBLIN®es D wuefs uudunand Y seviiamhewunamwminiuuwinge ivuiy

1 4; L] z é nl: a 4
Lﬂu@‘aauﬂmauummawuwmqmn AAUNTTN (2.14)

i (2.14)

— =l ' s & o=
Ao LnwasAUUILLUTeIaNg I o wWunl A
Y Ao Swoudundng Simbedugasuy
= dv Aq': s W
A AB wunsNAUNENY D
- L) 0 v & o 1o v a o & Y a4 & o
1NFUN 2.9 Tvindndlnin Y yu Aunun A vy 0 fuiemaiideanniuiuiivieri
a ~ ~ [ a 3’ o d‘l nn‘:t at - 0 = &‘ = 3
yuiu A, way ap Wuianawesnud A AlifwInau P Ainsku way A ABNUYIFIRIN

as w & o ¥ s v o
funand dnfumandlwilassaunisi (2.15)

Uit 2.9 unEnglnih y viu B fuituil A

DAcos® = DA = DAE, (2.15)

PNMINAaBIYBIITIAl nudt wandlii y Wudadiulasssiuiuauysey Q Wuld

AuRsaNnsh (2.16)
(2.16)

V= Q

WVLAN aunsi (2.15) uae (2.16) luaumsi (2.5)

E - FQ TR
Q  4ner? 4ner?2 &
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Ftiu azldmnuduniusserinsaurukturaananginia D Auanutuawnwii E a4
aunsin (2.17)
D = ¢E (2.17)

- P - Y =
MNMIvaaseisuagIndufiinges nquaunid(Gauss’s Law) nande wangluviy
I = o v v & da i o < 1 ¥ a o Q‘:’ <l v
wevannUnastagiiuseiuntavgiawviiuysegiwivegnngluiuiinlaty 1Weuls
Aaaunisi (2.18)

w B @B dA i ﬁs_D. ds = Qﬁﬂqﬁuﬁuﬁqim (2-18)

winuszameluiiilalildgauszqlasdnnadunguiinnauvmnuiudina sty py, Su

Uszgneluiinla wiladsaunisi (2.19)

Q = [, pydv (2.19)
NAUMST (2.18) way aunisi (2.19) alei
)Dds = [ pydv (2.20)
g laadiai(divergence) fv(V. 1_\.) dv = SK ds
PaUU §SD ds = fv(V. D) dv (2.21)

PINANNSA (2.20) waz (2.21) awledn

v.D = p, (2.22)

—

wiuen D = eE luaunsh (2.22) agléin

V.E = — (2.23)

Andlnirfiuanuduauuluia
duszq Q egnneldauulnit £ wzifausinssivieUsyy fie F = QE duusiesld
- - =g o ' " w =
w3 InAeusnluierdaud1eUsEall agdanlumviiuusevnawulni -QE n1s
< = v @ w = o g v a o N
wndeundeyszqange A Wdiga B Meuse -QE agviliiinnumisluih W dsiids

B—i -
W =-Q " E dI (2.24)
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Jenain anusnsdndlniinelectric potential) Ao 111 W 91nunamdanunievenilyly

o = i s L4 = v P
mMspdeuUszagauLINUimiae 9103 A lUdwa 8 meldaulnih Weulanaunisi
(2.25)

B_n -
VAB = VA = VB = + 5% Edl (225)

o v <, B_. .
vIonwdsuWu Vga = V-V = - " E dI (2.26)

= = w & - - @ & a v a ) &
Tunsdlfivsvafigretudilugadieds  Falnldnuiuilugadnedground) Andluiuay
wihiuaug dufe
A_: -
v, = -| Edi (2.27)

o0

sy azldmnuduiusserinednd v V Auanutuauiulvdi E seaunisi (2.28)

v = -[Edl (2.28)

fmnusspiumdeuiluluauuinihadesuasuseuludunmiiatuida Wisuiaiiouyn
A uaryn B Wugadediu wadninlarlifiinuvislanumn tude
W = §C Edi = 0 (2.29)

o 2 s = = ' o
awnlwihfiaeaadesivaunisi (2.29) iazdeninlu auueyind(conservative field)
- P v = 3 a T L a = o 6 £
AN (2.29) dielingsaland(Stokes’s theory) WasuUIwusa i duUINusnE
wienduiude  §(VxA)ds = § Adl
faduarlann VXE = 0 (2.30)
o & . fot o i o oa
auns (2.30) Wunugannisuundiadddinumneinauuliilifiisa

- a a =2 v ¥ « v = ¢
Wiasanfansanawulnhatsn (VX E = 0) satunnwasauuliiionamlaanninsifeus

Ypadng WA
- vV . v .V
E = -VV =-(x;+y5+z3; (2.31)
wnuAnaunsi (2.31) luaunisi (2.23) agléan
V.(-VV) = £y (2.32)
&
vV = e (2.33)

&
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aun1si (2.33) 138N aun19Wiged(Poisson’s equation)

0

Tuﬂiﬁiﬁlﬁﬁﬂixﬂwﬁﬂmq'LuU%mmﬂv'u Tufe p,
agla ViV = 0 (2.34)

aun1sil (2.34) Sen aunisamana(Laplace’s equation)

- o ¥ ar &
HAsUANgLazIaUaUANY

\uaudnd(equipotential  line) Ao duiideulesszminagaiidndluiuvinfuuy
sruulaquesauiufeniu @ulaaudnd(equipotential surface) ﬁaﬂ‘%gﬁﬁﬁm&mqmﬁﬁ
dndliitvindy Tuawslwihdersuifoaudndvareindeun fuliaiidnglvifihgeasegduly
gad mivauuveIgaUsEauIn dnvazvenduandnduaritaudndvessuuussquiasiuy

9 9

uanaFagUR 2.10 fia 2.15

- = o € o -l
JUN 2.10 Mrandnduaniduusiliihsyuugauseqiae,

i@uruAng ———J Ao unuAnG

1

.........
L

\ wuusa iy

s

P - Q@ € 1 -
JUM 2.11 Bandnduasiduusslwvhsvuugausyyaasusyysinsviiniu
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Wuusn'in

wrunsalvivh

=i a o & v i Y
JUM 2.13 faufnduasidunsalvssuuyssquuuiuszuIurnun

4+ @uaniing

’

wWransalvidh
/

¥

JUR 2.14 Dandnduaziduusalviisyuulsgyuunsanaudussuiy

JUM 2.15 faudnduazidunsalwihszuuyssguuivicUansunaniuszuny
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2.2 anwauzguuuuvasaulnii (12,13
é’nvmsamﬂwﬁnﬁﬁﬂﬁuazﬁuaQﬁugﬂé’ﬂwmwmﬁtéﬁmm wusledu 3 wuu Ae

1. aunulwihasinaue (Uniform Field)
2. aunulwihiliasiiavedndes (Slightly Non-uniform Field)
3. amu‘lﬂﬁﬂﬁlﬁaﬁnauaqq (Highly Non-uniform Field)

221  duwlwirasinaue

° o - " 1 a o« n‘.’a Vs [l
aulnihadaue wineds aunlwihyngyeegsenindidninsauuwiniu iy
s - A s d‘ -I' =
anwuzdianinsanduwuussuiu-seunu (plane-plane electrodes) AaguN 2.16 Faawdian
3 il nifue 3 Iniadenofiyal
AR ERAUININTEER (E,.) WiriuAAIATERaulniadeniangalag (E.)

ANUNSOAUIUMN AR IAUNTN (2.35)

+

(2.35)

- = 1 L = & 1
1D Emay Ao Aiaisaaulviviigegn dwmnedu hadsewns(v/m) visilaliadse

Haawns(kv/mm)

- -l P N - ' & 1 - a
Eqp Ao Amuuesuaaumlwiiadevienyala dmhelu hadrewns(v/m) viefla
Tanmadiaduns(kv/mm)
V fa usswiulih fvihedu Tad(v) vienlalan(kV)

d A9 szezvinesywindidnings dvuiedu wesim) viediadwns(mm)

7" As wiawasaumlwi (field utilization factor w38 field efficiency factor)

= @ - v I a8 5 -l @ e' v
wianvlivanlinsivindaninsanuildanwarauiulniadnausuintias

< E, o 4 & '
wesla & 77° = ~ 2 gy auwinihiasiiane asdiin = 1
max
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222  dulninldadnausidntos

aunlwih lashiausidnsy avintuliednwuedidninsanlgiuwuunsinauny
58U (sphere-plane electrodes) figufl 2.17 Ssanansaduaumeiauaisaauilni

2980 (Emar) Faaunsi (2.36)

gﬂﬁ 2.17 avlwihitldasiauedndos

\
Emax = d. (2.36)

dusvauulwihibiadwaueidnides asdidn 04 < 77 < 0.8

223  aunlWiliasdnauegs

aunulviilliainauegs wintudiodnuuedidnnsanliiduivuwislatsunauiu
53U (rod-plane electrodes) Aagul 2.18 A1AIATEAAUIATINGER (Epe) Anuld

Aeaunisn (2.36) ulawasauulwidmivauuiniwbisinauegeedian 0.1< 7°< 0.3

f
g |

3Uil 2.18 aunilwihiiliasiiaueg
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Aumseaauinihiauddgegrunndeauiuvesguniailvivi aghau aulu
awlnsearsiada Wudu muauivalvesaurudiulynguuiinainalnunien
aunulnii

AUAINUYBIaUIUNIINA(dielectric  strength)  ¥11809 AIAIIUAINUAD
anunsgaaulnii(electric field stress) geaanawiutuannsanula lagliiaaiu
=l
ey

ANAIUTBINTISANIUABAMIATERaWMINUINAY (E) Yuegiuunnines

#i199 Faaunsil (2.37)
Ep, = f Grwnsvasaunlnih, auauifvesiagauu, nan) (2.37)

- dnwaurvesauiliil dutuagiugudnunizvedianine
- pnauURvarianauIl vinefanuandAnalniy vana maedl warmnen N
=5 ! = @ e o 2V = = '
- 1381 nueisnaikssiulihaseg i liiinaessaawniniunawIu
‘* q‘l " i ar ] s a
FafiTuagiuguuuunarguniuveauswiului wu wsadulrinszuaadutac)

wsenulwinszuansa(de) wssulvihduwadimpulse) Wusy

satu lunisidenawiuldrudmiviniiusigs  AeuamusenuAien
au (g, vomuINLAEABINNIIAIAMATEREUININHIZIaR(E,  JARTY A

aunsi (2.38)
Eb > Emax (2.38)

2.3 nsvnmnuduaunlwiinsosravesauIudvtia [12,13]

A .8 ﬂl = = as
mueulyuau(boundary condition) afinrnuaisaaun v ludInatsaulIu

- - A o @ ! sl o -
loBidnm3nd 1 (€,1) Wu E; vhyudusessisfin vililaaruaieaauinlwiluwuivuiy

Auiulu By warluwwidanidudu E,; vhusadeatuldeanueisaauslnitlusinans
- - 4 n‘: - o Qs
awladianm3ng 2 (€,7) Tuwwnvuuwagluwwmaniaulu Ey, was E,, amasu

WaRvrsaauasuaauinliiiuulsesdsrivesauiuladidnainyivaes e E,,

wae Ep, annsadnnumialagliuinusifisnduniuaisaaumniiluaiunsle abed 1oy

ldl o Y li. 1 o e a 1 _a e A
1 Ah —0 vil¥isree ad way cd T8 Wiy Aw aginfuwuisessiaiin AIguN 2.19



27

>
[=
=/
R

4
A

€r1 a & b As
uwIsasea * = E, '+ l Ah ww1sagea
2 I ¢

= = | - ' a a P
g‘dﬁ 2.19 anuAsenau i nuulsessefIsenIauIuleddnesn 2 vin

die EdL = 0 (2.39)

el [ EydLy + [ Epdly - [ EepdLs - [ EgedLy = O (2.40)

v a0 = a v ) 6ol ) =
WAUN 3 ey 4 ANUUAY LUDIINVANINATIVINAY LATWAUN 2 way 4 i]zhlu’lli‘m%’l‘im’l

Wi9997n Ah =0 fatiuaglain

[PEudLy -['Epdl; = 0 (2.61)

a EqyAw - EpAw = 0 (2.42)
Esh - Epp = 0 (2.43)

sray Esn = Ep (2.44)

= ' = -l | v a aw W oW o
PNAUNTN (2.44) wanaImueseaaunuininsesssluluIvuunuiNduRanul
AUFBLLBY

wa¥an D = EE

[T D D - D £
1o L . 2 g% £ . (2.45)
E€rq Er2 D¢o Er2

A ] 1 a L ¥ i - [ ) A
INAUNTN (2.45) wansianuvuLuunanginir lunwivuuiuseesatinliinaitas
ad a - a o o ) ' o
wazilanvsannaulunsitindunanseassavasdrutsenavauinlunwifnain sanunsavd

v 5 Y a a v o 4 e -
Ilngldnguaamd(Gauss’s Law) lawasnfialingunsinszuanidng dexdaiuiianau As 9

H1708619 wavnTINsruaniiauge Ah —0 auguii 2.19

NNHUBANTE ﬁsﬁ.d§ = AQ = pAs (2.46)
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Wie ps ABAUVUILUNUTETIAD

Alal D,;As - D,;As = p,ds (2.47)

"

w30 Dpi - Dya s (2.48)

INAUNTIN (2.48) WARIINNTOFBRINAMUNUIMUUUTEY ps ATMUNUIMUUNEND
IWhavlideies  wislsaudRveswnuiuladidnasinbifivseqdase vl pg = 0 virlviaam

g ng v luwudainsauneainiinusaLiied

grathy vilwiler Dy = Dy (2.49)

waza N D = eE

Alan Er4Bis = EaBu (2.50)

INAUMNIN (2.50) wansiaueseeauuinhlukulIfeintlvesauiuledidnesn
o d' =l 1 dy = o - 1 s vV @ o d
azlidaiins 9 nauluvatl Weriumasunsiuiy sswansbiiiudanuldsuwlas
ypsnnmes D wag B Mfduda dF D, (ar E; ) Mo ap  Audusiainyes
- s s ar A A 1] l‘: o -
sruuinduda daluguil 220 Weswindaulsenauves D Tuuwdmindiresauiuladian

a o .
AINUAIUABDLUD

Frathy Dny = Dycosy, = Dacosy, = Dy (2.51)

warauUsEnaured D Tukuivuiunuiia 9 nauinsn (2.45)

= i D Dysing £
geianu - . — . (2.52)
D¢z Dysing, Er2
VED) €2D15ing, = €qD;sing, (2.53)

dlevhaumsii (2.51) mseheaunisi (2.53) agld

oy, I (2.59)
tan,, €42 '
A 1 ﬂv i s ar "
INFNNTINETT L3 TTEUAUFURUS LN
e, =m0 . B s (2.55)
tang, Eni D¢ Er2 )

v = o
13AWTVNTUIRYEY D, leanaunsyl (2.51) uay (2.53) Ae
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Z
D; = DlJcoszal + (zﬁ) sin’a, (2.56)

rl

—

& da al o a = 1 - =
warwunYes E, dslifiriAeaiuiu D, wsiz D = eE loanaun1si (2.50) uag (2.55) @9

E, = E, [sin? (‘”)2 2
» = Eq |sinfa, + cos’a, (2.57)

&2
} 3 e“/ ar " [~
8 €q < €2 WIIAYIU 0oy < ap MInmrBsauNniinsssossevesauIuazuly

Faguit 2.20

Ey1 < Ep2

wuulsausia

Eyz

D> ’[

> Y | -l
3un 2.20 MSHNNYEUININNASI50850VDRUIUNAT €4 < €1

agUladn undndlvih D wazauwlwi £ Tuilieansididn e, ffldnsnnnitagin
' nv/ =4 a v 1 7 a ' ] Jd ar
wvineanINLuIRINVIBintmsesse  uildudnglwiwinludunil e, geaginm

WIMLUIAGRIN

Y " o v I a | -

ﬂ?@ﬂqﬁﬂﬂluzﬂm 221 I.LﬂﬂﬂLE‘!‘lJﬁiﬂﬂﬂﬁ']‘iSﬁﬂ’:NaLﬁﬂIVI‘iﬂLLNuwu’m?lum FIUAUIU
aa ' [Y) P - ' & s a &
niiA e, unnsneiu Tugui 2.21 (n) wanstissessiavesauiusnnfussuuyedianingn

i - - ' ° - v a - d
dnlugui 2.21 (v) wansfivseesisvesauiwhyudssiuiiszuureadidnine

o E‘f‘é |‘\‘ b\ er=_-3

b s e
-

-
b=

(n) (v)

P ' a oA 5
JUM 2.21 awuinwiiareiuluaumiwiadiane
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sufuifivnaavenuauiitian g, s wdidudndlrihwimuisiunininndung
Fashliunuiulimuedsnaunining: Taswmzgasasewindnsyuiuvesdidninge
funwrseeravaRuIuILiAgenn wlanueassaaunlniiganii E, fou wazvlviia
farietulaivinaiy

2.4 aulwiluauiuaeiaiiansegs (12,15)

moadaduldnvusiiunsinssuandeuunus fvueieiivesiniwiniu r, Fude
awuudavilstu fiewesiindiswindu e T¥aiinsusngaiiiu r, waziinugnwiniu |
Faguit 2.22 efimstiouussdulnih v sewinednirfuauu sufinuse Q fidni wavey
vliAnamasenaumliii £ Ju Ssanunsaduaum E fisvee x1aq (< x <) 1dd

aunsii (2.58) wazaumsi (2.59) auadu

o a v - O
Uit 2.22 auwinitluasiadauauiunilsdy

i Q
AMsATERauInlini E, = (2.58)
2melx
4
<
130 E; = 2.59
- x In2 ( )
T
- - = - '
Wl E, = anuasusauulii fiszee x 1aq (r < x < rp) Svdedu kv/mm
Vo= usesulwihildeu Svuaedu kv
a dd ) 1 5 - 1]
x = jAivishuvidslaquestuauiu vy mm
n = saili viedaiidulugauastuauiu ey mm

r, = jalduuengavestiuauiu ey mm
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P a & da w o o ar
mmmsamaum’lﬂﬁwqqqﬂ Era 9EATUNRIV09MUN Feaunsamurumilanaunis

7l (2.60)

4

T
r ln—z
L |

E. . = fivdaelu kv/mm (2.60)

Anaasenauailivhgean £, winduiiiuengavesauiu Saaunsofuaumilan

aumsi (2.61)
v

Enin= —5 fivuedu kv/mm (2.61)
L&) In—=
1
- ¢ E,
Pntigmwwnnesauulni pt = —=
) max
= = o a ] v L = 1 i s
Anunssaauiniwdsdmivaerlansinszuangounnusi E,, deiinnviniu
v
E,, = 2.62
o e (2.62)
o & v T ln:_z
faduazlain n= —= (2.63)
T‘z-T1

aad _ & - ar a '
fANmunzau(optimum dimension) diudtsialiansinszuangounnusy

4 aaa

nmssenuuullaliavidnfigaviadiaimanyauieliilviinauneivaauyiviigaiv

q

NA1AAMUYBIRLIL(ED) Iasiauiutuansovusieusiulwinlagegalagliifianis

L3 v as g
Wwsnat wilasal

wssusnavesauiuala  Ae W, = Epriin (2.64)
1
aaa a  dVy v T2
Havvanzau As —=2 = 0 la E,[ln=2-1] = 0
dry 21
] T2
INSITRTUY n= =1

v
e

gty danmunzau(optimum) dviuansiailansinszuangauunusiy fe

[:—:]opt = e (2.65)

1 i
1 o Q=N

‘ o 9 v =
Faagyiliaunulnini r,  SiAehge duA
\'J
E, (mn) = — (2.66)
L5 ]
wagansnsavuussaulviiligegn fe

meax = Ebrl (2.67)
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NaBYU

1l WS

Er, = Emax]
Er, = Emax2 \\

Er,

= - W &
JU# 2.23 auulwvihluasiadaiuauiuaesiu

NNFUN 2.23 annsaniazannumainaionaudlnila dai

= & & a & ado aw P v &
mnmﬂsﬂﬂamulﬂﬁnqqqmmamwuw 1 (Brigia) WNATUNIAUUDENFAVDITUUU
AusamMuIUMARIauNN (2.68)

£2V

Emax1 = (2.68)

T3 T2
r1(£1 lnf'z + 5 lnrl

= & o a o do o - °
AuASERauNZanluauIutuN 2 (Enae) I0ARTURSAT 1, Fsaunsafuaumle

Faaunsi (2.69)
&V

Emax2 = (2.69)

I3 1’3)
T (6‘1 lnrz + &, lnrl

- a & da & o ° Y =i
AuAienauliiiniunfausngavesauiudui 2 awnsaduumilasaunisi (2.70)

_ Elfzv
E,, = e g (2.70)
T3 53(51 ln;,—2 + &, In;l-)
&b, - - @ Emaxi €272
ansIENTRIRUATEAIUNLINNE R — (2.71)
max2 &1

v & - v v - ' & o | W e el
fauu isdasnsiinnanaisnaunlnigege e, JvewuiuwsasduiianviiunieinGen

fiud grading evilalaely &1 = &,1, = &7y
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A298790715A JEeLALUA £81N1¢

- 4" s d o _
auadaaimeadaiilassaaduluaudagun 1.1 msduuaulnwihvesaeiada
2INALALEINIA L319ET1BIFURUUNTAIMUARIYEIFUNITINTLUBNGBULNLIT I AUAIFUN
J =y =Y = L = - =l
222 Hesnaviusazildanvesaruaidasniadulssnmifelnuailunsoadefing
ONAAUXLPE)  eausauIvYaUdantuiinisnauasuaunuanifisadntsslasunfiay
Ty 2.5% @9tuL5191998UD9IIRUIULALIUADNTUADALIUTULAEINY 1N LULSITY
o A\v = o Vo A
anunsoAuIumauu Wi nsasiseuuenvesaumlaaINfwaLeINIA A IdUNISH (2.59)

maTlenanuwe) fadne

E

Er, = Emax
Er, = Emin \

" ()
Toglv

< CJ - ; s = - 1]
E., fo aulwihniislusalisovuenvesaruialiasinia wuledu kv/mm

V2

V Ao uswuavesaneivimiaduawen whedu kvp  (vp =Vmu*§)
r, fe feldulugavestuauuasiadasima  dmbedu mm

@AuNU $ATIVaIRILITINAUAMIUNUIYB S INUFILN)

r, fe falsuuengavasansiaiiasinea (sauvRuiuveavden) dwmhedu mm

g Ao Ansiladidnainvesauiukasidenatgiailasinid (XLPE = 2.3)

NSAMUAATNITITINBSA1N Fz0198%uInlaTsaimesasalasnAnudarivun
vaamsiiihdugiina (@laanaiauuan n m5197 n.5) Tagazidontuindag 50 ms.uu
way 185 msun Mdlusruu 22 kY war 33 kv antudanduaumeauliihisaiiseu
uanvasagialasiniauareInia lagladsuivisurunalaseadamudesivuainiuag

k5

o il o -
ol maannseuuildduluaumsned 2.1
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P i =t Ao a a a o ')
A5199 2.1 AauesenauulninsalisevuenvasatemiiasiniAware N AnAILIule
TaslSeufisuruialasasamudanivusininazdanivualuivaanisinia

auniinn Tusguu 22 kv way 33 kV auniU) 50 M5.44 WAy 185 ms.uu

| v [ Sawer | amwmn | Saldwluga | e | awmn [Saddwuenga| suwlbhseuusnves

savp | A | Amd i | vouusum | vewmuw | vewdden | vertunlden [awadiaemmiazend

V) |@530)  (mm) (inm) T (mm) (mm) (mm) Ty (mm) Er, (kVp/mm)
i f T | oo | T | oo [ T | o [ Tl | oo | Twd | oo | i | T

50 |4165]) 4 03 | 03 | 4465 | 43 | 3.075 | 485 [ 3.175 [ 175 | 10815} 109 188 171
N

185 1 799 | 799 | 03 | 03 | 829 | 829 | 3175 | 485 | 3.175 | L35 | 1464 | 1489 | 216 206

50 [4165( 4 03 | 03 | 4465 43 | 4445 718 | 3075 | 175 | 12085} 1323 | 24 181

33
185 [ 799 | 799 | 03 | 03 | 829 | 829 | 4445 | T8 | 3175 | L35 | 1591 | 1722 260 214

PNeseit 21 asduiauulnihiseiisevuentesaneimidasiniauazeiniai
Auruldavun Sanlifiu 3 kvp/mm we 30 kvp/cm @adiAnlidifundinnuamuse
AaLasEnauluihease nia 30 kvp/cm SwililiiAansfavisaivinaseuqansly
dumfusinia uazanmsiinislnirdiuginialdudlvysuyjededmunlmidnarils

auylnihnsalisevuanvesanumlanniAuwareInAliANanaddn

2
- @ 1 o -

winangialasmadulagnandesiniuialaailiges auvulvihiiseuusnvesany

- @ - [ o 1 v oo |
widasmeiuasivdsuulantuatisls giegaluden 2.5 dely

2.5 auwlnirvesgadudavesarsiailasniAuazialiaaigas (16]

1NNITes we gy Gon men [16] IihnsAnwiiertvaunlwiigadudayg
audszwinawiuawein lagldvihmsiensiauulihiyedudavesasindaonmeuay
widaawwesd Tnediassguuuumsintssedsigvesasiailasinimeuuailadiliges
Tneiidanansiundadueinia  Tasavinrsanaunlviivudud 1 wanduil 2 Fuil 1 de
Wuluwwafa Buangerudnanweiniifinsmus e uumefigaduda J uaziduil 2
Aeldunssuiaadaawes lasnsimunge 4 90 16U 90 a, b, c uez d Faguil 2.24

= L o o 1 & ar @ oo L3 =
Faaglfauntsdmivdssnudaunslwihilndfugaduda J dsaunisil (2.72)
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e €4 0IMA
| auuswnunlden
voumuAian Inf
lﬁ'uﬁz
ndamdwel T = :
€ duii1— SRS
d B

= @ = ' ' a = «
JUN 2.24 JULUUNTIALIEIDENIETDIAUALLUADINIAINUUALAAULYDS

%
= — — (2.72)
bc+ab (i_':)”d(i_?)

naunsh (2.72) fwuelmiin svey ab=R—R, , bc =VRZ+12—R uay

—_ v = = v W Vo
cd =D, winliszer bc =0 wansamanuasuaauliiigaduda J (E;) s

aunsi (2.73)
V
E
¢ T (&= Re)CA)+Ds(2)

(2.73)

wagynviszey be = r2/2R  rawnsamanuaigaauuliiiudelnanuye
o ¥ ar =
duiia J (E) lassaumsn (2.74)

E = d (2.76)
(?‘ /2R)+(R— Rc)( )+Ds( )

INNSANHIVBY WIE go LFum A0A(16]  launuAmisimeseneg lasdenldans
wdaonia sunuesiath 50 asam. Mussiuiin 22 kv fwuasuvunveuadaaies
D, -3R rAwuald g = 23 dwmSvaniuarsadasinid uaz g4 = 1 dwmiuaneil
ladidnadnuetainia wdwinisiuumdiaulnidudiailndeduda ) Tag
Wisuiieuita 2 nsdl Ao & =22 dwiualaaiwaiulin HOPE uay & =7 dmiu

wilaawweivlaneiviau wanilduansisluguin 2.25
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= Equation (2.50)
2.5¢ ***** Images method -
£y = 7

0.3 0.4 05

G‘ = <=4 L . & @ 1 o 4
JUN 2.25 Wisuiiguanuassaaumliihiutilnageduda J seniaisuszanmaaiu
- w - aal <t -
aunsi (2.74) fuaaumluiiignaeanaids Images method wasUSeuliigy

svnualaalgeing & = 2.2 wav & =7

P o ¥ L i L as = § =
NNFUN 2.25 Faeglaraumlvinuihalnayeduda J dwiualdaaweiviin

a1 1

L4 - L3 - I ﬂil o v d
waiglauazilArganinalaaiwesvila HOPE wazArauulniidwauldanaunisn

o

(2.74) UAIWINTINITAUIUAINID Images method FIRLUANANAUUTTUIN 40% LAy

30% dMIU & =22 war & =7 MUENU

N1SAIMUAAINITIILADIA19Y LA 19BIrurnlassas1svesarsiaiiaeIniAniy
Formunvasnsinihduginig @ldanniauuan n a1 n.5) lnsezidenvuiaiii
50 3.4 wae 185 A MlFluszuy 22 kv way 33 KV (Wudetutuiesiuda s
Aurumaulwihiisaisevuenvesasiaidasinauazeinia) antunandiuium
maIsaaunliihiigeduda J (E,) suaunisit (2.73) uagmarmiedonauiulwdi
suthalndfugaduda J (E) anuaunisit (2.74) Tasriwuslisgey r = 1 mm, Ds = 3R uag
g = 2.3 dwivavuarsadasinia  lasSsuiisuauialasaaiemudeanivuaniuas
Yo vuslvi wazilen & = 2.2 uax & =7 awddu wannmsduaildidulua

M990 2.2



37

d 1 - :u' L7 a v 1% a L -
A5 2.2 Arenueseeaunlnihgedudawazautnigedudavesansiaidaniniauay
wWilaawading 2 tha leeilIeudisuruinlassdasamudaiiuaniway
darvuanivaansinihdmginim Tuseuu 22 kv wag 33 kv auadaii 50

M9.44 Way 185 n9.uy

‘, o o o oy ;l o ay J d w - - ¥
wsagd va [ $rives | munin Faidwluge s | anwmn Friidnengd muontbbigaduia s | auwbbfidwd g

s g o b s z z ‘ o ’ ]
seuu] dni] A [fnudinih|vestuauu| veasuu | veandden | vessunlden Ec (kVp/mm) E (kVp/mm) Al r=1 mm

V) fism)|  (mm) (mm) [ R (mm) [ (mm) (mm) R fuaiiaanireiwia

HDPE | woimau| HDPE | woimau

B=22 B=7 B=22 =7

i | Tasd| onn [Tl oon | Tl | oy [ Twad] oin | Tl e | Tanad | o | D] oo [ Tenad] onn | Tl e | Tl

50 1417 4 |03 103 [4465| 43 | 3.18 | 485]3.175] 175 | 1082 | 109 | 1.03 [ 1.01§3.14 | 303 1.02 | 101 | 241 | 237

185 | 799 | 799 03 [ 03 | 829 | 829 | 3.18 | 485 3.175] 1.75 | 1464 | 1489 | 0.79 [0.78 | 4.78 [4.74 [ 0.79 [0.77 | 198 [ 1.93

50 | 407 4 | 03|03 [4465| 43 | 445|718 3175 175 | 12.09 | 1323 | 1.36 | 123 345 | 3.15| 136 | 123 | 3.16 | 281

3
185 17991 799] 03 | 03| 829 [ 829 | 445 | 718 3.175] 175 | 1591 | 1722 | 1.08 | 098 | 5.09 [ 486 1.08 [ 098] 2.65 | 239

d ' d ar ol = =
NAN5NN 2.2 duditaudlniingeduds J (E,) vasareiaidasiniauaziaida
1 1 d o o &l = 4
awwasd fidrgandnaurnlwiridiudnsgaduda duadaaiwefiduviawaiaiau A
af ot i = i d = 1 '
sunilniiilndyeduda J (E) asildiguiundt 30 kvp/cm Zaifunitannunamusie
= & o qya a a a & a
anAsEaauUlnitvese nia JsvinliiAnnsAayrsanuiionl navainsiavi§aes
o YV a a d ] 1 a d o b7 A )
vinliiinfavrianuiauarsessesneiadsazasuieluden 2.6 valy

witasunldiadaaiwesviia HOPE Aauulwihilnayaduda J sxfialigaiu

30 kVp/cm a8391na Felavinliiinnsfansaduld waslassadrsmudaivusinsituaedl

AAuasgaauiniindudavesaeniasniauaziailaailigaisiniilassasnemiy

gafvuain  Waweuiuasem 2.1 agUlaauulniigeduda J (E,) vasansiada

pmAnazialiaaweirianaiaau  azliangainitauulwiiaiisevuenvesanaada
‘d s s - ] & -

9IMALaEINA wazanulwwngaduea J (E,) vesansadaoniauaiailaailweiviln

HDPE agiimaininauiulninsaiisevuanvesaramlasiniauazainie
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2.6 AEYITINUAILALIDENIIRT [12,17]

a o a [ - _ < nz - 1 _ s
MINAAAYITIN UK Isurface discharge) WALIDEVNIHIVILIBNIN tracking VBIIARAUIU

Uszinvmedwei(polymer) awnsafisvaiurelanwuwanslugui 2.26

(n) Winanuaisaauslnirganuinuiives

AU VINsuRevisoyndula

(@) UsznauRuiidsvuidounarainuiuiing

v A uA UM IUNIIR(surface resistance)il

A1nae auvrlviianseuaialvalleakage

current)iileuM I INEIBGNT1IUA

X o % o =i = =1 Y
() NUNUKAUANT) WTHUELDULAUATUNIUGS
WAEVINAUSWIUANATENUTIUAING1IFINDIE
' v - - & &4 w
dawaliaruaivaaudlniuiuunuiuigs
NINAIANUAINUVDIDINIA U LHDINIAUIIIN
duiianisuandidulessunatsanimdusii
T udindsnuuinwenagyinlmiausenielv
P L & v oa "
(sparkuAivIIMN UL IAinTE ey lunaiy
- a - & a
Uiluuuiaw Senusingnsaliiinisin
Aar13aunvdlu(partial  discharge :  PD) viin

faviaunsdiunuisurface discharge)

(v) anuaIgeaulnvhgaiuagyilveine
59U9 {ian1suaneilasau (ionizes) MIRaAYIY

(discharge)1ainduluuiani

SR o & sau
(3) gaungiivingaudianszuaiigauvilviaiy

L] u

¥ )
& o

a a a v & a v
‘uuwmmﬂﬂ’ﬁixmtﬂﬂ LAELAANTITATTIWUNLAL

ving luvansquinw dsasvinlvinnsluaves

nszuaidugninuINg

() \AnnshavidaidesuariliiAnnszua
favisadischarge  currentluaziinni1se1sn
(arcingUSmituiwiandu dwaliiuiiuiion
&uﬁmm%’auqaﬁu wazindsnuioawaiiagvia
Iiluanauarlassadrnaaiivesauauduunn
aasauAndusesluwifiFondn tracking nadilé
9InMse1dn Ao mrdueu FedinmandAtirlnia
wazidudruddgyivinlWiAnn1svenedvessos
sl siliszaemesewinetalvifduassunsets
aualiatursanudeussfuitnnaseudule

JuAanisuTna e vanysaivesiiauIu

JUN 2.26 maiafayianuiiwazIesTeen it ianauIUNedLes
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fgy15au19du(PD)

= a ¢ i | "o - as ' o d = ar a o N
wneis Mshaysanlianysaivisliweulusfeiusenindidniam FANFIUN 1A

a & u‘.‘r [] al o v n‘; d o - :
WAenmsaansatuliunwenazyiidauiutudsuanmliirlndile Tesazietuluseuu

) 0.l - 1 ° - '
auunldnvuzgUwuvrasau i bimivauegs ioauuildiauasauevieliidu

Wewediu(@l € feiuain) nielidudsvulcontaminant) a1avilviauulwiuiegaly
a0 -l i I e (K= ] o v a

avudiAranueigaguinliiiganitdrings winliausavilviianisiusnanilag

auysallausiiaiesundwinty. Aavniaunediu aunsauuseanteu 3 vile Ao

1. lalsur@aynia(corona discharge) 2. favisamuri(surface discharge)  uag

3. davsanelulinteral discharge) wamadaluguil 2.27

HV HV HV
Co
S
(n) lalsunRasnsa (9) Fay15amuED (m) fawrsanielu

o < = & ]
E‘IJTI 2.27 YUAYDIRFYIIIUNAIU

Talsundaunsa

- - L3

e a = =
Ao Aayivluauulwihliadnavegeseuvaredidninsaunaunisveunruiiaglueinia

v '
- o= =

wiieTudliemuassaaulivhiidgainddmaulwiingmeimaE,) awmgun 2.27(n)
faysaInIuRn

wiaudiomuAToaauuliihauRIau(tangential field : E, ) He1gandnan
= J U s 1 = '
aunuliiingn mugun 2.27(v) Amdiudseysenindidningn C, << Anfiuuizques
anuuds € sauusesusewintadidnininvzanaseun C, Wauvianuavnlvauedee
aunlviihuudu ¢, drguiuaulniingaE.) 16 Jufnniswsnaniviedarisvlusu
- o, | - & a ' ) ¢ = 0§ Ve
Mluene uwrluduiiluauIuudsinuAMURBLTIRUIUINATIUVTE E, g9 Jdliviliifn

nswInaivggauuld wisrdavisalumuiisauiuuds
fayrianielu

a & - - a o 1 o
iintunisluauiuudaivieaulrumaidaiivesiigegareluniugui 2.27(r)

= aa & PR | " a -
AU Lﬂiﬂﬂﬂu'\ﬁ]‘lwﬁ"l‘ﬂa\'}ﬂu’JUﬂﬂﬁ'ﬂqiﬂﬂqfﬂu LIHLN ﬂ?]uﬂﬁl,ﬂ‘u AU Lﬂiaﬂau’}ulﬂ'ﬂ'}'uaaﬂﬁ'ﬁ
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a aa - - ' 00 Va = o W P [
fiegnelu awuniidudovuduegrzviliiiafetundaninusnnnaasusn wdrendy

mummilugnmsiusnenniluiian (uvsdslute 2.10.6)
looalud

wuedia avpaunisluianavasiiulialdsundsnuiiisane vilvidianaseungn
aanlunileBidnasou svmounisluianatuiefivsyquan susenininlosslud(ionizes)
=

dwnszuviumsiuendidnaseusananluanavesieuazivszquan 15193011 leaslud

Wwu(ionization)

wasulessludiutu
-~ a a0 8 va ¢ ai o d a w o o v <
Ao wasnumiiinalossludiedu (W) auudiididnnssusuiuladounmisnms?
whriuaudlufieneaunaliin E, Dusseznmavindussesdase 1 avldfundsaunin
v -
auwlwvh (W) slsaunsy (2.75)
"
W= ef Edx= eU (2.75)
= L3 a @ i - o
wiinlovsludizduisadie W > W, = elU; (Eamwm, 1 =24;) (2.76)

dle  U; Ae uswiuleesludiwdu wiredu v

elU; Ae wawuihliinalossludiedu (W) wiielu ev

v Y v "o - o a o < ] '

fmdanuildanaunilwihbidiswediavyinliiAnlessludly favvilWluanaignyutiver
il ' W i

Tuanmiiaunsgiula wazsaniendt nERLAUNTEAU(W,)

naanuunsziulazndinulessludistuveduanavedirieg uanemalunisnm 2.3

o a - LY a « as '
A1 2.3 nawuaunsriuaznainulessludietuveluanasiieg [12)

e wiauunsEiu W, (eV) wasuleseludiedu W; (eV)
N 10.33 14.54
9.15 13.61
H 10.16 13.59
N, 6.3 15.60
0, 7.9 12.50
H, 7 15.40
NO 5.4 9.50
co, 10 14.40
N,0 - 11.00
H,0 7.6 12.59
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215nfAdvnda

Snwuzvesorsnaariss  udiunilwesdnvasianiss Fuwansfennudunusaes
ussdusnasaueinfunssuatilvaniuein luguil 2.28 wansfednwarlhad-usnuuusves
ansnRannsIvenUaIMAET 1 Iwuiung finuduusseana Taeiiussdudagne Uo A
wddsumudiunu Ro asaadu Rl uaglimnudumunasiaviiiy R uswdsu
wsesdumdiedu Ul mswdsuanuduniuvdeussiuvilinssuadsuluse Tugied
nssumﬁnﬁmaaqﬂf‘iﬁanﬁ au1sn (spark) WWutefiiiondn e1sndaniatarc discharge) 84

Y ' o 5 -
L3InuAIaNLNUITaRaLlanIyLanlITn(arc current)iwuTu

913nAdY1s

0 10 1.0 10°

- @ a « a - o
31]7] 2.28 anuuEAFYIIVRINUINATEEE 1 IWURALLAS NANMUAUUTIEINTA [12]

nsaAsue lulgdu

Ao nszvaumsasuanmanagiegiiifiusmariuau(carbon)ineauiou wie
Wunsrvumswandiu dues 1wy maierivelusvesauiunediefiduiiinannisiun
Infuagmusouanmsaaniasaideadunaiuiug vlivusyluanavesauiunediofiay
Fausznoudiewuse C-C war CH 1dFundanu (ah) nnneiisglilaanatduidanisuan
aane vilermeulelasiauH) vameendsuanmibuiusraseninasveuiunivey
(C=C) faguil 229 ilviawunediofiduiimaniuauiuanasnsziiasninaisvoud

Y

\indutuiiaaandmirin
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H H mswlvdiuazauiou
| | Ah
M—C—C—W ) MmW—C=C-—W
I | I I
H H H H
Wuszluanavanadiahiiu WinArsualue (C=C)

JU# 2.29 Mmainansuslusveiauiunedioniu

L ar
NWANTUNWUGS

nauRusz(energy bond) As walnuaateWusTusaswusyliana walnunuse

L
@ =i

Juegivlassainwaluana dal
WANTUNUSTUDINUSIAYD < WANTUNUSZYBINUSEA < WANUNUSTYDIWUSEEY

] L -4 U ar ar s L - L
WURINNGIN 2.4 81U Wuse C-C Iwdsunusy 88 klJ/mol  wusz C=C unaiau

Wusy 162 kJ/mol wagwuse C=C fAwaanuwuse 213 kJ/mol
wenNtl wEamRusEituegiu ANEIIMUSH(bond length) Ao
AUBNINUSTATY <=> WANUNUSZTIAIES

AIURNSIT 2.8 WusE C-C HANNeINUSe 0.154 nm Wuse C=C fmuenIwuse 0.13 nm
WazWusSE C=C IAMNuEINUSE 0.12 nm  A2iNIIAINE1INUSEYDd C= C TAPINIIWe

LANAIUNUSELINNIY

d s ar al ar !
ATTNN 2.4 NAWTUNUTTUALANIUYTINUSEVDINUTEA9 [17]

Wuss s “'N“msgkcal/mol AUYI1INUSTE (nm)
GG 88 370 0.154
c=C 162 680 ' 0.13
=C 213 890 0.12
C-H 104 435 0.11
c-cL 81 340 0.18
C-N 73 305 0.15
c-0 86 360 0.14
C=0 128 535 0.12
O-H 119 500 0.10
H-H 104 435 0.074
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2.7 aauUAvasTanauIualiuazaeala [18,19,20,21,22,23,24]

Uagtutannedwesilasuiisugminnlivinduauuniadenvesaslnuazasinida
loun wedliaraslsa(PVC) wadieyiau(PE) AsedadsAnadlenau(XLPE) warenaenay

aa v = v a Y ) ai
wsoRauEPR) Wusu Felassadluanavemedwesiuiivarsuuy uwansdsluguit 2.30

{ e
O = ol

P R e s ) ’{Jv
3 -1
(n) wuuLdy (v) wuuiefitu (A) wuuidanr e (4) wUUAIYIY
(Linear) (Branched) (Cross-linked) (Network)

J v - & '
JUN 2.30 lassaialianavasnadiueiuuusngg

- v . = ' 1 1 v - [ V)
n. wedwasuuuidu(linear) INsINANUAALYNUNUMIILEDEYBUNBTILTDURDAULUY
[ "4 -l g s « = s ar
Uanewularsluaeladuies 913vensdulaeiuszuiuinesnansenuselalasiauidus
- 1 ) ' = - ' =l [y [ =1 - - (T
Wausiasznianely svdimnudavgunaziidnvauzadioidualined wodlwesvllal laun
PVC, PE \ufu

2. wedwasuuuisiu(branched) fdnwarnisretuvasansleusiansuiisesansly
Hundn Tnedafuvesanslefigudrssifaturasyinisduasivinedwed Aufuves
wedwesszviliuszansamnisdasmiliutuanas wodlwesulinil 10un wedlefidurin
ATUVULLUUAT(LDPE) , wedlefiduannumuiuiuuunala(MDPE) wazwediefiauniny

MUIWNUEI(HDPE) (Husiu

A. woAuesuuudanTa(cross-linked) Wunsileusefuseminaduanslewedmasiu
dudulasdunisdousioszuansneiy msideusaintuaniusslaniaud nsyuiums
\WourneeainnnuusihmsduasgiviainnnufidsueiivuulidounduiidniAntui
gamgiige vesafiidudernnaninnnerneuvisluanavesansidmdluudniliin
wustlaniaudseninsaneletu wedlwesviiai 16un AseadeAnediafidu(XLPE) wazens

WViaunsaNau(EPR) Wudu

= L4 . d - as aa = aaa ar ‘dy

A. wedwasuuumtie(network) dalidnwasiu 3 IR dujiservesiuszlaiausiy

w - o ' & a < - = - | e e & w

3 Wusy Wwaulvalumine vATinedweiuuu@anreniinseuseiuusunaunide
4 ) v H ar o L] aren 173 ' -3 - L - ; I a
aglungumdrglovduiuvinlvifiand@nisnauaznisniuiousutu wedweiviail laun 8

nondi(epoxy) 1udu
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= -4 ] a P 2o v -l
wodwas uuadu 2 Ussanaunginssuiialdsuainuiou fe

1.  Usznnmailunanddn (Thermoplastic)
wodwesusuanil Hlassafradunvuidurdewuuisdus awnsavilivasuvaiuas
P | v v a4 o & v | v d g aw o v
wWasugusulasmeanuieu Wernnduzluaivdesviiuasasiidnuusauntuguly uas
annsadunduguinilalaemavasumaidnass widwiviagnldlunisudnanglnihagly
a - a o a & o & a - a P . v o
WoRoIvTonaaRNINARTUIIASILINIVINY woRlmaivwianarafnylatindenltviauiu

wiawdsnvesanslnivwsSeanuaa loun PVC way PE Wusu

2. Usznnneslugn@e (Thermosetting)
Sy Y o o P oo T Ll e
wadwasuseLand Wunanainnanuisovasumallaludunauusnivintu Wetianis
Waulessewinluanavsilunedwasiuusnun viswuvauifudrvrbiannsosoudvie
v oal vas v VY v v o f Vo o ot [
vasuwalidielasuauiou uimlasuanuieugenne asvihliusengnezmeulinngly
a a w a < o ee i =i ° o
luanaunneen wedweiazianisaanesi wedweduszianilddiannsenaztmviingg
- o M v a a &9 v o v o a s a o ar
wasunisduzulwmild waradnmeslueadsnldvivihiduauiundnvesareiadandifey

A XLPE way EPR 1Jusiu

waalltianaalsa(PVC)

wodllamaslsa Wnanueuesiuesteo Lilamaslsa (CH, = CHCY ilassadramandl

fauansluguit 2.31

T—0—zx
(o]

guﬁ 2.31 lassasramaeiivey PVC

PVC  fnuaud® Ae wilyd Ivagdaunazuds Juguludnumzeng 16w s1aign b
ara1gun weaneded uarulwraTavatedunid udeUfiseedl nsa 619 weiliAee
1 A a v oa ) & @ a - % = o)
numusenmtu falien wilivsinaeiuninduiedv deararsihfianmaiandu
a1 ' 3 = ;73
NIAgY AAANMUILLYTEIM 1.4 ¢/cm” fiyavaaumailssinn 204-212°C gamgiild
a - L 1 wa c‘
yuUnf 60-75°C nugamgiigedals 105°C dunuanTRaug annsoglumsd 2.5
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&1 PVC SUSunametmaniucl) wnasvildinlrennuasostuasieilléd veneini
PvC  éhilguantifivey Ae awnsonanldiuansdug vldisannsauiuusanunmees
PvC I¥iBetuld ansdananetadu
- wanadnluwasi(plasticizers) ¥l PVC sousiiemiluatu
- ansivhlifadiesanudeutheat stabilizers) 9el¥ PVC Liaanedaiasainainuiou

FEWINNIIHEAR
~ ansvaedu(lubricants) wWu FR, Fatty ester, Metallic soaps ‘a1 eviili PVC 9

waeuwmad Liimeinduniesdnsitldngn
- asiiuusafillers) vl PVC SuSmnasmnndu Wunsansienlvidnas wy Tonariuyu

A
- Awau(pigments) 1uABuNS I3 ReuvEETiNanty PVC Wisliidatean (s PVC 819

YUTY) wagnusaanzanelanty

PvC  fesldvinduauiuiasivdenvesanslnusaiudn  veldvidudenuenees
anglilafuusedugaUunansseiulssiulnin 1.8/3(3.6) kv s 18/30(36) kv w3sltvin
Judenuenvasanglwilifunseiugs wu aw 69 kv uay 115 kv (lusu PVC Lideuly
vaﬁ‘Juamw?aLUﬁan‘uaamﬂlwﬁ"[ﬂuswUmmmﬁammﬂuiaqa Wewnlidesnuniuse

4 = 0 9 vV a - v
ANTNDINTA LLAILAR LaEATUYU ‘ZN"Q5?]']1“Lﬂﬂﬂ"l'ﬁLLCﬂﬂ“’iﬂLU?qg‘lﬂqqﬂ

wodleNau(PE)

wadledu \invnueuaweile o9y (CH, = CH,) filassadiamanil dauansluzun
232

H H
I I
cC — C .
I I
H H

o 1 =
JUN 232 Tassasnamaimiives PE

PE  fiamuantd Ao wiled uds Tuguludnwarsineg e sialuune liazaredh
WwoANDERS wartwnasarardunid nusdeuiiseail nse s wazarwdy Whun us
dallddendt PVC defalwudduenn fidannumuiuiuussanm 0.91-097 ¢/cm’ fiym
waaNwaIUsTII 105-180°C gaungilldauund 70-80°C qrungiildaugeantszuna 80

' wa o =
110 °C druanantiou aunsnglunisnei 2.5



46

NANARNTUALULAIUNUIBULLANA1NY 3 Bin A

1. wedleRiduAnumuuLush (Low Density Polyethylene : LDPE)
2. wadleNauAIUMUILLULIUNG1 (Medium Density Polyethylene : MDPE)
3. wodlefiaumUVUILINGS (High Density Polyethylene : HDPE)

M 3 Uszum Tdnvaglassainuandeiu dwwanslugun 2.33

W& s

LDPE MDPE HDPE

d a v = o= al ' =
g'lJVI 2.33 anwauzlasiasvoinedionauunazyie

PE lunanadniisimnudenldiuann wesniauanifisuduieslunsiduauiu
nalnh wzaé'aﬁ's'lmgﬂms”|::wa1aﬁnﬁﬁﬂffﬁqwaaummﬁmﬂaLﬁauﬁ'uwmaﬁﬂ'uﬁﬂ%'uq i
Widununsudnsd LOPE dudsuldvindundenvesansinsdwi du MOPE Healdviuiu
wWienvesaglwilsfuusaiugaunasszduusiuluih 1.8/3(3.6) kv fia 18/30(36) kv
wazanglwilAAuwsIfugs 1w 69 kv 115 kV uag 230 kv @ HOPE fHeuldvinluauiu
voaaensimivazdaliindundenvesansialasmenazarglvivesoouin (osan PE

' a U o wa ' & v ova
WARZTUAUUNAMAUUANUNIUADANTNDINIA LAILAA wazAuBulan

AsDERIANDAIRAAU(XLPE)

Aseadsiwedtefiduiminnliindvauiuabaussgs sninnnaisUszneunedieiiau
(CH, = CHy)n  Usewaw LDPE ﬁﬁmLﬂﬁﬂﬂnsaa%’w‘[maqammé’umsa(linear)w%aﬁqﬁ'm
(branch) Wmzieadunuuidenwanscross-linked) Wiauuusiaummiesigtne(network) i
Tﬂsaa%'wﬁ'mam'lugﬂﬁ 2.34

PE XLPE

U 2.34 Tassasraluanaves PE gnivdsuliidu xLPE
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XLPE Singuaud® fio wis wilen ?Tugtﬂué’nwmwiw] 1#i1e wildanunsaiivgdunvh
mwaanw?a'ﬁugiﬂﬂﬁlﬁ TN PE way PVC audidy liazanenh ueanesed uay
derasarasdunid vuseufisenail nsn an wazarwdu 16E Aalwldiend pvc
dedalaudduen wudeadu PE TAiAumuiuiuUsEnm 0.92-0.93 g/cm’ dign
wasuwmad > 200°C gamgiildauund 90°C gamaiildaugegn 130-140°C dunniaudd

- =
BuY AI0RAITNIN 2.5

g1eNAUNTONAU(EPR)

a €a aa aa o <
EPR luusziavaseadsAiinvinaisusenaviefiduuarlelelnsiidu ngnivdeu

- v ow <
Tassaialuanaliduuuuidonnn flassaiedwandugun 2.35

Ul 235 Tassaamaniives EPR

EPR fintuanUi Ao 8au nI1 PE way XLPE Liavateut weansoed wazuigansavaly
= = & ] ' aaa = J = L7 o " 3
dunsd Linusisufisenadl nsn Ae Anlwlade dareuvuintulszainm 0.87 ¢/cm’ iign
vasuwmaIUszunm 200°C gamgiildeuund 90°C gamaiildnuggauszanu 110°C dw

wa al a
ARANURBUS mminq}‘[um's"ww 2:5

EPR  deuldviviosns seaiym anewiudad enssasus wanifuauiuaviadalvida
Wy auauaelnusiug wazarelnihlafuussdugauiunans lilesnhanldvinduwden

aasaeln
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PE XLPE
AANTR PVC Unfilled | Filled | EPR
LDPE MDPE e e SR [Pl
Density (g/cm’) 14 | 091093 | 093095 | 095097| 092 0.93 0.87
Melting point (°C) 204-212 | 105-115 | 120-180 | 120-180 > 200 200
Thermal resistivity ("C- cm/W) 500 350 350 500
Operating temperature (°C) 60-75 70 70-80 70-80 90 90
Min. operating temperature (°C) -20 -60 -40 -60
Max. operating temperature (°C) 105 80 110 110 130-140 110
Short-circuit temperature (EG) 140-160 140 160 160 250 250
Tensile strength (N/mmz) 13-20 7-30 20-30 14-34 19-23 20-27 12
Elongation (%) 150-300 | 300-800 | 400-900 | 600-700 500-600 400
Hardness (Shore D) 3543 43 53-54 57-61 59 50
Volume resistivity : p (Q-cm) 10* >10" > 10" > 10"
Relative permittivity : Er 6-8 | 2528 25 2325 23 2545 | 2335
Dielectric strength (kV/mm) 20-35 20-50 22-50 30-40
Dissipation factor : Tan O (%) 4-12 0.02 0.03 0.03 0.02-0.03 0.15-0.4
Oxygen Index @ 25°C (%) a7 18 18 18
Halogen content (%owt) 22-29 <0.02 <0.02 <0.02
Water Absorption 24 hr@ 25°C %wt) | 0.2-1 0.005-0.01 0.005-0.01 0.005-0.01
Jaduiifinasonisidonanmussauiunedwes (19]
Taawedwesidauanin(deterioration or  degradation) l#fensviuFAzeatu

\ P ) | P = & - ]
dawaden Wesnndnluggnldiunnisusneins kavasnsidenan miiisiendn n1s

< : ; : =
dauanmluussennid(weathering  deterioration)  @99199ziunasinuenszuIung

@enanmvanenszuiuns msdananmluannzidnlvgiinanssndindudgnnseiu

v

L9

dndeddanstlilalanUvainuaiunn wedweienagaduiilavinliauudsuazaiy

FuNIUNITUAeaRal snfag1Ty PVC asiiamsdananinluussennialdraudndie

- - - - Ve  w . - - a
Waﬁl;lla%’i]’mLaauﬂ.ﬂq'ﬂiﬂﬂﬂiguquﬂqiﬂﬁﬂﬂqq fagU(scission) YIADNITUANAAIEUDY

ar ¥ e - o ' - ar o L g ar
wustluaglnana Wuweliiisnsusnaaiedunisadaduuasyiiviuminluanaanaa
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= =i i e - L

FalnadenuanUAniinavenediues usnndauautaninavemediueidueyiu

9

syuvasndundn(crystallinity) auaunediwestuasiissaurasaudundnuanensain

Tave Falaevnlulaveasiiseauroinnudunan 100% wodiweasazilAusyuies 95% wad

Qs

o o ' ' & P~ = ! a sala
LNS%%MIﬂiQﬂ%WdLLUU'iNLLWVI%EJWI‘EHEJlJUﬁ]%M%ﬂU‘UEJamwLfluwaﬂijdm’lwaamﬂiwu

lassaiuuuiduns ez UMY
NISUANSAYYBINUSZDININAIN NITUHSIE HavaInwTou uaskavaUfiseadl

>  HAINNISUHSed

a

$986199 WU awasdidnaseu Sedend Sedunuun SedTnn warded UV dndenuifies

aaa as

= a ¢ o o a aaa w P e a
Wﬂﬂﬁlﬁﬂﬁﬁﬂﬁﬁ?ﬂﬂﬂaLuaiuag'ﬂ'}'ﬂﬂﬂiﬂqﬂuaﬁmaﬂﬂi@ﬂkﬁﬂmﬁau Uﬂﬂ'ﬁﬂ"lﬂﬂﬂﬁ'\')ﬂﬂ N1ILNR

9

v a

losuvsolossluiedu Jedidvzsuivdidnasauuiinilievmesunateiliulessuuin wafe
wusglanaudazaarsuaziinisdnisssesmeuviionguornaulminsawumiatu naveid

vavualidndusadlunisau msiieuled(cross-linked) 819uindumen1swnsd@nta

>  WavnAusou
- P 'y - « a a aaa - v oa
nsdeuanmidosnnauiaulunainanwedwesunasiafiaufjisenaiiudie

e

[ v i
2 o L a = v -

ety Ujiseniinsianuainmiminvesiagimely watesnmmisanuiouveswediuesiiu
U INAIUAIUNIUADNITARILAD LARETAINNIIAIUSBUTAUAUNUSAUVUIANE 14U
@ ' a ¢ @ a0 v v o a fda o

wuszsyuIsarmeulunadwes amlenanlvuailuten 2.6 wedluesNiEnesNINNIIAIY

1 o W e a [
Jougeananhluldnulafigungiireutngs

> wavasuisenadl
a - | e W [y - aaa -
pondiau lelou waransduq annsnssdaduvesansluanadmenisiinufisead
X o & ) a0 v ° - . a @ ' 1Y)
watiintulagianigivgnkunseumeniugiy fegnouaivsuiniussdnuaevan

vodluianawazdudanulelou0,) suluussemaiy Ujisedatunilserauanaless

aunsn (2.77)

—R—C=C—R—+0, = —R—(C=0+0=C—R—+0 (2.77)
| |
H H H

=

as as

o o ' ") ' ! o w ) '
ﬂqﬂiukﬁqaﬂzaa'lﬂwm']uquﬂaqwuﬁzﬂ R wag R’ Lﬂunquazmauwﬂiquu TNUAIAEILLE

faia

Lildfunaanufisen Unddrensegluannslildsuanuduaziiafiadniadesiuiosis

aaa -l ' @ - a & o ; a &
"i]']ﬂﬂﬂﬂ'iﬂ'\ﬁ]u‘] LLFEﬁ"]E]']\T'iULL'iQﬂQ iaﬂLLﬁﬂLLa-‘ﬁiﬂﬂu&lﬂﬂzLﬂﬂ’ﬁluuazkﬂaaumlﬂU'ﬂﬂmQQqﬂ

L

ar .‘: a i J < - ar d o
fukse vAFeeLENREnIINAUTBBLANIMAIIRRINTatUNNTEAUMIE TalauTUIULNN

q

> usnaniaviunedwes eradevanmainuavasmslniih deildnanlulude 2.6
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2.8 Arnugliduazunnmesnasugyaluauauladidnasn (12)

= ° e [V
INFUN 2.23 EansamuIuAugii ¢ Alimhodumhindeninuend 1 wns

(F/m) lédeaunsi (2.78) uaraunsi(2.79)

2me 2TE,
C : C, = (2.78)
1 In2 2 In23
L1 r2
c,C
131+ C'n:u Cl + Cz - 12 (2.79)
Ci1+Cz

0 L3

o s = s a =l = '
annsaAIUINITERasaUsEY(charging current : I¢) ladaunisi (2.80) davziiueg

a a i d
Auruawsswiulni U anmnaglnih C vasauiu waganud f

Ic = jwCU = j(2rf)CU (2.80)

L & -

Tneily ledidnesnviseauiu sxlinuantaliiluiiiuusequians Wufe nseuailwa
" a a = & ' oe as - £ o ° L LI "
Wruawuladidnaintulilunssuadaysequians fe dimiussiudasndt 90 aen

wihifuym 6 Aagun 2.36

>
R U

[ RO . ~..

4 s U ar L dl L
JUN 2.36 mnuauusseninnszuaiuusiunteulviiuawiu

a n‘; 4!‘ d o 4 1 kY
Aatiu INFUR 2.36 @IV AIUIUMINTLLAN IMARIUAINI UMY ALY
(resistive current : 1) lagisaunisn (2.81) Fanszua Iy Av nszuaialvalleakage current)

& - = ' o w ' a =1 o
Tudlsawu vieeniGendt nszuaridegawean Unfiszdidndmnneg



a1

Ip = Ic tand = 2nfCU tand (2.81)

winawuladidneaintubifimuauysalaninli ig fid1ge vinlWAamdegadeladian
nanvasauILiAgluniy MdsgodeladidnnsnveRuiuP,)  awnsaduaumlan
aunTs (2.82) Wewn & = 90" - ¢ \unidng @l sind = tand Fsdenden tand
i ¢ 0 W = a d a - ¢ ‘ a o = - V
1 winmeimdsgodeladiannin visunnmeindinugauatluladianmin uasdonyu § 313

s

winweiasgendeladiinedn vieyuunmeindugaaluladidngsn

P; = Ul cos¢ = Ul sind = Ul tand (2.82)

[

fdsgaydeladidnainuesauiu Tusgivauiauseiulnii U wazgumgiinauiou
aeluileauiu avaudumnaziharudeuldlid mnfeuiiintusruissenluldenn
dsgadsladidnninvasauiufiesBanntu f1dnsnisszuisanuiaugenindnsinig
Wintuvasnuieu deddinsegluaniniiaunad auruadnditinanaudene uid
srueAmdousenliviu gumgiinsgatudeny sufvdmils AwvildauruiuAniusaany
1 uaﬂmnﬁﬁwé’aqmtﬁalmﬁLﬁﬂm?ﬂmmamué’ﬁuas‘jﬁ’uanwwmmé'au AT WazAANTR
vasauuladidnein 1wu dudevu anuduniu Al warnssuaiilvavesauiy

\Wusu
AuautRvesauiuladidnainiidasnis fe

1. muAmusonsnulni (dielectric strength : Up)

2. Wosleiin (permittivity : €)

3. winwesmadgadeladidnainviaurinmeindaugaan (tand)
4. AUAMUABLIING

5. AnuAmMusBUfiTenall Lazauioy

6. AMUAINUABDNITHNATDITOENEY

2.9 Uadwanee Nilnadaalinuasunanuaseaauylniivesauau [12]

ANLAMUFaAAIsaauiiveauIu uenaNasTuagiuauaseaaulvivi

wazuawaiauuliiug duegiuladodue dwandlunism 2.6
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d a 1 d’ﬂ ' =
A19199 2.6 Uaderneg llnasanuamuaunsenauulinivesauiy

Undu | | . e
R ALan(peak) A1 rms. ALDA WNIDAT rms.
. 1 A }
E Ep E,
nant
Atauusaduluih | ; : \
1 ] 4
ul;c I'l t u:cc -'. €
: ; : = 4 s B
ssovhgsyming | 5, E,
didnlnsm . \
(d) : ;
d‘; ym mm d d
- 1, & ¢ }
E E,
AUAUDA A
(P) ‘\‘/
' P ; P
T ' 1: ~s
e 1= |
G} / \ \
h; h; ;_
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2.10 nalnnsiiausnatidvesauiuunds [12,15,18,20]

N1SLUTNAMIUVDIRUIULTY TUANFIIIINATITIUINAIVIUAUIUAIY LaZAUIUE?
A J - '3 i =1 1 1 L ]
Wesnnlaifeansiuinanduaisideaninedannns lawnsanduAuganimauiula

< = L3 ‘;‘ s as s 4 dy e
willawdy  nalnnisiusnanteasauauiia Jusgivanwaususuluinteu hazIUBYNU

Y

=

Hranaasegueasauliimioaunlyiinfitou Fulvuaumsidudeu filugui 237 Tae
annsawvseanld il

1. winanuuuuviisiousans (intrinsic breakdown)
LUSNAMULUUARTULLDS (streamer breakdown)
winamtiileswnusamanaiinainini (electromechanical breakdown)
wsnamtiiiesninuanismudou (thermal breakdown)
winamtiilesainuaniaadl (chemical breakdown)

¢ a & , 5
wsnANUlisInuadarsanielu (internal discharge breakdown)

i B .

WUISNANMUILBIINIDISOENRILALNIII1IV09UIU (tracking breakdown)

U (kv)
A

wsnaniuvuuviadoniaviand

wsnaNinvuaaduuas
wsnamiidasanusonona

e

I.I.I‘iﬂﬂ'ﬂ\‘l.ﬂa\'ﬁ'lﬂé

imananusau i
i {snamdidasannuamoad

i ilavanuadiazndaniolu

duWad AC, ; AU i —— nslzdou

. i 1 : 1 1 =
+ + + + S

10 103 1 10° 10° 10°  t(sec.)

P~ i (7] « & (] - ar
EU‘W 2.37 ﬂ']'111ﬂﬁ'ﬂuﬁBLLN@]‘UL‘U?H@T}‘U‘UENQ‘IJ'J‘IJI.L‘NﬂU‘U'N'iSEJSL'Ja'mﬂEmLL'NﬂU

g
2.10.1 WINANUUUUWTIRIINTOUIAND

1

UUIBEY NITNAUITNANIUIINATUBULSIRUNTYIEa1EdY Useuiw 0.01 lulasiui

viedealinnuaisaauulniifigainndt 10 Mv/ecm Jaaziliauaundwuuuigrsiie

W
|

NSUINANURUUWIRS eIV mnueseaaunlihvasusnaiuuuuignssiniy

A o od = o a o = vas [ - al i
Wedidnesaudasedwiuanntuledidnesnlasundsnuainauiulwirfiteuninwenaginy
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Ha3unuUNasUsBu(forbidden energy band) w3elsundneen4in energy gap : Eg
PnuauInaud(valence  band)luguauadtuirliia(conduction  band) duau

a d a ™ o & ° ° ' a <l
ddinnsaudasyaziuvigaunniuluwauanuhinviuasilugmsiiausnamdluiian

ar

lAssainaveILaUNaIU(energy band)yasauiu arsieini uard uansdslugy

o
1 2.38
i Energy A Energy i Energy
Conduction band
Eg
Conduction band
l Conduction band
I Eg SRR TR A e B Over]ap
Valence band Valence band Valence band
0 0 0
(n) AUy () @15n9wn (@)

d 4 /s "‘ v o ar o
JUN 2.38 lassainavaunaundanuueauiu a1snwat wazsnh
| ° L a‘: -] 1% L3 2 ar nI i s
dwaanisviliauiutuannsni il szdesddwdseuiiganiiuaundeny
AIiU(Eg) BaUnfsinadlAUsEanm 6-7 eV dMSULDUNAIUADINU(ES) YBsansNemth
WHAUNINVBIRUIY 2iiAT <2 eV dwmsuiniarlufivoundsnudesinu(Ee) JediAraanuin
Invhgannnitauiunazansieiag
wagldamdulszsansnisiniiiviean miilnino) Jsvendnwuemalwives

a 1

Tansinaq lawaAt 0 szdinndudiunduresduuss@nsanudunuluivieaninaiy

Funlaigp) faunnsi (2.83)

1
g = — (2.83)
)

¢ 1 - ' 1 = 1
FaAn 0 zimbedu (Qcm) %39 (Q-m)

duan P aziivhedu Qcm vie QO m wazannsaduuldaINaNn1T (2.84)

RA
p - — (2.84)

l
<4 v -l

i ' <
W R A ANUAUMIUYE9RUIUN dvialdu Q
- X & v o oa & 2
A AB  WUNYUIRR UVU8WU m

I Ao enuem Ivtedu m
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2.10.2 WSNANMULUUERTUWNDS

nsiisusnaniuuui wwmilousumadasnadlufesumguianiuees lu
auaiwihaihaveildnmhsdninseiadiiudevesauiuuds idneseuiidinluluuay
ihlnfhwesauiuiitaualnaaziedouiilumdsdauelun warldfundsnuanaulniily
vaugindouily mdsrildanaunilniiudmdsnulossludieduedlasiaiiawndn
wlisiEnaseungaanevaeslasiairendniignoy Snudidnnsoudassaniiunity
Wuernaud wanusnanmandetudledidnasevlusrnandisnauternings  Tums
Utimsusnaniinaglifiensiaunindauien visluwundumadion uiseidnuus iy
wuuvaBkUIduNIINMshariavatseds sunsshisesnishamsadenlusseined

a a ot W -
Aiannsnaufinnsiusnananiiu. Aagum 2.39

SlnTvse
Uawuwnay
(Hhuaive)

fhuatum

- o a < « - & o
EU“ 2.39 anWULAAYITAUINANURUVANTL Lllﬂﬂuluaau’luu‘uq

- o a
2.103 lUiﬂﬁ']'Jﬁlua\ﬁnﬂuiQ“qqna“lﬂﬂaﬁln’lﬂﬁ'\

A v a d = |Aﬂ
awuudadioagluauulnihseduge) mnussiuluihideu asiivsyqegiiaves
- - - s i o o :
auusmuauinidwazauulniesn Juinussfegaiusznindiavesauiuinliile
} v e : v v ;n ' ' ' ar
aunlisuusdatadedld waziminusanaliihiiiuniiArnuamusisusdnreuIun

M RUINTUAANISUANS IS auAN@anule

-
2.10.4 WINANBIINHANIIAUTBY

d s o -] . 1 1 -
diotauwsenulivauiuwds aunulvirvinlviinssualuihlrariuauiuusaziian

Uegan nszuaivirlvignvgiivesauiuiiniu awiuudnzdimaninegléninaiuioud
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Wndutuannsaszuiseenluginansaulaviu laglivinliguvgligufiunindadiinves
5 ] o = | - [ v o L3 a
AWIUNY uAnSRTIAuTaugaAundszuieanty faniliiduauaunad augumgi

q Al u

gufunIladrfinvesuiu wihlvauuluiinusanila

2.10.5 winatifissainuaniuaiivaziaiilnia
avausnadsnaniwmaaile wilildsuaueienauslnin auiuszidouanin

o389 luanngldauund uiaztuegesantugamgll madsuwlamaaiifura
ynnmsunnaanevedlassadisluiioans auuuwindevanwaniesnnluiearsiui
91M1A pBNTLU v3elaley wwu &1 Ay wRneendnduilinunnasin(cracking) e
Panazlasunawnn awiwusriadeuaninasdiléfuiinnuiuuarauiouasiia
lelasadatu vlddvanmmsnauazmaliih snsnsidesan mussauiuiiionuanis
willihivuedienssuaih %;a%uagﬁ‘mmnmai‘&hﬂ ot

1. aruvuwiveetlessuluiiisawiusuisndaievuluiioauu

2. gumgiivihlyinssuadilvaiu sy Hunaliauudesanmidity

'
] s |

3. aidulwans fie luanaifits axdinszuasinnniasilaiidulnans

i a ¢
2.10.6 winauillasanuadayisanielu
a ¢ - - | a - ' y - da &£ &
pawsanielu wiseninAagrsaunsdiu(partial discharge)iinunieluiiioauiu
P & - L 4 aa i i "\ a
Wosnaeluilieawiulivignsvielidsunnisdefect)neg 1y fivoamsalnssainie
R = & a ¥ v oaa s o z ' " )
(void)  {AUTUNITBULYT UedawdanUasumnioduvalulcontaminant)neq 1UU WK LAY
Fag ledn walave agnngluauiuuds daundu(protrusion)sewinssesssluiliaauiu gud
JUN 2.40 Wunaliifnauassaauuivihaglulwsmisdadevugeninioauiu vl
a a « a & = -l ' . &
Wansiavianielu wagiinnissinmalwihmiaiisnsenin treeingnisluiioauiu
W a ol ! 5 a & [ o i a «
nsgvaiamMsteulemaliihsenintiddninge suluanwnhludnisifiawsnanitves

auluign

< a : ' & a
EU‘VI 2.40 aIUNNIDINNNY ﬂ‘WEJ'LULUE]QU'JU‘EJEJ\‘]ﬁ"IULﬂLUﬂ
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o { ™
2.10.7 LU‘iﬂﬂ"l'lﬁLU'iN‘il'lﬂi‘él\ﬁaU trackmg NHIVDIUIU

dlearruudaldsuanuedsaauilwinfunaiuiu anmnisaiueradediisssn
sl e tracking awdildnanluudludod 2.6

n9iAn tracking  manede nsiiadunavesrfusuuuinveauiu Faasidunis
vigudynaAuFhomIuLIIRYIL AUMAIIIN AT vetAa duns lainde wieds
WyorUTousnag 1y fuavess anaiail nareduiladdniuuinaua vhldnszuaannse
vaeiuld Fedenin nsvuailua nszuadalvaiissiliiAaaudoutu frvesauiufies
wisas arudouiiiAntuusiargauuiavesauruiiailiviiy eanisuiiunsdi wazesil
ussuRnATENLInARING™ aeneliianisatrsnisparkle suduravl¥fiavesauiuiu
devanmuasdsanmas  nsiadeanimileninsesses tracking § avuandnsluannms
Feanminagiania aavsesnintulufesevuenauiu sgraosusiduiitoudes
WiUY3eaNNNILsIUAAAR NG BB ALY UALUTNANIURINTBI8E tracking BIARTY

a v 9 & > T ¢ o
VILNAUATNITUUUIN u.aghl'ﬂuaQﬂUﬂ'l'ilUsﬂﬂ"l'JU‘UﬂQﬂ'I'ﬁﬁaU‘]

2.11 UIATFIUNTNATIUAMNATUNIUNINAATY [25,26,27,28]

WRsgIudmIUNIaABUAIFUYIUNSIARSE(tracking  resistance  test) WUl
g3y usiileuldfulifaieluil Ae 35 Arc Resistance Test uansdislugudl 2.41
TwazBoaglunnannsgiu ASTM D-495 [25] 35 Dust and Fog Test uanamalugud 2.42
TwaziBeaglunuannsgiu ASTM D2132  [26] 33 Drop  Test  wamadsluguil 2.43
Twanduagluauuasg i IEC 60112 [27] 8 Inclined Plane Test uameddluguil 2.44
TwavBeaglunuunsgiu EC 60587 [28] uaxds Dip-Track Test uamdislugud 2.45

=l e d” ' - I
5'1UﬁgL@JEJﬂ'lﬁﬂ’l'iﬂﬂﬁﬁlluﬁlﬁﬂﬂ”tﬂuuvm 3 mall

unasFI g TWusIdugY
Aszuaadu W 12.5 kv "”‘l‘gﬁ:m"‘“”
- "
X
R @5

Jaavaaau Sfinivsm

U 2.41 35 Arc Resistance Test AuN1AIgIU ASTM D-495
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28"(712mm)

wiiaanlstilavuan
18"(458 mm) =¥ (Deflector)

(Fog Nozzle)

Jaquaaau
(Test specimen)

________________ swsavfudtaiiuauiu
(insulation support)

viaunaaau
(Test Chamber)

3U# 2.42 38 Dust and Fog Test AuMMg I ASTM D2132

. unasoivnzuaady |
‘ A v QumninTzumfumiiena
P = ﬂ
<
« |
[] <
=== o 3 i .
atad

viaaun

qU#l 2.43 38 Drop Test AuBAsEIY IEC 60112
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asasodalu
unaviovnseuaady &
0-6kv ddumuiifansuua
dad
oA [ }—
| fudadumasay
: Tadlinad
|
|
), F
— atnsalnsuafunninnm

U 2.44 35 Inclined Plane Test Aamsg M IEC 60587

= —3)
F
aé’nﬂa\ e
T E v g Jrm -
\ (Nichrome wire)
szdni
————trman
suavaaraITamzlug _ | @sasaw
b NH,Cl 0.1%
|1 iudatmaaay
uawRasuyu QT (Test specimen)
4 sausaui S

3U# 2.45 3% Dip-Track Test AuLIATgIU ICEA S-66-524 (35 B)

a - « o 4 Y =t o=l i -

eninusatull 98eieiinisnaaaunu Dip-Track Test L{BI9INUINIFIU UoN.
2341-2555[1] dwmsuarsiailaananivualylgisn1smadsusingld 99518azidenres
adc “ v ' = : «
A8n1smadeu Dip-Track Test glanadsialuluuni 3 3asgunsaineasu n1seanuuuLay

FBNsveasu



uni 3

gUNTAIMAGDU N159BNLUY KAISNITNAGBY

3.1 QUNIRINATIULAZNITIRNKUY

aw 4 o o € o o v a = a o a
Tunuideil inFasdiowargunsalingg Ndnluszsesiawisuiathinlddwsunaaey

AHAUNIUNTSIARTBE(track resistance) ABAAABINUNINTEIU ICEA S5-66-524 (35 B) [2]

w3838 Dip-Track Test [3] Hwasioluil

bR L

9.

) (Y]

ﬁmmﬂuiaﬂuqﬂﬂﬁﬂniwaaﬁu (AC high voltage supply)

FIPUIUTINANSZUE (current limiting resistor)

Fusetramaaou (test specimens)

amiilasy (nichrome wire)

figndusatnamaaeu (specimen holder) waztnduddidninsalwihusags (HV
electrode clip)

ansavarsuanluflonnaslsd (NH.Cl) $ovag 0.1 uaznwurillaasavane
UBIMBTUALYAAIUANAINILTI (motor and speed control)
fiwaiTauswiulrihnszuaadu (AC voltmeter) uarliawmadlines (voltage
divider)

= < ¥ s &
LAIDIYIUIVUN (digital balance)

10. w3ee¥adn pH wazaranilnih (pH and conductivity meter)

= ar - & & e ¢ B T
11. 1ASBAINPUNHULATAIUTUANNNS (temperature & relative humidity meter)

12. wain1duLlan (timer)

3.1.1 yadrsussaugelwnnszuaadu

' Y v oo g - a W ) =
yairsussiuganinszuaaduiuildveasy Svuiadidaussdulnii 0-30 kv Al

50 Hz (ﬁagﬂﬁ 3.1)Iﬂaﬂzﬁﬂmsﬂ'%'uusﬁulﬂﬁwmaauaq’luﬂw 1-3.5 kV Aot 1 kV, 1.5 kv,

2.0 kV, 2.5 kV, 3.0 kV wag 3.5 kV auasu
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JUN 3.1 gadneussrugslnihnszuaadu dvuaidaussiuliigean 30 kv Aud 50 Hz

3.1.2 A2RTUNIUINNANSTLLLE

Qs

AFIUNIUAINANTERANLY TA1USEUN 51 KQ WWaINANTLwaNtvan1u193sNIg
vedou lnptiiduniu R giianseiles 1um 10 kQ $1wu 5 funsesynsu(series) 19

hasfiwmasnsrndaiadild 51 kQ fagun 3.2

UM 3.2 ddunmdiianszua 51 kQ

3.1.3 YuA29819AEDU

JUAIBENNAADY  AIUNNINTFIUAIIUA ILABILVUINAIINRUIDE DY 1.52
Jaduwns ANe1IUsEanN 51 Jadwss anunauululanivun @usisgeiwSounaaau
HAanurunUseanm 1.52 Jaduns Anuemusyang 51 J88mes wayauning Ussuna 10

Hadwuns)
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LY

Fushegnamageuiiazthumageudmiuauised i 5 via (mqgﬂﬁ 3.3) loun
1) auruasoadrwadlafiauiilinauansuauwudn(XLPE-unfilled carbon black)
2) awunseaasrnadlaTiauTinaunsusuwun(XLPE-filled carbon black)
3) QuIuneAleTiaurlam UL INaLA1TUBLLUAN(LDPE-filled carbon black)
4) awiunediefiduriinmuruiwiuUunansinaLASUaLLUEN(MDPE-filled carbon

black)
5) awaunedieiduridaaumnuiugaiibinauasuauwudn(HDPE-unfilled carbon black)

AT

LV

= & w ' 13 a .
E‘UVI 3.3 UMY IAADUANUAIUNIUNITINATBY(track resistance) AIMNINIZIU ICEA

S-66-524 (35 B) [2) #3975 Dip-Track Test [3]

Judpgrmadaurliad 1 uaz 2 BuianINauINwaIUAaNYeay SAC dutu
Motrmaasurdan 3, 4 uay 5 lavnmsuulaingivinduzumenissadiuwsifum

(compression molding) MeAINTOU ﬁdgﬂﬁ 3.4

= -~ a v ac [ 1 1a r . . [y v
JU 3.4 msBugunanaiineneItnsoadwiiui(compression molding) AuANITBY
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AMSUTUADE1 NN TEUIL UL INAFDULLLAMUNUNYAUNILA AD Uy 1.52

fiadwns wisumeinsosdlantusiegny fagun 3.5

3UN 3.5 inTesdlaniusinetamaaey

'
<

YrtuMatlvedauwsazdu unsaganInunuisslulasiwes (micrometer) #
IisunsasuiigumuuInsgu ISO/IEC 17025 310 awpuduasuvalulad (Ing-gyu) vse
aan. AIguN 3.6

o ) a @ ' v = s
E‘U“ 3.6 N1TINAINUNUIYUAIDEINAADU ﬂ]ﬂlaﬂﬂilﬂamﬂi
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Fusetrmagauudazylia azuuseanily 2 ngu (da3Ui 3.8 fi1 3.12)

nauusn  \Dududegrdlmilildgniseengunaged)
1 o a @ | ' v v . <
NANYIADY Li‘jumumamwgnmmqmﬂmﬁmau(thermal ageing) layn1soun

gaumail 120°C Wunan 168 s (Faguii 3.7)

-

= ) o ' v v = a
E‘U‘Vl 3.7 TUAIDEWNININDIYAILAIUTDU Iﬂﬂﬂ']'iEJU‘WE]‘m‘lﬁﬂM 1200C u“]unm 168 t7lag

v

XLPE ( unfilled Carbon) [unaged]

- . Wi

'

i

xee cunfilled carbon)  faged1

o

o & W ' P a €& a ao <4 & & v !
31.'71 3.8 ‘Uum')ﬁﬁiq\?ﬂﬂaﬂU?jUﬂﬂiaaaﬁﬂWBaLaVlﬁUV]‘LﬁJﬂaiJﬂ'ﬁU?]ULLUaﬂ hﬂ.ﬂﬁ‘]ﬂlﬁﬁaqq Way

QNS0YMBAINTOY
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¥LPE ¢ Filled Carbon) [ unaged]
xLPE ¢ Filled darbon) [nsed]

o & W 1 a a & a aa 4 3 M v '
Eﬂﬂ 3.9 ﬂum')E]EJ'NWWE?@U?IUQF’ﬁaaaﬁﬂW@aLawauwwauﬂquﬂuLL‘UEﬂ 13115]QHL53E]1§4LL33QT'\

139918AILAINTOY

LDPE [ unaged)

|

LOPE  [aged]

13
a as i

= a a aa a ) - 5
31}“ 3.10 YUMIBYNVIAADUYUANDALDNAUTUAAIUNUILUUA(LDPE)HNALAITU E]'ULL‘Ugﬂ

Lildgnissonguazgniseangmennuisu
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MDPE [unaged]

L

MDPE [ aged ]

d -:’ a ' - - = el = 1 a 3
E‘UVI 3.11 UMDY NNAADUTUANDALDVIAUTUAAIUNUILUUUIUNAN(MDPE)NHAUAITUDY

-3 v 1 " v v
bURAN hiﬂgﬂl.id DEYLATANLIIDIYNIBAIUTOU

HOPE C[unaged]

o : ar ' o= - - = 1 "
Ui 3.12 FuihethmaasuriianediefiauviiarumuiuniugHOPEilsinauatsuauwudn

Lilagnissonguazgnisesongiieainuiou
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@  a a 1 a0 1 = FRE] i
YayaiiuinvasingAuyiiadieg Mimesauluased gluaisem 3.1 Fsldaunanumas

Y

§u1e(supplier)

- [ v a a " W
191499 3.1 ‘UalJUﬁTJEN'WlQﬂU‘UUﬂW'N‘] mmmaag‘ma

% Carbon Tensile Elonga-
= Density | Dielectric
vilavauianauiu Wia 5 Black Strength | tion
(g/cm’) constant
Content (MPa) (%)
wiinnseadfinalovnyiauluua
ATSUBULUAN (XLPE-unfilled carbon HFDB 4201 0.92 23 0% 19 500
black)
wiaATDARIANAENTIALINALAISUBY | HFDA-9210 0.93 2.48 2.0 % 26-27 525-600
wudn (XLPE-filled carbon black)
wadlafiAuriinAnumuILLueh (LDPE) LE8707 0.936 25 2.52% 30 800
NALATTUBUWUEN
WadleRauTLAAILUUILLLUILUNATY DHDA 6548 0.946 2.52 2.52% 30.6 919
(MDPE) masm1suauwuan
wodlefidurlamuviuuugeribinay | H511W 0.949 232 0% 34 600

AFuauLUaAn (HDPE-unfilled carbon)

3.1.4 alaulasy

a x . J o 0‘: = v 1 L3
andlasu(Nichrome wire) fuuAsgIUAVUATY Foalivuiadurigudnae 1

daaung ﬁwsuLﬂumatﬁﬂimmmulﬂﬁmwﬂuqq Aagun 3.13

arntilasuidulavenausenitafiniiaNickel) wazlasiilsu(Chromium) @etisaanly

W finnusumiugs numusieauTaulad awnsalyaudgumgll 1,100 awiwadea

A = ' - -
3U# 3.13 anillasu vuadusuaudnane 1 Jadiuns

de & w . v U a
3.1.5 WdagudegmadauwazuInIuTIBianinsaluiiusege

hoadusetmadeuarivdntuiegmaaey dulinfutididninalwiuseg

at & a a

P a ° - ' Y -
wfudavieauiumntlanlagssvihyuuszan 457 Aududedmeaey  Aagud 3.14
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7EATUAIDE1NNAFDU
(Specimen holder)

awdllasy UnTutBidningalnii

(Nichrom)  W339g3(HV electrode clip)

JUM 3.14 NdnTusiegnmaasu uasinfudadidninsalniusegs

3.1.6 arsazarsuaulutivunaslsn(NH,CL Sauas 0.1 uazn1vusildasazane

asazatenltlunisneasy euAuIesgIUAIMUAtY Ao arsazatsusuluideu

AaalsA(NH.CL) Anududusasay 0.1

FBnswssuarsaTazatgwasuladeunaslsn(NH,CY arududuiaeas 0.1

ad

-1
UYURDUMIU

1. tharswedlauilsunaslss (NH.CD undaimtdnuSunm 1 n$u arewIasanls

WINTFIU A93UR 3.15

!

3U% 3.15 mawssuansuenliieuaaalsi(NH,C) Tnenisdaiwdnu3uu 1 ndu
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° - ¢ ) v o o s

2. ianswanlufiennaslsn(NH.CY 1 n3u wmanivuinusiaainlessu(distiled
water #38 deionized water ) 1 803 %38 1,000 gnUIARBUAWAT  AEnIzUen
mavdevaniauimmsvolumetric flask) #ldHunisaeuiiisunuszuumsgy

ISO/IEC 17025 910 asneuduasumelulad (Ine-gu) vie aan. fguil 3.16

o =~ s ) v 8o
JUN 3.16 asuanluflsunaslsi(NH.CD 1 N3 wauiuihiusieanlossuy

1,000 gnurAfeuiiung

3. e Ussuna 2-3 uii e ansazanetudniu fezldiansansavaney
= L3 E 2 2 8 o o A -]
worluleunaslsa(NH,CY) anududuiesas 0.1 dwsunazthunldlunis

NAFBUAIIUATUNIUNISLARSTDE

-V R o a o @ = = Y
Jumedrmadey  wgniandansnelunivug digun 3.17 Teesuniavesty

v

magmaasusafuiaBidniniamuliiussiugeieainilasuiifivuiaduiugudnans
1 finfluns  Sneuviisestusiegimeaauguatluansavarsuwenludennaslsnsovay 0.1

Fudutidianinsafineasiudisimunesunilcopper  tape) ANUATEEEUIITENINGT2

- a a a v a o
ddnnsa@niilasy) Tuusunuie 25.4 fadiwuns
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WUNDILAY
(copper tape\..
Juasluansazany
wauludeumanlse
=

$ouaz 0.1 Fadu
t) a a o
YIBanlnsanea

A9AU

[

= o o ' ' | v a a
gﬂ'ﬂ 3.17 ﬂ']‘ﬁ]ﬂ']'NF]’]Lm‘u\iLLﬂ%'i%EJSH'Ni%WﬂQ‘U'AELﬁﬂIﬂ‘iﬂﬂ'\ﬂIﬂﬂﬁ‘UUSUﬁiﬂ‘ﬂﬁiaﬂﬂ’lﬂ

3.1.7 uBMBUAYRATUANAIIITD

wmsgruduimualiiisnsinis{uiudieganeaevasiuluansazaisaunseia
Nlwidudaduiiomihvesansazasudifsluanyssann 1 92 wie 25.4 fadwns vesry

C.l’ g ' A ! ] 1 1 =i
gnvestuiegnifuluasarsazans neflenuiilunisfuansazans 4 seusounil

v
“  a

whu Fsldvimsaireyavaasutuies lasnslduameimunussesmsguiu-as Ti

be

v el a a o P = o o
1@] 1 U7 ¥589 25.4 UasaLumT W\TEU‘M 3.18 LLa5Lﬂiﬂﬁﬂ?u‘ﬂﬂﬂ?'\uﬁﬁﬂalmﬂﬂﬂﬂﬂqi‘ui‘Uﬂqquﬂ

s d = 1 1 = o a a
Aagun 3.19  Tillannusilumsquansazany 4 seusowndl Tnglduniinidunandus

n3dA fagud 3.24
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JUN 3.19 YamIuANAUTIBINES

3.1.8 dwasiaussnulniinszuagduuazliawmanlnes

' §
Sy

yailnaiiauswiulnihnszuaadu uarlawmadlimes A48 Hipotronics u KVM-

s

200 Tousssulninszuaadu agegn 200 kv Taawadliees d8msidiu 2000 : 1 wuns
ADUWIBUMINTEUULINSTEIY ISO/ECTT025 2N fﬂuéwmaauuaxmmﬁwm an1Uulde
Ingneansuasmaluladuaysemalng (22) Ausedulwinszuaadu 1-10 kv wayldi
nsdeufisuiiguéifngimsanziumalulagininhd angimnssumans gunn

Fusadulninszuaady 1-160 kv fagudt 3.20



72

Tawmadlang
(Voltage Divider

Alallaniimed
KVM-200

:‘ - & £ 0 s s a s ) L
JUM 3.20 Alabadiiwesdmiviausiuliihnssuaaduuazhawailunes

- ] o
3.1.9  1ATDIYIUIMUN

winstnvinilfiduwuudinea Eve OHAUS ju Pioneer Series wetien 4
ALY Auawden 0.0001 iy Falagean 210 NTN WIUNTADUWIBUAIUTTULLNATEIY

ISO/IEC17025 270 asnaxdnasumalulad (Ine-guu) vie a.an. figui 3.21

P> o o 3 v
gihn 3.21 L ATDIYIUINUN
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3.1.10 A39inA1 pH waza L v

inansatsazansweululisunaslin(NH,CY Audutusosas 0.1 Mwmseuuin
sgdiue pH uagAuilai aiuliidudeyadmiunsiesing

1384 pH Meter l48%e JENWAY fu 3310 sivunsasuiiisuna ISO/IEC 17025 7

=

AMRAC (Frudviaaufumnisuayidenensunvduasnmsinumsuraawds 4149) wazin3asia

mnuthlnih A48 JENWAY Ju 4310 sumsaeuifisunussuuannsg i ISO/IEC 17025

=

#1 SPC (u. 1o # @ umadiusdu Wuwes 31in) dagui 3.22

JUN 3.22 M57aA1 pH uagAmudilni vesasansazansuanludeunaslsa(NH.CL

ANuINTuSaar 0.1
NMITINAT pH  wazAtaiiliiy vesasansaranswenlufisumaslsa(NH.CY) Aw
[NTuTasay 0.1 lakafsn1s1an 3.2

A157197 3.2 A1 pH wazAAnunivesansansazatenenlaioumaslsa(NH.CL Ay

Wutusesay 0.1 Miale

drsansazarsuanluteunaslsd(NH,CHAMutuduiasas 0.1

A pH #iald @ 24.3°C 531

AAma N (conductivity)itiald @ 24.3°C 2,220 WS/cm
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o aF = &I ot al
3.1.11 Lﬂiaa'zﬂqmwguua:mmvuauwﬁ

JUT 3.23 iesevingnuugiluarmnududuing

3.1.12 uniin13uLan

wrin1duian lgdmivnsisasuanuiilunisudusiegrameasuiu-asly

ansazany 4 saufau? warltiuna1wensiiamnuauval Tussninensvedaau

JUT 3.24 wiiin1dunian
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3.2 A5N15Vndau

VAN BNTUANIBE1INAADU wavinIsuasasasartawanluiouaaslsa(NH.CL
ANUUTUSaEaE 0.1 @ute 3.1.3 wag 3.1.6 Mualeu ISeusesudl wiaunazving

VARBUAIINATUVNUNSIAATEYE MIUNIMIFIU ICEA S-66-524 (35 B) %5935 Dip-Track Test

-

lngagyhmmeasuiurusieganlilagnisieny uazgnisiongimeauiou Ngungd

L]

120°C Wutan 168 lus Wulumudisudusiegrmaasu fasolud

1) auIuAToaaIAneAefiaulinauAIsUBULUAN(XLPE-unfilled carbon black)

2) auiunseadAnediefiduinaun1suauwuan(XLPE-filled carbon black)

3) auaunedlefiaurinA UL TIRauAITUBULUSN(LDPE-filled carbon black)

4) awuwediefiduridannunuiuiulIuna kAN UBLWUAN(MDPEfilled  carbon
black)

5) awunedieiidurinanamuiuwiugs Alsinauasuauwuan(HOPE-unfilled carbon black)

& o &
VUABUNITNATDU Lﬂuﬂﬂu

3.2.1 #939ASMSVNABY AWFUT 3.25

51 KQ 035KV AC HV O
= M

4 RPM

mUvDIue

Tawsdluned [T Fuiethavagey

agavaiy NH4Cl

AC 380V At
0-380 V

; -}
IBYEMIPUTU-A 1

0-30 KV -

flaladiined

JU# 3.25 2393MINAABUANNIUNIUNIIINTEY MNLIMSEIU ICEA S-66-524 (35 B)

%3875 Dip-Track Test
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JUN 3.26 n1sdantgUNsaldmIuNIsInaay

[7 I
@ Q/ 1

3.2.2 GRRITUNIDEVAZaU ANUYD 3.1.5

e gaTusipgaadauiunIuEnTusBg1edaU wasduinalaiilasy fulin

2
@ Q) =

%mal,ﬁﬂimmlwqﬂmsaqq Tnelvivinguuseana 45° AUTUFIDE1INAADU ARFITy
Megmeaaulunivuy deguin 3.17 lngfiusetvaasuiuazgnyuadly

ansarvanswsuluieuraslsnsosaz 0.1

323 919A0UTTIENITUIU-AY Usanad 1 8 vle 25.4 fiediuns Feliuseie uas
nsvasumslumsiuduiietimaaeuiu-aduansazats 4 seusteund Tay
Tuiindunansivaey ynamnusidalild Wusuiauvisananuiiiyaaius
A menasispeed control motor) sunseviimmiilunisiudegmaaay

Ju-adluarsazarelamundonis

) a o g = [ v v = v o ' s
3.2.4 Waynmsinsaaiaseusasuainiaunazvedau inisaneussiunaaauluii
NITUAAGU V1A6I199 LTUAUMBALTIAY 1 KV, 1.5 KV, 2.0 kV, 2.5 kV, 3.0 kV uag

3.5 kV #uadiu

3.2.5 Jufinnananeussnulinuauiusaus lasunisneasuluaunseainmuduivan
299auU(insulation failure) kaEUUNNALITIAUNAADUKALLIANVBINISLAAATINY
auwaINsIinsas(time to tracking failure) aslumsratudinuanisnaaau any

A15199 3.3
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A19197 3.3 A5 UUNNNANITNAADULTIAUNAZDULAZLIA1UDINISAAANANMAINISLAR

o Y w
sovfiussrunaaaulninssuaadusieg

ar a 1 a 3 a . = ar
ASINU-NIFIVBINTINAAUANMAINITINATBY(tIme to tracking failure) NLSIUNAADU
ar [ -
Innszuaadu(AC test voltage) #ine9 AR 50 Hz
YU 1Ay i |10k | 15kv | 20kv | 25kv | 3.0kv | 35KV
.............................. .
.............................. 2
S 3
i Tullsigniss
8 AANTIE
91g(unaged)
LR q
gl 5
.................... °C
& g
AIUYU AaY
.................... %
1
g13avany Qﬂﬁl"@qq
nasludioy feAuiau | 2
ANTHLVNUU ageing) 3
vgas 0.1 Tnenisoudi
A qamgf v
PH o 120°C
Conductivity NIy 5
.................... LLS/cm 168 Hilu
- i e

3.2.6  YINAISNAABUIUNTEIIATUIIUIUTUAIDE1INAZTNAZD

wazLAuTUFDE19N

nagaulidmsuatenin wazuanslumsaTuinuanIseaaudnuuEnIsIinsoe

VUNURITDITUMDE1MAADY ANUA1SeT 3.4
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d o = a =3 ; a Av ar ] Ai'
A1999 3.4 ANTNUUNNNANTITNAFDUAN YL VDINITINATILUUNUNIVDITUAIDE WNAADUN

ussruneaaulinszuaaduengeg

s - ‘ - -' s )
ANWUSYBINITNATBUUUNUNIVDITUAIDY WNAADU

Ausadunaaoulvinzuaadu(AC test voltage) #9950 Hz

FuFLg1AdaU

1.0 kv

1.5 kv

20 kv

25kV

30kv

35kv

Liilsignissane

(unaged)

QNLSIRYIILAY
3ou(thermal ageing)
Taunmseuiigungil

120°C Wunan
168 tlua

WUBIS :

1) lumsveasuurazassiuavvinlvansazatsueslunilounaslsd(NH,CORANI5EY

v oa ¢ - a [ : 5 v & e = [
annlaiiasnnnnisersnusainauauvad(failure)u datudndunazdos

al P 3 ' & o
wasuasazansueslileunaslsa(NH.CUlwivnassivihnmmeaeu

sevinathwihniuansazate 2 seudnseny

& - 4 . = J - & 1 " P
AuanvaIvIaAIIuuUANIaAfailure) AB WaLNANII@19N(arc) BE1INBLUDY



uni 4

NANISNAFDULAZAITIATIZUNE

W M v o oo v = & v a
waaniilevinmaaeundsmsluden 3.2 Fadumsveaauannusumunsiie
398 MUNNTFIU ICEA S-66-524 (35 B) w3875 Dip-Track Test dwiuanauiuala

wUAA199 NauR 5 1la Ao

1) auIuAseaddnediefiauiilinaun1suauudn(XLPE-unfilled carbon black)

2) auruAseadrnedieiauTinauausuwUSA(XLPE-filled carbon black)

3) auIuneAERuTlamIU ML TINALAS UBUWUEN(LDPE-filled carbon black)

4) auaunediefidusinmnuruintuliunaafiRauA1SUauLUSN(MDPE-filled carbon
black)

5) aulunedlefiduviinanumuiuiugaiilinaunisusuuudn(HDPE-unfilled  carbon
black)

v/

Y99 9IN1TUTH UMY UNATENIIUTIAU-1181909015LARAINALWAT (time  to
failure) wazaNYULVDINIILAATDY(tracking) UUNURIUITUAI DL IMAADUNLSIAUNAABU
Iwvhnssuaadusingg  dwiutanauiunia 5 9ila  Mailildgnisieny wazgnidsengsne

v oa a )
AuFouigamgll 120°C Wuian 168 Falus

as = ) o I o a a1 &
waIInMsnaaeuianauluala v 5 vida Wuluawawudiweluil

4.1 WaN1INAFaVYBIALIYATIaRIANDAlERaUTNFNATTUBNLUEN

™ = ] ) = - o )

4.1.1 WIBUEUNAaTENINLSWU-Da1T89NSIARANNANIAaINISIAATEY WSy
noadaulWiinsyudadusigg aud 50 Hz  dwiuauiuaseadsdnedienauiilinay
aiueunuanilildgnisseny uazgniseongieanuiauiigumvgi 120°C Wunan 168

) al
lue Wulueusnsien 4.1

4.1.2  anNwUEYBINIINNTBIVUNURITDT U188 1 MAdauusIsunaaauluii
NITUAFFUAIIY AUD 50 Hz dmsuauiunseadsanediofauiilinauaisuauwudn
Lildgniseang uazgnissengieaiufouiigamall 120°C 1Hunan 168 dlus Wulua

o
#1379 4.2
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] - v a o U
A15199 4.1 LUSEULTBUNATBILTIAU-1IA1VDINTIAAAINANIVAINIANTEY  AIULTIAY

naasulwihnszuaaduaneg ALl 50 Hz dmsuauiunseadsrnedieniau

flainauAsuauLuan
ar - - . 3 = - ar
USIRU-ATBINSINAMNALIMAINTILANTBE(tIme to tracking failure) ssiunAday
é [} o
Innszuaadu(AC test voltage) #199 A2WA 50 Hz
v 1.0 1.5 2.0 2.5 3.0 55
Fusetunaasu it
kv kv kv kv kv kv
! 24 >24 1.08 1.00 30 16
hr hr min min sec sec
QUIUASDARSA " >24 >24 1.04 114 28 19
waﬁ;aﬁﬁumﬂ hr hr min min sec sec
WENATTUBULUAN ) X 520 | s28 | 102 | 102 | 25 22
(XLPE-unﬂlled 'Lu'lngnm hr hr min min sec sec
21y
carbon black) Garadsd) " >24 524 1.05 1.12 27 18
hr hr min min sec sec
m 5 >24 >24 1.02 1.05 30 18
hr hr min min sec sec
gaungil
mw’ﬁ'u hr hr min | min sec sec
60 -.70.% ) >24 >24 1.35 a1 36 18
hr hr min sec sec sec
arsararwuanlutioy gnideeny
. 24 24 1.58 43 42 2
Aaalsn (NH,CL) fa8A1u 2 ’ ’ : 1
- hr hr min sec sec sec
ALVUUY Sau
Joway 0.1 (thermal 5 s2a | 20 | 154 a0 a0 24
'fﬂﬂﬁ ageing) hr hr min sec sec sec
-
oL [N | Tngn1seud 4 >24 >24 1.86 a5 a5 22
Conductivity qmﬂqﬁ hr hr min sec sec sec
120°C
2,220, AS/Cm
i e p ik >24 1.52 47 38 23
@ ...24.3...... C i hr min sec sec sec
168 ¥alus | _
| 526 | 24 | 1a9 | a3 | a0 | 22
hr | hr - min - sec sec sec
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A s a d - - ' - Y
A19199 4.2 ANVUEURINITANTOIVUNURITDITUR 081 ImMAda UL S IuNAaa U LN
s ] i Q ar - - - el d ]
NITUAAAUAIIY AUD 50 Hz  dwmsuauiuaseadsnnedionaunlinas

ANSUBUKUAN

SNUUZYRINITRNTEULNUR Y8 U188 MAdRY
fiussrunagaulwiinszuaadu(AC test voltage) A9 AMmA 50 Hz

i\lﬁ‘?ﬂ!i’““ﬂﬂﬂ'u 10kv | 1.5kV | 20kV | 25kV | 3.0kV | 35kV
. §
AUIUATDE ' d ' ‘ '
deAwade | lildgniseeng . : .
ﬁﬁumﬁ (unaged) : S . ‘
Well () _ j
GYEIVEL Pass Pass Fail Fail Fail Fail
wudin gniseangiaeg o .
(XLPE- Auiou i '1 u
unfilled (thermal ; '
carbon ageing) ’ ‘
black) Taensoud -
gaumndl 120°C 3
Wua
168 ¥aluq Pass Pass Fail Fail Fail Fail

4.2 HANTINAFIUVDIRUIUATIdRIANDAENAUNNEANAITUBULUAN

4.2.1 WIBUWIBUNATENINLSIAU-IA1T0INSIAAAINANIMAINISIIATOY ALY

neaaulwiinssuaadusineg anud 50 Hz  dmiuauiuaseadsAnedienauiina
s ' ' ' [ FY o a

mfusuwuaniilildgniseeny uwargnisagisauiaunigungil 120°C Hunan 168

dalus Wulusuansiei 4.3

s — q" - ﬂ:’ a ] d e
4.2.2 N¥MLYRINITANTOLUUNURIYTUM g 1INadaUNus I unadaulnia
NITUAAFURINY AIUD 50 Hz dmivauiuaseadanedieRauinaumsusuwuan 7
lLileigniseeny wargnissengieanuiouiigamgll 120°C Wunan 168 Falus Wulusy

o
199N 4.4
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o = - ) a v a - )
AN 4.3 LWUTHUNBUNAYTDILTINU-1IA1UDINISINAAIINANLMAINITINATDE  NUTIAY
a i 4 a a 3 = ool
WﬂaﬂUlwﬁ']ﬂﬁﬁLlﬂﬂaUWN‘] AR 50 Hz dmSuauiuasaaaIrnedlenau

AUAUAITUIULUEN

WSIRU-aeINSAinALdIMaINITAATBE(time to tracking failure) TiusifunaaBy
I nszuaadu(AC test voltage) A AR 50 Hz

'iu" S i 1.0 15 2.0 25 30 35
#IDYN: 2 |
kv kv kv kv kv kv
{ >24 1.20 60 39 34 22
hr min sec sec sec sec
AUIUATOARIA 5 >24 116 58 a1 38 25
waﬁtaﬁﬁuﬁwﬂu hr min sec sec sec sec
ATSUBULUAN g s2¢ | 118 | 59 40 35 27
(xLPE*ﬁlled huﬂﬁﬂﬂlﬁ\l hr min sec sec sec Sec
27y
carbon black) fanagad " >24 1.10 58 43 33 2
hr min sec sec sec sec
- . >24 1.12 60 a1 35 27
hr min sec sec sec seC
gaunqil
30 - 35 CC M >24 | 1.14 59 b IR 25
ﬁﬂu"ﬁu hr min sec sec sec sec
60.-.70.% : >24 1.08 40 34 18 19
hr min sec Sec sec sec
asazansuanluiisy Qniseany
4 24 1.00 a5 29 23 19
Aaalse (NH,CL) #8927 2 )
e hr min sec sec sec sec
AUV fau
Jowaz 0.1 (thermal 3 >24 | 102 37 33 25 18
"fﬂﬂ'ﬂ ageing) hr min sec Sec Sec sec
-
pH ...531........ Tngnsouil a >24 1.00 35 30 18 17
Conductivity qmugﬁ hr min sec sec sec sec
120°C
.......... 2,220....uS/cm
2 1.05 38 34 18 18
¥ Wua 5 .
@ ...243.... C ° Iy hr min sec sec sec sec
168 v¥2luy
| 24| 102 | | 2 | 20 18
bhr | min | sec | sec | sec | sec
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A15799 4.4 ANWULVDINISINASEYUUNURIVD UMD IadaUNLsInunaaauln

NITUAAAUANNY ATWD 50 Hz  dvsuauiuaseadannadienaunuay

ANSUBULUAN
af = l’ - 4 o "
ANBUZYIINTNATDYUUNURIYDITUADE1IMAGDU
i ar o ] =1
ussunaaaulniInszuasdu(AC test voltage) A149 A7 50 Hz
é'ui"aaehwnﬁau 1.0kv | 1.5kVv | 20kV | 25kV | 3.0kV | 35kV
AUIUATDE ;
e Lildgnissany
AIANDALD
ez (unaged)
NAUNHEN
AsUBU
- Pass Fail Fail Fail Fail Fail
wuan
Qnis@1gAIY
(XLPE- .
ANMuTau '
filled (thermal
carbon ageing)
black) Tremsauit
gaumqdl 120°C
Wutaan
168 ¥71u4 Pass Fail Fail Fail Fail Fail

a ool o ' ) - a <
4.3 HaNIINAFIUVRIRUIUNDALDNAUTUAAIIUNUILUUANLDPE) NHENATITUDULUAN

4.3.1 WIBUWBUNATEN LT IAU-DANY8INIRRAMIANMAIN AR TIWTIi
vaasulwinszuaadusiieg awd 50 Hz dwsvawiunediefiduriinnumuiutusid
wanasuauuudn hildgnisieny uazgnissengsaeaudou figamgd 120°C Wunan
168 Falus Hulumumisnsit 4.5

4.3.2 &nwuzvasmainsesvuiuinvesiusiiegrmadauiiusedunaasulnia
NEUAAAUANY AR 50 Hz dwiuauiunediefidurianiumuiwiuifinauniivou
wudn #lildgniseeny wazgniseengshenmdouiionmgil 120°C Wuan 168 Falus
Julumumnsnait 4.6
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d L% - - 4 s
A157199 4.5 WILUWIEUNATBILTIAU-1IA1UINISINAAIINALNAINITIANTOY  NILTIeY
s 1 A ar - - oo -
naaouliinszuaaduaneg aud 50 Hz  dwsvauiunediedausin

ANUNUILUUATIRANATTUDULUEN

- - - - - J
KSIRU-ATBININAAIINAULIMAINIARTBE(tIme to tracking failure) LsIuNAdRY
) ' -
Invhnszuaadu(AC test voltage) #1949 AIWA 50 Hz
ivu A & i 1.0 1.5 20 25 30 135
FIDY VA ‘
kV kv kv kv kv kv
1 >24 39 25 27 22 20
hr sec sec sec sec sec
g 2 >24 42 27 25 22 17
QUIUNBALNALU hr sec sec sec sec sec
YUAAIURUILLY
s o . 3 >24 a7 27 27 19 23
A1 (LDPE) NHE hnﬁgan hr sec sec sec sec sec
AISUBULUAN 2y
(unaged) 4 >24 38 28 23 15 21
. . hr sec sec sec sec sec
5 >24 35 27 25 23 15
atuvnil hr sec sec sec sec sec
30-35.C _
M |I >24 38 27 25 20 19
AUYU he P sor e S Sac
60-70.%
1 >24 a4 22 22 19 18
m'ia"muuaﬂmﬁau hr sec sec sec sec sec
p nL39e1
Aaalsn (NH,CU) 2 | 5 >24 42 27 20 17 17
ﬁ'J'lNI.‘EI‘SJ'il'u i hr sec sec sec sec sec
Joway 0.1 fou
Bt (thermal 3 >24 36 32 24 20 20
ageing) hr sec sec sec sec sec
PH 551 o
Conductivity Iﬂﬂn'ﬁﬂﬂ'ﬂ a >24 33 23 22 17 19
qnmqi‘l hr sec sec sec sec sec
.......... 2,220“S/Cm 120°C
@ 243, OC lﬂul’)a’l 5 >24 40 22 23 19 20
° Iu hr sec sec sec sec sec
168 ¥2lud
el 2| ¥ " zs R e 19
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A5799 4.6 ANWULVBINISINATOUUUNURIVDITUADE 1 INAdDUNLSInUNAaaU LN
s 1 d [} Qs a ool =3 ] r:.
NITUAAAUAINY AN 50 Hz d11TUauIUNDfeNauTUAAI NN LU

ANAUAISUDULUAN

SnemuzYaInsinsasuuNUAIveTuR10E 1 MAgaY
fuserunasaulwinszuaadu(AC test voltage) e AMud 50 Hz

Jusled1maday 1.0kV | 1.5kVv | 20kV | 25kV | 3.0kV | 3.5kV

g
i

o/

- | Tlildgnissany

AUIUNDA
o (unaged)
LEOVNAUYUA
AU
i Pass Fail Fail Fail Fail Fail

WUILLUUAT

aNLssa8R9Y

(LDPE) Y :

4 ANUIaU
11215 B
(thermal

ATsuau . l
ageing)
- al
wuan Tnen1saun ‘ '

gaungil 120°C

Wua
168 ¥aluq Pass Fail Fail Fail Fail Fail

- = ol =2 . i
4.4 HANTINAHIUYIIRUIUNDALNAUTUAAIIUNUILUUNUIUNAII(MDPE) Neu

‘ o
ATTUBULLUAN

=t =i U o = v - lC‘ s

4.4.1 WIBUWigUNATENINLTRL-IA1TBINTRAAINAIVAINISANTOY AT
naaaulninszuaaduaeg Aud 50 Hz  dwdvaulunedieduriinnanumuiuiy
Unandinaumiveuuvin - Ailildgnisieny  wasgnistengiisanuiou Ngaumail

120°C Huan 168 Falus Wulumuesiedt 4.7

4.4.2 ANWULYBINISIANTOEUUNURIYDITUMBE 1 MAda ULt unaaa Ul

@ = ) a ada = ' -
NIEUAAAUANG Aud 50 Hz dwiuauiunediefiduridaauvuiwiuliunalsinay
Asuauuuan Alildgnisiany wazgnissargmeaiuiou figaumgil 120°C 1unan 168

Flas Wulusumisian 4.8
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= = = s =3 ¥/ - P a
M990 4.7 LWUSYUMBUNAVDILTINU-LIA1VBINITHNAAIUAULNAINITLAATOUTILTIAU
a I GJ a - - -
naaauliinszuaaduaieg el 50 Hz  dwsuauiunedionauiia

' -l «
ﬂ']']lJ‘WU']LLuu‘UTUﬂa'NWNaIJﬂ'ﬁU@ULLUﬁﬂ

ar - - e, @ % 4 ar
usm-nawmmimnm’mﬁ'm\nmﬂ'nmmau(tame to trackmg failure) NLsIAUNAADU
’ o ' =
Tihnszuaadu(AC test voltage) w9 Amd 50 Hz
#‘U ﬁ"la - o ﬁ 1.0 15 2.0 25 3.0 35
kv | kv | kv | kv | kv | kv
1 >24 21 11 9 10 10
hr sec sec sec sec sec
woAleNauYa " >20 19 13 10 9 10
ﬁ']"lﬂl“u'll.ﬂjuﬂ'lu hr sec sec sec sec sec
na14 (MDPE) " >24 21 1 10 10 9
ﬁ NANAN '§U au 1”1‘9."5“ hr sec sec sec sec sec
- El"lt!
wuan liragse) i >24 22 14 9 9 9
hr sec sec sec sec sec
- 5 >24 19 14 10 10 10
hr sec sec sec sec sec
gaumnqil
a0 .45 ¢ fuads >24 20 13 10 10 10
ALY S b B R T B B
00.-.70.% i >24 19 12 16 1 10
hr sec sec sec sec sec
arsazarsusuluiioy gniseany
« 24
Aaalsn (NH,CL) A28AY 2 i & b e - 9
o hr sec sec sec sec sec
AULVUTU a3y
Joway 0.1 (thermal i >24 16 14 14 1 10
“ﬂﬂ',.l ageing) hr sec sec sec secC sSec
-
PH .. B3 ciirea Tngnisauin q >24 16 13 15 10 8
Conductivity QI.'IJ‘HQ!TI hr sec sec sec sec sec
o
sy B2 0 JABLCRN 1V
lﬂul':ﬂ'l 5 >24 17 13 15 11 9
@ ...243.... °c " I hr sec sec sec sec sec
168 ¥2lu4
CTRN A T o e e G O TR
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A13199 4.8 ANWALUBINITANTOUUUNURIYBITURIDE1IMAdB UL T UNada Ui
NITUAAAUANNG AU 50 Hz  dwduauiunedienaustaannumuiuly

YrunaniuauaIsusuwuan

ar @y ‘ - 4 ar "
ANHUZVBININATOUUUNUHIVDITURADE1INATIU
o ) o ' -
ussnunagaulifinszuaadu(AC test voltage) #1949 Aud 50 Hz
IuAedrnagau 1.0kv | 15kv | 20kv | 25kV | 3.0kV | 3.5kV
Liildigniseany
waalNau (unaged)
YUAAIU
taladi il Pass | Fail Fail Fail Fail | Fail
Yrunans :
gniseangsiay
(MDPE) AuTau
=
G (thermal
AYSUaY ageing)
Wusn Tasnsaui
gauuil 120°C
Wuwan
168 ¥2luq Pass Fail Fail Fail Fail Fail

- ool - (] d:‘ 1]
4.5 wan1IMAdBUYBIAUIUNEIeAuTTinA NNUILLLE(HDPE) Whindua1suau
wuan

4.5.1 WIHUIMEUNATININLTIAU-1I81999N15INAAINANMAINTISIAR  LSIdY
nodsulivhnszuaadusing Al 50 Hz dwsvawuwediefidurinaumuiunugad

-

] o« A " 1 1 v | 4 d )
linauarsueuwuan Alildgnisseny uazgnissongdeaiuiou Ngamgil 120°C (Hu

v

a1 168 2l ulusmusnsiedt 4.9

4.5.2 &nwarrasnisiinsesvuiiuiavesdufedimeaauiiusefunaasulni
NITLAAAUANNY AME 50 Hz ﬁm%uamuwaﬁLaﬁﬁwﬁﬂmwwmLtﬂugaiﬂﬁwau
asuauuudn lildgniseeny uasgnissangfemuiou figamgil 120°C Wunan 168
Falue Dulumumnsnedi 4.10
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A15197 4.9 WSEUTIBUNAYDILTINU-LIA18INISINAAILAUNAINSIAATDENLTIFY
naaoulwiinszuaadusngg aud 50 Hz - dnsuauiunedieiausiia

ANEVLIRLugen AN SUBuWUEN

- - F > o 2— ar
WSWU-IawsINSIAAMNaNWAINSIARSBs(time to tracking failure) AiksIHunAADY
i Sl
Inhnszuaadu(AC test voltage) 19 A2WA 50 Hz
i'u" : p 1.0 1.5 20 25 3.0 35
AIDENVAdDU
kV kv kV kV kv kv
y >24 >24 >24 1.58 42 38
hr hr hr min sec sec
QuIunaAlaNiau 5 >2¢ | >2¢ | >2¢ | 150 | 39 40
'dﬁﬁn'rm‘umm.iu hr hr hr min sec sec
&4 (HDPE) 5 >24 >24 >24 153 40 38
ﬁlﬁwﬂumiuau ‘Lﬂ'ﬁﬂmﬂ hr hr hr min sec sec
g 27y
wuan (unaged) p >24 >24 >24 1.55 38 40
hr hr hr min sec sec
* 5 >24 >24 >24 1.50 38 39
hr hr hr min sec s5ec
gaungll
30 _35°C m ‘ >24 >24 >24 1.53 39 : 39
At hr hr hr | min sec | sec
60.-.70.% . >24 >24 524 1.43 a6 38
hr hr hr min sec sec
arsazarsuenlaieu gniseany
. 24 24 24 1.46 42 39
Aaalse (NH,CL #eAnu 2 . : i
i hr hr hr min sec sec
AULTUIY Sau
Jowaz 0.1 (thermal 3 >24 >24 >24 1.42 a0 38
'.J'ﬂﬂlq ageing) hr hr hr min sec sec
=
o) pn [P G s Taunisauit i >24 >24 >24 1.38 a8 a0
Conductivity Q“‘“Qﬁ hr hr hr min sec sec
120°C
i 2,220.... A4S/ e : P DN R R "
@ 2830 il hr fr hr min | sec | sec
168 Y2lu4
>2¢ | >24 | >24 | 142 | a3 | 39
fuady = e T $ 5
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“. s - A’ - ﬂy s ] d ar
A1579% 4.10 E’Iﬂ‘l:}tu:ﬂ“ﬂ'ils'lﬂ’l'itﬂﬂiBEJUUW‘UN’J‘UQQ?TUWJ'EJE!’NVW\E‘!E}‘UVILLNG]‘UVIG]Z‘IQUIW‘N’]
s ] A a e ool o
NTEUAAAUNIIE AIUA 50 Hz d1msvauiuauIunedleiautianl1u

' M o ¢ a
wwlugalinauaTuauwuan

ar < ‘ - ar "
ﬁﬂmﬂﬂiﬂ'ﬁlﬂﬂ'ﬁﬂﬂu‘lﬂuﬂ?ﬂﬂmﬂqaMﬁm
v & 3 o
ussunaaaulniInszuaadu(AC test voltage) #1499 AR 50 Hz
Yusdegunadau 1.0kvV | 15kv | 20kv | 25kv | 30kv | 35kv
Lildgniseany £
AUIUNDE (unaged) :‘ujr
oAUy —_ '
A7l Pass Pass Pass Fail Fail Fail
VUL [ aniseangdae
(HDPE) ASau B ( (up e .
|
laieau (thermal & 7
Arsuau ageing) Bt .
» Tnensoudl
WUan o
gaunnil 120°C
Wuan
168 9214 Pass Pass Pass Fail Fail Fail

4.6 NIMAMUFUNUSTEVT1SRUINAN-1Ia1199NTIRRAINANIaI YD TUR 28874

naaeuitlilégniseeny dmivauauviiadneg
[-] 1 1 4 - L ' = ﬂ‘\'
thenfilsansanavaasuluasiii 4.1, 4.3, 4.5, 4.7 uay 4.9 Tasheuadvestu
fetrmaaeuililignisieny umdemnsm arladiagun 4.1
4.7 namanuduWusTEndiusiulnii-na1vensiiaaudualIvestuAIeE1
= ' = a o -
nagaungniisaty Ngamall 120°C Wuian 168 $2lus dmiuauluviindieg

o 1 d o ' CJ :
mmv’ﬂﬁmnmamsmaau’lumsﬂm 41,43, 45 47 waz 4.9 TaghAadsvesdu

e . 4 1 a ﬂl
Matuvnaaungnisey umdennsiw ldRagui 4.2
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>24 hr \ \ \
90
- SRR, Sk 1
3 80
2 R e
w2 70
PO \ ¥
g 60 | \
= 50 |
& \
o 40
— F \
qé 30 ;
= .
10 ! “ > a3
0 | '
I 15 2 25 3 35
AC test voltage (kV)
=== X | .PE(unfilled carbon) === X|.PE(filled carbon) LDPE wpiem N DPE == DPE

- @ & ' ar - v : s '
31]71 4.1 m'mé'uwuﬁ'szmwLL‘NﬂulﬂﬂH’mwaamimmm'maumawawumamaws\aau

ﬁ"[u”lﬁ’gms'qmq(unaged) dmivauiurtingngg

>24 hr ‘——\ \ ‘\
AN e \
—_ 80
g IOy
ﬁ 70
S
E 60
=
— 50
&
(@] 40
—
: ek
= \ \
i L—— i T
10 L p ———— ——
0
| 1.5 2 25 3 35
AC test voltage (kV)
—sr— XLPE(unfilled carbon) === XLPE(filled carbon) LDPE  =s=MDPE  =@=HDPE

JUM 4.2 audiusseninaussivinih-banvesnisiianrudumaivesiuiegmadsy

= ] & Pr) - o ar - '
Migniseeng(ageing) Mgaumgil 120°C 1uan 168 Falus dwmFuauiuviineiieg



NNFUN 4.1 psmauduiusseniusiuliih-narvesnsifiaauauivan
Qy s 1 A L v 1 - L " A 1
108Ut amaasunlilagniseangasauiueingieg wuin auiu HOPE filiinax
§ & = a v o ' a M 1 a
ASUBLLUAN Ta1meInsiinanuauvallagasunnInauIy XLPE yianluid
I a o a ¢ a a a ¢ a
ATSUDU auIU XLPE wdaiuA1suey, LDPE wliani@dualsuau way MDPE sia
- I3 o as ai [ 3 a "
WuAIsUaY  @Na1au  leeaulu HOPE NliNaua1susuLuan aiuisanuse
wsasulwimaaeuligean 2.0 kv se9a9n Ae auu XLPE vdanliduasusunuse
wsaulwimaaeulagegn 1.5 kv d@uauiu XLPE yiafdiuaisusu KV auiu LDPE

a a a < a da ‘ ' a FY
yilavAuAmsusulaz MDPE yilafiduasuaunusaussiuinimaasuldgegn 1.0 kv

NNFUT 4.2 asmimudiiusserinaussdulnih-naesnsiiaaaduivan
vaq'ﬁuﬁ'faadwwﬂaauﬁgmumqﬁqquﬁ 120°C 1Wunian 168 §2lus vesauIuvie
#199 finudnauau HDPE fnaivesmaifamnudumailaendssnnnitauiu XLPE
ilafilaiFueniusu frnusununisifinsesuuiuiingandt XLPE silafiiuasuey,
LDPE waz MOPE mudhsiy ululusiamadieduiuiusasemaasuiililignise
91gailuguil 4.1 Ae audu HOPE Mhinaumsuauuudn annsonuseussiulnih
noaeuldidedn 2.0 kv se%aun Ae awiu XLPE wianiliduasuounusaussdulnii
naaouldgegn 1.5 kV d@nauiu XLPE vlafiduasuay kv auiu LOPE silnfid
miveunar  MOPE vilafiiuasusunusaussdulnimeasuldgegn 1.0 kv

- v v oA W ' i v '
Wwuhgnuiuudmesdamaasunlilagnissany

= o v a v .
NFUN 4.1 wazgui 4.2 sniiulddinaieansiianudumaiitime  to
- ' - = P ar 5 - 4’ [ 4’\’ a '
failure)vesauiuusiazyiniifanadioussiunaaeutuiinin  Lidwuluiudiegns

' o o ' a v & w i
maauﬁ"l.u‘l.ﬁgnLsamqmaqummq LAZLIANYBINTITNAAIUANNAIVDITURIDE Y
Alu 1 9 ] | ' a1 v = a 2 W ' =
naasunlilagnisiogviengnissaglidnuszanalndifsaiu Instufetmaasui
' = a v = v d a v oA W ! e~
gissengiinanlunsiiemuauvalanaafisudniesidiofieuiviuietmadeui

Lildignisaang

s 4 -4 s -

dmiumTan 4.2, 44, 4.6, 4.8 way 4.10 wamlvutdnwuznsiingey

. Y a a ' a o o w & Vel 0 et &
Tracking vuWuiIvevianauINwAasyiadlidnwuiluseslmidaniiosdusenau

& - i ¥ Y [ ; ] 3 -1 - < LY
VDIANTUDUNIDNIU LU MID8199UIU HDPE mnnaumwauuuanmamﬂﬂﬂuamu

a |- « = s Vet o o o F
XLPE wiiaftlifiuasuou fussdunadau 1.5 kv seelwidsiiinduuuauiu HOPE
Alinaumsvauwudniuazifosnitauiu XLPE sdanluiduaisuou wansliiiugi
faiauiunsnaglildduvisnaunisusu winsainila1unsonsasuau(C=0)
@ - - s '

vasIninaaauilieannanwusyluianaved HOPE  waz XLPE sneiilesdusenau
Aiusunarlalasiau (C-C uay C-H) agudiuies

91



U 5

ayUnan1sIdBUASUBLAUBLLL

5.1 @yUnaniside

PNNIANYTIATISVNMIAATEENIHINaEANENNLS SEMI1ausssulni-LIa1veens
Ainmnudumamnainvesianawuaibariianieg vavue 5 wiia Tnevhniswioudio
sorhRuuiuuissnaadas maSACTfaglutlagu 1iun aseadernedieiauil
HANATFUBUWUAN(XLPE-unfilled carbon black) uavaseadrnediefiduinauaisuauwudn
(XLPE-filled carbon black) fuawiuwiialnidn 3 vie Fuduvianediefiau suldun
wedleauTiaAIILLUA(LDPEfinauasusuwudn, nedlefidusinaumuiutiuliu
naNa(MDPEfinauAsusuwuan u,azwa§Laﬁﬁ'wﬁmmmumuﬁuqa(HDPE)’?’il:.iNaum%uau
wuan lagyhmsmeaeusuiisussninmeldanzundlildgnisseng(unaged) My
meldanneiignisiengsenudeulthermal ageing) FeidnIveadaunuLIAIg I ICEA

5-66-524 (38 B) (W398 Dip-Track Test) Mnwansmaassanansnasulddwioluil

1. Jagauiuvianediefiduriannuvuiwiuga(HOPEMLinaua s uauwuantudl
mmFumuMIsiinsesneiiginitianauiurisnseadernedionaunlinauasvauuudn
(XLPE-unfilled carbon black), asaaasanadiafaunuauaisuauwuan(XLPE-filled carbon
black), wedlefidurinAlmumvuiwiud(LDPEMnauaIsusuLuan uasnedlefiausinninu
N (MOPEiasaiusuuuin auddy visbilsigniseeguazgnissengie

1 34 - - @ J v ar v as aw o
mufouiigamgil 120°C Wunan 168 $alus uenantuailddianandaafuauidedienu

- v oo a a g = P | a v = Y
1 [29] sl ddnwuzyinvedidninsafiunndieiy Fannsadisuaguldanmuiwansialy

-
JUn 5.1

SURFACE TRACKING RESIS

A ) v - - ar = 1 L 4
E‘U'ﬂ 51 AUANYIUSTBIAIUATUNTUNTINATDENNRIVBNIAARUIUTUARN 199 fﬂmmnms

VNAABUMUNINTEIU ICEA S-66-524 (35 B) #3835 Dip-Track Test
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2. anudunussgninausiuini-taivemsiienuduvainsiinvesianauiu

- - I ﬂ" | ar GJ : =l 4
wilaring19 4 uandliiiuil ussulniinaaeu(AC test voltage) Wuiinareia1ves
nsiinANaNmaINTSIARsaL(time to tracking failure) vasianawiuala Ao wsasulnia

& &

ﬁwmaauﬁaqo S2UZIA1YBINTSIARANANMANIEIdUAY  uenantiailunisiinAy

v al g w a o | v v o a 0 )
allLﬂa?'ﬂzaﬂﬁﬂw&\uﬂﬂuaEJLlI'EJlIﬂ"I'iLiﬂﬂ'\ﬂﬂ?ﬂﬂ'ﬂﬂiﬂﬂﬂ@ﬂluﬂﬁu 120 C, 168 'U'ﬂl.l\'i

3. lassaduavauauddvasianauiuriiaieg tuildnswastaunnsenudnve

- - l’. 4 - = 1]
Y9INMSIANTBENIRI BaMIsNzADIRTumazidanldnulvesamunzay

4. mswauansmsvaunvanluianuuiina ffe Janauiufinaumsuouwudnaziiniu

Funmumsiinseemeiaiisnivianauiuilinauvieiiuan fusunudn

5.2 YBlEUBLUY
(-] - Qs lﬁ' - ﬂ. 4 al 1 o v a = 1] )
msymsItewudy enezlasnaulainazyr HOPE wounldlsasavsalyl 1wy

- o 4 a s o ar ' o =
1. AWeneiuian Bnswan desrdnuwan uasmaihulumalulaguuszenalyly
- e - L = ar a = tala 1 o
M3ty ewawmIam ingfurialmindninau
2. veapwdnaegyinilagly HOPE udnihuwihnsveasmaasussuiisunaniu
wnsgugIegnivuaglanadininiu
1 A - dv ¢ o - QA
3. MAABULTIRIYYRIANY HDPE Ndnvu Faanunsavimsveasulaluvesufisinig
L] d. - : - “; 174 o s 4
4. veaeniay HOPE Mkdntiu luAsssldiuuaninduumegsulussezaui
o ' - v
fivium 1w nn 3 e udiu

5. Anwanudaulunssuundn mnvinsedndenvesaneviiatlesld HOPE
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Wiunareiatiaanmszdaniutanivunuean sy 6139 wu nmsiiiuasuais
(Avu.) Amuaniu MEA Specification No. 406: 12-2008 [30] wagmsluihdugiinna(nna.)
fmuARIY PEA Specification No. R-825/2544 [31] w&sanntiuiiied w.a 2550 dwinatu
WINsFIUNAnANsgaamnTIuwisUsEnalnenia aue. lafinisusznialdiluuinsgiu
wandusigramnssudmivasieiaoinia adwsn fo uen.2301-2550  warléiing

= LY

Uuugauilednadalo? wa 2555 Hu wen. 23012555  Febaqiudelailédnasusle
WaruwanFediuiy wadleliviud nvn. Winsusuugauslodudedmunlm Hu Pea
Specification No. RCBL-038/2559 [32] lagléufuduulassairawosaewiini Ao iuam
WTBIRUIULAARAIUTBIUARN (g LRI 0.5) IMgKaUsENNIUEI9199EaNTe

asuelemuluden 2.4 (15199t 2.1) wardedt 2.5 (514l 2.2)

= v o ' a
f19749% n.1 HIRNTFIULAEUDNTNUAF ] VaIdgLALUaDINA

- as

o AUNDNATN

=i ¥ 1 4

argliiraniadnievaiideuviudlsauiunas
48N, 2341-2555 . - e L . . 3
- 3 Waenaseadinanadioniau dmiuussulniag
(glutaguiu Wuanesgruvialy

Avua 25 Alalliad wag 35 Alaliad  (Aluminium

laidsdv)
Space Aerial Power Cables with XLPE Insulated
and Sheathed for Rated Voltage 25 kV and 35 kV)
MEA Specification No. 406 : NN
12-2008 aualaonimegiiilion Wiy 15 wag 25 Alalas
PEA Specification No. RCBL- | ¥ ansiniaIugil

038/2559 avuaan (hudlu PEA | Specifications for SPACED AERIAL CABLES OF
Specification No. R-825/2544]) RATED VOLTAGES 22 kV AND 33 kV

[ ) o s a =l
FaNUATDY UaN. 2341-2555 [1] dwmsvanswadaainia Wulusaumisie n.2 uag n.3

Jarmunues MEA Specification No. 406 : 12-2008 d@wuanewadaninia Wuluau

o
A9 N.4
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® YafiuAuad PEA Specification No. RCBL-038/2559 dwsuansiaidasinia Uuluau

o
M3 N.5

d o s v -
aseil .2 Ferimusvasianilduazaualassairsvesasiaibanine s wen. 2341-2555

dmsvavlndvunausssulniniivue 25 dlalian

Harvunvasianild
? dwiuaelniidvunaussdulniiidmue 25 Alalaad
UazYUIAlASIASe
YUIAAIN 35 50 70 95 120 | 150 185 240
e soudumnerguilsufnderrugudnausauniu
1. a7u1 (conductor)
(compact round concentric lay stranding) @11 wan. 293
1.1 SnuduaInfltih
¥ " 6 6 12 15 15 15 30 30
aam ()
1.2 guaidusuguinans
. . 6.6-75| 7.7-8.6 | 9.3-10.2| 11-12 |12.5-13.5( 13.9-15|15.5-16.8|/17.8-19.2
22307217 (mm)

2. faNuA

(conductor screen)

b [ o w o N .
faatuansnwul (semi-conducting)

2.1 ANUNUEIAATRIAT

w o

AuA (mm)

0.07

2.2 AMUVUIRABYRIRINY

A7 (mm)

0.3

3. au2u (insulation)

doudunseadendnedieitubifinnfuauuuiniindelaglifnsuiiteuvumes
aonled (peroxide cross linking agent) w3sldssujiseuuuleau (silane

cross linking agent)

3.1 ANURUNYDIRUIY

(mm)

dan 2.862

Wiy 3.18

4. wWaan (sheath)

soulunseadaindnediefauridadumsusuwuanlivdosninfovas 2 wavluiiu

Saway 10
4.1 anuvuIraUdan ok s
() s 3.18
5. wusiwugudnaneves | 199- | 220- | 230- | 250~ | 265- | 280- | 294- | 321-
a1l (mm) 21.5 24.0 25.0 27.0 28.7 30.2 31.7 34.4
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J L 4 o a v L v -
A13199 .3 e munvesrianilduarvinalassaisvesanainiiasinie n1u uen. 2341-2555

dvsuanslvndaunusseuludifdvua 35 Alalan

Y2991 (mm)

farvuavasTanily
- o
e dwsuaglnidvuaussdulniifinmun 35 flaliad
uazvunlaseadng
wueFi (mm?) 35 50 70 95 120 150 185 240
1 op soudummorgquisufindersiuaudnandauiu
1. A7u1 (conductor) -
(compact round concentric lay stranding) @13 uan. 293
1.1 Inuduaingiun
i . 6 6 12 15 15 15 30 30
snan (Lau)
1.2 ruindusRIuAugna
N - 7.7-8.6 |9.3-10.2| 11-12 |12.5-13.5| 13.9-15|15.5-16.8| 17.8-19.2

ar g ar o
2. ANUAIUN

(conductor screen)

v =, &4 @ o o 4
Ao luansNwIUuT (semi-conducting)

2.1 ANUNUIIAATDIAT

AUAE (Mmm)

0.07

2.2 AumuRas Yty

11 (mm)

0.3

3. au7u (insulation)

aaa

Y o a < a aa ™ P & o a va i
rostunseadananediendubifiasvounvdniindalaglifassfisen

aaa

wuuwedaanled (peroxide cross linking agent) v3altfsauiizen

wuulgiau (silane cross linking agent)

3.1 ANUVUURIRUIU

(mm)

#gn 4.01

edy  4.45

4. wWaan (sheath)

poulunseadndnedionauriinfurisusuwudnlivasnitiosay 2

wazliiiusovar10

4.1 auvuvsalisn

f1an 2.862

(e - \nde 3.18
5. uritugugnansves 242- | 256- |27.3- |288- |[302- |[320- |344-
a1l (mm) 264 | 278 |295 |310 325 | 344 36.8
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M3l .4 derimusnvesiagiltuarauslasiairsvesasiadasnid sy MEA

Specification No. 406 : 12-2008 dwsuanglniifawinussiulnihdifvun 15

Alallan way 25 Alallas

HetmuavesTaninld dmfumelitfiouaussdulniiidmun
uazvuInlaTaai 15 Alaload 25 flalaad
WA 35 120 185 35 70 120 185
. . dondumnevguiiisadaudsfindetsugudnandauiu
1. A1 (conductor)
(compact round concentric lay stranding) f1a w80, 293
1.1 Suduaindin
s o 6 15 30 6 12 15 30
Agm (vu)
1.2 vuadusTugudnag
- 6.6-7.5 | 125-135 | 155-16.8 | 6.6-7.5 | 9.3-10.2 [{125-13.5| 155-16.8
Y2IAIUT (Mm)
1.3 mwduussionga(N)| 5591 | 18518 | 28974 | 5591 | 10420 | 18518 | 28974

al z o o
2. AINUAIUI

(conductor screen)

seuduansfiainn (semi-conducting) dfmrmusimmuinmsdiinigegn
TaiiAin 5,000 Tevia-igufins Agavgiivios uarliviu 50,000 Tavis-udiuns 7
gaumnil 90 sriwaida uazilauba(elongation) fiam 100% AeuaEUT 121

s walloa [Wuan 7 Ju

2.1 ANUMUEEAURIN

fudiad (mm)

0.0635

2.2 AUVULRABYRIRINY

i (mm)

3. auu (insulation)

v [ a < a aa - E € a a Yo i aas «
sonlunseaiendnedieaulifisnsuounudnindalasldiusfisemwuumes

2anles (peroxide cross linking agent)

3.1 ANUVUIYBIRUIY

(mm)

dhan 1.72 e 2.858

Wi 1.91 Wiy 3.175

4. wWaan (sheath)

soudurseadansnedfiduriafiuarsusunudnlitesnindovay 2 uaxil

AnaLURMUNIUNISIARTB(track resistance)

- dham 1.72 fam  2.858
4.1 AanunuIvUasn * b
(mm} wds 1.91 WAy 3.175
5. urugudnatsves 15.47- | 21.21- 24.03- 1991- | 23.00- | 25.56- 28.93-
dwl (mm) 16.46 2267 25.83 21.48 25.00 27.48 31.08
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Al 0.5 defvunvestagifliuazsuslasiairsvesaeimdasinig sy PEA
@ o Y o o
Specification No. RCBL-038/2559 dwsuanslnndvuaussulaiidvuna 22

Alalian way 33 Alalan

fordmuavasianild dmfuaelniifivuausedulwiiisiue
uazruInlATEse 22 ilalaad 33 Alalad
YR 50 95 120 185 50 95 120 185
L dondumnevguiuidaudsfindetsmeudnaudauiu
1. @2u1 (conductor)
(compact round concentric lay stranding) a4 Wan. 293
1.1 uduaiasi
: . 6 15 15 30 6 15 15 30
Agn (vau)
1.2 yweiduiiugudnans | 8.00 | 11.45 | 1295 | 1598 | 800 | 1145 | 1295 | 1598
2311 (mm) +1% | +1% +1% | +1% | +1% | +1% +1% +1%
Spec. iiu | 833 11.45 12.95 15.98 833 11.45 12.95 15.98
1.3 prusuusedasngaN) | 7,313 | 14,098 | 18,518 | 28974 | 5591 | 10420 | 18518 | 28,974
Spec. vy | 7,890 | 14,380 | 19,110 | 29,600 | 7,890 14,380 | 19,110 | 29,600

o 5 al )
2. AU (conductor

spaduasiaiand XLPE (semi-conducting XLPE) fifnanusumudimizids

Unnsgeqn laifiu 50,000 Teviu-wwudiuins Aigamgil 90 ssrneaidea

screen)
2.1 AU EanTa 0.07
Augani (mm) (Spec. 1Ay 0.0635)
2.2 Aruvuaas eIty 0.3
#211 (mm) (Spec. i 0.3)

3. au2u (insulation)

v <, a < a aa e ¢ £ a a Va1 aaa <
sonlunseaiundnedieidulifimivounvanindalasldins sfisewuumes

panles (peroxide cross linking agent)

3.1 AUWUIYDIRUIU

(mm)

A1dn 4.365 (Spec. Ly 2.858)

AdR 6.462 (Spec. Lin 4.001)

\afy 4.85 (Spec. 4y 3.175)

\wfly 7.18 (Spec. iy 4.445)

4. wWaen (sheath)

g [ - L3 a Lt - & 3 o (R (N =
sondunseadanawedionauriaiuaisvaunuanitsenindosas 2 uwazdl

AuaLURMUUMSIinsae(track resistance)

4.1 AnuvuIvRulden

A1gn 1.575 (Spec. Liu 2.858)

M| 1.575 (Spec. Lix 2.858)

(mm) \fly 1.75 (Spec. i 3.175) WA 1.75 (Spec. i 3.175)
5. wurtugudnanavas 21.8 | 2525 | 26.75 | 29.78 | 2646 | 29.91 | 31.41 | 34.44
awlW (mm) Spec win | 220 | 252 | 267 | 297 | 206 | 277 | 292 | 322
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YUIUNTITHARELALTABDINA

arwiAdaninia (Space Aerial Cable : SAC) aziTundunszuIUNISHAA U5 3 JunDU

My duanaluzui v.1

L o
Yunaun 1.
FnaaAu

(Drawing Step)

l

1)
Yunaud 2.

Anderaaa U
(Stranding Step)

l

&
ﬂ'l.lﬁﬂﬂﬁ 3

Viuauruuanudenwiauiu
(Extrusion Step)

[
L

- . a
31171 9.1 HIYUABUNIEUIUNITHARNYDIA8LALUADINA(SAC)

& = =
YUADUNITUIUNTNANVBId8LALUARINTA SAC

1

=) s

- o 5
9 1 wing Ste
- Wwvisazgiiilieu(Aluminium rod) v 8 Haduns useanvunadluiluruinduniy

- - v MY w = v a ! a -
ALENANAINNRBINT  HaWlavdnInn1s3nuaT wisendn anergilluudos(AL bare

=i

wire) AagUN 9.2

- Tuduneudaaadahilssdeaiinisnsinasuamunimvesaandni aavhdeisyylilu
15199 .1

- wdwntunmsnssdeviutuneuiaainiitiud s luiindsataimiluduneud 2
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‘ N ™~

duiudde

windnsiniadnhezgiilvudon

I
=

JU# v.2 YumeumsInaIniin

A19799 2.1 Widen1IndsuanLansduiiagivaaaulutunauinalngitin

dan1nsrvdaulszdivadlsenu nIguitetavesau
(Routine Test) (Sampling)
1. anmhalu (Appearance) viu Faslsisaan viodu 100%
2. TUIATUHTUAUENANTBIAIN 100%

(Diameter of wire)

3. A nWIve9aIa (Conductivity of wire) 20%

4. W399I199a79 (Tensile strength of Wire) 20%

5. M38ARYBIAIA (Elongation of Wire) i 20%
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Yupauil 2. Andgradnaul (Stranding Step)
- 11 AL bare wire MIHIUNITNTITADUANIMUAINANGLD Laemshnaedagdl 2 35015
Ap N3ANAEITINYAAUENA1EITUALISARLL(non-compacted  concentric  lay

= = =i

stranded) "3aRNGEITALUUTINAAUENAI(compact concentric lay stranded) ¥4

E v s

YuagiutamMruaYeuwInTEIULALgNAm AIFUN 2.3

ludumeudindgraindiiiiazyiinnsivaeuquameasalnsii auiidenseylily

M3 9.2
- wandunsasaaulutunaudindslaladiuiings s luuauiulazidenly

Junaui 3 Jadutugaving

uindnsidnhezgldlunfiinded

=t - a o w o
UM 1.3 JurpunsAnaeIaIneun
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o @ | w 1 & | )
A5 0.2 WJ?‘J’E)m'im’J%aammmwuasm'ﬁqumamamaauﬂlwumaumLnammmmm

watan1sasivaauyszInvaslseny nMsguAlngrmagdoy
(Routine Test) (Sampling)
1. an il (Appearance) 1wy indealsidautiu 100%
2. PuvauduaIngni (Number of wires) 100%
3. AiMN13YBINT3ANGEA (Direction of lay) 100%
4. dms1veIn13an&en (Pitch ratio) 100%
5. vunaduruAudnatIvai i 100%
(Diameter of conductor)
6. ATTUATUNIUTDIRIL
(Conductor resistance) i
7. 3398w (Tensile strength of conductor) 20%

v
e

Y = v

auil g n i) rusion
th#nhfindea(stranded conductor)  MHIUANIASIVEBUANAINLAINHRLILLAY
wWésnseweiaajuriia CV (continuous vulcanization) Line InsiaTasiuniiniiazyh
NIV v 3 Sulunadeny (triple extrusion) #® Fushiusti(conductor screen)
Fudunsoadsrwediofidy, aundudunsoadsdwedioniauiilinaunsusuwudn(XLPE-
unfilled carbon black Insulation) uazidenduiunseaddnediefiauiinauaivou
wudin (XLPE-filled carbon black sheath) Ingldgaumgilunisuadanarainites wile
fanamil eglutasuszina 113-118°C wiwnvudhiuiniudaseddgumgilunisuy
(curing) eglutreusrana 317-375°C lelauutiuinaseadsd Ssrdaddinailuns
curing WoaNAIs laevie curing Yzilviaty zone ey niuﬁ'aguﬁ 2.4 auilivun 7
Zone Wownaeiuiigumgiifigann mnrasiuiohlisreymvievonaieaiuill

' - v a o o vy o ' . A4 o9 w
AUEMININATNATDMNTTADYY Fzlinnslgumiauiia N, 918lun1s cooling Wevinly

- L ' P 2 ] v s v a
gampiivasaetuiuainounizihuiutludsludaiuany

& v & ° v v o« -
- Tutumewiuiisvyhmsnsisaeuamnwauhideiseylilusswi 9.3 Wumsnseaey

Yumauanvine(final inspection)

- ' n‘i v = -] a i L3 v i
WiorunInTIv@e U vMuALa? J9aztiluusy (packing) uavdweaulvignAsialy
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A191499 0.3 W’?%E]ﬂ']'ﬁm‘iqf\]aaUﬂ.mﬂ']wtkaﬁﬂ']sf!llfﬂ')BﬂqﬁwﬂﬂﬂU‘LUﬂUWBUﬁuQuqu

wagiuden (Junaugaving)

set test of insulation and sheath)

#19N15A52980UUTEINY0491599U nTdusteEmAaDY
(Routine Test) (Sampling)
1. an il (Appearance) wu dnivasliiinoanles,
a 5 @ o W ] @ 0 5 L 100%
shnusniheeluiiieludni WDusu
2. Tassadyniiavasanslv (Constructional check) 100%
3. indeavinguuansly (Marking) 100%
4. mivuusaiulwihussgenssuaady
100%
(AC high voltage test)
5. AMUATUNIUTDIAUIU 20%
(Insulation resistance test)
6. ATTUATUNIUTDIAILN
20%
(Conductor resistance)
7. ANNAUNSRIETALBRfouLar a0y LT
YonuIukaziUdan (Tensile strength and elongation 10%
of Insulation and sheath before and after ageing)
8. anuiadudialasunusouresawunaziien (Hot -
1
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Surface Tracking Resistance Investigation for
Space Aerial Cable

S. Krirapee*, S. Potivejkul, N. Pattanadech

Faculty of Engineering, King Mongkut Institute of Technology Ladkrabang
I Soi Chalongkung | Ladkrabang Bangkok 10520 Thailand
*sathit@ctw.co.th

Abstract

This paper presents a study on surface tracking
resistance of various types of cable insulations. Non
carbon filled crosslink polyethylene (XLPE), carbon
filled XLPE, low density polyethylene (LDPE), medium
density polyethylene (MDPE), and high density
polyethylene (HDPE) were investigated. The test
specimen has a dimension of 10 mm in width, 50.8 mm
in length and 1-3.2 mm thick. The test samples were
divided into two groups for investigation. The former
group was the new test samples from the molding
process, whereas the latter was prepared from the cables.
Then, both specimens were experimented. One side of the
specimen was equipped in the rectangular hole of the
high voltage electrode made of 10 mm diameter steel rod.
Another side of the test specimen was dipped into 0.1
percent solution of ammonium chloride as grounded
electrode. The distance between electrodes at dry
condition was fixed for 25.4 mm. After finishing the test
set up, AC high voltage was applied to the test specimen.
The dip rate of the specimen into the solution was set up
as 4 times per minute. The test voltage level was in the
range of 2.8 and 3.0 kV. The experiment was performed
in accordance with ICEA S-66-524 (Method B). The test
voltage was applied to the test specimen until the
insulation failure could be observed. Then, the insulation
failure voltage and failure time were recorded. The test
results showed that HDPE and non carbon filled XLPE
provided the higher surface tracking resistance than
carbon filled XLPE, LDPE and MDPE respectively.
Besides, the specified thickness of the investigated
specimen had not much effect on the surface tracking
resistance characteristic of tested material. The analysis
part for the test results showed that the material structure
much more influenced the surface tracking characteristic
of the cable material.

Keywords: surface tracking resistance, space aerial cable

1. Introduction

Space Aerial Cable (SAC) is widely used in
electrical distribution system in Thailand for long times.
The structure of SAC [1] is shown in Figure 1. After SAC
was installed in the distribution system for some years, its
surface is always deteriorated from many factors such as
ultraviolet, salt or contaminant and other installed
accessory equipment [2-3]. The concept of resistance
characteristics of wire and cable is well defined in [4].

There are many kinds of tracking and erosion test for
solid insulation as recommended in [EC 60587 [5] and
ICEA $-66-524 [6]. Another interesting test technique is
developed and described in [7]. This paper represents the
research work of surface tracking resistance of various
types of cable insulation such as non carbon filled
crosslink polyethylene (XLPE), carbon filled XLPE, low
density  polyethylene (LDPE), medium density
polyethylene (MDPE), and high density polyethylene
(HDPE). The tested material was prepared by the cable
company.

XLPE Sheath (Filled carbon black)

XLPE Insulation (Unfilled carbon black)

£ Conductor Screen (XLPE semi-conductive)

AL Conductor

a)

<)

Fig. 1. a) SAC construction  b) SAC for distribution system
¢) Surtace tracking problem of the installed SAC
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2. Test Experiment

The test experiment was performed in the high
voltage laboratory of Charoong Thai wire and cable
manufactory, Chachoengsao, Thailand. The test specimen
had a dimension of 10 mm in width, 50.8 mm in length
and 1-3.2 mm thick as shown in Figure 2. The test
samples were divided into two groups for investigation.
The former group was the new test samples from the
molding process, whereas the latter test samples were
prepared from the cables. Then both specimens were
experimented. One side of the specimen was contacted
with high voltage electrode terminal made of the steel
rod. Another side of the test specimen was dipped into
0.1 percent solution of ammonium chloride as grounded
electrode [7]. The distance between electrodes at dry
condition was fixed for 25.4 mm as illustrated in Figure
3. The test circuit was setup as depicted in Figure 4. After
finishing the test set up, The experiment was performed
in accordance with ICEA S-66-524 (Method B) [6]. AC
high voltage was applied to the test specimen at the
specific value and waited until the insulation failure could
be observed (the happening of arcing at least 2 time
continuously of testing). Then the insulation failure

voltage and failure time were recorded. The dip rate of

the specimen into the solution was set up as 4 times per
minute controlled by a speed control motor.,

T'est specimens

a) b)

Fig. 3. a) Sample holder  b) Electrode configuration

Fig. 4. Test circunt set-up

Where 1 : AC High-voltage supply 0-30kV. 2 : Current limiting
resistor 51 k€2, 3 Voltage divider 200 kV. ratio 2000:1, 4 : AC/DC
Kilovolt meter 200 kV, 5 l'est specimen under electrode
arrangement, 6. Motor with the speed ot 4 RPM, 7 Speed control
mator

3. Test Result

The test results show that HDPE and non carbon
filled XLPE provided the higher surface tracking
resistance than filled carbon XLPE, LDPE and MDPE
respectively. Table | represents the tracking failure
voltage and the failure test specimen from the
experiment. Besides, the specified thickness of the
investigated specimen had not much influence the surface
tracking resistance characteristic of tested material. It was
found that the material structure much more influenced
the surface tracking characteristic of the cable material.

a) smoking after |.3 minute of testing b) buming

Fig. 5. Test results
after smoking
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Table |
Time of tracking failure of the test specimens
Test voltage 28KV 3kV
Test sample XLPE XLPE XLPE XLPE XLPE
(Sheath) (Insulation) (Sheath) (Sheath) SAC25 kV (Sheath) SAC 35 kV
SAC25kV SAC25kV SAC25kYV size 50 mm’ lsize 240 mm?| size 50 mm? |size 240 mm®
Thickness of the test specimen| ~134mm | ~215mm | ~210mm | ~145mm | ~215mm | ~311mm | ~3.18mm | ~3.18mm | ~3.18 mm

Test specimen after test

Test Result Pass Pass Pass Fail Fail Fail Fail Fail Fail
50 cycles 50 eycles 50 cycles 4 cycles 4 cycles 4 cycles 4 cycles 4 cycles 4 cycles
(-13 minute) | {-13 minute) | (-13 minute) | (-1 minute) | (-1 minute) | (-1 minute) | (-1 minute) | (-1 minute) | (-1 minute)
Test voltage 3kV
Test sample LDPE MDPE HDPE
Thickness of the test specimen| ~132mm | ~1.98mm | 126 mm | 208 mm | ~1.03mm | ~244mm | ~2.52 mm |

Test specimen after test
Test Result Fail Fail Fail Fail Pass Pass Pass
4 cycles 4 cycles 4 cycles 4 cycles 50 cycles 50 cycles 50 cycles
(-1 minute) | (-1 minute) | (-1 minute) | (-1 minute) |(-13 minute) | (-13 minute) | (- 13 minute)
4. Conclusion References
According to the testing experiment, the test voltage [1] Space Aenal Cable with Cross-linked Polyethylene for 25 kV and
= : W™ iy = al voltage, TIS 2341-2
has effect on the insulation failure characteristic ; the 4 20 KV:Nominal voltage, TIS 2341-2007 =
g i ) fai . Furth [2] Vatcharin Saithongin, Boonchai Techaumnat Numerical
higher test V0|ti?.g<. the shf)ncr. qun‘. time. Furthermore, Analysis of Electric Field at the Contact Point between A Spacer
the specified thickness of the investigated specimen had Aerial Cable and A Spacer”, 2011 International Conference on
not much influence the surface tracking resistance Electrical Engineering and Informatics 17-19 July 2011, Bandung,
characteristic of tested material. It can conclude that the __ Indonesia. pp. 1-5 . :

. § he surfac [3] Quoc Viet Huynh, Boonchar Techaumnat = “Study on The Field
materlai struclure‘ '.“uch more mﬂuen}'ed the surface Behavior at The Contact Point between A Covered Conductor and
tracking characteristic of the cable material. A Duelectric Solid”, Conference Proceedings of ISEIM2011, pp

148-151
AR b i e e [4] EK Duffy. S Jovanovitch. [J. Marwick = “Discharge-Resistant
ACKNOWLEDGMENT 1 . . Characteristics of The Polyethylenes for Wire and Cable”, [EEE
The authors would like to give the special thanks to Transactions on Power Apparatus and System, Vol. PAS-84, No
Electrical ~ Engineering  Department  Faculty of 9. September. 1965. pp. 815-825
. . »9 N . = 5 FC 5 “lee ~e r y aterials se AT CEVETE
Engineering, King Mongkut's Institute of Technology [5] [EC 60587 I,Iu.lnml insulating m.:lurmls used under severe
S = = e L o ambient conditions - Test methods for evaluating resistance to
Ladkrabang and Charoong Thai Wire and Cable Public tracking and erosion, Third edition 2007-03
Company Limited for providing the facility in this [6] ICEA S$-66-524 = Cross-Linked-Thermosetting - Polyethylene-

research work.

Insulated Wire and Cable for The Transmission and Distribution
of Electric Energy. Revision No.2_ July 16, 1992

C F Wallace. C A Bailey  “Dip-Track Test”. IEEE Transactions
on Electrical Insulation in Liquid Dielectrics under AC Voltage
ICDL2011. IEEE International Conference on Dielectric Liquids.
2011, pp.1-4



115

2. S. Krirapee, S. Potivejkul, N. Pattanadech, “STUDY ON SURFACE TRACKING
RESISTANCE OF INSULATION MATERIALS OF CABLE”, The 19th
International Symposium on High Voltage Engineering, Pilsen, Czech

Republic, August, 23 - 28, 2015



116

19" International Symposium 20 :’: E“"' e :""w:"m
on High Voltage Engineering 5
August 23 - 28, 2015

HOME PROGRAMME PAPER SUBMISSION REGISTRATION & ACCOMMODATION TOURS TRAVEL INFO SPONSORS & EXHIBITORS

HOME CONFERENCE ORGANIZED UNDER THE AUSPICES OF THE MINISTRY OF INDUSTRY AND TRADE OF CZECH REPUBLIC

NEWS & NOTICE
CONFERENCE PHOTOS
Conference Photos - view photos
» View photos from the ISH 2015 in Pilser @ from the ISH 2075 in Pilsen
Congratulation to ISH 2015
Famu Messm @ student awardees

o Participant Registration

CONSEIL INTERNATIONAL DES GRANDS RESEAUX ELECTRIQUES
INTERNATIONAL COUNCIL ON LARGE ELECTRIC SYSTEMS

NARODNiI KOMITET CR a SR



117

he 19" International Symposium on High Voltage Engineering. Pilsen, Czech Republic, August, 23 - 28, 2015

STUDY ON SURFACE TRACKING RESISTANCE
OF INSULATION MATERIALS OF CABLE

S. Krirapee*, S. Potivejkul, N. Pattanadech
Department of Electrical Engineering, Faculty of Engineering, King Mongkut's Institute of
Technology Ladkrabang, Bangkok, Thailand.
*sathit@ctw.co.th

Abstract: This paper presents a study on surface tracking resistance of various types of
cable insulations. Non carbon filled crosslink polyethylene (XLPE), carbon filled XLPE,
low density polyethylene (LDPE), medium density polyethylene (MDPE), and high density
polyethylene (HDPE) were investigated. The test specimen has a dimension of 10 mm in
width, 50.8 mm in length and 1.52 mm thick. The test samples were divided into two
groups for investigation. The former group was the new test samples, whereas the latter
test samples were subjected to thermal ageing with 120°C for 168 hours. Then both
specimens were experimented. One side of the specimen was contacted with high
voltage electrode terminal made of 1 mm diameter Nichrome wire. Another side of the
test specimen was dipped into 0.1 percent solution of ammonium chloride as grounded
electrode. The distance between electrodes at dry condition was fixed for 25.4 mm. After
finishing the test set up, AC high voltage was applied to the test specimen. The dip rate of
the specimen into the solution was set up as 4 times per minute. The test voltage level
was in the range of 1-3.5 kV. The experiment was performed in accordance with ICEA S-
66-524 (Method B). The test voltage was applied to the test specimen until the insulation
failure could be observed. Then, the insulation failure voltage and failure time were
recorded. The test results showed that both unaged and aged HDPE and non carbon
filled XLPE provided the higher surface tracking resistance than carbon filled XLPE,
LDPE and MDPE respectively. Besides, the aforementioned thermal aging had not much
effect on the surface tracking resistance characteristic of tested material. The analysis
part for the test results showed that the material structure much more influenced the
surface tracking characteristic of the cable material.

1 INTRODUCTION XLPE Sheath (Filled carbon black)

Space Aerial Cable (SAC) is widely used in
electrical distribution system in Thailand for long
times. The structure of SAC [1] is shown in Figure
1. After SAC was installed in the distribution system
for some years, its surface is always deteriorated
from many factors such as ultraviolet, salt or
contaminant and other installed accessory a)
equipment [2-3]. The concept of resistance
characteristics of wire and cable is well defined in
[4]. There are many kinds of tracking and erosion
test for solid insulation as recommended in IEC
60857 [5] and ICEA S-66-524 [6]. Another
interesting test technique is developed and
described in [7]. This paper represents the research
work of surface tracking resistance of various types
of cable insulation such as non carbon filled
crosslink polyethylene (XLPE), carbon filled XLPE,

XLPE Insulation (Unfilled carbon black)

Conductor Screen (XLPE semi-conductive)

AL Conductor

low density polyethylene (LDPE), medium density b)
polyethylene  (MDPE), and high  density
polyethylene (HDPE). The tested material was Figure 1: a) SAC construction b) SAC for

prepared by the cable company. distribution system.



2 TESTEXPERIMENT

The test experiment was performed in the high
voltage laboratory of Charoong Thai wire and cable
manufactory, Chachoengsao, Thailand. The test
specimen had a dimension of 10 mm in width, 50.8
mm in length and 1.52 mm thick as shown in Figure
2. The test samples were divided into two groups
for investigation. The former group was the unaged
test samples, whereas the latter test samples were
subjected to thermal ageing with 120°C for 168
hours. Then both specimens were experimented.
One side of the specimen was contacted with high
voltage electrode terminal made of 1 mm diameter
Nichrome wire. Another side of the test specimen
was dipped into 0.1 percent solution of ammonium
chloride as grounded electrode [7]. The distance
between electrodes at dry condition was fixed for
25.4 mm as illustrated in Figure 3. The test circuit
was setup as depicted in Figure 4. After finishing
the test set up, AC high voltage was applied to the
test specimen. The test voltage level was increased
to 1-3.5 kV respectively. The dip rate of the
specimen into the solution was set up as 4 times
per minute controlled by a speed control motor. The
experiment was performed in accordance with
ICEA S-66-524 (Method B) [6]. The test voltage
was applied to the test specimen until the insulation
failure could be observed (the happening of arcing
at least 2time continuously of testing). Then the
insulation failure voltage and failure time were
recorded.

Figure 2: Test specimens

Figure 3:
configuration

a) sample holder

b) electrode
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Figure 4: Test circuit set-up

Where 1 : AC High-voltage supply 0-30kV, 2 :
Current limiting resistor 51 k2, 3 : Voltage divider
200 kV, ratio 2000:1, 4 : AC/DC Kilovolt meter
200 kV, 5 : Test specimen under electrode
arrangement, 6 : Motor 4 RPM, 7 : Speed
control motor.

3 TEST RESULT

The test results show that both unaged and aged
HDPE and non carbon filled XLPE provided the
higher surface tracking resistance than filled
carbon XLPE, LDPE and MDPE respectively as
shown in Table 1. Table 2 to Table 6 represent the
failure test specimen from the experiment
respectively. Besides, the aforementioned thermal
aging had not much influence the surface tracking
resistance characteristic of tested material. The
time of failure of both tested specimen groups
(unaged and thermal aged) was approximately the
same. It was found that the material structure
much more influenced the surface tracking
characteristic of the cable material.



Table 1: Time of tracking failure of the test specimens
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: Time of tracking failure at ac test voltage
Test specimens

1.0 kV 1.5 kV 2.0kV 2.5kV 3.0kV 3.5kV
XLPE unaged >24 hr >24 hr 1.04 min | 1.07 min 28 sec 19 sec
(unfilled carbon) aged >24 hr >24 hr 1.49 min 43 sec 40 sec 22 sec
XLPE unaged >24 hr 1.14 min 59 sec 41 sec 35 sec 25 sec
(filled carbon) aged >24 hr 1.02 min 39 sec 32 sec 20 sec 18 sec
unaged >24 hr 38 sec 27sec 25 sec 20 sec 19 sec

LDPE
aged >24 hr 39 sec 25 sec 22 sec 18 sec 19 sec
unaged >24 hr 20 sec 13 sec 10 sec 10 sec 10 sec

MDPE
aged >24 hr 17 sec 13 sec 15 sec 11 sec 9 sec
unaged >24 hr >24 hr >24 hr 1.53 min 39 sec 39 sec

HDPE
aged >24 hr >24 hr >24 hr 1.42 min 43 sec 39 sec

Table 2: Samples of surface tracking of XLPE
(unfilled carbon) at different test voltages

Table 4: Samples of surface tracking of LDPE at
different test voltages

XLPE
(unfilled | 1.0kV [ 1.5kV | 20kV | 25kV | 3.0kV | 3.5kV

carbon)
unaged - ’ a5 ‘ ‘ '
AR

-,

aged - . ' ' . .
| v a2

LDPE 10kV | 1.56kV | 20kV | 26kV | 3.0kV | 3.5kV
unaged ' " z {
aged ' 'l . l z

Table 3: Samples of surface tracking of XLPE

(filled carbon) at different test voltages

Table §: Samples of surface tracking of MDPE at
different test voltages

XLPE
(filed | 1.0kV | 1.5kv | 20kV | 25kv | 3.0kV | 35kV MDPE | 1.0kV | 1.5kv | 20kv | 25kv | 3.0kv | 35kv
carbon)

— . ' ' ' unaged ' '

" . . ' .




Table 6: Samples of surface tracking of HDPE at
different test voltages

HDPE | 1.0kV | 1.6kV | 20kV | 25kV | 3.0kV | 3.5kV

unaged % d

-
R
- e W

S

aged . P .

4 CONCLUSION

According to the testing experiment, the test
voltage has effect on the insulation failure
characteristic ; the higher test voltage the shorter
failure time. Furthermore, the time of failure was a
little bit reduced due to the thermal ageing. It can
conclude that the material structure much more
influenced the surface tracking characteristic of the
cable material.
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Abstract

This paper aims to represents the investigation of surface tracking resistance of various types of cable insulations. Five kinds of
cable material i.e. non carbon filled crosslink polyethylene (XLPE), carbon filled XLPE, low density polyethylene (LDPE),
medium density polyethylene (MDPE), and high density polyethylene (HDPE) were examined. The test specimen has a
dimension of 10 mm in width, 50.8 mm in length and 1.52 mm in thickness. The test samples were classified into two groups for
investigation. The former group was the new test samples, whereas the latter test samples were stressed by thermal ageing with
120°C for 168 hours. Then both specimens were examined. One side of the specimen was contacted with high voltage electrode
terminal made of | mm diameter Nichrome wire. Another side of the test specimen was dipped into 0.1 percent solution of
ammonium chloride as grounded electrode. The spacing between electrodes at dry area was determined for 25.4 mm. After
completion of the test set up, AC high voltage was applied to the test specimen. The dip rate of the specimen into the solution
was set up as 4 times per minute. The test voltage level was in the range of 1-3.5 kV. The experiment was performed in
accordance with I[CEA S-66-524 (Method B). The test voltage was applied to the test specimen until the insulation failure could
be observed. Then, the insulation failure voltage and failure time were recorded. The test results illustrated that both unaged and
aged HDPE and non carbon filled XLPE provided the higher surface tracking resistance than carbon filled XLPE, LDPE and
MDPE respectively. Besides, the thermal stress aging had not much effect on the surface tracking resistance characteristic of
tested material. It can be summarized that the material structure much more influenced the surface tracking characteristic of the
cable material.
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1. Introduction

Focusing on the electrical distribution system in Thailand, Space Aerial Cable (SAC) as shown in Fig.1 is widely
used in for long times.

a b

XLPE Sheath (Filled carbon black)

XLPE Insulation (Unfilled carbon black)
Conductor Screen (XLPE semi-conductive)

AL Conductor

Fig. |. (a) SAC for distribution system: (b) SAC construction [1].

Many evident revealed that the surface of some SAC have been deteriorated after they was installed for some
years which may cause by many factors such as salt, contaminant, ultraviolet, and other installed accessory
equipment [2-3]. The resistance characteristic concept of wire and cable is well explained in [4]. Many kinds of
tracking and erosion test for solid insulation are recommended in IEC 60587 [5] and ICEA S-66-524 [6]. Another
interesting test technique is developed and described in [7]. This research work investigated the surface tracking
resistance of various types of cable insulation i.e. non carbon filled crosslink polyethylene (XLPE), carbon filled
XLPE, low density polyethylene (LDPE), medium density polyethylene (MDPE), and high density polyethylene
(HDPE). This study applied ICEA S-66-524 as the tracking & erosion test. The tested material was prepared by the
cable company.

2. Test Experiment

The test experiment was performed in the high voltage laboratory of CTW. The test specimen had a dimension of
10 mm in width, 50.8 mm in length and 1.52 mm in thickness as illustrated in Fig.2.

Fig. 2. Test specimens. Fig. 3. (a) Sample holder: (b) Electrode configuration

The test samples were classified into two groups. The former group was the new test samples, whereas the latter
test samples were subjected by thermal stress of 120°C for 168 hours. Then the specimens were investigated. One
side of the specimen was contacted with high voltage electrode terminal made of 1 mm diameter Nichrome wire.
Another side of the test specimen was dipped into 0.1 percent solution of ammonium chloride as grounded electrode
[7]. The distance between electrodes at dry area section was fixed for 25.4 mm as depicted in Fig.3. The test circuit
was setup as shown in Fig.4.

After complete the test set up, AC high voltage was applied to the test specimen. The test voltage was increased
from 0 to 1-3.5 kV depending on the test experiment condition. The dip rate of the specimen into the solution was
fix for 4 times per minute controlled by a speed control motor. The experiment was performed according to ICEA S-
66-524[6]. The test voltage was applied to the tested specimen until the insulation failure was observed (the
happening of arcing at least 2 times continuously of testing). Then the failure voltage and failure time were
recorded.
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Fig. 4. Test experiment set-up : a) AC High-voltage supply 0-30kV; b) Current limiting resistor 51 k€2 : ¢) Voltage divider 200 kV. ratio

2000:1; d) AC Kilovolt meter: ¢) Test specimen under electrode arrangement; f) Motor 4 RPM; g) Speed control motor.
3. Test Result

All The test results represented that both unaged and aged HDPE and non carbon filled XLPE provided the
higher surface tracking resistance than filled carbon XLPE, LDPE and MDPE respectively as shown in Fig. 5.
Table 1-5 demonstrate the failure test specimen from the experiment. Moreover, it was found that the thermal ageing
had not much influence the surface tracking resistance characteristic of tested material. The time of failure of both
tested specimen groups (unaged and thermal aged) was approximately the same. Therefore, the material structure
should had much more affected the surface tracking characteristic of the cable material.

a b
24 hr - 24 hr e
90 + 90 +
3 R0 + 80 +
“vIo70 + 70
2 60 60
i S0 1 50
s 40 40
w30 30
£
= 20 4 20
0 4 10
0 0
| 1.5 2 25 3 3.5 1 1.5 2 2.5 3 3.5
AC HV Supply (kV) AC HV Supply (kV)
. X1 PLiunfilled carbon) il X PE(filled carbon) e X1 PEqunfilled carbon) il X1 PE(fillod carbon)
LDPE g MDPE LDPL i MDPE
. {3 e HDP

Fig. 5. Voltage and time relationship of tracking failure of the test specimens: (a) Unaged specimens; (b) Aged specimens.
4. Conclusion and Discussion

According to the test results, the test voltage clearly affected the time to failure of surface resistance of the
cable materials; the higher test voltage the shorter failure time. Additionally, the time of failure was a little bit
reduced due to the thermal ageing. The test result is corresponding to the former research employing different
kind of the electrode configuration [8] which can be summarize as shown in Fig.6. Therefore, it can be concluded
that the material structure or material types much more strongly influenced the surface tracking characteristic of
the cable material
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Table 1. Samples of surface tracking of XLPE (unfilled carbon) at Table 2. Samples of surface tracking of XLPE (filled carbon) at
different test voltages. different test voltages.
XLPE XLPE
(unfilled | LOKV | LSKV [ 2.0kV | 25kV | 3.0kV | 35kV (filled LOKV [ LSKV [ 20kV | 25kV | 3.0kV | 3.5kV
carbon) carbon)
-
unaged ' ‘ ‘ . unaged ' ' ' ‘
Pass Pass Fail Fail Fail Fail Pass Fail Fail Fail Fail Fail
. v | ¢ | § | B | 4
aged ' - . . . aged . . '
L .
Pass Pass Fail Fail Fail Fail Pass Fail Fail Fail Fail Fail
Table 3 Samples of surface tracking of LDPE at different test Table 4. Samples of surface tracking of MDPE at different test
voltages. voltages.
LDPE LOKV | 1L5KV | 2.0kV | 25kV | 3.0kV | 35kV MDPE | 1.OKkV L5KV | 20kV | 25kV | 3.0kV | 35kV
unaged ' { l unaged ' '
Pass Fail Fail Fail Fail Fail Pass Fail Fail Fail Fail Fail
aged I . “ ' aged
Pass Fail Fail Fail Fail Fail Pass Fail Fail Fail Fail Fail

Table 5 Samples of surface tracking of HDPE at different test voltages.

HDPE 1OKV | 15KV | 20KkV | 25KV | 3.0kV | 35kV
unaged . ,E ’
. s v
Pass Pass Pass Fail Fail Fail
ANRRF
aged

& I I ' F .

Pass Pass Pass Fail Fail Fail Fig. 6. Summarized diagram of the surface tracking

characteristic of the cable materials.
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