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ABSTRACT
This paper is a study breakdown voltage and impulse voltage of the pressboard

impregnated with various types of liquid insulation, i.e., mineral oil, natural ester, palm oil and
mineral oil mixed with different volume of natural ester. Breakdown’s test vessel was designed
following IEC standard 60243-1 and impulse’s test vessel was designed following IEC standard
60897 respectively. Experimentation was performed into 6 cases to find the breakdown voltage
and the impulse voltage of pressboard impregnated with such liquid insulation and mixtures
between mineral oil and natural ester in various proportions. The electric field was analyzed by
using finite element program (FEM). It was found that the breakdown voltage of mixture
(mineral oil 25%, ester 75%) was higher than the breakdown voltage of natural ester, mineral
oil, and palm oil respectively. Besides, the positive impulse breakdown voltage of mineral oil
was higher than the impulse breakdown voltage of natural ester, and palm oil respectively.
Moreover, the negative impulse breakdown voltage of mineral oil was higher than the impulse
breakdown voltage of natural ester, and palm oil respectively. Furthermore, testing results are

related with the analysis.
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feiudamnstunsldnuneluielihsiudndanmduveaman

ludiureneamesdunsigity uasusznouiidnassiannsaiuueanssed
wamesarhiadlnosnduviearsivdug aiamadlug avadrnanizasuoulaeanles
futiwity Snvsdiannsadesaansldedned Uagtueamesiagnitmunlifiuniuujnsen
aans‘z‘nm?’uuazmmmQm%’umm%ulﬁgqndﬂﬁwﬁuLLi’ImfJ"LaJ'LﬁﬂﬂﬁL%"anamwmaqmmLfJu
auIu MAmsAnfiiunuIneamesasaldunuiuuslunteuvadld nsuay
ames 3% luthiuusliviliauauiReuduauiuanas wamaivagwingnialuldly
nulnia U9

1. Tetraesters (pentaerythritol esters) L‘UumsmamLL'smaaumewmamamamu
maql‘waﬂmmauf] wmmamuwulw IwuaLL‘LJaa‘uumJmwunwmuwammuﬂnm tetraesters
mmsaﬂmwmmwmﬂmmms‘wmmsaumﬂmﬂamiﬂaaaamaLézfaaiaa (NSzAAUIN)
sniadelaifoansmsthgesnuilutaiinvemsleutas dulumisuvasuuilannudasms
auuwariuegfueullunishounassyaninmuemiieulas Tetraesters anmnsa
gaduthiduviinaildinnninisuusinglasseranniueiiavewiy teamastuiiniumin
ganinsiuudvilidedldsruudamenudoudiainiiu mduileglueamesamalifn
milslasladadndesnelifnfisnsaluiudassiliisunse

2. Phosphoric esters gnl#lusuiivarnuatsiu Wlugufudse 9 lolundaudas
Luaﬁmnmmmmle LLmaaN“Liﬂmmuan“l‘zjﬂauwmnmLuaqmﬂmmaLasmaaunﬂaamiﬂa
fusznaliiia Dibutyl sebacate, dioctyl-sebacate, I8¢ benzyl-neocaprate ‘UMUU
falaignianldidesannidusunsedediitin
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COCR
| CH— O — C — R
I

| CH;—O0—C — R
ROOC— CH;— € — CH, — COOR I

G, CH;— O0— C — R

| I
o}
(n) (%)

A 2/ s o '3 3 a
3UN 2.16 lassadsluianavesieamesdunssyt (n) uazieanossssuei (1)

2.2.3 thifuthdu [3]

dniuuduanunsoanaléunann 2 du fe druudenuenysyane 16 — 25 % VD4
dnilnnraty wavdruideluuszun 3 - 5 % 299119 NNEAY NTTUIUNITARR
drsfutnd (vill Processing) Madmim‘ummw“mamamumu aummimuawawamma

v
o

Issnuanmidulay @ mmszmumianmumu 2 WUU Aa HUUNIATZIU (WUU']JJULLEJﬂ) hay
LLUUMUUWﬁuNaﬂJ Iﬂ&li’i\i\‘i’]‘uLL‘U‘U&JWliﬁ’IULUUI‘NQ'}u“/IQJﬂWaGﬂ’]’iNﬁ(ﬂ?N LLﬂ“’U']QJu‘VIlW\]ﬂLUU
UunsaLe Luaﬁﬁﬂﬂuﬂﬁ‘iLL’Uﬂ“U‘HWU?J\TU’]iJUU’laﬂJ ﬂ’]‘Vii‘UI‘i\‘l\‘iWuLLUUWUUWNUNﬁQJLUuIiN']u
ﬁﬁﬁ’]ﬁ\?ﬂ’]’imﬁﬂﬂau%’]\‘iﬁ’] LLﬁSU’]lI‘UVIﬁﬂﬂVLﬂLU‘LJ‘LH?JUNH@J'ﬁ%‘lﬁ')NU’]@JUU"IﬁlIQ’IﬂLU?IEJﬂ e

€

iifuselulid

Tnevhluihifurduiuosddsznousselud fe

1. Glycerides Uszuu 95 %

2. Fatty acids Uszunau 3-5 %

3. Minor & Trace component U'iumm 1% Gdﬂﬂiuﬂauvlﬂma phytonutrient 7
ﬂmﬂ’m’mmwﬁsa\‘i hae ﬁﬂiau‘] LU carotenomi,/tocopherots tocotrienols, sterols,
triterperpene alcohols, phospholipids, glycolipids, terpenic hydrocarbons, waxes wae
impurities

f’\]’]ﬂﬂiu‘U’JUﬂ'l'iﬁﬂﬂ'U’]aiJ‘U'mu ?ﬂiﬂiﬂLLU\‘l‘L!’IJJu‘U’]EIiJG]’]ZLI'JGmG]UVﬂ‘UﬂﬂWL‘U‘LJ 2 ¥im
ﬂ@ ‘LJ’]@J‘IJ‘U’]@@JG]‘U LLammumaquUmmu ‘U\?N@\‘iﬂﬂ'ﬁuﬂ@Uﬂiﬂl%ﬂJUﬂLLG]ﬂGl']\‘iﬂ‘L! IﬂEJ‘Ll’]@J‘H
Uwaumuuaxmmumaﬂiumau NBQﬂUSSﬂ@U“UENﬂiﬂl“UlIU@?JWJ:ﬂiﬂl%ll‘uiu@ll(ﬂ? I‘U?iﬂﬂ’}u

Usginel 50:50 way 82:18 mua1nu
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M5 2.2 a\‘lﬂﬂima‘uﬂiﬂl“uuumawmuﬂ’mMﬂU LLagquuLugﬂiu‘U’]ﬁﬂJ

: tsfuthduiiv dhsualudndy
nynlvaiu
(Crude Palm Oil) (Palm Kernel Oil)
nsalusiuBudn 50 % 82 %
C 6:0 (caproic acid) - 0.1-0.5
C 8:0 (caprylic acid) = 34-59
C10:0 (capric acid) - 33-44
C12:0 (lauric aid) 0.1-04 46.3 - 51.1
C14:0 (myristic acid) 1.0-14 143 - 16.8
C16:0 (palmitic acid) 40.9 - 47.5 6.5-8.9
C18:0 (stearic acid) 38-48 1.6-26
C20:0 (arachidic acid) 0-0.8 -
nsalusiulidu 50 % 18 %
C16:1 (palmitoleic acid) 0-06 -
C18:1 (oleic acid) 36.4 - 41.2 13.2 - 16.4
C18:2 (linoleic acid) 9.2-11.6 22-34
C18:3 (linolenic acid) 0-0.5 -
Others - -09

2l

2.3 QUAUW [1]
o Y A 9] | v v ° Y e ~
aulukdsuenIINAy It uauIun e WHILA U@ U s f e TN i avS e

Sulsena dulinINUIMTNYRIlASIAS1e nSausenalaurlindfiinannszualnindnane
awuidafavinisuislseinnlagendelassadraadazauisoswunledy arssunss

a ¢ a ¢ v ]
d139UUNIY LLa:ﬁIWﬁLﬂJaiﬂ\iLLaﬂ\ﬂ,u@nti‘W 283

4 1 3
A15199 2.3 NISILUIUSELANVDIRUIUY

Synthetic polymers

Organic Inorganic

Thermoplastic Thermosetting
Amber Ceramics Prespex Epoxy
Paper Glass Polyethylene Phenolics

Pressboard Mica Polypropylene Melamine

Rubber Fiber glass Polystyrene Urea formaldehyde
Wood Enamel Polyvinyl chloride Crosslinked polystyrene
Resins Polyamic Elastomers

Polycarbonate J
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' [

anuudeiiduussianansdunidifnaniiy uasdnitualinuauiiniiudy
auufid udezidouanimiilasanizifleguugivaesiisuresauiuuinnia
100 psAnwaldoa daduIadosinauruudedandnlduivugsnuandfidenon
rouftesluldiudainesillihufvawumadlunsifuauusesmeinda fuifulses
wazvsfoudas auruudeiiduansdunid esfinuaudfunndsdniau snmauifnenaas
RNIATLR %q%z%uasjﬁuaaﬁﬂizna‘umaiﬂsqa%wwammuﬁmén gunlanyyineu
91989l 250 asrnwaldua Taevhluudawuudsiiuasedunidasillivignisauiy
w3ovaonauruiiany audundassiananvingldun ndwes dse1audsld 2 nquie
weflunanain wazmoslueni IndieiedauauifinuluSesmuamusonisianieu
aanursusaduliia uagnisiinlalsur Smidniu wazamantinshivevihdadu
Uselomilunswangnieauuimilldluuinuiivang

2.3.1 N5gM1YOAUTA (Press Board) [4]

nszmudausudutagussianiwaglaanaieduiiunainnszny gniudndeussiu
wazaatufou Tnstusuilutaquisiifiantuvuintugs Tny Press Board foilu
wodlwesdunidndanaudinisliiuasauanifnnass il esnwaglaaiduidule
555U (Organic fiber) Ainsdousiufuluuvinliddnvazidugngu Fuhlidaulse
ATy uarguund

Iwiwes (Fiben) uraziduluwaglaa Usznaudigwedwes Sesfivuiuiu lny
wedluesudaziduiivuiuiuazdniaiudelslnsau ieluanavosidudasuiavii ves
\wwaglaalniues (Cellulose Fiber) agviliiinnisassiuszlalasiausswinsernausendiau
fulelosiau vilsinszmuvauiuaunsagaduaudulda

U 2.17 nszmudaSs (Press Board)
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gﬂﬁ 2.18 1d@ulusssuw@ (Organic fiber)

2.4 it [7]

aurnliuinaindszalirdaviniuinanussiiiniuninnguesgasuy
(Coulomb’s law) WiediUszy Q; waz Q' ag¥iusyee r zinusanszyidenuluiianiie
Weuleaseninaeuss iy anufusafitinain Q, ddimundmiannesiisuiu Q 1u T

d4a <
wsaiAnUulumuauns [8]
QO
BEX /7 i (2.23)

amer

o = & s o 1f o) el fe N ) o | AN
S} r 3] L'JﬂLﬁaﬁﬁWLLVMQﬁﬁJWUﬁﬂaﬂﬂigﬁl Q" MyUAU Qg WIUNNLMDINUIY r=r/r

anvazguuvvaunliiwdadu 2 ¥dnde aunlniadnaue wavauinluia
liminane lngyialiainavsuvteanidu 2 uuude uuuldainaneidndos uasuuy
1 t; ﬂ’{ 1@ o a o A
lijaiauege aunulnihaziluwvulatuegivanvazvedidnlnsadeguil 2.19 (9]

Ul 219 Bidnlasaiiidnumzauslwihuuusie iy
n) auslihaiase (Uniform field)
) auliliaiavedntdes (Slightly nonuniform field)
A) aumlwﬁwhjaﬁmamagq (Highly nonuniform field)
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2.4.1 aunulvivhasiaue

a ° o o od o | ]

aunlasaauuliihaiiawe vuneddidninsaafiauulniivng galudaeszning
Bianlasawiniuy eiwaadlianauduius

Epax = % (2.24)
de U Ao wswiuiitoudnlusewindidniage
d #e szeviiszwidianiage
E Ao anuwasgaauulni a galag szwinedianlnge
Emax A9 ALASEAZUNUINANEER

mingauidetounssulitudidnlnseaunliatiiaye %“Lﬁﬂmimiﬂﬂ’l’)‘lj
vIoathiniiud fierunienauinlniisevinedidnlase ( fmm'muwmm) faAfifvunen
nillagUszuna LLa~n3~LLamemasm;nﬂmwu’Lﬂ mfmLLaLusnmauuavmmﬂmmam
Sufiuaudvnsditne wazrasntsusnwindu Saroussiusnnnddudinsruatiosalals
Faguil 2.20 (n) wazArmmalsnaunliififaanussurnzaziausnanniiine
A1 AN UN19LHHN (dielectric strength) n3aAINAIMURBALASEAE LU THH A
Y9IN152UIU drmnsanIvadlaann

U

T 2.25
S (2.25)

E, =

-~ a v o o Y a ¢ v °
Wo  Up A wsesunyibmiaiusnandmeauiulniadaue
Ex Ao euasgaauinlwiiivinliiniusnni daseninauaanunislaii
YBIRUIUY

| (3 1 a’lJ e s a a s da ] LY 423/ [
pglsAnudn B, 1 vedladiinninviianiaifiAlinsinausly mszluediv
unLABSANe Wil wiesEeving d Nl A B, Aliviiu asdulusipsgiu
NAMUAAIAILANENI ALY TNz vURAILLIYedladldnasnisneiaus
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A L=l I s d' o Y a a a (v
JUN 2.20 n1suSeuinguusssunhbiniausnandluladidnasnaudneaensliii

Tugy -

) auylnihasinaue
) aunulndnluaianedntioy
a) auulvivlyaiiauegs

2.4.2 auulwinldasinaus
auulniuuuliaiauefio Anunssaawlniiudazanilaiunnsiaiu Yuagiu

9

AIUVUIYBIRAtY ANUUANANTY & 3197 Fzanvs et selusdiudnvuysasuiadn

yaBianlasa Alauulniluasianeunuietes saniasalugud 2.19 (v) dudleu
$-%4 v o 1 YV @ J

iduauulniwazidudnglndaein alagagun 2.21

,||_

UM 2.21 auulwiuasdudnglihgi
wuauulng
wudndluiuia
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v '
=< a

luguin 2.21 azrulddranuasenauulnigdn Eq.. 9ziiniuiiavesdidnlngg
NNaN WerviwInlanaunis

E . = (2.26)

il m* Ao urnumesaunwliii (field utilization factor) §fsarin

E
n* = Ea"g O<nt=i (2.27)

max

g E, Ao Anedsvesawulwdrdanvnnu U/d

1 9/ & a 9 ™&r & 5 a @
91918121791 * fAe assyiuandiinsiuindidnlasaiu Jdnwazauinlnii
gunaneunUeeieala wazlngondaunnimasauiuluiiiies T uruRIAUAS YA
au W usnanuvesaunluauy Wi ldadvaueidntes (wuu ) lade

Ub
d-n*

E, = (2.28)

LAZATLIIAULUINATIY U, = E,-d:n* (2.29)

1 alic Aa ¢ ' o =3
waned1 Blanlasandarunnmesauiulniianas ALseduUIARANILAILARAS
aunsiltlaaniznsdindianinsafiauulnildainaue idntios wieoldfunsdlnlifilalsun
& Iaa ¢ o 1% X a | ¢ v a & a ' a
Aolufifavisarmin (predischarge) InARBULUSAAT AdiantnsAguN 2.19 (v) nafe
neutfintusnanidarlidusingindnsvualvaszninedianlnsaas uasd nuvazauulnii
whidmsdsuuuas asiiausnandiuiiianueisaauinlviiigeieinnunmu fe

Emax o Eb

Tunsdlauuliihladadianegs (highly nonuniform field) AnuiAseaawnlniigs
A Yo a a dad da v a 1 Y i -
waguinalndduiadidnlasn nlnunRtesiign Wy Yareunaudsguil 2.19 (a) Lle

v
1

a a g 1 a 1 =3 v v
szegvieeanluaniidiantnsadinnunssnauinlviiszanategiesiaia dadunsv
masgaaudlniinszarelTeuiieulugun 2.22 didnlasauuy A dtuddimunien
aulwinasgnasiiadngauaineny wsnanvasdldiaunaziialalsun [7)



27

> X d

A < =4 aQ L 1
JUN 2.22 auniliinszanelSeuifisuresdianinsnanuaizeneg

uinwiiadianlnsaduuinaiianueioaaunliinggn druusnudug
fiviheeenluaziinuesenauinihanacuaslalsunliifn asfuludeciesewindidnlngs
sifnfavnsailanysal Suninfavisaunsdin (partial discharge = PD) Us1ngnisalena
Antusgrsdeiiles niadudieg Suildiinsrualnalursasiidounswiuliiusidninge
nszuadzuuarTaldneuinusnaiid Senianszualalsun viensvuansaasise
faguii 2.20 ()

nsiinlalsunazviltaunlniiveasvadiadsuly imsgiussgdne (space
charge) Amnuin3eaauniliingeanazAunanauntsi (2.26) ld ednlsfnnuaunisi
pnldduwamanneienaundlnihfussiulalsuBuiald mszaulniivessuadn

galiiavunias Yude

A i (2.30)

e B Ae anuasgaauidlniihgeganlalsuncuie
U Ao ussrudsuilalsuisuiin

naunsldlaanzns@inluivsyyieszningdianlngm (free of space charge) fie
lgdrmsuarurumauasenautulnia 13olssnusuAY (inception voltage, starting
voltage, threshold voltage) Fenungfanssaunvinlmsuianisilasuilasuluuny
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2.5 WsfinesidansnuseauAmuRouswulnin [4]

2.5.1 paAUsEnaUNaLAlveIRuIY

psrUszneuvaail Tnasenuamurauswiulnihegsis Tnslassadluanaves
aeﬁ"dszﬂaumaLﬂﬁﬁmam'amimﬁauﬁ'mamm‘%uLuas’%qﬁWIU;jnW'iLUiﬂmﬂau“lﬁ Wy USueuves
Taseadeelsundndululalnsanivounuulibudluisuniowlasinarneninuaiuisaly
Asazanseeuiia warauamussussiuliii uenainunisiinesndinduiiinasinly
Tnssadramaniivenisiunsioudanddsuudaly uaznsenusdaniuamusowseiulvidia

[10]

2.5.2 Amiiu

Moisture content %938 Water content L?Jummm%uﬁﬂuaiﬂmj’lﬂuwﬁa wuas
daarin IiArauamusoussfulnii Break down) vesaurutiduiididias Tngen
Moisture content LHudndrulasuaresiideianmun dvluideswenidfuntoudasniy
Moisture content aziiuSunudessnn Jstiouuanslunuae part per million (ppm)

EULLuumaaﬁﬂﬁag”luﬁwﬂu wuseanidu 3 sUuuu [11]

1. Dissolved Water ihilogluthifuiiusinatiosunn luanavesiagnszaefoglu
winifusi o lalannsodunaiule

2. Emulsified Water Wilotiniteglutihdufiusunmuuinnis Saturation point Tuiana
venhiinnnesusiitulunentindng slrdanadiuldidudnvasdu Emulsion

3. Free Water winuiniluantu wiefis Emutsion Humuq drfuiidussuenduiu
iesanArmmunuufeiy

9AN198 1190911 (Water saturation point) #38 4aULIAN158uRA (Saturation
limit) vostifuasuegitu vin way aumgivesiiiu fudunistsuen seulrnmsdusses
quqquﬁméf’w 1y Mineral oil : 55 ppm, Synthetic ester : 2700 ppm tag Natural
ester : 1100 ppm i 20°C

Aututinazazarsluaurumar Taseglusuresihnisluiniu seduiunutoslu
anmgdud Fuduannefiiufinannuiuiniiaeiiaunsaegluguvesineludsuld
wasfidnfistumugungivesidunieuvas Usinaaudulufundioudasiiiiuain
anmedu azegluguvesihluanmgaududugs (Condensed water) dnuninfisuiude
Wusziall (Bound water) AR NMsNAuliiwenTensAnUiisedothiundioutasiing
Howanw

AuduiliFeuuegluauiumarziliawuiiaunniigeiuidesannnisgyide

Y v
2/

lndidnasnifinturildauiumanianisdeuanin mLfJuMamfwﬁa&ﬂuﬁwﬁu
nilowlag ‘vwsmfn%ﬁmaaﬂmuumaumlw%ﬁﬂﬁmmLﬂ%'amaum"l,w%ﬁmga%ul,ﬁaﬁqﬂ'ﬂ
IngRazAnnisiusnnid Tnsuuanisiusnatagiduiivatsvememinlugdidninge
yonanidhilomaiaufAselwiliaiueniheenidunfalelasiauiuufasondiauiidoglu
suvlbaufiaviliiinfAaynfaudu uazerhiliiAanisiusnanatnuin
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33nstlestuamuduldlindevuluauiumaninnan e il umaldusatueinie

9
v

MeuanmMenIsusTIlunrugnlaiinga widesddsundayninisvereiivesauiunaiiie
lesuanueunselidudaiueinialagsiiuaisgaaudu wu 38n11ea (Silica gel) Aaunsn

anUSUNaIANUIUINNAEUBN LA

2.5.3 uwha [11]
nglnidiunioudateniiuiadsdusy uiufaszgnudneenlainmidunioudas

neunisivaslugunsalluiiusegs LLmuaamnamw’Lﬁmua}ia Wy n1sdudaiueiniAves
nsza1y waztifundeuvasasiinisidenaniniu (Aging) wisiinisdmisasnelugunsal
1WWWLLNQWﬂ,wumamaﬂuiuumuwuawaﬁmaﬂwaumammlﬂag’luumu
nifoudaseraviliAnmsudesuseguisdniiuaimauesmsivinliauudounnnim uas

Aanisiusnailufian

= 1 < o =~ < v o -
AN 2.4 ANAININITAZANEVBILNG (A) MNNHVBIBUT (Hatm. /(L) nanuauLnanie

Uiunlauyas 760 mmHg

aungdl (°0) 0 20 40 60 80 100
91N¢ - 9.9 9.7 9.5 9.3 9.1
N2, Tulnsiau 13.0 11.6 11.4 i 1 10.3 10.3
02, 90NTLAU 6.4 6.2 6.1 6.0 5.9 5.8
H2, lalauiau 24.6 20.4 17.5 15.4 13.8 -
CO, msusuauanlan 8.9 8.3 7.9 7.6 7.3 .
C02, msuaulaeenlyn 0.72 0.89 1.07 1.23 15 -
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v
°

4 24 dl o 24 I o/ 2/
AN 2.5 Anuausalunisazanuvelia (K, %Vol) nAarunusnamidauidunilsklag
760 mmHg

9auni(C) 0 20 40 60 80 100
2N"# : 10.1 0.3 10.5 10.8 10.9
N,, lulasiau il 8.6 8.8 9.0 9.7 9.7
O,, 99NTLAU 15.6 16.1 16.4 16.7 16.9 17.2
H,, lelauiau 4.1 4.9 5.7 6.5 7.2 -
CO, asusuuauenlyn 2 12.0 127 13.2 13.7 :
CO,, Msuaulneanlyn 1388 | 1123 | 935 81.3 66.7 e

2.5.4 Usgqns

Uszafainannisianiounsdnluvinaiinnueisagmieiavdsainiia
WAty Yseaiinarilidnuaznisnssneauulinudsuidady Taefinansgnuain
wssiuitladalndih 112] (u ussdulinszuanss, ussiuRnduiad) inndusedudtlid
Famalali iy ussduliifinszuaady uenanduszadnsduinainusingnisal streaming
electrification fiunsfunsiouvanndoudl uazidendivauiunds 1wy nszany, wiuliidn
Gudu wagvinliiAnaruiadndseninauuudiuihduniiouvaaiosnmsasaiszq
WihiiinauuudsiuiduniiouUasifiussgnsediuiu pusisdingfiintugadiomeiioy
yinlilAn favnsaunsdau washaunsamuiadailugnsiusnanale [13]

2.5.5 msiAdoudi

naedeuiivenidumiioulaniesninmaiudsuulawesgumad, nsviauvesi
n3onmanlun1sssuIeaInieu uavaInUsingnisal EHD (Electro Hydro Dynamic) ¥inlvi
Aanesfaluiiunieulas, iansindeuiiveseyniaiiovu uasiinuszqdasuiilesann
nsdendseninauiumaliuauundeiiondiusingnisal Streaming Electrification [10]
Jansznusiomunmusiausidiuliiihie

2.5.6 NNl

AnaniAvenisdinesnatsdINinanIEnuUReAIINANUADAINAINUAD
LLsaé’uMﬁwm?{auLLUaammammﬁ WU ANUNTA, AUFAIRY LATANRUILUY KA
nsguunIsiiaveLia uazdnuuy msLﬂgauﬁmmﬁwﬁwﬁauﬂmwﬁauuﬂaomuqmmﬁ
#28 [10] WuLfenfuUSinaa L uiianiy Suﬁﬁﬁuﬁ’uammﬁﬁ"’u Tnevluazdvsua
mm%uasfluma 20 - 100 ppm Luaammmmwmmwmnamlﬂumswﬁamﬁmuiﬁ
IﬂaLﬂmnu“lumsmaammauﬂsa LLavmsmaa‘uwaﬂsku‘uaaammm“ia‘wammumﬂau

ﬁ]ﬁLilWl']ﬂ’ﬁ‘V]ﬂﬂE)U
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2.5.7 nsnsgangaunuliia

Snvazanunmussussuliihveifuniouaméefuuia nandedidninsed
fimsnszaeaunliinliadiauedntos warauamusrsussiuluiinvedidninsaiinag
nszagauwilwihliaiianogeaziiian lenalnnsiusnamivesdiinlnsaiiiinisnszans
avlihaiavesnfnusnamilaense drunisiusnanvedidnlnsaiinisnssasues
aumlw%aﬁwLauaqaﬁmiLﬁﬂﬁam%ﬁ]mad?udauﬁ%ﬁﬂﬂémnﬁﬂLmﬂmaﬁ Faduns
sanuuvauluarseanuuuliinisnszatsautnliirfadanemfulunnyaiie
Tiauamusioussiulrlihgeidesieszosvinadeniu

2.5.8 wiAvosgunauLsy 7]

ussuusnaivesRuIumMartuegiuslinvesgundunssiuiitou F3nstlou way
grana1n1stou nienaiidadeniladn mmmwuﬁiaLméﬁ“u”lv\lﬂwammu%uasgﬁu
autesenaunliihfinedleg ddunisesnuuugunsallninussgeanuiaionausluiiign
M199) ma’luqﬂﬂsaﬁw%LLsagaLﬂuﬁaaéﬁmmﬂ 3‘§mim33%aaU@mmwamuﬁﬁﬁqmﬁami
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2.7.6 nadausnantilesannishawianielu (Cavity Breakdown)
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vFeintostuiinduiiad gunsaiinariiazegluviosiidad tieandtya msuniuanmeyen

6. szUUaERY imiiideugadoasiuvesgunsalaneg lussuunaaeuliidl
dndlvifiiniu Unimefuasiduviiafifidanumideanie welwldussiunnluamefuien

toenan lneluagldunulansund W NodaIuiuU
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unn 3
ﬂ’liﬁilﬂl.L‘UUﬂ"IiVIﬂﬂﬂUuﬁ&’ﬂ']iﬂisﬂﬂUﬂ%’N‘Qﬂ‘ﬂﬂﬁﬂU

Tasunfndeutadlidrdrulugdnisldaviumaniuaisladidnainnieluda
wifouvas fnvhmiiumsndudlulugnsurenieauiunsearuitedesiunsiiniasa
yuawlulnseonia uazvivthidusanandunisimianuieusnunainesnuigid
Wenandsuanueutvanmanisusniiiadudavesidmieudas vinlinsoudasinding
Sasmsidenaniniiesauarlasaitunndetu lunsvadeuiisynaudae

1. N1SNAADUTAAIAIINAINUABLSIRUNSELAFEUTDUNTA RS AT DLW LA
ALAUIULUAD

2. MSNAABUTAAIAINAINUABUSIIUBNNAFH N1 BIRUIUIAN

3. NNSNAFBUINAIAITLAINUADUIIAUNIZUAATUVDIAUIULAAD

4. msvaaeuinAesinAdRduimsueauiumal (&) uazmunnnesnasany
gaylanladidnein tand vesawdumen FeauIumaIdMUNINAAEULARRINITINT 3.1

A a o £
M99 3.1 VUAVDIAUIULKRAIFINIUNIINAFDU

amluzm L 2wl & NG Wosldunlneu3nng
o (V/V)
il 0 9% Natural Ester in Mineral Oil 0%
2 25 % Natural Ester in Mineral Oil (Mixture 25%) 25 %
3 50 % Natural Ester in Mineral Qil (Mixture 50%) 50 %
q 75 % Natural Ester in Mineral Oil (Mixture 75%) 75 %
5 100 % Natural Ester in Mineral Oil 100 %
6 100 % Palm Oil 100 %

Aeufiazyiinsnaaes azfesimseenuuulazUsznevassyanaaay (Test Vessel)
WernldnageumaAIAuAmMURoLsIRUNsSTLaaduTasnsauasn lnan1seanuuulivii
N1590ALUUAINNINTFIY IEC 60243-1 [14] uagn15eaniuukazlsznauasayanaaay
(Test Vessel) Witotnunlinaaaunmiaianunmusausaiuduiaddmiuauiumad Tnunis
sankuulaviinIseaniuuaINNInggIL IEC 60897 [15] lneldlusunsy Solid Work Tuns
$raeagunuy 3 §if Tuin iethludsznevaiayanaaeu (Test Vessel) 939
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3.1 AsPBNLUVLAA1SUsENBUASNYAVIAABY (Test Vessel)
3.1.1 YANAABUAIAIIUAINUABLTIAUNTEUAARUTDINTAUDSA

1. #9nuuu 3 Janelusunsu Solid Works

- fusythifuuasldmsavedn

inandanezaiaala ddnvuzidunsinszuennaisvuimduiiugudnaisuen
20 cm WW1 5 mm AUUULAZANYDINTEUBNUTENDUAULHLDZATAAINANTUINL BT
dmsuiammauiuredidnlnge wagvisesdmsuldeasiuduludiuvassonse

4 o { ,Ol L) 1 1 1 LY >
FUN 3.1 wuudaesiussadiunadldnsauesnynvndeuAIAUAIIURB LS ITUN ST LARSU
YBUNSAUDSA

v
o w

J d 1 U 1 o o
UM 3.2 iusspihduuagldmsavesaygannaeunnnunmunaussiunssudadured

9

WNSEUBIATIDDNLUVASI9954
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- Blanlasm

#18dnlasaiildluganageududiedaninuinsgiu IEC 60243-1 URERTPET)
neuniedlngazusznauluipassdidnlnsnnsinszuaniainneandesiifivouldausag
3 mm Bidnlnsainilafliduiiugudnan 25 + 1 mm uaziinaugs 25 mm dawdidnlnga
fapsilidurugudnas 75 + 1 mm wagimuEs 15 mm [12]

A = 1 1 (v (Y 6
UM 3.4 BidnlnsnynvndouAIALAUABLSITUNTELARSUTBANTAUBSA
7I0NLUUAS N34

- waus
vinausuaailuingn dwiviuiadidnlnsauarseasanduluiussgaas

NSIUA

- MauuIugaununi
vinnanguiesaudmiuduiadiuiiiliednsanarnisdidnlnsnuuuasan
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d o 1 1 e L
E‘U‘I] 3.5 HUUNABNYANAFDUAIAIUANNUADLIINUNTEULATAAUVDY Wwsduase

4 U 1 o U A b4 a
§1JY| 3.6 ?JGWIﬂﬁE]Uﬂ']ﬂ’J']iJﬂQ%NG]’e]LLNﬂ‘UﬂiSLLﬁ’daU“UENL‘WiﬂU’PJ%ﬂVIE)EJﬂLL'U‘UﬁS'N'i]S\‘l



2. MsaeiaTzviaanuNawnlwidelusunsulnlui s 8uue

Max: 71.243  Max: 69.481
E 69.481
65.918

[==162.355

Surface: Electric field, norm [V/m] Contour: Electric field, norm [V/m]

[~158.792

[~155.229

[~151.666

~148.102

44.539
40.976
140
37.413
33.85

30.287

26.724

[~={23.16
I===119.597
I===116.034

===112.471

[===18.908

[~==15.345

b 1,782
Min: 2.316e-8  Min: 1.782

A o 1 v 1 1 7 s
FUN 3.7 wuudrassriauduaunulnihganegeuAinuAmuiousITun ST uARaU
YDUNTAUDSA

Electric field, norm [V/m]
T

140 T T T T T T
120 froeeeserereiencncinens [EETRERTRERES: Preneaeneans FERERERLRERE Berresinnde 4
o8 G oo il ‘anire il St oy LS (o o B e O bl A ]
3 : : :
=
> 2 : .
E B0 b, Tt ns o vy basainics s il T e oo -
g 2 :
2 i .
&=
ﬁ 60 frrrereree et Sias oo SR s T, $eieien e s T 2
2 : :
w :
11 B R S P ... ............ o
P 1 R R R PO PSP PURIR R . .................................................. E
0 : i i i i 1 i
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6

Arc»l;.nglh
A o L [ 1 14 U 1 1 a
UM 3.8 Anudniussewinsanuduaulniiussesinsseninedidninge
YANAADUAIANUAINUADLSINUN ST UAASUTBUNTAUDSR
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3.1.2 gavndouAIANAINURBUSIALBNWAdHH TBsRIILmAY

1. @@nuuy 3 JAnelUsUNIU Solid Works

- fussqinifuuarldinsauedn

YANAADUDDNLUUAINNIATEIY IEC 60897 Tnpdiuussqunsiuiiuinms 300 ml 14
Tanewasdalavwiaduiuguinatsuon 50 mm w1 3 mm ge 195 mm Auuuuazan
YoINTFUBNUIZNBUAUUNUDEASAANNANVINAIL JEMSUBAfIMauIuYel BlEnTnse waz
vinsesdmiuldusiuduludiuvesseuss

A o d g LY 1 ! ' v a v €
zﬂﬂ 3.9 LLUU7\1’13E)Q‘V]Ui'i’\qu']ll‘uLl,ﬁﬂl’dLWia‘UBgﬂﬂﬂﬂﬂﬁﬁUﬂ']ﬂ’ﬂNﬂﬁme@LL?\?ﬂu@llwaﬁ
HrvesauIuwan

v

< a o w ] < g 1 v oa @ ¢ 1
UM 3.10 MussquiTunagldinsavesaganadeurmiunmuiensadiuduwadiis
o ¥ a.
VBNRUIUNAINDBNLUUEAT NN
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a &
- lanlasn
v a a Pt Y v oa a a
wididnlnsaiildluganaaeuiudnadenuinsgiu IEC 602431 Tnedidnlnsanse

o @ & v 1 s o o =
nauvandagnesndssilvuiaiduniugudnans 13 mm waziduvienseanu T
Uanadudsriinnulas 40 pm

| a 1 1 v oa o ¢ 1
E'UVI 3.12 E]Lﬁﬂiﬁ]’iﬂ‘q&mﬂﬁa’Uﬂ']ﬂ’l’Illﬂ\‘lVmﬂﬂLLi\iﬂuﬂuWﬁﬂW']N’l‘UB\iQU'Jumﬁ’J
o ¥ a
NOBNLUUAINNIN
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J 1 ! v a QI 1 4 14 a
EIJVI 3.14 ﬂ;ﬂmmaam'1mmmvmmaLmmuauwaéﬁwwammummwaammuaswﬁm




2. Mmsdaesliasizainduausinitg e Tusun s lnl i aius

Surface: Electric field, norm [V/m] Contour; Electri field, norm [V/m] Max: 1025.772  Max: 994.481

[==994.481
I==1937.653
48.46 b
{823,999
48.45
I==767.171
48.44 {710,344
653.516
48.43
596.689
48.42 539,861
483.034
48.41
426.206
8.4 ~—1{369.379
=1312.551
48.39
I==1255.724
48.38 H—1198.89%
=—1142.069
48.37
I==185.241
0 001 002 003 004 D005 006 007 008 005 01 011 25,414

Min:2.282e-6  Min: 28.414

3.15 wudnassAmnnduaunlnihyanaae usaurmusousUB UTAdH N
VOIRUIUNE

Electric field, norm [V/m
T

1200 : / ! ] J y ! ;
1000 fy e , .......... , ., .......... ‘. ......... \.;.: .......... : ......... -
800 ; s b D . jonsf I Kt o tvio ol . -
E ; :
£
= S g
= s00 P M S @ BT Dt Py 1 SR it il 4
3 : z
& : ;
g 400 et der e S R R P : ......... R TR : ................... -
K : :
o 5
200 fooeeeee e et G  SIITRES et e p
D e — e
900 ; ; i ; i i ; H i
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

4 L Y ' 174 [ 1 ! a
UM 3.16 Arwduiusserinenuduauiliiniussezviessnindignlase
YANAFOUAIANUAINUSBUSINUBN RGN B saLIUIMAY
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3.2 NMSRBURIUIAIEMTUN SRR
3.2.1 auuuiavs 3 oin
1. tafuus
2. LOANBSEITUYR
3. Yrsfuthdu
3.2.2 AUV INEY
WnsuauleamessssuvIRasluiunsmusnsday 25%, 50%, 75%
nulidriundldnnnudoud 60°C Wunan 6 $alus

AU 6 slnazillaulual 12 Slusneuvinisveasy

J a o o
3UN 3.17 vilavesauiumaidmsunismageu
Lisiuusuians 2.leamesnanluditiuns 25% 3.1eamesnanluinguuns 509%
4.oamoinanluiung 75% 5.iedwesusans 6.uniuthdy
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3.3 MsleREumsaveAd UM MAaBY
1. Anwsavaialnduuin 10x10 cm
2. pumsaveiaioanAMuTuTgaui 80 °C lugeugaanaduiian 8 4alus

a a

3. BUNSNLIANTAUDTAMIBAUIULNAING 6 yilangaunni 60°C Tudeugmainie
= M
W 12 ke

=l S a
JUN 3.19 mawmseuBunsnidansavase
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3.4 gunsailddmsunisvagey

3.4.1 NMSNAFDUAIAINNAINUABLTIAULNAINS L LaaSUVBUNTAUDS AN DU T AL

AERUIUMAT

1. ndlaudasusuala

- Rated power 14000 VA
- Input Voltage 220 V

- Output Voltage 0-220 V
- Frequency 45-60 Hz

Ul 3.20 vifeuvasusurnli



2. \n3esiuiansfuganszuaady ffn 100 KV 50 mA
- Rated Power 5 kVA

- Input Voltage Max. 300 V 50 Hz

- Ouput Voltage 100 kV 1 P

- Output current 50 mA

- Frequency 50 Hz

U7 3.21 nifeudammnaeuusesugs 235/100 kV, 5 KVA

3. AIAIUNIULN

=l v v H
UM 3.22 Amumui

57



4. lhawmalines firfn 100kV ussqufa SF

- Rated Voltage A.C./D.C./Impulse 100kV.

- Rated Ratio A.C. 980:1/D.C. 985:1/Impulse 993:1
- Rated Capacitance (High) 110 pF

- Rated Capacitance (Low) 110 nF

- Rated Resistance (High) 250 MQ2

- Rated Resistance (Low) 250

- Frequency 50 Hz

2O

%
ERERROR

YRR
»

5 3.23 Taaumailaned fifn 100KV

5. ganpdaumIANUAmusaLssulnihnsuaadurnsavase

4 ! ! o o (3
UM 3.24 yanedeurrmuamusanssnuliinszuaaduveunsavese

58



59

3.4.2 MINAABUAIAIUAINUADLIIFUBUNAAN VDI UIUwIE"
1. yndnUseq
- Type 6DC-100
- Rated Voltage 100 kv
- Supply Voltage 220 V
- Maximum current 0.02 A
- Middle Current 0.01 A

1Y

gﬂﬁ 3.25 gnonusey

9 9

2. yaniinduad
- Test set 200 kV, 7 kJ

£ s

Sl 3.26 Yanlndunad



3. hawmadlunesviinfufivusea

- Impulse Voltage 1.2/50 uS 200 kv
- Continuous Voltage 50 Hz 50 kV

- Rated Capacitance 4200 pF

- Rated series resistance 50 Q2

- Connector type LEMO RA 4250

A al a s
JUN 3.27 Taawadlumesvindauiulse

g



4. Liawmadlaunes i 100kv ussuAa SFe

- Rated Voltage A.C./D.C./Impulse 100kV.

- Rated Ratio A.C. 980:1/D.C. 985:1/Impulse 993:1
- Rated Capacitance (High) 110 pF

- Rated Capacitance (Low) 110 nF

- Rated Resistance (High) 250 MQ

- Rated Resistance (Low) 250 Q

- Frequency 50 Hz

Z = a5

i

1Y

3 3.28 laumailawned fifa 100kv

61



5. YAVIARBUAIANAINUABUL SN UBLTAAvRRUILIMAY

< 1 ! v oa o ¢
JUN 3.29 gavedeurIALAmURBLSIRUBIRAYBRUILLIAY

6. YAMIUAL Impulse Voltage Generator
- Rated power 7000 VA

Input Voltage 220 V

Output Voltage 0-220 V

- Frequency 45-60 Hz

[

v 5

J ° o) a
UM 3.30 yamuauganiinduiad

62
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6. AInoanoaTaladalal
- YOKOGAWA DL 1640

Ul 3.31 Adnonseadalaalad

3.4.3 NSVAADUAIAINUAINUABLSIAUNTY AR UVDIRUIUYIED
1. ipSemArouNslUsNATIawIuma (MUN1MIFU IEC 156)
- Input Voltage 250 Vac
- Frequency 50/60 Hz

o ] o
§1JVI 3.32 |AT0IMAABUNISHUINANILALIUAD
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ad o

3.4.4 MsnadeuAUesinMIAduINsYasRUIUMGT (€ ) uavAunninesnaruge

Waledlane3n (tan 0) v0sauIUMAN
1. Temperature Adjust
- Input Voltage 220 V
- Rated Power 1500 W
- Frequency 50/60 Hz

E‘Uﬁ 3.33 Temperature Adjust

2. Cand tand Meter for Insulation Material
- Input Voltage 100-240 Vac +10 %
- Frequency 50/60 Hz
Measurement Voltage
- Measuring Voltage 0-2000 V, 50/60 Hz
- Capacitance 20-1000 pF
-tand 0-50 %
- Relative Permittivity 0.02-50.0
Measurement Voltage
- Measuring Voltage 0-2000 V, 50/60 Hz
- Capacitance 20-1000 pF
-tand 0-50 %
- Relative Permittivity 0.02-50.0



Minimum Resolution
- Measuring Voltage 1V
- Capacitance 0.1 pF
-tano 0.0001% (1 ppm)
- Relative Permittivity 0.01
Measuring Accuracy
- Measuring Voltage 3%
- Capacitance #(0.5% of reading +2 digits)
-tand +(0.001% + 1% of reading +2 digits)
- Relative Permittivity (1% of raeding+2 digits)

v m| & |[rewmmny]
0. 00 “

gﬂﬁ 3.34 C and tan 0 Meter

65



3. Liquid Electrode

- Surface Area of Electrode 100 cm?

- Constant of Electrode 996

- Capacitance 88.1 pF

- Voltage Withstand 1500/1 min. GOOD

gﬂﬁ 3.35 Liquid Electrode

66



<
unv 4
ANINAFABDULASHANITVINGDU

nvaaeugnuusesnidu 4 diu

1. MINAADUIAAIAIINAIVUABUSIRUNSTUAARUT DI WS AURS AT BLINS LT nd e
AU

2. MINAADUVINAIAINUPINUADULSIAUBUWAATIN1UDIRUIULUAY

3. MIVAADUIAAIAIINAIVUADULIIAUNTELAFAUUDIRWIULAD

v
fa aadyu @ ¢

4. NMINAFUINANUDSIARIASUNYIEVDIAUIULAAD (8{) warATLNNABSWEIUY

gaualadidnasn (tan ) vew@uIUman

o 1 ) ) ala v
4.1 ﬂ'ﬁﬂﬂﬁﬂu’)ﬂﬂ'lﬂ?']&lﬂﬁﬂuﬂauiQﬂUﬂisuﬂﬁﬁU'UaﬂWiﬁUﬂ{ﬂ'ﬂﬂulWiﬂl'ﬁﬂﬂ')EJQu’J'lJWlﬁ'J

4.1.1 NIVedau

gﬂ‘?‘l 4.1 1ATNAFOUAIAI N AIVIUA DU SR UN T LU ARE UV ANTAUBSATIDLLNTNLTIR
AIERUIULAAD
1 vfeutamadeu 2 Thawmanlined 3.Meumuii
4. YANAFBUAIAIIUAINUADUIINUVDANTAUDIA
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4.1.2 funeunivadeu

1. ¥msAodasvaaeunugUii 4.1

2. duwsavesadumsnidauda Tdasluluyanaaovanniumauiumaiasly
yomaaou laglviauuvadeglusyiuivinsanveuuuresevaaeu 0.8-1.0 cm,

3 mmaauamummﬁgﬂmaqluﬂgmwmaaudnﬁmqmmﬂagjﬁahj aiineseiniely
whsuMAuung aundmeseiniaifivsmeluaumun

a. aatiufinFeamad, Aududunivg uazauduussenia

5. ¥mstuus ey Tnglssnsnisifinuseiunsiiognedng Tnelvieglussiuit 2 kv/s
Tuluidenq aunsyitudnmsiusnanviumsaueda

6. tuiinAAnunmussussiunsruaaduisldanimesTnuseiy

T Lﬁaamulmaaﬁlsé’fwmaauLﬁmmsLusﬂmaﬁLLé’ﬁﬁﬁwLWia‘uai‘maanmﬂﬂgmmmaa‘u
vnuazerndidnlnsaifiuhdn andudinganaaeuiialiszorioan 2 uit udrdarh
savasatuselufnde

8. vhariunaudl 5-7 lWiFenq aundiezvageunsuiiuu 6 ads

4.1.3 jan1snegay

< 1% ' J o/ [ ¢ da
n1319% 4.1 Naﬂ']i‘V]ﬂﬁEJ‘Uﬂ'ﬁ?ﬂﬂ']ﬂ']’]ﬂﬂ\‘ﬁ/lﬂ@]@LLi\?ﬂUﬂiﬂﬁLLﬂﬂﬁ‘U‘U@\?LWiﬂU@iﬂVI@QJL‘WﬁﬂLﬁm

ABRUIULUAD
FANAUAMUADUSITUNTTLARSUTD INTAUBSATIBNS NLndsauILMaY (KV)

RN [t B >\ Siby 1y e Aady
Mineral oil 65.60 63.70 63.80 61.90 59.50 61.20 62.62
Mixture 25% 51.90 61.20 59.90 58.93 60.35 57.26 58.62
Mixture 50% 56.64 52.50 57.94 62.17 65.30 64.57 59.85
Mixture 75% 67.00 65.70 65.00 65.80 64.20 59.10 64.47
Ester 66.50 63.18 65.04 63.09 62.59 62.42 63.80
Palm oil 52400 52.00 95,10 54.90 52.20 48.20 52.52




(kv)

LSNAUNAADU

70.00
65.00 64.47 63.80
62.62
59.85
60.00 58.26
55.00
52:52
50.00
45.00
40.00 i
Mineral Oil ~ Mixture 25% Mixture 50% Mixture 75% Ester Palm Oil
YUAVDIRUIULYAA?

v €

A L 1 1 1 s o/
UM 4.2 AuANTUS T NI NAIAIINAIIUABUSITUN T LILAASUTDINTAUDSA
naumsnLiameauILmaIvlamiigg

4.2 MINAFDVINAIANUAINUABL S UBUNAAR MR LI uIAD

4.2.1 1NIVAdaU

-l 1 1 v o a o 1
UM 4.3 19svadourANuAmMUsBusIudNTadTsvesRwILmAY
QJ d J a v a g al a o/
Lsauszq 2.nsesiuidauswiuduiad 3 lawanlunesviafifiuuseq
aThawmadlunes 5.ynnedeumAmuiBLsIFuduTadauILma)
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4.2.2 Sumeunsvadou

1. imseensasnaaeun Uil 4.3

2. hawuwmadiifesnsnageunadluganaasy Tnglaurumaieglussiuiivig
NYBUUUVDIYANAGBY 1-2 cm.

3. asvvdevauIummigninaslugamaaeuiinesennaeguialyl diwesennely
wiskmauu1g aundmeseiniaiisiosmeluaumun

a. antiufindngamndl, Arutudunivg wavauduussena

5. YNNI Taglisnsnisiiuusiunsiiognetng sunseiainnsiusnany

6. TuiinnslAmuasudeussiuduiadinifisnldnesadalaaiad

7. dleauuwmaniilinaaeuiianisusnandudrliinsmdedlmif ey
avomdianinsaiifivainin wasidsuduililunismaaoy andudsinyanaaouiialy
STEELIaT 5 W

8. vindndumaudl 5-7 TUiden aundremadeunsusu 6 Ads

4.2.3 Han1sAaau
1. S9PUBUNAENINITIVIN

Voltage (kV)

i i I i i
0 10 20 0 40 50 80 70 80 €0 100
Time (us)

J ﬂl v a L L1 1 Q’; i
U 4.4 sUaduLssnuduiaainandiIvin 1.2/50 pus alslunisvegasu

Y

caNl

4 L 1 1 U L L3 1 :.;
A5 4.2 NaNISNAABUNITINAIAINAINUABLINAUDUNAENINITIUINVDIRUIULYAAD

AAMUAUABLSIUBURAFH WIS UI Ve saLIuman (kV)

s e el e | ol e e Anade
Mineral oil 89.17 85.00 85.83 84.17 84.17 84.17 85.42
Mixture 25% 66.67 66.67 64.17 68.33 64.17 65.00 65.84
Mixture 50% 65.83 72.50 65.83 63.33 65.00 6333 65.97
Mixture 75% 78.33 76.67 72:5 (3033 333 74.83 78.83
Ester 79.17 80.00 81.67 79.17 77.50 11.67 78.20
Palm oil 81.67 78.33 13153 74.17 75.00 81.67 77.36 !’J




(kv)

LSIAUNAEDU

90

85

80

75

70

6

w

6

o

5

9]

50

Voltage (kV )
88 s 88388
T

85.42
78.83
252 77.36
- ; I I
Mineral oil Mixture 25%  Mixture 50%  Mixture 75% Ester Palm oil

YUNVDILAAT

4 v v ' ! ! v oa v € [ 5 v
E'U'VI 4.5 ﬂ'J']iJﬂiJWUﬁ(iaVWJ']\'iﬂ']ﬂ’J'mF’N'VlumaLLS\?ﬂUEJiJWﬁﬂﬁ"!N']‘U'JU'JﬂﬂU

8

AUIUNAIYUAFIE

3
T

=]

o

10 20 30 40 50 60 70 80 %0 100
Time (us)

a) Mineral oil

s..F..

Time (us)

b) Mixture 25%

A ! ! v a g s 1 5 o
UM 4.6 AMmmuAmusisussiuduiadiktIvInAy
uUWaITne1
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Voltage (kV)

Voltage (KV)

Vohtage (kV)

Voltage (kV)

100 T T T T T T T T T
) i -
sl i
B Sl e e 2]
- i
s0f- _
ol -
£ S =
204 ; =
10} Jur =
; : i
% \:1 4:7 : : 7lu aL 9}3 100
Time {us )
c) Mixture 50%
400 T T T T T T T T T
0l i =
- x
0 2 &
60f- 5y &
18 !
w0l . i
= Ikl T 4
2l el e, N, NER R o )
10| 4 i o |
g \:J ZIJ 3!1 4:) 50 anL 7{1 slo a:: 100
Time (us)
d) Mixture 75%
o T T T T T T T T T
| e .. tieahetan W B 4 5 =
ol i
ok o
sl =
B e @ 0E 8 . REFINL . S F U ARANANANA RN & SELINE E W e B8 i
| - s
0} £
20 a4
L Ty P LY Pt Y O L AR S S AR SRRt =
%0 100
e) Ester
100 T T T T T T T T T
0ok i
sof-
ok
] S
sl
PR ; ;:
0| o 5 ;
2k i .
: M
ﬂ : i
b i i | i i I I 1
0 10 ] El E] 70 80 %0 100
Time (us )

) Palm oil

4 1 U 1 v a v (3 1 5 L
FUN 4.6 (B) AAuAIUABLIIRUBNNAdTIHNTIUINAY
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Voktage (KV)
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AUIULVAT A Y A b A %, A
AN L | AT 2 | ASINI 3 | AT 4 | AN S | AT 6 ALRRY
Mineral oil <-150 <-150 <-150 <-150 <-150 <-150 <-150
Mixture 25% -120.83 | -125.00 | -118.75 | -125.00 | -118.75 | -120.67 -121.50
Mixture 50% -120.83 | -114.58 | -110.42 | -110.42 | -118.02 | -114.58 -114.81
Mixture 75% -112.50 | -122.92 | -112.50 | -106.25 | -127.08 | -120.50 -116.96
Ester -120.83 | -127.08 | -122.92 | -127.08 | -127.08 | -125.00 -125.00
Palm oil -112.50 | -116.67 | -122.92 | -122.92 | -110.42 | -116.67 -117.02
160
150
§ 140
130 :
é 1215 122
120 116.96 117.02
= 114.81
52 110
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= 100
90
80
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4.3.2 funeunsnadeu
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4.3.3 Nan1Inngaau
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AN 4.4 NaNITNAFABUNITIAAIAIUAINUABDLITIAUNTELAFAUVDIRUIULNAD

ANPNLAUABLSIRUBLNadT e TAvINYRsRIILIMEaD (KV)
AUIULVAN Yo $7 v AR fry ) Yo e
AN 1 | ASIN 2 | ASIN 3 | ASeNd | ASIN 5 | ASIN 6 ALRRY
Mineral oil a7 29 3l 40 57 28 53.33
Mixture 25% 29 5% 56 41 a8 46 45.50
Mixture 50% 60 43 60 60 60 55 56.33
Mixture 75% 60 59 55 60 60 55, 58.17
Ester 60 60 59 60 59 60 59.67
Palm oil 60 60 42 a0 32 a7 46.83
59.67
60.00 O 1 HEREL o B e TR on L E ot
56.33
£¢>/ 55:00 53:33"
=
@
& 50.00 S .
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= 45.50 L8
% 45.00
40.00
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JUN 4.12 299vndeuinAtloslinfInduiviovesauiual (€ ) LagaUNnaBInasugey
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Wanldianasn (tand) vesauiuvan
1.C & tan0 Meter 2.Temperature Adjust 3.Liquid Electrode

4.4.2 Suppunsnadoy

1. ¥insienNasvasouUmNgUT 4.12

2. thauumafidesn1svaaeuimadlunsguanes Liquid Electrode

3. th Liquid Electrode fussgauumaind ldasludedlavemilwesanagou

4.1 UaLAT09 Temperature Adjust U3ugamgfifidesnisinaaou Tnosinnis
Auualiinaunnmeswasugydeladidnasnvetsauiumailugenmgil 30 - 90 °C lng
Fugaumaiduiias 5 °C

5. \ilogamaiives Test Cell faAnfiviudaly daanunsagléianniaies Temperature
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a

Adjust Isvhnisantufingr tand, Aanugliiuazanlesindin a1niades C & tano
meter
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goyaladiannsn (tan0d ) vosisuus

LY

78

winsypaauIUVaT (€ ) uazAunnABING Y

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 186.6 0.0070 2.12
35 186.5 0.0073 2412
40 186.3 0.0075 2:11
a5 186.1 0.0078 22101
50 185.7 0.0081 210!
55 185.1 0.0089 2.10
60 184.8 0.0097 2.10
65 184.4 0.0105 2.09
70 184..2 0.0107 2.09
7w 183.6 0.0118 2.09
80 183.5 0.0130 2.08
85 183.1 0.0141 2.08
90 182.7 0.0158 2.07




2. woawmasnanlutiiuus 25%

A o 1 &a aady
M99 4.6 HaN1TNAdUINALUDITNANHIR

[

@

gaulanladianain (tand ) vesoaimosnanlutituus 25%

79

wimsvedauIuma) (€ ) uazAunnmesndsau

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 206.8 0.0333 2.35
35 206.3 0.0360 2.34
40 205.7 0.0412 2.33
45 2055 0.0431 2.33
50 205.1 0.0487 233
55 204.6 0.0542 2432
60 203.9 0.0640 2.31
65 203.3 0.0731 2.31
70 202.4 0.0944 2.30
75 201.7 0.1100 2.29
80 201.3 0.1190 2.28
85 200.7 0.1370 2.28
90 199.6 0.1740 2.27

3. awasnauluduws 509%
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v
°

gryanladiann3n (tano) vesoamesnaslubiiuug 50%

UNVSURIRUIUVAD (€ ) uazAUNNABIHATY

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 228.2 0.0405 2.59
35 227.8 0.0438 2:59
40 227.0 0.0497 2.58
45 226.4 0.0553 257
50 225.6 0.0634 2.56
55 225.0 0.0740 2.55
60 224.1 0.0837 2.54
65 2235 0.0958 2.54
70 222.6 0.1110 2:53
75 221.8 0.1290 2:52.
80 220.8 0.1500 2.51
85 219.8 0.1800 2.49
90 218.2 0.2320 2.48 il




4. payastuununs 75%

| o 1 a ad
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geyUanladiénesn (tan0 ) vosoawaswanluutuus 75%

80

YUV (€ ) UaTAMNNABING 39U

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 250.7 0.0639 2.85
35 250.1 0.0682 2.84
40 249.3 0.0752 2.83
a5 248.6 0.0852 2.82
50 247.6 0.0972 2.81
55 246.7 0.110 2.80
60 245.6 0.1290 2.79
65 244.6 0.1480 2.78
70 243.3 0.1760 2.76
75 242.2 0.2040 205
80 241.0 0.2380 2.74
85 239.6 0.2880 272
90 25,3 0.3820 2.69

5. AMBIUIANS

a o

< o fa aad
fn1919% 4.9 NANISNAADUINALUDTURRIRNEN

gayanladiann3n (tan0 ) vasoamas

Y

nsURRLIUMAl (€ ) wazAunABInALY

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 285%3 0.1240 3123
35 283.7 0.1460 3.21
40 282.4 0.1710 3.20
45 281.4 0.2010 3719
50 279.6 0.2650 3157
55 277.3 0.3290 3.14
60 2.76.4 0.3910 3413
65 2755 0.4750 3.12
70 273.5 0.5900 3.10
75 271.0 0.7160 3.08
80 270.2 0.8960 3.06
85 269.5 1.1300 3.05
90 267.6 1.3800 3.03 J
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AdwmsvesauIUmMAl (€) UagAunnnes

Wi ugaUailadidnmin (tan0 ) vosthsuldy

Temperature (°C) Capacitance (pF) tano (%) Permittivity
30 285.0 0.3240 3.23
35 284.2 0.3590 3.22
40 283.6 0.4040 3.21
a5 282.4 0.4800 3.20
50 280.1 0.5690 3.18
55 2406952 0.6790 307
60 2505 0.8030 3.14
65 276.4 0.9670 34113
70 274.3 1.1200 311
75 273.0 1.3600 3.10
80 272.1 1.6000 3.09
85 2708 1.9300 3.06
90 269.0 2.2900 3.05
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DIAGNOSIS OF LIQUID INSULATION FOR TRANSFORMERS
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Abstract

This paper is a study breakdown voltage and impulse voltage
of the pressboard impregnated with various types of liquid insulation, i.e.,
mineral oil, natural ester, palm oil and mineral oil mixed with different
volume of natural ester. Breakdown'’s test vessel was designed following
IEC standard 60243-1 and impulse’s test vessel was designed following
IEC standard 60897 respectively. Experimentation was performed into 8
cases to find the breakdown voltage and the impulse voltage of
pressboard impregnated with such liquid insulation and mixtures
between mineral oil and natural ester in various proportions. The electric
field was analyzed by using finite element program (FEM). It was found
that the breakdown voltage of mixture (mineral oil 25%, ester 75%) was

higher than the breakdown voltage of natural ester, mineral oil, and palm

oil respectively. Besides, the positive impulse breakdown voltage of
mineral oil was higher than the impulse breakdown voltage of natural
ester, and palm oil respectively. Moreover, the negative impulse
breakdown voltage of mineral oil was higher than the impulse breakdown
voltage of natural ester, and palm oil respectively. Furthermore, testing

results are related with the analysis.

Keyword: mineral oil, ester, palm oil. oil mixtures, press boards
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3) the presence of gaseous inclusions, moisture or other contamination.

b) Test conditions
1) the frequency, waveform and rate of rise or time of application of the voltage;
2) the ambient temperature, pressure and humidity;
3) the configuration, the dimensions, and thermal conductivity of the test electrodes;
4) the electrical and thermal characteristics of the surrounding medium.

The effects of all these factors shall be considered when investigating materials for which no
experience exists. This standard defines particular conditions which give rapid discrimination
between materials and which can be used for quality control and similar purposes.

The results given by different methods are not directly comparable but each may provide
information on relative electric strengths of materials. The electric strength of most materials
decreases as the thickness of the specimen between the electrodes increases and as the time

of voltage application increases.

The measured electric strength of most materials is significantly affected by the intensity and
the duration of surface discharges prior to breakdown. For designs which are free from partial
discharges up to the test voltage, it is very important to know the electric strength without
discharges prior to breakdown. However, the methods in this standard are generally not
suitable for providing this information.

Materials with high electric strength will not necessarily resist long-term degradation
processes such as heat, erosion or chemical deterioration by partial discharges, or
electrochemical deterioration in the presence of moisture, all of which may cause failure in

service at much lower stress.

5 Electrodes and specimens

51 General

The metal electrodes shall be maintained smooth, clean and free from defects at all times.
Electrode arrangements for tests on boards and sheets perpendicular to the surface are

shown in Figure 1.

NOTE This maintenance becomes more important when thin specimens are being tested. Stainless steel
electrodes e.g. minimize electrode damage at breakdown.

The leads to the electrodes shall not tilt or otherwise move the electrodes, nor affect the
pressure on the specimen, nor appreciably affect the electric field configuration in the
neighbourhood of the specimen.

When very thin films (for example <5 um thick) are to be tested, the standards for those
materials shall specify the electrodes and special procedures for handling and specimen
preparation.

5.2 Tests perpendicular to the surface of non-laminated materials and normal to
laminate of laminated materials

5.2.1 Boards and sheet materials, including pressboards, papers, fabrics and films

52.11 Unequal electrodes

The electrodes shall consist of two metal cylinders with the edges rounded to give a radius of
(3£ 0,2) mm. One electrode shall be (25 + 1) mm in diameter and approximately 25 mm high.
The other electrode shall be (75 = 1) mm in diameter and approximately 15 mm high. These
two electrodes shall be arranged coaxially within 2 mm as in Figure 1a.

For ABB use only . Publication provided under IEC subscription agreement 2013 - 2014. This file is copyright of IEC, Geneva, Switzerland. All rights reserved.
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Dimensions en millimétres
225

Metal 25 approx.

[ ] 3

£ 15
R3 approx.

Support d'électrode
typique

275

1 IEC 611/13

Figure 1a — Electrodes de dimensions inégales

Dimensions en millimétres
@25

25 approx.

IEC 612/13

Dimensions en millimétres

Electrode
supérieure

/ Eprouvette
7 7 2

Electrode /'E i

inférieure ‘ N R2,5
225
1

IEC 613/13

Figure 1c - Electrodes a bille et plaque

Toutes les tolérances pour les mesures linéaires + 1 mm pour le rayon £ 2 mm

Figure 1 — Disposition des électrodes pour les essais des planches
et feuilles perpendiculairement a la surface
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4.3  Irmpulse voltage measurement

The impulse voltage measurement should be carried out as laid down by I EC Publications 60-3
and 60-4. An accurately calibrated resistive voltage divider and a crest voltmeter are recommended
in preference 1o an oscilloscope. However, calibration of the measuring system by sphere-gap in
accordance with 1 EC Publication 52 is acceptable. The error in measurement of the crest value of
the impuise voltage should be known and should not exceed 3%.

44 Test-cell design

44.1 The cell consists of a vessel containing a vertical gap as shown for example in Figure 1, page 26. The
volume of liquid in this cel is of the order of 300 ml.

Metal parts shall be restricted to electrodes and their supports.

44.2 The test-cell should be designed for ease of dismantling and thorough cleaning. Dimensions should
ensure a flashover voltage of at least 250 kV.

44.3 Insulating materials used in the cell shall be of high dielectric strength, thermally stable for
temperatures up to 80 “C, compatible with insulating liqnids to be tested, and resistant to solvents

and cleaning agents commonly used for these liquids.

44.4 The gap shall be composed of two electrodes forming an adjustable point-to-sphere configuration.
The spherical electrode shall be of polished steel and may consist of a bearing ball 12.5 mm to
13 mm in diameter. This ball is held in place by a magnet. The point electrode shall be a gramo-
phone needle, with a conical tip having a radius of curvature in the range 40 pm to 70 pm. The
shape of the needle and the radius of curvature should be checked using a microscope; Appendix B
gives a method for measuring the radius of curvature.

5. Sampling of the liquid
Samples of the insulating liquid to be tested shall be taken in accordance with IEC Publi-
cation 475.

6. Preparation and maintenance of the cell

6.1 Celi cleaning
All parts of the cell, inclnding the spherical electrode and gramophone needle, shall be de-greased
with reagent-grade heptane, washed with detergent, rinsed thoroughly with hot tap-water and then
with distilled water.
The parts should then be dried with oil-free dehydrated compressed air, and kept in a desiccator
until required. :

6.2 Daily use
The ccll prepared as described in Sub-clause 6.1 is ready for the tests. Before testing a new sample,
repeat the prescribed cleaning using an appropriate solvent.
As long as the tests are applied to the same sample, rinsing out with the liquid between each filling
is adequate.

7. Preparation of test

7.1 Rinse the cell and clectrodes thoroughly with the sample liquid. Fill the test-cell, slowly, making sure
that there are no gas bubbles. Allow the liquid to settle for at least 5 min before testing.
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1.2 Electrode spacing
Gently sct the electrodes in contact, checking contact with an chmimeter; then displace one of the
electrodes to the desired spacing value using a dial micrometer, a helical device or a thickness gauge.
The gap spacing shall be adjusted to the values defined in Sub-clause 8.1.2, with a tolerance of
0.lmm.

7.3 Earth the spherical electrode; the connection shall be as short as possible. The impulse generator
output shall be applied to the point electrode and care must be taken to avoid too large a connection

loop.

74 The temperature of the sample when tested should be the same as the temperature of the test-room;
a room temperature between 15 °C and 30 °C is appropriate. Record the test temperature.

8. Test procedures

8.1 Method A—Step test

8.1.1 Principle
1.2/50 standard lightning impulse voltages of increasing crest value are applied to the liquid
specimen using a point-to-sphere electrode system until breakdown occurs. Five measurements are
carried out and their average is taken as the lightning impulse breakdown voltage of the liquid
tested.
The initial value of the test voltage, the voltage step and the electrode spacing depend on the
breakdown voltage value of the liquid tested. ;

8.1.2 Procedure
a) Prepare the test-cell as described in Clause 7.

b) From Table I, select the appropriate initial value of the test voltage (U;) voltage step and gap
spacing, based on the expected breakdown (U.) at 15 mm gap spacing.

¢/ Apply one impulse (of the selected polarity) at the initial selected voltage and then increase the
voltage in steps until breakdown occurs, One impulse shall be applied at each voltage level,
allowing a minimum of 1 min. between two successive impulses.

d} The procedure as described in Items aj, &), ¢/ shall be repeated until five breakdown values have
been obtained for the liquid tested. After each breakdown the point electrode is changed and the
sphere clectrode rotated, then follow Sub-clause 7.1 and 7.2. The sphere electrode shall be
changed every five breakdowns.

¢) For the test to be valid, the test sample shall withstand a minimum of three levels before
breakdown occurs. If breakdown occurs before, Tepeat the test with a lower initial voltage, SkV or
10 kV according to the case.

f) Notethe prospective crest value of the impulse during which the breakdown occur as the nominal
brcakdown voltage.

g/ When the breakdown voltage of a liquid under test cannot be anticipated determine U, following
ltems @) and ¢), using a gap of 15 mm, a starting voltage of S0kV and a voltage step of L0 kV. Then
continue as in {iecm a} (o0 ).

Ifbreakdown at 15 mm cannot be obtained below the flashover voltage of the cell (about 250 kV)
decrease the gap spacing to 10 mm or, if necessary, 5 mm.
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TABLE

Selection of initial voltage and gap

Expected voltage a1 15 mm UV 50 < U, = 100 100 < U, < 250 U, > 250
PaTEE

Gap (mm) 25 + 0.} 15+ 0.1 10 £ 0.1

Initial voltage (UkV) 15U, =28 U, ~ 50 150

Step voliage kV) 5 5 10

8.1.3 Precision

8.2

The precision of a test method is characterized by its repeatability r and its reproducibility R (see
1SO Standard 5725). These latter values for mineral insulating oils only, tested according to method
A are given in Table II.

TaBLE II

Repeatability and reproducibility of test method A for mineral transformer oil

Polarity of the impulses r {%) R (%)
negative 7 10
positive 15 30

Notes 1. — The values of r and R are expressed in per cent of the mean breakdown
voltage.
2. — The values given in Table II are dctermined from results of tests performed on
three different mineral insulating oils by seven laboratories.

When the method is correctly applied there is 5% probability that the difference between two
“single results” {see note) obtained from two tests performed on the same oil under the same
conditions (same operator, same apparatus, same laboratory and short interval of time), will exceed
7% of U in the case of negative impulses and 15% of U in the case of positive impulses, I/ being the
average of the two rcsults.

When two “single results” are obtained from tests performed on the same oil but under different
conditions (different operators, different apparatus, different laboratories), there is 5% probability
that the difference between two results will exceed 10% of Uin the case of negative impulses and 30%
of U in the case of positive impulses.

If the difference between the two results exceeds the value given in Table II, further action is
required, for example verification of the apparatus and repetition of the tests.

Note. — A “single result™ is the average ol {ive breakdown voltages as specified in Sub-clause 8.1.1.

Method B—Sequential test

8.2.1 Principle

Experience shows that when an impulse wave is applied 1o the test-cell at a crest level close to the
breakdown voltage measured by method A a breakdown may or may not occur. Thus the notion of
breakdown probability P, which is a function of U but of unkngwn value, should be introduced. The
sequential test permits the comparison of this breakdown probability with an arbitrary value 2, and
the testing hypothesis:

Hy: P < Py, called the nult hypothesis,
against the alternative hypothesis H;: P > P (see Appendix A).
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FIG. 1.— Systéme d’électrodes pointe-sphére pour essais de choc de liquides isolants.
Point-to-sphere electrode system for impulse strength of insulating lquids.
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}Fzst current limiting as above, combined wilh isolation of the step-up transformer primary
?z'm 10 ms, is adequale for hydrocarbons. More satisfactory performance for silicone tiquids
tbtained by short circuiting of the primary circuit of the transformer by a low-impedance or by
& ol a low-voltage device for detection of breakdown acting within a few microseconds. This
wice may be of either analogue (for example, modulating amplifier) or switching (for example,
yistor) type. By the use of this device, the output voltage of the step-up transformer shall be
Buced to zero within 1 ms of detection of breakdown, and shall not thereafter increase again
‘the next step of the lest sequence is commenced.

Measuring device

¥ the purpose of this standard, the magnitude of the test voltage is defined as its peak value

Fdedby /2.

s vo!fage may be measured by Tpeans of a peak-voltmeter or by means of another type of
Pmeter connected to the input or output side of the testing transformer, or to a special
pding provided thereon; the instrument then used shall be calibrated against a standard up to

# full voltage which it is desired to measure.

#method of calibration which has been found satisfactary is the use of a transfer standard.
s is an auxiliary measuring device which is connected in place of the test cell between the
gh-voltage terminals to which it presents the same impedance as the filled test cell. The
“ iary device is separately calibrated against a primary standard, for example, a sphere gap
faccordance with IEC 52 (see also IEC 60). '

ot Sy

£Test assembly : » ) 2\

¥ RN ok 3 ? ’ Tt sy
v LA W .~ r .

& Test cell i SHTUTE

;volume of the cell shall be between 350 ml and 600 mi.

cell shaill be made of material that is electrically insulating, transparent and chemically
1, resistant to the insulating liquid and the cleaning agents which may be used.

- 1‘_cell shall be provided with a cover and shall be designed to permit easy removal of the
ectirodes for cleaning and maintenance.

x mples of suitable cell designs are given in figures 1 and 2.

= ‘Electrodes

e electrodes shall be made either of brass, bronze or austenitic stainless steel, They shall be
#ished and, in shape, either spherical (12,5 mm to 13,0 mm diameter) as shown in figure 1 or
frtially spherical of the shape and dimensions given in figure 2. The axis of the electrode
¥stem shall be horizontal, and at least 40 mm below the surface of the test liquid in the cell.

2 part of the electrode shall be cloger than 12 mm to the cell wall or 'stirr8r. The gap between

A electfddes shall be 2,50 mm + 0,05 mm. i _ :
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Je electrodes shall he examined frequently for pitling or other damage. and shall be
$e=intained or replaced as soon as such damage is obsarved.

B3 Stiring (optional)
‘;e test may be conducted with or without stirring. Differences between tests with or without
gstrring have not been found statistically significant. A stirrer, however, may be convenient
E=pecially with apparatus capable of automatic operation.

srring may be achieved by means of a two-bladed impeller of effective diameter 20 mm to 25
m, axial depth 5 mm to 10 mm, rotating at a speed of 250 r.p.m to 300 r.p.m. The impeller
zall not entrain air bubbles and preferably rotate in such a direction that the resulting liquid
wis directed downward. It shall be constructed so that it is easily cleaned.

Hrring by means of a magnetic bar (20 mm to 25 mm in length and 5 mm to 10 mm in
;ameter) is an acceplable alternative when there is no risk of removing magnetic particles.

e dimensions of the stirring device shall conform to the clearance requirements in 4.2,

reparation of electrodes

:f.w electrodes, pitted electrodes, electrodes which have not been properly stored for a
gonsiderable time shall be cleaned by the following procedure: '

“~ clean all surfaces with a suitable volatile solvent and allow the solvent 1o evaporate;

~ polish with fine abrasive powder (for example, jeweller's rouge) or abrasive paper or cloth
(for example, crocus cloth);

after polishing, clean with petroleum spirit (reagent quality: boiling range 60 °C - 80 °C)
followed by acetone (reagent quality);

. assemble the electrodes in the cell, fill with a clean, unused insulating liquid of the type
to be tested next, and raise the electrode voltage to breakdown 24 times.

Test assembly preparation

is recommended that a separate test ¢céll assembly be reserved for each insulating liquid
e.

t assemblies shall be stored in a dry place, covered and filled with dry insulating liquid of
type in regular use in the cell.

.

change of the type of liquid under test, remove all residues of the pi'evious liquid with an
propriate solvent, rinse the assembly with clean, dry liquid of the. same type as that to be
ted, drain and refill. . : ’

7
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Sampling

1 Sample containers

mple size should be approximately three times the capacity of the test cell.

propriate sample containers shall comply with IEC 475. An amber glass bottle is the i
eferred container. Clear glass bottles may be used but they shall be shielded from direct light @ .
til ready to be tested. Plastic containers which are not attacked by the liquid to be tested
be used, but these shall not be used more than once. For sealing, screw caps with

lyolefine or polytetrafluoroethylene insert are preferred.

htainers and caps shall be cleaned by washing with a suitable solvent to remove residues of
n earlier sample. Containers shall next be rinsed with acetone, traces of which shall be i

moved by blowing with warm air.

er cleaning, containers shall be immediately capped and kept sealed until used.

2 Sampling technigque
mpling of new and used insulating liquids shall be carried out in full compliance with’ =
cedures detailed in IEC 475. i

en sampling, containers should be aimost filled with sample, leaving about 3 % of the
ontainer volume as free air space. S

} ireakdown voltage is extremely sensitive to the slightest contamination of the sample by water :
d particulate matters. Special reference is made to precautions necessary to avoid
ontamination of the sample and the need for trained personnel and experienced supervision.

nless otherwise required, the sample is taken where the liquid is likely lc be most
ontaminated, usually at the lowest point of the container holding it. - ;

Condition of the sample

he test is carried out, unless otherwise specified, on the sample as received without drying or
egassing.

the time of test, the temperatures of the test liquid and ambient air shall not differ by more .
an 5 °C and for referee tests the liquid temperature shall be 20 °C + 5 *C. i ‘

: Test proéédu.r.e

1 Sample preparation : - . ' s
mediately before filling the test celL the sample container is gently agntated-and tumed overg :

veral times in such a way as to ensure as far as possible a homogeneous distribution of the:'
Impyrities contained ir: the liquid wuthoul causmg the formation-of air bubbles.

Unnecessary exposure to the ambient air of the sample shall be avoided.
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ling of the cell

: ately before commencing the test, drain the test cell and rinse the walls, electrodes and
omponent parts, with the test sample. Drain and slowly fill with the test sample avoiding

nation of air bubbles,
e and record the temperature of the liquid.

1 the cell in the test equipment and start the stirrer if used.

oplicalion of voltage

1 t application of voltage is started approximately 5 min after completion of filling and
ing that no air bubbles are visible in the electrode gap. '

ftvoltage fo the electrodes and umformly increase voltage from zero at the rate of
s + 0,2 kv s~! until breakdown occurs. The breakdown voltage is the maximum
ke rcached at the time the circuit is opened either automatically (established arc) or

ly (visible or audible discharge detected).

the value.
ut six breakdowns on the same cell filling allowing a pause, of at least 2 min after each

fode gap. I a stirrer is used, it shall run continuously throughout the test.

te the mean value of the six breakdowns in kilovolts.

port

'the mean value, in kilovolts, of the six breakdowns as the test result.

port shall also include: the sample identification, the value of each individual breakdown
o of electrodes used, the frequency of the test voltage, the température of the liguid, the

stirrer (if any).

est data dispersion

alter of individual breakdown voliages has been found to be very dependent on:thé
f the result. The graphical representation of figure 3 indicatgs the values of standard

2 trangformer oil.

1 line in the graph shows the distribution of the median value of SD/mqan as a function
value, of the mean. The dotted %ines indicate the expected 95 % range of values of

L2

lisown before re-application of voltage. Check that no gas bubbles are present within the Edi g
e 2

on/mean ratio which have been found in a Iarge body of test data.in several laboratories = A
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- Figure 1~ Exemple d'une cellule et d’électrodes Sphériques appropriées
Example of suitable cell and spherical electrodes
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Figare 2 - Exemple d'une cellule et d'électrodes hémisphériques approprides
Example of suitable cell and partially spherical electrodes

.
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Table 2 - General specifications

Property

Test method

Limits

Low temperature

Transformer oil o
switchgear oil

1 = Function

Viscosity at 40 °C 1SO 3104 Max. 12 mm?/s Max. 3,5 mm2 /s
Viscosity at -30 °C 2 1ISO 3104 Max. 1 800 mm2/s -
Viscosity at —40 °C © IEC 61868 - Max. 400 mm?/s
Pour point 1SO 3016 Max. -40 °C Max. —60 °C
Water content IEC 60814 Max. 30 mg/kg ¢/ 40 mg/kg 9
Breakdown voltage IEC 60156 Min. 30 kV / 70 kV €

Density at 20 °C

1SO 3675 or 1ISO 12185

Max. 0,895 g/ml

DDF at 90 °C

IEC 60247 or IEC 61620

Max. 0,005

Particle content

IEC 60970

No general requirement’

2 - Refining/stability

Appearance

Clear, free from sediment and suspended matter

Acidlty

IEC 62021-1 or 62021-2

Max. 0,01 mg KOH/g

Interfacial tension

EN 14210 or ASTM D871

No general requirement f

Total sulphur content IP 373 or No general requirement
ISO 14596

Corrosive sulphur DIN 51353 Noft corrosive

Potentially corrosive IEC 62535 Not corrosive

sulphur

DBDS

IEC 62697-1 (in preparation)

Not detectable (< 5§ mg/kg)

Inhibitors of IEC 60666

IEC 60666

(U) uninhibited oil: not detectable (< 0,01%)
(T) trace inhibited oil: < 0,08 %
(I) inhibited oils: 0,08 % — 0,40 %

(see 3.6 to 3.8)

Metal passivator additives |IEC 60666 Not detectable (< 5mg/kg), or as agreed upon with
of IEC 60666 the purchaser

Other additives See?®

2-Furfural and related |IEC 61198 Not detectabie (< 0,05 mga/ky) for each individual
compounds content compound :

Stray gassing See 6.22 .No general requirement "

3 - Performance

Oxidation stability

IEC 61125:1992 (Method C)
Test duration k

(U) Uninhibited oil: 164 h
(T) Trace inhibited oil: 332 h
(1) Inhibited oil: 500 h

For oils with other antioxidant additives and metal
passivator additives, see 6.12.

- Total acidity ' 1.9.4 of IEC 61125:1992 Max. 1,2 mg KOH/g
- Sludge ‘ 1.9.1 of IEC 61125:1992 Max. 0,8 %
- DDF at 90 °C ' 1.9.6 of IEC 61125, Max,. 0,500

Amendment 1 {2004) +
IEC 60247

Gassing tendency

IEC 60628:1985, Method A

No general requirement "

ECT

See 6.14

No general requirement "
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Table 1 — General specifications

Property Test method Limits
Physical
Appearance ril:t?é} free from sediment and suspended
Viscosity at 100 °C ISO 3104 Max. 15 mm2-s-"
Viscosity at 40 °C 1SO 3104 Max. 50 mm?-s~!
Pour point 1SO 3016 Max. -10 °C
Water content IEC 60814 Max. 200 mg-kg™!
Density at 20 °C ISO 3675 or ISO 12185 Max. 1 000 kg-m™3
Electrical
Breakdown voltage IEC 60156 (2,5 mm gap) Min. 35 kV 2
Dissipation factor (tan ) 90 °C |IEC 60247 Max. 0,05
Chemical
Soluble acidity IEC 62021-3 Max. 0,06 mg KOH g’
Corrosive sulfur IEC 62535 or ASTM D12758 Non corrosive
DBDS IEC 62697-1 Below detection limit
Total additives IBC 6066?“2:&13? suitatie Max. weight fraction 5 %

Performance — Salient properties

after oxidation stability test in accorda

nce with Method C of IEC 61125:1992 P

Total acidity 1.9.4 of IEC 61125:1992 Max. 0,6 mg KOH ¢ o"'1

Viscosity at 40 °C ISO 3104 Max. 30 % increase over the inifial value
DDF (tan &) at 90 °C IEC 60247 Max. 0,5

Health, safety and environment (HSE)

Fire point 1SO 2592 Min. 300 °C i
Flash point ISO 2719 Min. 250 °C

Biodegradation

US EPA OECD 3018, CorF
US EPA OFPTS 835.311

Readily biodegradable

a At delivery.

b See Annex A for details of oxidation stability parameters.
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