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Year 2009

ABSTRACT

This paper presents study of electrical properties of insulating oil. The purpose
of project is to investigate possibility for using the vegetable oil instead of transformer
oil, Five types of vegetable oil which are rice bran oil, palm oil, sun flower oil, soy bean
oil and comn oil. The electrical properties investigated in this testing are breakdown
voltage,dielectric loss factor and impulse withstand voltage , which are carried out
according to the standard of IEC 156 , ASTM D924-03A and ASTM D3300-00,
respectively. It is found that the palm oil is the most candidate to be used as a
replacement of the transformer oil due to high dielectric strength and the impulse
withstand voltage. In addition , the dielectric loss of the palm oil is in the acceptable

range.

II



Aafnssndsznd

a a € o !o [ ' [ S v 1

Vygiiwutadvidniaganwlllddsd denstisannae
viulalamzedniidatneveugm Ta4maas1Td aveiuniad auns

ed | @ & o ~AV o o
819130NUTNY uar JEisaraaTnsduniaieg Nanes nlanyonli
@ o ¥ a_ & d & €. v A
Forguaunsiuaztaaaifiudra g ndudszlomidalassnuandiofaasa uss
[ % a L3 o & 9/ ) t =

lanyanamameunily ygnitwwiaudiFaseuiaaiiuatineg

20VAUAUAUIINNW UFIE18I% Qoannuiad nosunuum uaz
wihiresl fuanisInfusigs neamaseugdnsallWiussgs vl
donfauidsznalng (vwd ) Aldanuewaredlunistugdnioinig
nagau uazlAsyInm

tﬂl dl v Qs wa
vaveuamifians A9 lukesljudnisiWiussginnan
-5 ~ A ¥ o [} o

Taslawzwoymeds neadon fdwlidmuinmuaziisviimmaeseuy

o : 9/ s o " ar d

Meiamuedanr TanMuzeunszan TAW1Ie1 LazATaUATIT
Wnssduauuludunisduuazldidsladnnaineang #g dasg nlwana

' A 9/ s € 1 o & g o 3 9/
gazndaludunisdanignsaleng g lumdilassauassiaudnialule

1
=i 9/

faef ﬁwamaugmﬁ' W Vinvad

ﬂm:;ﬁ'@ﬁ'l

I



#1917

Unaata
ABSTRACT
naanssudszna

/13107y

ssigg

FITURYMNTN

Unh

1 uni

1.1 anafluiuazanudagvaiym
1.2 Tagiszsdvainisiie

1.3 PaUaLAzTarRUa lUANTIE

1.4 TUABWLAZITATANRWIY

1.5 Uselgainldsuanmsisy

o ad d %
2 NEHnneIval

2.1 dszianvasanin
2.1.1 aWIHBUDI
2.1.2 awIwmeD
2.1.3 awIBLRA?
2.2 dhadunaudas
2.3 uit
2.3.1 Iﬂs&ﬁ%ﬂﬁIuLaqamaaﬁﬁﬁuﬁm
2.3.2 asslsznavvasinduiie

2.3.3 maulSaui ﬂuIﬂsaai”'m‘[maqaamummﬁ'uﬁwﬁuﬁm

a e A o A
24 ANBOUTFIUANTIATYTBIRAWIWLARD
2.4.1 aNUG UM (resistance)
A and vie w
2.4.2 \aslia@3f (permittivity)

2.4.3 anussnudausianlnivadladiingdn (dielectric strength)

2.4.4 ulniaainasugyaladianedn (tan )

v

o O o oo g A NN -

W N N N N 2 a a a =
o W o ;o A O O b~OoW



#1907 (Ma)

o da ¢ a '
2.5 flainedsg Aliwansznudadunniaaindsnugaila

251 61 tand AUANYA
252 61 tand nuamRNA
253 @1 tand AuUANNTH
2.5.4 1 tand NUWIIAH

26 ﬂavLﬂﬂ"lSLﬁﬂ tINA1 Hluamimnad

2.6.1 ansagUuunawa i (electric field configuration)
2.6.2 dianlasasuu Wiadinaus
2.6.3 aianlasaauwn Wi ligdaus
~ [ o J
2.6.4 N8 INMAAALUINANINVBIRUIRANILTAND
o o J §
265 navl,nmsmﬂmsnemﬂuamummmqwﬁtﬁaamnauwuvlwﬂ"n
2.6.6 NA INNSLAMUINANINUBIAWIWTINTTAN

2.7 thindn19 NiNadanSUINAIRINaRIBIKA?

2.7.1 33n1Inaaad

2.7.2 szazuny

2.7.3 Sadienulaswaddianlase
2.7.4 sUnsamnadiaraddidnlase
2.7.5 mslansiildmainlase
2.7.6 Auhfwesdidnlase
2.7.7 didnlasalands

2.7.8 gungil

2.7.9 aNuan

2.7.10 31U IUBTABNTBIATUD Y
2.7.11 Wan1aIa

2.7.12 a9Tu

2.8 NOWHUNTAANNIRIINTIAUBUNAS

2.8.1 nanMINI 11
2.8.2 MIIAUIIAUDUNST

31
31
33

35
36
37
38
40
43
44
45
49
49
49
50
50
50
51
52
52
53

54
55
58
58
59



#1307 (A1)

unn 3 msaanLuJiuuazﬂsznana%’waqﬂmaanﬁﬁﬁu
3.1 mysmediansraanuduswnn idfhaaldsunsu W lundaaue
° ) LY A £
3.1.1 madaasmsn Wi lwhdundaulasuian
td‘ Y A &
Aldnadianlasauuy sphere-sphere
o g’ Ld \ %3 =y A‘
3.1.2 madaasmaww Wi lwihdunlaulaswian

Alewdidnlasauwuy plate-plate

N

3.1.3 m‘sﬁ‘haaamamu'lﬂﬁﬂuﬁﬂﬁ'uﬁil'auﬂaan'%qﬂﬁ
NlERBEanlasaLUY rod-rod

N

3.1.4 m'a‘ﬁ‘i']aaamamu'lﬂﬁﬂmfﬂﬁ'uﬁil'aLtﬂaalﬁq‘nﬁ
Aldwaaiinlasauuy rod-sphere
3.1.5 mydmasmanw Wil wingunae LLﬂﬂGU%Qﬂ%
AdwaBianlasauuy rod-plate
3.2 qﬂmaam{ﬁﬁwﬁauﬂm
3.2.1 ndaaussqﬁﬁﬁu
3.2.2 didnlasa
3.2.3 wnuah I mesunsne
3.2.4 amﬂﬂﬁnwagaﬁﬁu@ianﬂaﬁ
3.2.5 gatianqdianlase
3.2.6 unuaah Infnduliiusig
3.3 finsiudildlumnasay
3.4 msiesEaTing
35 qﬂnsﬂﬁlﬁmaau
3.5.1 qﬂnsriﬁlfmsﬂﬂaaumehﬂ'numﬂu@iau‘soé’u'lﬂﬁ']
3.5.2 gunsalilflummaseumaunniaaiiaiggideladiinadn
3.5.3 qﬂnsr&ﬁlﬁmsﬂmaaummmwm‘nudaLtsaé'u'lﬂﬁﬁ
WUUDUWAR
unfl 4 mneseuusslszifiueg
4.1 MINATIURIFIANUAINUADULTIAWINFN
411 Migaesnildiwmnasey
4.1.2 TuaawmMINARay

60
60

60

62

63

65

67
69
69
70
71
71
71
71
72
73
73
73
75

78
80
80
80
80



#1507 (Aa)

4.1.3 uamInaraUfInNunIMudausiaw Wi ashwudazsia
4.2 ﬁ’li‘nﬂﬁauLIMIﬂLﬂﬂ%ﬁ’lﬁhijﬁgtﬁﬂﬂ&ﬁﬂﬂ%ﬂ
4.2.1 Midar9asi i Flunmmasay
4.2.2 TUABUMINARAL
4.2.3 uansneaseuuWniaasiasgy e ladidnasn
4.2.3.1 vndulwai
4.2.3.2 SauAEIWAIMaN 10 A3
4.2.3.3 iduiikumanaa 20 ada
4.2.3.4 ihaufisnuniman 30 asa
4.2.35 SsuAEwAIMan 40 A5
4.3 MINARIURIAANUAINUADUTIAUIUNK T
4.3.1 mydar993fiFlunmmasay
4.3.2 TuAEUMINAROL
4.3.3 HANTINARDUAIANUAINUADUTIAUWDUNAT
4.3.3.1 328V
4.3.3.2 92170
unfi 5 syluardalanauus
5.1 a7l
5.2 TolRUaLHS
LANR1IE1984
MANWIN
Ussiagidion

Vi1

81
87
87
87
88
88
91
94
07
100
103
103
103
104
104
104
106
106
107



U
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

214
215

2.16

217
218
2.19
2.20
2.21
222
2.23
224

CEsT gt

laazunsuvasamInAa?

asilsznavduimgululuanauasindufis
Tassainlaanazasaminlalasaivammariminuunnias
Tassadalaanaawininai lalasasuamnardminwniy
Tassshasluanagnstsznavlalasanfuanimanaslsnngn
Tasssevasluanassdsznavlalasasuesudminazlsinén 2 @
fhLﬁuﬂs:qs:mhausius:mnﬁﬁ@hLﬂﬂ%ﬁ@ﬁ%étﬂuqtymgmﬂ £, W8T £
wvsauyadvasladiingn

yuianszualudufivilseg

AMNLERNEN tans TasuanlnailaBiEnesnuazawa

ATNLERIAT tanS TasIWANPRLIAZATILIAALAZAINE ﬁqmﬁgﬁ 20°C
ATHLERIEN £ U £tan & AuaMuBTaslnaTfiamazanian
nALEaIAN tand a9 341,0, -28i0, uaz 2Mg0-241,0, -55i0,
#0208 1 MHz nuamnnll

anugasnsasuudasuesdn tans ﬁ’uqmwgﬁ

ATfALaasd tans °1Jaans:muﬁ’zjué’aﬂﬁﬁﬁuwaﬂﬂiﬂwﬁ
nugmnnd #A 50 Hz

NHLFAIAT tand °11aans:ma&ﬁ'umm%u‘lugﬂLﬂaﬁ%uﬁﬂ’%mm
Aamud 1 MHz (wnuasdusaniniie)
nnuaaadulaslesa luinru
adnlasefifansosnyWiuuudsg i

wWisufsuussauivh iiAawsnaniluledidnasnaudnsasawinwih
swn IR waz i udn i
wWisusuauuWivesdidnlasaansmena g
fanuaInudanNuassaswy Iihaaamnan
fhraenalnmsiAausna iamaainmeluaniuasne
anuaInudausianlnihlunasvesgompiiluanian

VIII

Wi
10
14
16
16
17
18
27
28
30
32
33
33

33
34

34

35
38
39
40
41
43
47
53



gﬂﬁ
2.25
2.26
2.27
2.28
2.29
2.30
31
3.2
33
34
3.5
3.6
3.7

3.8

3.9

a1l (aa)

anuninuaaussan lF luinausasanuawluwiauniaudas i
anunInwaaussaw v lnanuasnisilananusInag
anunInuaausian i lumaurasszaznanlouusiauuaINa s
Tulalawannan
NRVBITzEzLIaN I Tl a na aA1A N AINWLIINW LW
. : . X Yo
ANAMNAIN A BUTIAH T LnaaSanamanuaudzdusesidundaula
A a o

sunfuBuNARAWINAIZIH IEC 60-1
'E'aquazqmamﬁmavlﬂﬁwaaqﬂnsﬂmaeuamu‘lﬂﬁﬁﬁ‘l’ﬁLﬁﬂIﬂm
Wiy sphere-sphere
sl nlEBanlasauuy sphere-sphere luiiaiunidaudlag
wuvdiszazunt 2.5 mm.

et s 6 1 ¥ s )
anAuaaIn IR BETER e NuE IR NN LS BN
seri9818nlasALUY sphere-sphere
faquazqmaw“é\ma‘lﬂﬁwaaqﬂnszﬁmaeuamuvlﬂﬁﬁﬁ‘lﬁLﬁﬂiﬂw
Wiy plate-plate

A9 s = ¢ e 9

sunlWihnleaidnlasauwuy plate-plate lusiraiuniaulas
wuudlseazuny 2.5 mm.

as a 6 0 L Qs +
ATANLRAIANUTUNREIz RN N aEwIN I UsE Bz
*nI9BLIEnlasALLY plate-plate
5’&@;u,azqmami‘ama"lﬂﬂwaaqﬂnszﬁmaeuamuvlﬂﬁﬁﬁlﬁLﬁﬂIﬂw
LUy rod-rod

A L & :’ Ll ¥

sy I NlEB e lasanuy rod-rod luisiunaiauls
nuudszazwnl 2.5 mm

as a € ¥ 2 s ]
AALERINUFNRBESER T NUTIRY IR Uszas g
seni19818n1asauUY rod-rod

3.10 'E'a@;LLa:qmamJ“‘émnvlﬂﬁwaaqﬂmtﬁmaauamﬂﬂ%ﬁl%‘&ﬁnimm

3.1

3.12

LUV rod-sphere

s Wi AlBEnTasaLLL rod-sphere luinsdundaudas
wuvuiiszazuny 2.5 mm

AALRAIA NIRRTz R TN NEwN INF A DTN

*n98L8nlasauuu rod-sphere

IX

55
55

58

60

61

61

62

62

63

63

64

64

65

65

66



31]1?'{
3.13

3.14
3.15

3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31
3.32
3.33
3.34
3.35
41

4.2

4.3

a1 sl(da)

i’agLLa:ﬂmauiﬁﬂw'lwWwaaqﬂnsrﬁmaauamu‘lwﬁqﬁlﬁ
Aanlasauuy rod-plate

s WAl Enlasauuy rod-plate lutihdiuwdiaudas
uuufiszazuny 2.5 mm.
ArugaInNUEIRRETzR I U NN W AL ez
Tenin9dianlasauuy rod-plate

u,uuai'maamiaamiqffqﬁu

ndaams'gifﬁﬁu

WUUS8RIRIBLENLATA

widianlase

LLuuai'maaﬂgﬂﬂﬂaamf'\ﬁu

URAIEINGAN 9 maaﬂgﬂmaauﬁqﬁ’u

iduRefildnasauy

AsLesEuTina

wsastuiialWinssusasy

ﬂgﬂﬂﬂaauﬁ:ﬁﬁ’u

Tadlead haaas

anusumwin

Lﬂ‘%a\‘l Temperature Adjust

Capacitance and Tan delta Meter

Test Cell

Liquid Electrode

1995NSNAFILANUAINUABUIIAK IMPULSE

Test Cell

AN IUVAY Impulse Voltage Generator

Tektronix DPO 4054 Digital Phosphor Oscilloscope
HIININATBUANUAINUABLTING LT

ATALEAIA MU Nunudausssw i ALS wana S
ArwmInanvasindunua i
AALEsIAMIRIR ISR Ea N usIudaussaw W LI mIue S
Aruamaavastinani

67

67

68
69
70
70
70
71
72
72
73
74
74
75
75
76
76
77
77
78
79
79
79
80

82

83



519
q
4.4

45
46
4.7

438

4.9

4.10
4.11
4.12
4.13
4.14
4.15

asunsy (68)

T TR (T o Te XL T LY oY ARPeNpoR 2
frwmImasvasihduinies
ﬂ'mwmefmué’&lﬁ‘uﬁsm’mmmmmwmaLLsaé‘u"LWW']ﬁ’mﬁmuﬂ%
ArumInasvasiduialne

LRI RIS IR IR aus s IR LS Re S
frnummaavasidugy

N LEeIAMA TN Ena ML AsRaausssu W uT ety
HIPHIWNINEA 10, 20, 30, 40 a%s uazshdulng

§ o o a a o« a
Nﬁ]ﬁmsmaaml,anasmmgmgmﬂmamnmn

nnanmsnesauurniaeTasgFeladiinainzenhiulnsiudscaiia

ATNLESIRANSNAREY Tan O VAINNUNNIWMINEA 10 ATILARLTHN
3’ a A 1 d': 1 =Y
ATNLEHINAMINAREY Tan O VaINUUNNIWATITNEA 20 ATILARLTHE
: Qv A b & ] F=9
ASTWLENINANSNAROU Tan O VINNUNEIWMINaa 30 ATILeszsle
¥ o w A & ' PN
ATNLENINANISNAREY Tan O VaINIUNNIWMINE 40 ATILARZTHN
N9ASANTNO RO UANNUAINUADLIIAUD WA T

AT LEAINENNTNOFOLFNANNAINUGaLIITUB uNaFvast sz THe

84

85

86

86
87
90
93
96
99
102
103
105



130 YA1919

A3190

2.1 qmam]‘amaaammaammmwﬁﬂﬁﬁﬂulﬁﬂmmuluqﬂnsmﬂlwﬁﬁ

22  quansuzdnie LATHANTZNUTLAAY

23 Tanahsluanauszdasuvasesdilsznauiugmsasinaiundautas

24  AuINTANIWENS, ol wazlwivassirundaulas

25 usasBunanseluduluinduiie

26 f,jﬂﬂmaa%”mmaanmvlmﬁ'ulmfﬁﬁ'uﬁm

27  dwdsznaumaeivaswiafimiduuasauiauesingu

2.8 ﬂ%mmmaanmvlmﬁ'mﬁﬂﬁ'uﬁaLLa:1ﬁ5ué'11quLaqamaa'lmm%a
nwasealwindudainias

2.9 mmﬂanudaLLsaé'u'lﬂﬁ'maaamumaau%qn‘§ Alston

2.10 jUnsimasnadiavasdianlase figudszansunniaasawu Wi
UANFINH

211 e g Tnadaussamusnanatluawimmallssianisiuug

3.1 @hawm'lwﬁﬁgaqﬂua:ﬁ'num:amu'lﬂﬁ'lﬁ'ugﬂLmu’ﬁl,ﬁnimﬂ

3.2 daya Liquid Electrode

41 ATHLRAINANINAFBUMANUAINIAaUsITHINH eIt T M uaz T

42 MTHLRAINANIMAFALMANUAMBRaLsIe kN asiT 7

43  @NUEMINANIINARBUAIANAIRaaLsIaw I Tai T e mE ag

44  MTHURAINANIMARILMANYAINBAaLsIT I s g e

45 MTHURAINANTIITNAFaLMANYAINRAausIskINH ety

4.6 wams‘nﬂaauu,wnma%ﬁ'lé'qm”LﬁﬂvlﬂaLﬁnﬂ%nmaamf'\ﬁumuﬂﬁu

4.7 Namsﬂﬂaauumlnma%ﬁﬁagmwLﬁﬂ'lﬂatﬁnﬂ%nmau{ﬁﬁuﬁ'amﬁaa

4.8 wams'nﬂaammlnma%ﬁﬁqgtyl,ﬁﬂ'lﬂﬁLﬁnﬂ%nmaaﬁ'\ﬁ'uﬂﬁu

4.9 Namsnﬂaatuu,wnma%ﬁ'lé’agmwLﬁﬂvlﬂatﬁnﬂ%nmau{'\ﬁ'u%ﬁ"n

410 wamanaseuunninasiasgeieladidnainsenirdudrilna

4.11 Namsnﬂaammnma%ﬁﬁqgmwLﬁﬂ’lﬂﬁLﬁnﬂ%nmau{ﬁﬁ'umumi'u
fitihunisnaa 10 Ay

4.12 wamInasauunneashagyFsladidnasnvasidudunias

q ¥

o . &
NHIUNTITNDA 10 A%

Xl

12
13
16
15
19

21
44

51
51
68
77

82
83

85
88
88
89
89
90

91

91



#1393 QYA1319 (61)

il i
413 wamswﬂaauu,ﬂnma%ﬁwé’ogty,tﬁﬂ"lﬂﬁLﬁnﬂ‘%nmaufwﬁ'uﬂﬁu

frimmanaa 10 a3y 92
4.14 wamsmaauu.ﬂnma%ﬁwé’agmwL?fﬂ"lﬂﬁtﬁnﬂ'%nmau{wﬁ'u%ﬁn

fiimmanaa 10 ass 92
4.15 wamswﬂaauu,ﬂnma%ﬁwé’fagmwLﬁﬂvlﬂ'ﬁLﬁnm‘%nmamfﬂﬁ'uﬁ'n{ww

friunanan 10 A%y 93

L
v = a & o o

4.16 wammagauuinaashsggdeladiinasnsasihdunuain

NHIUNINEA 20 AT 04
417 wanmwesauunniaasaIgyeladidnainasiainnimies

eumInaa 20 A3 04
4.18 wamsnasauuneaitasgyEsladidnainvashidiuhau

AL wN1INaa 20 A3 95
4.19 wanmmasauunaaidIgyeladiinasnasihduidn

NeuMINaa 20 A3 95
420 wanmmessuunaaimasgydeladiinainsasiiuinlne

NrIUNINAN 20 A 96
421 wamnesauunniaasiagydsladidnasnuashiliumuazin

AruNINaa 30 A 07
4.22 waminagauunniaaimagdsladidnasnvesihdiuaiimias

NeIWNNINEA 30 A 07

v
°

4.23 wamnaseuuinaaimasgysladiinainyasihiudy

fiiwmanaa 30 a3 98
4.24 Nams‘nﬂaauLtﬂnma{ﬁﬁ'agmwtﬁﬂ'lﬂﬁLﬁnﬂ%nmaufﬂﬁ'u%ﬂ"fh'a

Frnwmsnaa 30 ats 98
4.25 wamsmaauu,ﬂnma%ﬁwé’agmLﬁﬂ'lﬂ'ﬁLﬁnﬂ%nmaaﬁwﬁuﬁwﬂwa

fHwmInaa 30 A3 99

s

4.26 wanmasauunaaitagydsladidnadnvasihaiumuazin
nNeinumInaa 40 a3 100
4.27 wamanasauurniaeithasgyideladidnainsasihadunumia

fiehuwmMsnaa 40 a39 100

XIII



#1IUYAIIW (AD)

P
137N

4.28

4.29

4.30

4.31
4.32

Qs [3 L=y

€ o < a ;‘ o €
wansnaseuunniaasihssgadsladidnainvasiduay
a . &
feumInaa 40 A3
namsnasauuNnaashasgydeladidnainvaaiiaiuidn
a . &
NHIUNINan 40 A
namInaseuunniaeshasgndsladiinainvasibiiudialne
a . &
feunInaa 40 A3
HANINARBLIAINI AN KA BUIIAUBINAFIIRY
HANTNARALUAIAIUAINUABLIIARBUNARTILIN

XV

101

101

102

104
104



4
unn 1

UNU

1.1 ansuiinnsazanadragvosigw
o @ & & Ao a & \
maamnluﬂaquuﬂszmnmgwuuIanuu I 1WA AN NN T DL
1 dl ] dl Qs & ~ Qs [ el Qs 1
datfissnmarnidliafisunuluefie Saysdnnauidmududdasmsiadecdngg lunns
o & a @ v ~ @ , & A [ Py a '
dufiudia nasrwinuduwnitsluniladuiraiin lagianizagnidinasnuidiainiasing
Y o = a ° Y a a A v & a &
Wmmﬂuﬂ%aLLsnmmwunumswamlunnnszmumwa@ Fatagiuundniainiin
° o a_ d4d o & o @
yasdrmnlzmnsuasiinmsrensdmimagsfisfiiiaafugeasmwnssuanniy 1%
Y @ & a a A A Y o & a ady v o
AU I ITNEINBLTNRITIANINNTY Toidudlunswennssssyanltudraa il
1 ° v 1 2= dl 3‘ Qs A A dl n' A a
Tisnansatnduanltlvalldan WerndulwlanivSunmanassas g awsufiasiioniae
° Y ? e ! Qs 3 L= W o 1 °
P1ALARY ﬁamlﬂﬁmmaammgwu muuﬂm;uu%aﬁumﬁmmwmmmﬁnmumn
{ hed 1 | o :‘ A A Q) Il [
WEENUNIEAINRINHANI ﬁmmsnmmmLmumwwlmglmmzﬁﬂﬂ
1 = Qv 3 ° %
wnaznatIndaudasluszuu Wi iun At wtasndandas as
R v d o ) o @ Y o
e s TRHREN A T nawinuazidwartrsmanusanldinundowtdas laginan
Qs & Y 4 o a o [y A dl Q)
paudasnulauiarnnszuannmsnanilanfosuaznisgaasizvnisndl iwaldle
e d e 4 ¥ o A9 o w & = F o A o
qoasntAmaiifhvrua fohduwndoudanldogludegiunn mwmagimmumamw
a A g o Y o a4 Aa @ @ A
f,;mLLazuIan']amz'ﬂvaﬂmnIan SItnEINTOR NN UIRa D% mqmam@lﬂamm
Qs :’ L U 1 A o' 1 / Q@ & Lo Qs
Auidundautas uadarfidininanldnawnwle Aazidunisdszndansneans
=% 1 Q| Q) [ 1 n‘ ° :‘ ol A 1
sysumnduacenldaeldiiuwazineunn laganizagnds wngursasnsnduNg s ws
TFuan i lFunwinduwndsutasld Aazidunsldnsweins wazidun1siinswenns
L ¥/ o U/ 1 QU 1 Al !
naumlﬂmn@ﬂsﬂmﬂmmaqmmmmﬂﬂﬁn
Q) g = Qo = L*7-Y ? s A -3 1
deng e FoldinsfinmguaninmelWinesihduisriiede g
denw 5 1ha laun sduoawaad, 1w, dhanthdw, ddudalne wassian
< v ° = =3 QWi A :‘ Qs Q) & 1 Id =)
wiananmuazdu lashand3sufsugusuddiuihdundoudas Seutaia 2 nyd
:’ Qs 1 ? et Au 2/ Q) { =% o
fa dndulnduazindwiewnsltauwesn wwedinszduaznianuiiuldldlunisin
Y oA , AVL o Y o
induwRmrans Ul Fuunwsihdwndanlas

1.2 TagusrasAaaIn1 iy
A a o ¢ a o Y o
1) wWiedtamzduasmanudulyldlumsiduisluldnuunuings
ERINIEN
P = wn 1y ¥ o o ¥ e oA
2) WiarnsfinmguaatanslWinvasihdwndautas ussinduis
FUAG19



A Y L [=3 L A {
3) ihalwidlaflanefianisldinfesile uazginsainldlunimasay

idundautlas sz dwNasRads g

1.3 20UITARAZTDMKEWATHATTID

1) ﬁnmmwﬁmm@aauﬁ'ﬂﬁuwﬁaLu.laaLLa:ﬁﬂﬁuﬁ’nﬁszqmummﬁm
IEC 156, ASTM D3300-00 .8z ASTM D924-03A Lﬁaiﬁﬁﬂﬂﬂﬁﬂé’ﬂwmzﬂﬂiﬂ@ﬁaﬁ Lz
suaaulunmasaLmuNATY ST W RINMINARELIUNIATT I

2) 3iassawa i luymenaseusihdundaulssussinduRsio
a9 Taon1sldlusunsuldluidfiundlunisdrnssdrnlusunsunaniiaas
(simulation)

3) EnwmgufAuguitAsadastunmasaumdANInIMIEs LTI
I, anunImusausIdudanas uazdunniaasnsgydeledidnaindmivaniu

RV

1.4 SuaonuazdsmIduinon

Tassoufigrwnisdunslsdseloadornldsunsufldifatia e
syl ninTumsauaimaishued ldanmdiamed Wenswansenufiiedu
sl anaeeuinELwITMIMsaenaussnzny laefituaaumsfnmndsi

1) ?mmmwﬁuasﬁugmﬁLﬁmﬁaﬂﬁ'mm%%'ﬂl@ﬂgaLﬁulumwuaa»{ﬂﬁu
wioulasusstinsuis

2) ﬁﬂmmmgmﬂﬁmaauﬁiﬂﬁu%ﬁaLLﬂmLLazﬁ']ﬁuﬁmmummgm
IEC 156, ASTM D3300-00 Liaz ASTM D924-03A

3) anemslldsunsn IWludfwwilunm e dawa Wi SRR
TdsunsadlFlumsdenuuiton1siames 1% AutoCad, Comsol LTuds

4) ﬁnmmﬂﬁm’%aaﬁauazqﬂmzﬁﬁLﬁyaﬁaﬂun']smﬁaumwmwu@ia
usadulwih, enuasrudausidudaiad uszmsianunniaimgyideladidnadn
sasihundaudsuazinduiie

5) DaNLULNITNIINARELUWIAIANUAINUABLTIAHINFT, f1na
AINUADUTIGUB NS LLazmﬁ@mLLwnL@@%ﬁﬂé’@g@%ﬂ@%Lﬁﬂ@‘%nmaafi’]ﬁuwﬁawm
wazihTuRelildenuanasgn IEC 156, ASTM D3300-00 uaz ASTM D924-03A

6) NARAULAELWINHANMINAREY

7) sytuazdianzdinansnasas



BHBATTALRWINB IR ATIIHI AINTTN

YUADBNITAU I

2552

2553

.6.

.9

n.8.

6.8

W.8.

5.6.

4.9.

n.A.

1. fnEnnnufussiugud
Auadastunwiselay
auiulugiug 973%
Aouazdhduraouyss

G

TRT 2

2. ANHNINTFIUMINATAL
dhdundeussana
4195374 IEC 156 Uag
IEC 247

Grnnn

III’

3. dnwmtgllsunsy
TWludasiuusiluvms
Fiamziauy Wi

‘III

TR 2

= o d A

4. AnmMIFiasasdauas

fd‘ A Y]

qﬂnsmwmsrmaﬂumﬁ
NARSULIIAWUIAANIE
LazMTIRAMIFYLRE
lesianasnvasindwnda
wURIuazinTuNT

> EER

5. AONULLNITNINAROL
msifialusnaasl uasms
JasmsgayFeladian
a3nvasiaundouds

LRZUN AN

. R

IIII»

B. NARAULALUUNANANTT
NARDI

nnap

7. ﬁ?ﬂ LA

NO[

s

TEE)

>

8. LSy Anus

= ERE

T 2

- = =) Luunsdiwenuiinue Y
PP —— TN 15 o b o g [RF g S K



1.5 Yszlazmdiilasuainnisise
¢ 1 Qs o a LY ;3’
Yezlamlfionainaslduamnnisilassmwisoaivi
1) NUINENATIYW, Tuaaw LazdEmmeseumsRalusneatuasia
nlaulasuazsiduiroiade
2) NUBINGTZIW, TNAOY usAsmsnasaumdnsgyFelediinesn
lwhdundaussuasinduivoiadn g
3) NUTINNGTIIN, TUADY LALAFNINAFOUMIAIAINAINUA D LS IS
suadluhdundeudssuasshiufizofiadieg
4) nutsgusuiam infhyesihdundoudss IREAVREGATE } L ek
& Ve aw A o A Y Y s
5) \uundsdayauazituiisanuiTosvasawiwidnlwssuu Wi
WNTBUazUnAnEN eI IMINawLazAnIda



unn 2

ad d Y
‘nq&gnlﬂ guad

msawintlngeswlunisidlszlomivaslwiy Tasanizatsis
FNTLUTIAUG msawwdunstlanudimAesuenaunfsisie g Wndzudzwde
Qs 1 v a Qs A s 3 o o o F=%
Hasnwlaldiianmssaleas mﬁaanLLuuamuﬂ?uLazﬂﬁzwﬂ@ﬁmﬂmaal’ﬂmwgmﬂm
= { o @ e Qmy A '
msawan FafadasnuanvacauenlaTaianin LREANANNUNINULDIRUINAD
[ o dAde o A a A W A & & '
uwssanlaf wihifiiddyigavasdamuniaizgawuife nmaiuawiunuszniig
SN AT LS IARANINS HIDTTHINIIIRNTLTIAWI LAY  TUIMLLAIAUNTIRINNTUUTI
mana, wWigiuanudow, U§A5uedl, wezszuioanudou  Binduudasdiilets
Qo (=Y o A o w [ :; t
mwﬂﬁz‘wﬂ@I@&lWﬁﬂﬁM}ﬁ@ﬂ']qmﬂmmﬂmuwa MIamunisdiununiagagnidyda
A o 1 t o el ‘i‘: Qs Qs o
WREUsMNLazANULTa R e ldraITsURITafa T a:uun’mﬁan‘l,’ma@;ammmm
ﬁ']ﬁaﬁaqmamﬁmmmmmuﬁﬁLmzmmzau
Lﬁaamﬂﬁﬁlﬁ;ﬂuamummﬁﬁ’uml’ﬁmulmzuﬂﬂﬂnLL‘iaga LLazluqﬂﬂﬁﬂi
' & AV e [ a Y o
'LWW']ngamaq Fuawiwwnalrflegurannisnawilasisy wazluwaninadidu
PNandovaranuall 5elatnsineuianianudwlyidlunmsinshduisunlFnwwnn

2.1 YsziansosanIn

awmluszunwihdn Taewluanauudldidu 3 dszan leun auw
U9, BWIBHND URSHWIBLARD e‘ﬁmmw,wiazﬂﬁzLnﬂﬁ?uﬁlzﬁﬁﬂwnL:LLazqmauaﬁme@ha
fusanll lesnmsianldawinudacdssinnazdasfonldinunzrunursiauszdszinm
ya997% Seezvhiinsawindidsininiwgs szt s sduTuflezdosnsuisansme
WaTAIURATAAN g Andasmuawinluudazlszinn

[
2.1.1 w0 [1]
lmzuu'l,w“ﬂm%aqﬂmm‘lw“}lﬁ 2z 291w gl NaUNURRIBLAR?
(12 A ° o { vﬂlf s Q- = :’ L [
Waafns iavrinfidaldduas wazsassuusIniInaswiaainiininzadlassasnsg
=] =y G‘A a F=} [-Y) &y & o Y] A
waausina lawdngifaannsug IF1and28 awInfTUazawIBRAT M ENRINNNNg
awuns i laauazifasne wafigaslfaninudslsenay FnindawssTuLsing
a ' \ \ = o ° v d & ' A8
dhagnsine g wu seWisluenme e marwirfluawon udanalnazseswsabe
f vo & a0 o « ) o ° o de o '
a%ﬂummﬂ'lmnLﬂumaﬂ‘mmmm L% Qnmmmuﬂmmmmmﬂ"LW'L‘S’L%&mm $#19
a A dae Lo e A A o e A e ¥ e o« Y Y
anaunazans Nauwn SenT R laivindwrsawndadane wIadaiduiany dasld

awrnudadumbadiin wialwnsoudas Wi Fawimmainsatmaduawiwaan wan



o/ QU [-3 v { 1 WQI’ o, 1 A o
daslFaminudsrrninndeanaindni g uazunwranliauns IRlszazvrsenaiinnue
aaLuy azuuiananldawmundagydsluszuuuszginsollnih
& dad | : o A o
awmudandumzdasfiananimudausiduinings, Sanuduwnugmn
wduussdu, Tirdsgafoladiinadnd, nudausimenaldge, Unaanwasfous:
dw (% o/ 1 aan a [ = V6 =Y di =3 [ d'
anun, nuenusouldss, nudediseniedllad wagluilluRmiladaln awanudsiio
Aalmnaniviaenznzy ussissmwmsawiulassuysol wdsnugfeledianatn
[ [¥=) 1 = o ¥ ! < o € a
zinsanuianldlidriawinne finashgagluieanineziuduingmsoiifia
=) T o 1 =3 { A g/ Qv QI/ QU U
famrsavssruussihllgmsifiawsnanaflufige awasudafildiulasnaly ldur
nszenENIEaNEER, 819, W, ut, wnindniawasoian, wnzlsd, e,
Twaslowt, 3%, A8 (PE), asaadn (XLPE) tiuan

2.1.2 awanmg 2]
[:J =1 9/ Lod 1 1 L o/ &
awnfalinmslduiuadrsunsnaisluilagin TaglFidwanwinvas
\ ] o Qv ) 4 ' o o A
aqﬂnsm“l,wﬁ'nmgm 3w luszuugsdrennas Wi ldarmeanuszninigneanin laan
[ A 1 @/ 1 UL [}
mmmﬂuamuﬂau,az"LamaaL%ﬂmlmmlumsaaﬂLLuua‘ﬂnsm“Lwﬂ']ngo LT
naaulal, mmmﬁamagolﬁau wsawasAatusninasansfanldme SFe iuanin
wioudastnsdssinnfgsinsisma lwlastwduaniusiunuihdundauniasaqs
o A o & & & da [ .

nslfennevsamaduaniwi HuAfsutuatrsuniuszunnia
o o A AM o a o o wn & da A4 « o
fas Wssnnsflidaafeildine uwelquauddidvawinnalodwaimeauduse

U | Qv T ] A L

gzana nMsltanmaluaninarvaztduawiunanluszuunisgsdnodazldiduanin
serEsdeRiaEsaanzltmauwam wnantuawIweds 4 fefifagniae
IRl NI UEN He N UL RIS a T ULN TG ﬁtymmn‘nwulumsl’ﬁmmmﬂuamu
ca P aun « A A a A
fine msfigmaaiimauawinvasemeanas Wastmasianasndsnuasiinnaion
¥
A

2.1.3 awIwinal [1,2,3]

awsmmnagninanlglugunsstlniusegs 1w sewadanTawiwmdn
n?mmm{nﬁu wiaulasrfinawindiniidn, dufiudzgusigs uazlusnines U
ohia udu anwmlmanamammwmmmavmvﬂwmasvmwiuLanawaq fuswa
luana Fafasouifeunuses m'mwm'miuLanamaanwl,l,a'savaun'nmn et
s:a:mamanmam:mmsnLﬂaauﬂvl,@maum'] wasswhaanasanldsuan
s lWigiines lumflezfensuandaiiiulassulasnstudasldsuna Wi g
anaudugann awsnwadilanuuandsiawiuuis I@aﬁIuLaqamaaauauLﬂaa
vl,&ivl,éfgnﬁ@mﬁmvl‘?@haﬁ'uaahwmuﬁumﬁauhLaqamawﬁa LaLan a8 4naIsan T



{ d a A M o, '
eaRanflluldtaadrsznaguals m;,mﬂ’lwﬂwmmsnmaauﬁ%mﬂmwamﬁa
A A P ° v a &
L&IaE]‘Léﬂ’]ﬂvLW‘W’lLﬂﬂﬂ%‘ﬂiﬂﬁ]t‘ﬂ’]l‘ﬁLﬂ@m’]ivl,%a’ﬂaﬂﬂizLLKVLW‘WWI%L%QQWJ%LWQQ AUIN
A . ) ' Y
waafhanlfluszuylwiussaUnsoldulngezdulsminnihdulalasaiveu wio
s f& Q/ QU A d'd o 3‘ y‘i‘; [y
amu'LWW’mLﬂﬂmmﬂumwsau'l,@ga Gmamuﬂs:memmmqﬂmmuumvl,@mn
[ Qs L =3 3‘ 1 1 ./ A' ] 1 o o 1 {
1w WhedAufoigns mulmyumluammzﬁmL%aﬂua%l'l,mmnnuaﬂ LT HBLas
ANMNTY FIUUMTIATIRALTNOIR IR RaRIdaIinnNdAYyLaeIAuTede
NRYIRIDaUw L uatsun
[ [ =N d' Q4 o s
ANz UFNTANFDIMIVIRNIN mmuamuluqﬂnsrﬂwﬂﬁaw
o (% Qi ala rA ° A
AmuadanmaniamsNEngnaagyfe
i o A
1) anadsdumz (@ennen 2.1)
2) 9afal @adialwgs dewnanatslamafauwislnddaniiios)
3) Anana (A1Nuniags PR TINNUFINNTATELNLANUTOW LG F)
Pz ) d it
4) anaiiunsa (GINuamqﬁqﬂ’%mmmmL’ﬂuﬂmwawaglmaamm)
Qs 1 & s 3‘ % 5 a s
5) wniaaswasuggyllan tansd (Hua AU Aana 9%
F=} - F-}
gfyl,aﬂmnuamwmlﬂ)
A = Qs [P7=N A
Tua5197 2.1 ugaddsaneomeruTaLIIUsEN V0 IawInIRaIN L n
qﬂnsm"’tﬂﬂ’u,l,sagaﬁ"fl,ﬂ léiun pdaudasWit, wesfawwsnines, wada, dafiudses,
A Q4 Qs L2 1} o an 13
awIuLaINGaTdaIszunannuianled, nudedfAseaniaadl, Fanuainuda
usselnin leige, Surnimesindsgyfeladiinednd, nuanufonldgsviedalnled
[~ 2 =% A =3
g uazlatiarnaRmiafa b
Tasnsnnsudamiwnatszrinninfinnsawin ldanitawnlssinntig
[—1 A Qs 1 I - 3 ] oy 1
uazawInkdy NfaidniawwiionnzdanunmuiugIninawIning SRR GRREY
m’nu@'aLLsaé'u'LWﬂﬁgan’jmmuﬁ”ﬁsn LAZAAINANTINRWIBLTINTIZINAWIBFINITALNISA
= o ' ' o o d e w @ A & o
Fad1'llugesi1916318n4 71mmyamummmmsnnamugmuﬂuammaﬂ@
Qs 1 U U U A 1
AORFINIAFTISAR AW U Ud? Tafdndsen1snitsvasanininal Ao TN
./ ] [ U o A 1 % ?
anutonldaasndlsfnuawinuadnaiasiitofnaalsznsasnnaInILdd walunie
o t L3 Qs Y 4 (24 5‘; A" A
UftiRimeznuhiimsldawinessnainuiasniiawiniouazawinuds Nikiesan
{ Qs Qs r-% U Qs 1 =3 J Qs L%
ammaammﬁlﬁnulwmmsmwnluusqﬂﬁﬁwnhamwmmmlugﬂmmnssmums
W78y (Impregnation) ¥1nN31
SRTININEN M lA TN 0IR U TN aUUDIRUIWRAIDLEN b6
r-1 =3 3‘ =% ./
2 Usznn Ao aWIWKRAILITVTULARMIUAANTININ [3]
'Y} = da I's AAN 1 a £
1) FIKILAANBINTTAT W80 ammuawﬂsxnaumamwiuusqm

a [ A 1 [l . = A '
&IIﬂSx‘lﬁi’]x‘l WIDRIUN ﬁ&l’ﬂﬂx‘ll&l LE‘IQQ qu\‘l pINTUFW Laza1adWa ?J’]ﬂ’]ﬂlﬁﬂ@l]%ﬂ%l



1 QA =3 A =3 U &
Aa19199 2.1 qmammmammwmmmmwu@‘nuﬂmlmﬂu@muluaqﬂmmﬂw% [4]

Property Transformer Cable Capagcitor | Askarels Silicone
oil oil oil oil
Flash point 130-180
Breakdown
strength
10-25 30 20 20-25 30-40
at 20°C on 2.5mm
kV/mm kV/mm kV/mm kV/mm kV/imm
standard sphere
_____________ 9% o
Relative
22-23 2326 2.1 48 2-73.0
permittivity (50 Hz)
tans (50 Hz) 0.001 0.002 | 025x10°| 0.60x10” 10°
tand (1 kHz) 0.0005 0.0001 0.10x10° | 0.50x10 10"
Resistivi
v 10%10° | 10%-10° | 10”10 | 2x10” 3x10"
(Ohm-cm)
Specific gravity at
v 0.89 0.93 0.88-0.89 1.4 1.0-1.1
20°C
Viscosity at 20°C
30 30 30 100-150 10-1000
(CS)
Acid value
Nil Nil Nil Nil Nil
(mg/gm of KOH)
1.5000-
Refractive index 1.4820 1.4700 1.4740 1.6000
1.6000
Saponification (mg
0.01 0.01 0.01 <0.01 <0.01
of KOH/gm of oif)
Expansion . . .
7x10°rc | 7x10™rc | 7x10'c | 7x10'rc | sxt10”rC
(20-100°C)
Max. permissible
water content 50 50 50 <30 <30
(ppm) (negligible) | (negligible)
Thermal
conductivity 16

(mw/em°C)
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2.4.2 \Wosia@3a (permittivity)
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2.4.4 winiaainasnwgaulaladidnasn (tans)
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I, UJ/R, 1
tand =+ = = (2.13)
I, oC,U aC,R,
2T asgaydeladilina3nazdowlen
U2
=U’aC, tand (2.15)
NaeuiaggFudalFinaesawn agld
P,'= E’we.tan § (2.186)
e P, = wasugrlandadSanas
E = anuaaEu i
C = Aufiudseglwih
U = Aussunitlan

2.5 fladzans 9 ﬁﬁuansznudaﬂ"luﬂmﬁas‘wﬁ'\amugtymé'\ (5]

& t a (% a a i 4 4, Wiy

A1 tand Lﬂumwwmmawaﬂ@manmnama%mﬂmﬂuanqmaum
& a4 X ' a a o &
UBIRNI LLQZLﬂ%ﬂ’T‘Y’IvL&IﬂG‘H LLG]‘LI%@%Iﬂ?Jﬂ’i]’{]ﬂﬂ?ﬂ%aﬂﬁﬂqﬂ’ﬁ%@l N

2.5.1 A1 tanS nuaNNA

(= 1 Qs A “ =3 A Qs Qs
Rosonen tans nuanwdvasledifinesnfilouussaunszuaady Tom
A‘ (=3 v«
AT LMINENMT

tand = —— 2.17)
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PINFUMT (2.17) 2wl

lim__, tand =0

lim , tand =0

ara [ 1 Aan « s A‘ oA 3
ANNAINEMIRNENFVo IR T wad%h fa N9 @ =0use @ =0y
[ 3 o s ) A
gUNS (2.15) ez dumIsnasves P; lla @ =0 suN15 (2.15) 9uUadananguns
(2.14)

[V~ dd ot 1 -1 =3 =3 X n:! o
mwmsmﬂuﬂsmﬂwmmug@mmvlmaLaﬂmnﬁ]zmmummmnmsm
1 v v 1 13 [ A &
Infieseeafen WaTUgYIREAIFUNTS (2.15) Ao ¢ P %"quagﬂummn &4

) [".”) ' [ A o X

119 LAANMUFNAUSTERIN tans NuaNND aait

_ 1.8x10"
fep

tané (2.18)

: & W Y 4 o ' aeg a dao
M tans L duFasIuNnEUIUANYE dratsvesladidnasnnfianwoe
uldausums (2.18) Ao dduanin (a thorough purified insulating petroleum oil)
udaums (2.18) Alsimasaldlanulndiedin, Indlaaszngaalsadiu
-3 a F=3 o/ A 1 & O 1 ) -3
uazladidnadnudarfiauaulnasld @sUf 2.10) adslsfianw Adslaimansoasld
n:! t s 1 g ' Y 1 s o/ T A
Was tand ludsquasiiifididasannanliimaunsalialdadnsazdae angdf 2.10
Frasuaninansindwasisnsdaturialnans 1w suadlaises (stabilizers) visaa1toe
o aan s o o 1 ot A 1
uUFATeN (catalysts) vasIndwaslsiati Mlwnsmszning tans Auenadlaidunly
AUFNNT (2.18)
A A d ' @
WaResonmailfeuudaszesdiitans #3e stans vasingawInlnin
P> . & @ & 4 A A 4 \ ) \ 4dd
Annuddeg AasFanaAwinfisnwmemaidfswulasiuandrsnwlugasanunn
d A A a X A P> 44 X o P ; |
wWaewly Ao sxldRatunlasaasianudfigilin drad19iaqeneg uaaslugdf 2.10
=
04 2.12

0.01

tan o

0.001

* v
0.0001 : f

6 7 8 9 10

100 10° 100 100 100 10° Hz

i 1 =3 o A
3ﬂﬁ 2.10 NTIWLEAIFAN tand ’IIEN%E]%IWQ'Iﬂ@]E]Lﬁﬂ@ISﬂLLﬂZﬂ’JW&Iﬂ
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0.
0,01 AL

B
0.001 f

0.0001
10 10° 10° 10’ 10 Hz

~

i d 4 a
ﬂ‘ﬁ 2.11 nTAUENIA tand %BﬂIWﬂLSJYI&L&I@]“‘ﬂSﬁEILQ@LLS“‘ﬂ’ﬂ&lﬂ ﬁq%ﬂ&l 20°C

(Lmué’fa unzununawluaanmnia)

taw
er g
4.0F 06
35 05
3.0 0.4
251 0.3f
2.0F 0.2
1.5F 0AF £taw
10L ol 1

12 1020 100200 kHz
ﬂﬁ 2.12 NTWLERSEN £ 1L g tan & AuanuBvasnaThAinluazaTeEe
(unuuan Jusamsnia)

2.5.2 A1 tanS AUGMND
1 A‘ &" t 1 o/ Qs A =Y nl &" dl
M tand ALRUTNAENILTAR LeTe WognmpiiNudu (a31h 2.13) lusns
¢ A o o d & @ o a £ A ° o
TwanswsasnaNastwnus AL wnans wmmugxyLam:m@mummmnm‘sm"LWW'l

o A oa & 4 a & a & & A a et d oA
anzummmuwaqmﬂgugwu LLﬂzﬁ]xLWN%%Q%ﬂGﬂ’]ﬁﬂq@ﬂqm‘ﬁgNﬂﬁ%%{l LUaLwal

a o

amnniidald aevildien tand aams (g}gﬂﬁ 2.14)

9 U

0.04 tam

0.03 @ /

0.01 C,od"e‘ / .
o=l

0

T

100 200 C

ﬂﬁz 13 nWuERIAN tand Va3 34/,0, - 2Si0, uss 2Mg0-241,0, -5Si0,

a

fAeud 1 MHz Augungil

a4



34

020~ tans 121 &
0.15 10
8
0.10 6
4
0.05
T 2 T

o
[=]

40 80 120 °c 40 80 120 °c
) @)
i A 1 bt a
311 2.14 (n) noWusAsMaWRsuLY 889 tans nuqmmmaa‘[wmﬂwﬁmas’”
4 ' @ a a e
(1) naHuaaImaLfsuulsrase tan § Tugampfiveslwanilndlafiansa’lsd A 50 Hz

'Y a « a | § & a ] Qs ] J a

tladdnasniiluasnauvasgnsingts fazifasngiga lananzen fmm@
nnuavasdvlnavluasnay wu S‘IJ‘Y] 215 mmma@mmn @ -55°C) LAntw
mmmnwmmuamLaﬂ‘l,unsmmw (cellulose) 183 mma@maa @ 35°C) \Andulag

wma'mgmwLaﬂl%msﬂswﬂauﬂ"g&l (impregnating compound fa oil-colophonycomposition)

tawd N\ N
0.008
/1N | \
0.004
— \
]
0

50 -40 0 40 °C

1 A 1 { [ Qs ? Qs
3111 2.15 nWTIuEAsA tans vasnsznwhgudeiniunsulnlalni
ﬁuqmwgﬁﬁ 50 Hz

2.5.3 @1 tanS NUANNTY
fin tand VoIRITLABLENGSN AL RLTUTI LA NEn mmamﬂmﬂ‘n 2.16
SN TN mlwm']m'm']m'mﬂﬁmms] uwa‘mmﬂﬂmauu@maammmﬂwﬁﬂ

10
tand

1.0

0.1

0.01

0.001
0 4 %

H J Qv g =3
31]17'1 2.16 NINLESIAN tand maansxmwnumwmlugﬂuJaﬁ%mTﬂsmm
P A & a A
nanan 1 MHz (wnuastiluaaniIndia)
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2.5.4 A1 tand NULTIAK
Wagmniwsasauin (astawizluiabausegs, gunsoldneg use
A a & . do o d 9 o A
\n3asdnIna i) gnanenziwdulassiufisrfgyezieafosfumsidiswulasvas
& L o a A a
tand @9 tans Iwnueusiaw U nilauls
t ..&’ s Qs dl o { { 1 Qs
lunaneg nsdl dr tans azlaiunuussdu Walwidauledug wwindu
1 Qs 1 a =3 n' 3 s t s o s s { e
dndsnugylsladiinesnasfutudusasiuiuidssesvasusssuionlwauiu
gldanaums (2.15)
1 3 ' d't! s Qs 35 a dl
aghslsfionuen tand NIUAVLIITU VasIsnasnesingldlaanwd
A ' g { | a \ A
usadlugun 2.17 lawdn tans Wfsuazashluunsdniuussdu udasdimafeuwuas
1 A s =3 1 { t:l 1 a4 o/ v
aenswn WaussawAad U, nmwfiusasluguf 2.17 Bond uldslesaluodn

tan &

0 Y

3uf 247 nnFuldsloas lwad

30 A undulds Sand ya'lesslwedu ussazduldarunisifa
s a P=1 a A & A = & = [
loaaluidi (MsfeveslalsuvSoriiadny vasmiduadara) luamawsatne
A s T 1 &y QU { 1 -7 A
219 1w AIBENILTH 2INIALRSINT IUaWIR RN A NUAMILUBIED I L e AW INA
QI s & [] QU o e/ -

1é5uussnaa SalaldvinmseauuRs (deep vacuum drying)

%é’aﬁnnmuag@gaq@ (39 B) nWzAasILENkay wzindwdsznay
s meadisnanuihguazunauanasaussiuiiloass msless luatuvasanmea

= o o A Ao w A

azifgaRunLBawluNdeag 2 dezms fe

1) FFNNMIGATLVBINGINYK A MIANatINIBINGIMFYLLE
ez tand

A o ' a
2) awawmIniaiiiliagatiandisns tesuvesaandianluoinians
A &) 6 ] ﬂa‘ o Qs A’ °
Waswdwlalouwaslwlasiavaanlod sy ldiiaawiugnihae
Qs Qs Qs { Qs 1 ; 1 Qs & o/ Qs
AURINMTLAD LSIaunlFarsdardnitlesaledh Sixannsasny
4 ad o e p & o

99 A (U7 2.17) ausulanddwezifianuamuds U, §9a% uaznisiaduwvainsu

VL?J?J?JVL%LGD"D'%%EN"DWWQ@] A WEUNNMUTUENNYY ‘]J’Nﬂiwflﬂf%ﬁ&l‘ﬂ@ﬁ.laﬂﬂﬁil,l]%%%’l%‘l’l LI
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o -3 1 { Q’ l§‘ 4 Qs
LLsegemmsts:Lw"LéT@stsm‘m@mﬁwaumaa Atané (loss tangent) LNaLsIA%
o d
WNUARINNVUIANTNAUA
vaa d wa @ = a [ & o
T laAtArwun "L@mj‘lmmmauhmnlumsﬂnmm HINUNISLTER
a & o & o a & & a & &
ARTIT IHAUIUFNTURZAUINVAILTY LTI NMTtRaTuTaINIS B aaa TSI nE1Has
] A =) o - ndA s :3‘ [ o 9/ Qs
AAANUULT AR D WM TANINTUT D IRWINRS I@alLawnz'aﬁﬂgnﬂmﬁgwﬂmgﬂmmhinu
MTUSZAN A BIALRVTIA NN UV IN S TR AR5

2.6 nalnnstAaiusnadinawIninad [1,4,7]
ﬁ' Qs 1 a A 3 1 a
Luai”laml,sa@u"l,wﬂ']szm'wamnTm@mmglu%mumm AANTILE
4 QI Qs - l§‘ =3 3 (=3
1%a LLa:LﬁaquLstuvLWW'ﬂﬂgwu aziianissdnsa (spark) szri198iEnlase
[% 1 a & o v a A Y] :3‘ [
msthsasznnsdianliasaluaainal FldiAan T vazasnssLaN I NHIote BUuagny
AMUTIUNIULB 92935 waNINREITh AL AaLssSa sz rINBEnlase tRawastng, LAa
¥ 1 t { Qs { a oo a & c] v
i, kazsnudsznauzaIsned1sdu awiasunendjizeed \AagLan g (spot) Nk
a Qs n‘ :3‘ v v s " a
BLANLATA WAZANAWIUAILARNRANT WAL UL anwmeA1stAanisadsa
Qs ] 1) a ¥ A o -7 g:
AINENILIHNT AWIARAAAMTUIAAIN AaNULaTaARUWIN AT A lFR b1
Lﬁ@Lusnm'aﬁgnﬁwu@lmﬂumm'lumﬂmaammmu@’iaLLS@@]’%"LWW’] E, 18321%
LAR?
6§ & c] a :3‘ A
mstsnansvesawamraLlunszumwmMInfielin hasananniwgrans
deznsuszildiingeile Axansnafuiensmasessldatsusuda NNHANITNARDY
Al auaeingbwine
A =Y b U &
LWHaR1snn Tlassaiauazadddsznauvasawiniad anousntaidn
a £ . a ) .
2 dszinn fe RWIBLARIVIANT (pure  liquids) UHSAWIULAAILTINIIAN (commercial
.. A &£ = da & a
liquids) AWIULWAILIINT AN hd Q%’J%L%R’Jﬂ&lﬂx‘lﬂﬂﬁﬂﬂﬂﬂ%Lﬂ&ﬂIBGI&ILaqaﬂﬂﬁﬁﬂﬂ
Fudadu vialneanidndvuasanlill 19w n-Hexane (CgHy), n-Heptane (C;Hqq)
al [ A 1 a 94 & P=3 Ad
Lz Anlalataniuandng EIUARIBLAMATINITAINY AUN8EI AUIULAAINS
[ a oA 3‘ =) 'Y F=1 @ L [ [y a
aaﬂﬂsznaumal,ﬂuvl,umqm uImaamamamuwawquLaqaqamnsnusnau wazanadl
| a £ 4 A o & >
mﬂmmgﬂmﬁaﬂuag FIrWITORLINIITaan teniln Weasania, wa ISEL Sl
YDILTI
mnmﬂﬁmmauhqmamﬁ'ﬁLﬂﬁLLazﬂﬁnéﬂJammummwawﬁ"umﬂﬁﬂ
(Technique) lvalunsnsasuaznsuande (Filtering and degrassing) luzadwaInasay
ﬂﬁilﬁﬂﬂﬁﬂﬂﬁidﬁEJE‘LH.IENS&‘]J‘U SCHLIEREN %58 SHADOWGRAPHIC lunisas1980u
dnngnsoilugasdasmafeiusnanid, saifausnanyd usemsisussaunasauiin
o« € o 'Y [ i \ 04 A.&‘ P Qs L™ ¥ 4
LULUNSE ml‘mmmsm@mmwmnu@aLLsa@uVLNW’mwaglmummhmwwzml@mﬂm
Qs A v c] ° [ Qs c!d T 1 "]
I@m’auﬂm%gnmuqﬂ%mn ml‘mgmﬁ%amwa@ammmwu@aLLsa@u"Lw“N’mamum
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WRIRAIEUszNT 1w ansazsulEnsRNRnF v Iaw IR, FRauscUSinmsasen
2a3uduazing aaanauan nuadianlasauasdneazusianlni < Inanengufusy
wnnudafiasuensinmausneniuaiawiumad SawouaneanTaifl 2 WWINT 1Y
AN fa mEg'ﬁmammwmsmmamummmumammnuma@(mtnnsnc liquid)
wazafuranmsifaiusnendlusnwaideiy nalnwsnesiluie Tagandanis
\fieazaws (avalanche) 9nnsloss oy (ionization) vHla99 N BLENATOMA AU
Tugurnlwla dmﬁnmwﬁwﬁa afvremaAeusnariiluesnad 1iaseanasla
‘u‘%q‘n%

navl,nmsl,ﬁ@Lmnm'gﬁmammummu‘%qﬂﬁ 1o dnsTunale LLaJaau%qﬂ%f
sanTnedng e wwdsnunsdinmafewsnensiluawiuthe LL@iﬁ']L‘i"Juamummﬁﬁ@
N&Y (Impurities) msmmmnmamwaﬁmU'L@@'gzmamaaml,a)aﬂumaﬂ TR
mmm‘nmmmwﬂﬂﬂmwuaﬂnuLLwnmawmﬂG] 28 NUTENAUNG LT% SN
Qmmlu@mawgma, mandl, M, sfauszUSinowesfisoUunaonaudn sy
JUn39818nlasa (Electrodes Configuration) é’afu’%aﬁmwﬁa%mamnﬁmLmnm’nﬂu
awntraLtseends 2 wwinis Aa

nOuin 1 wwualas Lewis Sharbaugh Uz Watson Swan lasaydin
awrwnanduuuudladsiuanoe lsififdaty Famansoafinemafaiusnanaile
L?iw,ﬁznﬁ'uﬁ"lsnﬁmﬁ'zln'lsl,ﬁ@azmmwfﬁLﬁnmaumnns:mumﬂaaavl,msn%'u
(lonization) luswa'lW#n (Field Emission) %39n321335n15 Thermionic Emission

nquif 2 Rsananuavasdudantsey mwﬁﬁmmﬁaaamﬂums
Aalusnaiilasaninsswiawasing, aafausneniifiasnwauesnaiiatu
siiedng ussnansiiausnenniilosndaSauiliiuuosuds

2.6.1 anwmegUuuuawIn N (electric field configuration) [1,4]

I(ﬂUﬁ?1ﬂ§ﬂwm$3ﬂLL‘IJ‘IJ&WT&IVLW“Nﬁa’M)LL‘IJ'\‘iﬂﬂﬂvLﬁL‘ﬂ% 2 7fia fia
s i s suauszaa Wi lissiaue sfelisdusue ey 2 wwy 8o wuw
VL&I‘EN&I’TL‘ﬁ&lﬂLaﬂ%a?_lLLa”LLUU1&Ia&I1Lﬁ&I§JﬁG ammiﬂﬂwuﬂmwﬂwmuazmmﬂamermw
maaaLanI@s@@asﬂﬂ 2.2
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——g—

——
v Id1 v Idz v d;
] '

M) @) Q)

3UA 2.18 Bisnlasafifsnwoeawnalniuuusig 9
(M) swa W s sua(uniform field)
@) swalwihilisshuaaaiinitas (slightly nonuniform field)
(@) amu‘lﬂﬁ'lﬁ"tajm'i’mmga (Hightly nonuniform field)

mi’lammwulﬂnuamn‘[mwanwmwmaGJ mwaﬂlummﬂmﬁﬂﬂ 2.18
wuiussauit ldAawsnansaslairing Souiiessasses dy, d, usz d, 1%
wiiufiana sussdufivinliiRawsnanimansatonlding awuidasatiaasiie
ananInusansiawlWiildaradadladmis drulngas mumaaa n3adn
laeiszano &mn’mu@maswumﬂﬂ’m'awmsmauw‘lvm’ma@ E__ fifiadu o qala
gandsrzninsdiinlasalurasdiusnaniliBaninds dees ummnwsauaﬂnmuaﬂ
nuuwniaadens g wanedsens

a @ K
2.6.2 BianlasaawinInfhasinawe [1,4]
= 1 L e 1 [l 1 a «
AU 9 amu‘lWWumnunnﬁ;@ ALt wlwtaIsznInedisnlasa
& (-3 L2 Qs Qs
TEWU-T2WY BI04 LG NANUTUNUS

U
E_ =E=— (2.19)
Qs A U [ a &
Wa U = ussaunilavdlUszninediinlase

d = SUeHIsErINBEnlese
E = anuassamna Wi o galag sewinsdidnlasa
E_. = anueSua syl W 8989

U@ 9
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Huranennain Watlauussdulwiuainlaseamn Wi ssiawe o2
Aawsneiwiamhiariuiinanuesseswanihsewnessnlase & (@inAuynga)
mﬂ’mm%u@ﬂ’mmi@ﬂﬂs@mmu,a enszsuaRnduagnsannlusiniviula sinssus
Lmnm'mmwnnmn@msta&lwLmumaammﬂLLaWNﬁm’muanwi’mu Binanesiia
WISNeiTueNn TRz Taldldaslusd 218 (n) uazFanunteasmn Wi iAe
NNURITBIBAsRALTNaEIARe AnueInumslni (dielectric strength) %38
ANANINUGaLTITU NN TaINMSawINIMes Fiduandlaan

U .
E ="t (2.20)
o d
A o A ° @ a 6 o/ J
Wwa U, = ussauiildiAawsnenaddasmnalWihattsue
A o v a d 1
E, = anaasgaswy W AT Aawsnad S98unin
m’mmﬂuiwﬂwammu

agslsfionud £, faedledilnesnaioniteniienlinsdaaualy L‘Wﬁ““ﬂ%ﬂ&l
nuuwniaefens g 1w udidanamnndaszesvng d Aliviiu e E, ﬁvlmmnuazuu
THu1933 1WA B ARAAIAHAINUN S INHI T D98 IRT NDE R A BARI T H U DS S
laddna3nSigwe

u

A
Weh F—————— —— — 7
Wy F————— 7
U)o b————

Uia — — =

# i iy in

31 2.19 u.l’%ammeLLsa@mml‘ﬂmmmnm'sﬂﬂ@aLane\sn@n&mnwmwamﬂww’]
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2.6.3 Bidnlasaawin i ladssinana [1,4]

A& g a . A . o & s
aLaﬂIﬁli@LLUU%WJ’]&!Lﬂi&l@ﬁ%’l&leWW’lLLGIﬂ%?@%Jﬂ’]LLGIﬂWNﬂWU%EJ%lmJ

o ] 5‘: 1 Qs 1 °/ A’ [ s
druniivasgat anaLand19in & 9adne g szunwiatesfiluegiusnwmenig
a a Aa e A e v, oA & A
nadiavasBiinlasan iy Wi ldsdsnaanwiadas augu Silinlasalugud
2/ U QU Qo 1 QJ Qv A L 2]
2.18(n) ddswduswinWihussidudndinin elddslugun 2.20 asduldhanaeiua

=3 ! AA -1 o -3
s igege £, ssfieiuifzesdifinlnsansinay snsdmaldansums

_ 2.21)

A * uys . o a 1
Wo 7 = unneaszwmnulnith (feld utilization factor) fefienain

« E
=—2-<1 2.22
n E._ (2.22)
J = t Qs U
Toefl E, = aatpvassw Wi ey i

sufi 220 swwlWihussdudngirin

LwEU TWHA
————— L&wen e IR LY

r=4 ] 21 * - =1 % ta & a s
feemananldi 7 Afe asspfivenldinmuinBlnlaseindansos sy Wi
N @ A o & g 8o =
sianaundaaiasle uazlasanduunniaasawiWiiie st edrmimainuiadae
wsnemsiasamninany Wi lusdavaidnites (wuu o) 1dae

E, = (2.23)
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3 Qs AQ 1 OI

NFNNT (2.23) Al ldlanznsdindianlasadsuwin Wil ldadaue
& o a Y adw i a a A & . a_ . 4
WBnitae wlaltnunsdin laifilalsuvawsassnsa (predischarge) LAarawiusnadl
asdiinlasalugl 2.18 () nafe dewdawsnanaslezlaidsingilinssusluilng

1 a w Q 1A d o € e A
szaheBiinlasaae wazanwmeswnd Wi liimaddswudss ssfiatusnanniniud
A .
nenaaSsasnnWihgetisdnamu da E = E,
AQ 13 °‘ . -
lunsd@indianlasadswalni lisdwasags (highly nonuniform field)
r-=} 1 o o A v A a s Ad&) r-% w d’ 1
anuessaswylWihgaezaglusinalndifesiufiadldnlasanfinuindesfiga idu
v A A ] a A & 1
ﬂmmmammlugﬂ‘n 218 (n) Llaszazvinseanldenfiibdidnlasasiniutasea
] et A a « A’ LR
surnlniazaansageriasiailuglf 221 dlnlasauuuifudiinnainioa
s Wihgegaazlidtadningdudafions szlaifawmnenidudesifialalsm
F=Y (% a a =3 o~ Ad a ¥

lwiSialngg A8i8nlase fa vinaifianundoalWigege
=3 A Qs o‘ 1 £ a‘: T a
vInadng dslianundoasinawidezlaifalalswn azsiuluundszninegidnlase

a_4a & AW & A A & . . . &
aifadanfanlusuysst Gunidss1$aunesin (partial discharge) Usngnisalats
a & . oA A 82 o 8 oa A v § v oa &
Heduaeedaiiasrsailiugae g Saildlnsualnalwsesndenussduliiudidnlase
g =3 ! s 233 F=3 '
nazushoziialuuazia ldnawiaiusnenav Seniinszualaleswmn (corona current) #3a
o A

nazuswidamseaslugun 2.19 ()

EA

L

\
i L\
\\\

\

ANNNNNNNNNN NN NNNNNY

J NI

3ufi 221 WisuifsuswnlWihaesdisinlasesnsaces g

mafalalsndahidsmnlwihuissnadadfowld iwsefidszgds
(space charge) FnAMaASaswIa IWihgIgadwInnaums 2.23) Wl udadnals
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& ¥ o A Qs t:\' o a/
ANTNENNTT (2.23) Ba1aldfmwimmanuasaasw VN Ausseulalsusuiale
wszawny Wihurssna feds liilaeuudas siude

U,
E, =1, (2.24)
dn
\Wa K, = ananszasa Wi lalsuSuia
U, = wssautlaunlalswniSuifia (corona inception voltage)

TS (2.24) Saldldamznidtlifidszginsszniediinlasa (fee
A . ' @A A9 o, @ o a
of space charge) WIanandne g Afla auMT (2.24) BlEFRSUMWIIIANULATIA
“ 2 . . . o
U WA WS0UI90WSY (starting voltage, threshold voltage, inception voltage) @4
= o Ao va o A &
pursfIusIaunn lisuien s fawudsstwluuny
\ ' a o as & Ada «
lugassznineBiainlase anvenduussduiusnanyt (unsdifssnlase
& o A e A e w A & o A A a
duwuuswaWihsineus wialdsiwsuaiioadnitan) wiadluusseuilalswiSuia
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3) Test Cell
wssanilawn: 220 V
ﬁﬂé’avlﬂﬁ'lgaqﬂ: 1500 W

51} 3.30 Test Cel

4) Liquid Electrode

51/113.31 Liquid Electrode

a13191 3.2 Taya Liquid Electrode

Surface Area of Electrode 100 cm’
Constant of Electrode 996
Capacitance 88.1pF
Voltage Withstand 1500/1min. GOOD
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4) davindulifinasaimeuda ﬁﬁnLmﬂ;ﬂmaauﬁwﬁuﬁussqﬁwﬁ’uué’a
lusdadhnulsamasay

5) satufinFngnnd, AMUTUFUNNS UAZANNAULTITEIMA

6) anuwduTuusien landas 9 Awusssuuazarsiulilasasiiaed
Iﬂﬂlﬁaglus:é’uﬁ 2 KVis awliiBan g awnsznaindumdanisiusnat

7) tufinsnanuninuasusssulnifiswldnniinesiausdn

8) WasksuildmeseuiRamausnaniius Twaannszoziaan’y 2 wift
senhaiuivhmaawisuildnasey e lkildivindefiwadianlase

9) \flaasy 2 wifluda ABumstuusseude mutuasul 6-8 l3ang

INATU 6 A9

4.1.3 Han1INAFAUAIANNATNRABLTIAK (N va R Aazsia
& o < @
1) WINRLNAAADNNIRALIN
A5 4.1 ANTILRAIHANIINARALAIANUAINUABLTIA® I H1 V83

T RLURANDANIUALIN

P SwauassiiwAMen

asen o v . "
Tnad 10 A59 20 @59 30 @39 40 @53

1 39.27 10.33 11.41 10.13 9.19

2 53.82 14.72 13.02 11.70 10.18

3 47.75 13.75 9.86 9.07 10.33

4 44.83 13.50 1344 11.06 10.29
5 47.78 14.55 14.07 9.82 10.72

6 56.67 12.58 13.70 9.38 9.29
Average 48.353 13.240 12.583 10.195 10.001
Sb’ 6.242 1.622 1.624 1.009 0.617
cv’ 0.129 0.122 0.129 0.099 0.062

NAUYLHG) SD* = Standard Deviation

CV. = Coefficient of Variation
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o o a & a
4.2.3 nammagsuurninasmasgadaladinain

4.2.3.1 i lnal

& o [ as
1) KraRlNaaANNBASZIN

88

@13197 4.6 namanaseuunieaSindgEnladitnainuasihduaianannuaziu

Temperature (°C) Capacitance (pF) Tan 8 (%) Permittivity
30 273.0 0.112 3.10
40 269.0 0.138 3.06
50 268.0 0.170 3.04
60 264.0 0.313 3.00
70 261.0 0473 2.96
80 259.0 0.647 2.94
90 257.0 0.908 292
100 252.0 1.550 2.86

g’ Qv Q.d =4
2) wrunaItnadd

‘.-.i 6o = a & = r e & -~
@A1919N 4.7 Nan’ﬁﬂﬂaauuﬂnmasmaagmutaﬂ"l@amnmn’uaamuummaaa

Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 275.0 0.126 3.12
40 2720 0.156 3.09
50 269.0 0.230 3.05
60 266.0 0.349 3.02
70 262.0 0.503 297
80 259.0 0.744 2.94
90 256.0 0.994 291
100 254.0 1.040 2.88




3) wrainaw

P o o a a a ¥ e &
M19519N 4.8 Naﬂ']iﬂﬂﬁﬂﬂlwqﬂL(ﬂaiﬂ"la\'igﬂollﬁﬂvlﬂalaﬂﬂiﬂmaﬂ%’]&l%ﬂ"lau
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Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 275.0 0.300 3.13
40 273.0 0.393 3.10
50 2720 0.545 3.08
60 270.0 0.958 3.06
70 268.0 1.210 3.04
80 265.0 1.760 3.00
90 264.0 2.220 2,99
100 260.0 3.300 2.95

4) 13w

@119 4.9 iamnasauunnimashasgyFsladianasnyashduidm

Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 275.0 0.322 3.12
40 271.0 0.398 3.08
50 268.0 0.486 3.04
60 265.0 0.677 3.01
70 262.0 0.932 2.97
80 259.0 1.310 2.94
90 256.0 1.860 291
100 253.0 2.500 2.87
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@151911 4.11 nansasauurniaaSiE g (Fe'ladiEnasnvasihdmaiananmuazin

a &
ARIBNIITNAA 10 AFI

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 274.0 0.101 31N
40 272.0 0.140 3.09
50 268.0 0.166 3.04
60 266.0 0.310 3.02
70 262.0 0.481 297
80 259.0 0.650 2.94
90 256.0 1.008 2.91
100 254.0 1.580 2.88

3’ Qs Qld =4
2) WiNuAHRdI

= & o o a a s a Y oo & A
M1919N 4.12 Nﬂﬂ'\iﬂﬂaﬂ'ﬂLLﬂﬂW]asn"lﬂﬂglylaﬂvlﬂaLﬂﬂ@ls‘ﬂ’ﬂﬂﬁuﬁluun'ﬂ“ﬂﬂﬂ

4, &
AHRIBNIINAA 10 A

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 276.0 0.397 3.13
40 274.0 0.540 3.11
50 271.0 0.750 3.08
60 267.0 1.060 3.03
70 264.0 1.440 3.00
80 261.0 1.930 2.96
90 259.0 2.370 2.94
100 257.0 2.930 292




g’ as I3
3) wraniaa

@199t 4.13 namaneseuurniaasidsgFeladidnasnuanihiiuthdy

AHwN1INaa 10 A9
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Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 273.0 0.350 3.10
40 272.0 0.444 3.09
50 269.0 0.638 3.05
60 265.0 0.977 3.01
70 262.0 1.340 297
80 259.0 1.860 2.94
90 257.0 2450 2,92
100 254.0 3.320 2.88

g’ Qs o U
4) W1 AWINTN

A15199 4.14 panrmagauLHnLa asm

AEwNITNaa 10 A9

Qs

NIFEUL
LT] @

Fe'ladiinasnuasindnirgng

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 277.0 0.374 3.14
40 275.0 0.410 3.12
50 272.0 0.566 3.09
60 269.0 0.761 3.05
70 266.0 1.080 3.02
80 263.0 1.540 299
90 260.0 2.130 295
100 257.0 2.800 292
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v B 9o
4.2.3.3 ¥AUNHIBNITNBA 20 A

& o [ (Y
1) FIARLNAAABNNINAZIN

A1519N 4.16 HANTINAFAUUNNLA a¥in

AWA1SNAN 20 A9

ar =t

MG

94

a8l anasNVa A WURAADNNIUASIN

Temperature (°C) Capacitance (pF) Tan 8 (%) Permittivity
30 275.0 0.260 3.12
40 273.0 0.290 3.10
50 270.0 0.302 3.06
60 266.0 0.444 3.02
70 262.0 0.502 297
80 259.0 0.720 294
90 257.0 1.202 2.92
100 255.0 1.670 2.89

g’ Qv Q.d =
2) winaNviaad

@19191 4.17 wamsnagauurniaasihatgyFnladidnasnyesiduadinias

AWAISNAN 20 A9

Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 276.0 0.377 3.13
40 274.0 0.481 3.11
50 270.0 0.741 3.06
60 268.0 0.911 3.04
70 265.0 1.230 3.01
80 262.0 1.710 297
90 259.0 2.500 294
100 256.0 3.060 291




3) wrsinian

A1519N 4.18 NANINARDULNNLA a%}‘h

fEwnITan 20 A9

Qs

RIFUL
q v

[
a & = o

= L% 6
foledienesnvasirdutay
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Temperature (°C) Capacitance (pF) Tan 8 (%) Permittivity
30 276.0 0473 3.13
40 275.0 0.566 3.12
50 271.0 0.692 3.08
60 268.0 0.923 3.04
70 265.0 1.250 3.01
80 261.0 1.740 2.96
90 258.0 2.280 293
100 255.0 3.110 2.89

g’ o o W
4) #IAW3IB1I

@19197 4.19 NANINARDLUNALA a%r‘h

AHIWNITNAN 20 AT

Qs

RIFTUL
q ¥

Fo'ladidnesnvasiuuhtnn

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 279.0 0.426 3.17
40 276.0 0.553 3.13
50 273.0 0.763 3.10
60 269.0 1.090 3.05
70 266.0 1.510 3.02
80 263.0 2.050 2.99
90 260.0 2.730 2.95
100 257.0 3.480 292
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ks [] 9
4.2.3.4 1AW NHIBNIINOA 30 A5

¥ o [ ar
1) WIRLAIAADNNIHAZIN

a

A13191 4.21 uamInazauunniAasi deladilineSnvaniduaiananmuaziu

NHIUNTNOA 30 A5

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 276.0 0.550 3.13
40 275.0 0.405 3.12
50 271.0 0.323 3.08
60 266.0 0.442 3.02
70 264.0 0.574 3.00
80 261.0 0.770 2.96
90 259.0 1.039 2.94
100 255.0 1.460 2.89

2) NI UNRAY
13191 4.22 HamMIaFaULHNLe ashagauinledifnaSnvanihdudunies

NHIUNNINBA 30 A5

Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 276.0 0.408 3.13
40 275.0 0.513 3.12
50 271.0 0.843 3.08
60 268.0 0.872 3.04
70 264.0 1.431 3.00
80 261.0 2.090 2.96
90 259.0 2.610 2.94
100 255.0 3.200 2.89




3‘ ar ['3
3) wnaniran

= 6o Qv =t a s a :’ Qs €
M1319N 4.23 Nan'ﬁnﬂaauuwnmamnmgm_,Laﬂvlﬂamnmnmmmuuﬂ'mu

NewA1INaa 30 A3
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Temperature (°C) Capacitance (pF) Tan 8 (%) Permittivity
30 2720 0.513 3.09
40 271.0 0.607 3.08
50 268.0 0.858 3.04
60 266.0 1.300 3.02
70 263.0 1.920 2.99
80 256.0 3.630 2.99
90 255.0 4.120 2.89
100 254.0 5.450 2.88

¥ oo s
4) AN

‘:' 6 o 9 =t a & a :’ @ o @
M1 WIN 4.24 Nanﬁmaauuwnmmmaogzy Lﬁﬂvlﬂal,ﬂﬂﬂiﬂ’lla\‘iu’lilui']‘ﬂ’]’l

NewAIINaa 30 a3

Temperature (°C) Capacitance (pF) Tan 3 (%) Permittivity
30 276.0 0.665 3.13
40 275.0 0.850 3.12
50 272.0 0.887 3.09
60 268.0 1.320 3.04
70 265.0 1.840 3.01
80 262.0 2.370 297
90 259.0 2.930 2.94
100 256.0 3.520 2.9
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4.2.3.5 WNWNHINNIITNEA 40 A5I

¥ o [ ar
1) }K1ARLAIAABNNINASINR

100

@15197 4.26 nansnasauunniaehaIgyEsladidnasnranihduaiaaannuazin

NewAIINan 40 A9

Temperature (°C) Capacitance (pF) Tan 8 (%) Permittivity
30 277.0 0.187 3.14
40 274.0 0.272 3.11
50 271.0 0.376 3.08
60 268.0 0.514 3.04
70 264.0 0.855 3.00
80 261.0 1.170 2.96
90 259.0 1.550 2.94
100 256.0 1.920 2.91

2) MaAnAKIaY

A €0 o a a s A ¥ o 4 A
M99 4.27 Naﬂ'li‘nﬂﬁallLL‘NﬂLﬂaiﬂ’lmg{yLﬁﬂvlﬂataﬂﬂiﬂ"nadu’l&luﬂ’lmaa\‘l

fNern1snaa 40 a9

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 278.0 0.653 3.16
40 276.0 0.715 3.13
50 2720 0.887 3.09
60 268.0 0.924 3.04
70 265.0 1.573 3.01
80 262.0 2.465 297
90 259.0 3.170 2.94
100 256.0 3.740 2.91




3) wdiwthan

A [-]
A1519N 4.28 WanInagauNnL@atin

a a

Aa & ry :’ s [
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SIFYLEE
Frunnan 40 a3y
Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 276.0 0.514 3.13
40 274.0 0.609 3.1
50 271.0 0.898 3.08
60 270.0 1.410 3.07
70 256.0 2.080 2.92
80 254.0 3.740 2.90
90 253.0 4.600 2.89
100 251.0 5.730 2.87

4) #13ins117

A15197 4.29 Han1InagauLNNLAaIm

AH1WNINAa 40 Q39

s =l

XL GIEH

laaianasnaadiiaiuigng

Temperature (°C) Capacitance (pF) Tan & (%) Permittivity
30 277.0 0.640 3.14
40 275.0 0.832 3.12
50 2720 1.198 3.09
60 268.0 1.201 3.04
70 266.0 1.780 3.02
80 262.0 2.440 297
90 259.0 2.890 294
100 256.0 4.000 291
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4.3.3 HANINAFIUAIANNAINWBABUTIARDIUNAA(KV)
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1) B2aU
A151971 4.31 HAMTNATALAANNAINUADUTIGUDUNRTTAIRY

¥ o ¥ o v Walnan .

NPT Wi W wH®
No. a = o W I’ nan Y]
AINADY 31212 Unan 5 112lnn
MUALIN

1 110.7 102.9 109.8 111.5 106.3
2 108.0 109.0 1159 115.0 106.3

3 108.0 109.0 100.2 108.1 107.2
4 108.0 108.1 108.1 108.1 115.0
5 109.0 108.1 108.1 109.0 107.2
Average 108.7 1074 108.4 110.3 108.4

2) W
AN 4.32 HANTNARALANANNAINIADLTITUBUNARTALN

¥ o ¥ o v, WAHINER .

R W wIH® W%
No. L 0w ¢ fan %
DINNADY 31912 Unaw 5 212In0
MRATIN

1 71.4 895 90.4 69.2 71.5

2 81.7 100.7 72.2 69.6 71.3

3 102.5 91.2 72.2 834 83.4

4 834 82.6 72.2 72.2 71.3

5 102.5 826 72.2 71.3 71.3
Average 88.3 89.3 75.8 73.1 73.7




wnasduwenasnasnulidusumsldnuwionsdanwiwhiiu bleyanaliinldldysslesiawmsim
laidnsailas visdw dnvisinudl idawdasiitomuwazdiassnsdsdsdrvessenarsvnnasendmsiinblls



unn s

¥
aﬂuawmaummz

5.1 agul

INHANISNARBINLAN MImidnanuamudansiewlnmwasthdufiy
FINaROUMUNIATF N IEC 156 detheansauiisuiudanuamudaussawlwyi
maaﬁw"’umfaLLﬂmmaJmmgm Fernnuaindasfidnannnin 25-30 kv wudn Tugauzes
dsulnal dhduthsudenamnuamudousei gaﬁﬁg@ﬁszé’u W39R% 54.53 kV Hadlen
anmrsTuRTauLas 2.18 Wh uadniiduRrumman Tuudace s dauindy
ﬂ"aﬂaﬁmmwmﬂwiaLLsaé’uvaﬂwgaﬁfgﬂ LAz ANUAINUGBLSIn RN 2zRRINN
SuesfiriwmImenfianndu

fnsunmsnageusnnnedindigyFoladiinain lasvhawunasgiu
ASTM D924-03A lavhdnanSeuifisuiudunninefisigydeladifnainuas
frdunioudssausnasgu Ssianalddenlifin 0.3%  wudn ddudrnIwaden
LLwnma%ﬁﬂﬁiﬂgzyLﬁﬁ‘lﬂﬁﬁnm%nﬁgaﬁq@ ralusauvasihduinln wazihsuRiicu
MMAALR? Lmzﬁw‘"mﬁ@@anmumi’ulﬁmLLwnmai‘ﬁ']ﬁagagLﬁﬂ@ﬁlﬁn@%ﬂﬁe‘%wﬁq@
Milugmuasinduialng wasisiuRofdumsnaauda

FIRIUMINAFOUAIAM AN A UTIAHBUNAT  Lagrhauanasgin
ASTM D3300-00 insienunifauifisurusamnuainusdousiduduiad vesindunde
wlas MAIAIFIUIIARAIIFRIIAININNTT 145 KV WU NMINARIVAIANUAINUAD
WsITuENNaE Taau ﬁwﬁ‘umﬁmanmum’i‘uﬁ@hmwmwumLLsaé‘uﬁuﬁaa‘gaﬁq@ﬁ
JTAULSIA® 110.3 KV %agandwﬁwﬁuﬁmﬁmé‘u LAZMSNAREUTALIN BT
%ﬂ‘i’nlﬁﬂ'm'smﬂmmﬁaLmé’uﬁuﬁ‘aa‘geﬁq@ﬁsﬁULLsaé’u 89.3 kV %aganﬁwﬁwﬁuﬁw
afiadu anmavhlassnuiias naldiamsulacngg yasfniuRrdum Idufisassma
et wmmanannd

a‘h%%’u‘[ﬂsamuﬁmmsnagﬂﬁ'j'] f:nﬁuﬁﬁqmauﬁ’aﬁlnﬁﬁmﬁ’uﬁwaﬁ’u
m‘i’mmaamnﬁq@ &0 ity Femammasssdumsiensiamsatani s

1
W 9/ =

1 Q‘: Qs o/ = o~ Qs o/ A = 1

Wity diasdasdnisfianzdquand@niediudugdn gu qmantanisauied,
Qo Q o/ A © :‘ Qs o/ o/

quaananediumanw udu gelumshihadunz il fnuduawinlundoudssuse
el &< o Y o oA \ o a o s o

aunsoibug uw dasdshauRzasnsdndluini il fud s amauanisiu

o 1Y di a a :J A aQ :‘ A o/ :‘ Qe o
WA waernedudnug windy iWenessunsadinduie il gmuunuirdundauda
TaSedaluluaman



107

5.2 ABIARD W
~ @ E [V [ @ o o
1) ansfimssanIasonusianuuudaluald Wldaunasguitnue
Qs o Qs 3 Qs () d‘; :J 1 3 Qs 'y - 2
o11Y Nz as AT B sse Wl TnasauLdszasIn L ® Az ldlddaana
1 L CJ =1 A’ Qi
AINUAaUTIGW IR AR a1
& & : o
2) AsEinTIALANANNTH WTNzaN USRI Naag1ININda AnNITnagau
(-3 QL A Qs A’
wWwszaztinldanf Idfaunewly
:1 % :‘ s a - A s cgJ
3) mmzwlﬁmsagmwmsazm@Lmzﬂ@lﬁmmLwaﬂaanumwmu
1 d‘; o v:‘ Q' - :J
4) lunmmemauudszassarsi i duliacnawieenge
5) lumsmagaumaanunimudansiaudunad aastlouussaudanas
@ ' v A s § o A s v A a
TaglsidosdoginsnineseuiFeorian LA e EIBLSIanAtlannuusiauinaanase

o o § w S 4
%G%Zﬂﬂlﬁﬂﬂ?ﬂ@ﬁa‘ﬂLL&]%El"]EIG%J%



[
2]
[3]

[4]

(5]

[6]

[8]

[°]

[10]

[11]

LONATO19DY

a3.81928 dadazena, Iaanyan infuseg, RurinSafia: 2549,

waaseg Wasat, Jaqdaanssalaf, wut: awuuszizgawinlnih, 2550.
Afla #3793, “m'saanLLmJLLa:a%”'m"g@maaumwmﬂu"lmﬁLﬁn@l%nn's:maé'u
yassnTunTaulss” Inerfnwsidinssnagasumidnda, s1v1370
Feanssulni, @Wﬁmn'stﬁwﬁﬂmﬁa, 2543,

fimd wazndied, wiawa Jolsasd, Todad  afseesiud wezgnge Jauwils,
“m‘sﬁnmqmamﬁmaaﬁ'\ﬁwﬁaLLaJm," USqandnnsidinssuaiaasioia,
sandranssulnih, sondiwnaluladwszeauindidrigunmsananseils, 2549.
AN NTIYTANS, N3FNG A319ANSY, WNAA ﬁuﬁmngﬁ, ezt Inmans,
“mﬂﬁﬂm'si’@mmmﬁ’ﬁmwELLazLwlﬂL@@%Wé'aanugtyLﬂé'}"l.@'ﬁl,aﬂﬂ%ﬂluamu,"
PSagRnndienssuagasimia, :1373anssu i, sondunalulad
WIZAAULNAY Lﬁi”ﬁqmwm'sm@n'szﬁ'a, 2539.

3TN Yiis, ‘msdnmnilasefnansenudaussduusanailuinduie,”
InprnnsddInssuaaasunItmAa, s1a1imnssuivia,  soln
inaluladnszasandndrgmnnisananszds, 2532,

suifiesd quiian, “mIEnIANNAINHIaINMIaINdaLsIswina s
AT EUTITWIAFNTZULRREL,” INLNANWBEIAINTINANFATHRILUAA, §127
Aranssu i, sodwnalulsdnszeanindidganmemnanssils, 2528
WRUWEI NALNG oz gund Walnym, wa3astusnmmwanaduihduanin,
Pganfinwsianssuenaasinia, sadanssalii, smdwmalulad
W's:ﬁ)amLné”'n,ﬁj”'lﬂzmm'sa’mn'szﬁ'a, 2540.

Wetena wgava, “Nammm']N%W,L'Né’uw'snm’;ﬁuazﬁmﬁa§3ﬂﬂ§uﬂmwaa
WNUNTINANANATZIH, INYIRNBSI@INTINAIFATNMITIRAG,  F191TT
Aeanysalwih, gaanssluninenss, 2547.

TIWINS My, M0 ANLUULAEFI9ATOIR L ALTI AU WA R UL IR
& 2w1@ 800V, IngrRnnsIAInTINAIgasuRItMAR, 51291977
Jeanssnni, qumnszﬁwﬁwmé’a, 2545,

Unsal guuns, “MNINORAULEDEINNIZEZENNVIBUNAF LaLA6 Laassnede
211a 300 Alalaad AuaNAIFI% IEC 600602, INLNANBEIAINTINAIIAT

NI, F11 3T 3AINTIN IR, agwwmnsrﬁwﬁwmé‘ﬂ, 2547.



(2]

[13]

[14]

IEC 156: Insulating Liquid Determination of the breakdown Voltage at power
frequency Test method, Second edition 1995-07.

IEC 247: Measurement of relative permittivity, dielectric dissipation factor
and d.c. resistivity of insulating liquid, Second edition 1978.

D924-03a: Standard Test Method for Dissipation Factor (or Power factor)
and Relative Permittivity(Dielectric constant) of Electrical Insulating Liquid,
2003.



ATANWIN



MARKIN A
uasgwilfinninagaudianaamwaanseaw i



NORME CEl
INTERNATIONALE 1EC

INTERNATIONAL 196
STANDARD Deusa dctr

1995-07

Isolants liquides —

Détermination de la tension de claquage
a fréquence industrielle —

Méthode d’essai

Insulating liquids —

Determination of the breakdown voltage
at power frequency —

Test method

© CEI 1995 Droits de reproduction réservés — Copyright — all rights reserved

Aucune partie de cette publication ne pewt tre reproduite ni No part of this publication may be reproduced or utilized in

ulilisée sous quelque forme que ce soit &l par aucun pro- any form or by any means, electronic or mechanical,
c5dé, 8l ique ou mécanique, y compris ta photocopie et including photocopying and microfitm, without permission
fes microfilms, sans Faccord éoril de 'édileur. in writing from the publisher.

Bureau Central de 1a Commission Electrotechnique Internationale 3, rue de Varembé Gengve, Suisse

Commission Electrotechnique Internationale CODE PRIX
International Electrotechnical Commission PRICE CODE L '
Menayrapoanan SnextportexHuyeckan Komuccus
— =1 Pour prix, voir catalogua an vigueur
For price, see current catalogue




156 © IEC:1995 -3-

CONTENTS
Page
FOREWORD ..oooeooe o eeesesee s et seesesss s s s s sss s s et enss s s . 5
INTRODUGCTION ... ocectetetrieteeeaerneersessesesssatreese st et ameasisssssess s s srsasstes s g asaasnas shsataresctt st et sanasarases 7
Clause
I 1o o TP PSSRSOV PO PP PP RO PS rretrent ettt s e b 9
2 NOMMALVE FETEIENCES .....cuoceuirimmremnmmistsre sttt st s s b sttt e aes 9
3 EleCtrical @pPParats ....c..coimmrtrieiirsesssie sttt cessissss s st s s st 9
3.1 Voltage regulator.......ccocmriccecicnnccanias et R e 9
3.2 Step-up transformer...... ..o feereeetssesas s st e s st s snsanannes 1
3.3 Currentlimiting rESISONS .......ocvree et ereereenen 11
3.4 SWitching SYSIEM. ..ot reresrreesrseseesansniassassans -
3.5 Measuring GEVICE .......cuciicesistesmsrmanrssanssramsasastssistscassssssssesasassasanarassasssassnassacs pervessesnsenare 13
4 TESEASSEIMDIY...v.cueescvcereeeerecrcmicimiem et s aes e r s s ss bt bbbt s AR e 13
Bl T OSE GBI euveevrrereeeeereeeessevoseesremesanassssenseserasatreteasas ababsr e asR s b et e s e R a e LS Rt e T e SRR Sa ot s e e T s s E b 13
4.2 EIOCITOUES ....cveerereeererrerrresrmrecirinssssinisarnonessasssesassssossarsatasssssssessens ................................. 13
4.3 Stirring (optlonal) ............................. 15
5 Preparation Of ElECHOTES ........oocuurimmirimrerersssisssssssssssasssssssessssesssssssscomsiss s s ssense 15
6  Test assembly Preparation.... ... ceoieieine e 15
A =711 T (OO TS RO SRR 17
7.1 Sample containers ..........ccceeeeeeeeens ................................................................................. 17
7.2 SamMPling tECHMIGUE. ........oceeeer ettt str st b s s st 17
8  CONGition OF the SAMPIE ..ceeerreieeeeceri e st b s b 17
G TESE PrOCEAUNE.......cceeeeeeeeecriiesrtrirs s st st s 17
0.1 SAMPIE PrEPAFALION....c.cv.erercniirimsesreesissiraasasaresesses i s s s sttt 17
8.2 Filling of the cell......cccennriicnnn. ereeeereereararaaennnn STV PIPI OO 19
9.3 Application of VORAGE .........ccurmrreeireincenincnetsircrs st s 19
L (oI = Y oo« SO OO OO S R R R U 19
11 Test data diSPErSION.......cccoeuri ettt ettt e 19



156 © IEC:1995 ' : ~5-

INTERNATIONAL ELECTROTECHN[CAL COMMISSION

INSULATING LIQUIDS DETERMINATION OF :
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY -

TEST METHOD

FOREWORD'

1) The IEC (International Electrotechnical Commission) is a woridwide orgamzation for standardization compnsmg
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote

. international cooperation on ail questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes "Intemnational Standards. Their preparation is
entrusted to technical’ committees; any IEC National Committee interested in the subject dealt with may

- participate in this preparatory work. international, governmentat and non-governmental organizations liaising
with the IEC also participate in this preparation.. The |IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with condrtrons determined by agreement between the iwo
organizations. -

2) The format decisions or agreements of the |EC on technical matters, prepared by techmcal commlttecs on whlch
all the National Committees having a special- interest therein are represented, express as nearly as possrbte, an
: mternatronal consensus of oplmon on the subjects dealt with. )

. 8) They have the form of recommendations for- international - use pubtrshed in the form of standards, techmcal
reports or guides and they are accepted by the National Committees in that sense. o

4) In order to promote lnternational umfrcatron, IEC National Committees undertake to apply IEC Internatronal
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the- correspondrng natronal or regional standard shall be clearly

} indicated in the latter. *

'-Internatlonal Standard IEC 156 has been prepared by IEC techmcal commrttee 10 Flurds for

electrotechnical apphcatlons :

ThIS second edition cancels and replaces the frrst edltlon pubhshed in 1963 and constrtutes a

: techmcal revision.

" The t'ext:of_this standard_is based on theffoIIOWing documents:

- DIS o o Report on voting -

10/338/DIS o 10/346/RVD

Full mformatron on the voting for the approval of this standard can be found in the report on
otlng indicated in the above table.
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INTRODUCTION

As normally applied, breakdown voltage of msulatmg hqunds is not a basic material property but
an empirical test procedure intended to indicate the presence of contaminants such as water
and solid suspended matter, and the adVIsabllnty of carrylng out drying and filtration treatment

The breakdown voltage value: of msulatmg |lC|UIdS strongly depends on the particular set of

conditions used in its measurement. Therefore, standardized testing procedures and equ1p~- o

. ment are essentlal for the unambiguous mterpretatlon of test results.

The method descnbed in thlS lnternat|onal Standard applies to elther acceptance tests on new
deliveries of insulating liquids, or testing . of treated liquids prior to or dunng flllmg into electrical
equnpment or to the monitoring and. maintenance of oil-filled apparatus in service. It specifies .

- rigorous sample-handling procedures and temperature control that should be adhered to when

certified results are required. For routine tests, especially in the field, less stringent procedures -
may be practlcable and it is the responsibility of the user to determlne thelr effect on the
- results. . :
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INSULATING LIQUIDS — DETERMINATION OF
THE BREAKDOWN VOLTAGE AT POWER FREQUENCY ~

TEST METHOD

1 Scope

This International Standard specifies the method for determining the dielectric breakdown
voltage of insulating liquids at power frequency. The test portion, contained in a specified
apparatus, is subjected to an increasing a.c. electrical field by means of a constant rate of
voltage rise until breakdown occurs.

The method applies to all types of insulating liquids of nominal viscosity up to 350 mm2s~1 at
40 °C. It is appropriate both for acceptance testing on unused liquids at the time of their
delivery and for establishing the condition of samples taken in monitoring and maintenance of
equipment.

2 Normative references

The foliowing normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
|EC and 1SO maintain registers of currently valid International Standards.

1EC 52: 1960, Recommendations for voltage measurement by means of sphere-gaps (one
sphere earthed)

IEC 60, High-voltage test techniques
1EC 475: 1974, Method of sampling liquid dielectrics

3 Electrical apparatus

The electrical apparatus consists of the following units:

a) Voltége regulator

b) Step-up transformer
c) Switching system

d) Energy limiting devices

Two or more of these units may be integrated in any equipment system.

3.1 Voltage regufator

Uniform increase of voltage with time by manual means is difficult and, for this reason,
automatic controi is essential.
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~ Voltage control may be achieved by one of the following methods:

a) Variable ratlo auto-transformer
b) Electronic regulato_r

¢) Generator-field regulation

d) Induction regulator

o) .Resis‘tive’,type voltage divider

' 3.2 Step-up transformer

The test voltage is obtamed by using a step- up transformer supplled from an a.c. (48 Hz to 62
_Hz) voltage source whose value is gradually increased, The controls of the variable low-voltage
~ source shall be capable of varying the test voltage smoothly, uniformly and without overshoots -
" or transients. Incremental increases (produced, for example, by a vanable auto-transformer)
‘shall not exceed 2 % of the expected breakdown voltage :

The voltage applled to the electrodes of the quurd -filled cell shali have an approxnmately
“ sinusoidal waveform, such that the peak: factor is wrthm the followmg limits: 1,41 = 0 07 :

The centrefpoint of_the secondary winding of the transformer .should be connected_to earth.

3. 3 Current—l:mltmg resistors

To. protect the equipment and to avoid excessive decomposmon of the liquid at the instant of
breakdown, a resrstance ltmltlng the breakdown current may be mserted in series with the test .
cell.

The short—crrcurt current of the transformer and associated c:rcurts shall be wrthm the- range of
10 mA to 25 mA for all voltages higher-than 15 kV. This may be achieved by a combination of
re5|stors in either or both the primary and secondary crrcurts of the hlgh voltage transformer

3 4 Switching system
3. . 1 Bas:c requ:rements '

Thé circuit shall be opened automatically |f an established arc occurs. The primary. ctrcurt of the.
step-up transformer shall be fitted with a circuit-breaker operated by the current resuiting from
the breakdown of the sample, and shall break the voltage within 10 ms. The circuit may be
opened manually if a transient spark (audlble or visible): occurs between the electrodes.

NOTE The sensitivity of the current-sensing element depends on the energy-limltlng dewce employed and
only approxrmate gurdance can be given. Normally, triggering of cut-off bya -current of 4 mA maintained for
. 5'ms is acceptable, while fast energy-llmrtmg (see 3.4.2) triggering by a transient current of 1.A maintained
for 1 ys has been found satlsfactory

3.4.2 Spec:al requ:rements for srllcone Irqurds

Sillcone liquids can give rise to solid decomposrtlon products through the actlon of. electrrc A
discharges, which may cause gross errors in the observed. results. In such cases, all feasible

steps shall be taken to mrmmlze the energy avallable for dlss1patlon |n the breakdown
dlscharge : : :
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. 'Whllst current limiting as “above, combined W|th lsolatlon of - the step-up transformer primary
" within 10 ms, is adequate for hydrocarbons Mote satisfactory performance for silicone liquids
is obtained by short circuiting of the primary circuit of the transformer by a low-impedance or by

_use of.a -low-voitage device for detection of breakdown acting within a few microseconds. This

-device may be of either analogue (for example, modulating amplitier) or switching (for example,

+ thyristor) type. By the use of this device, the output voltage of the step-up transformer shall be

_reduced to zero within 1 ms of detection of breakdown, and shall not thereafter increase again
until the next step of the test sequence is commenced

85 Measunng device

" For the purpose of this standard the magnrtude of the test voltage is defmed as :ts peak value
~ divided by J_ : -

This voltage may be measured by means of a peak~voltmeter or. by means of another type of
voltmeter connected to the input or output side of the testing transformer, or to a special
* winding provided thereon; the instrument then used shall be caltbrated against a standard up to
' the full voltage which it is deslred to measure.

A method of cahbratlon which has been found satlsfactory is the use of a. transfer standard.
This is an auxiliary measuring device which is connected in place of the test cell between the
high-voltage terminals to. which it presents the same impedance as the filled test cell. The.
auxiliary device is separately calibrated against a.primary standard for example, a sphere gap ‘
in accordance with IEC 52 (see also IEC 60). .
"4 Test assem’bly

4.1 Testcell -
" The vol'ume of the cell shall be between 350 ml'and 600 mi.
~ The ‘cell shall be made of material that is- electrically insulatlng,.transparent’ and chemically
- inert, resistant to the msulatlng Ilqwd and the cleaning agents which may be used. :

The cell shall be prov1ded wuth a cover and shall be deSIgned to permlt easy removal of the
‘ electrodes for cleaning and malntenance

_ Ex'amples of suitable cell designs are given in figures 1 and 2.

4 2, Electrodes

The electrodes shall be made elther of brass, bronze or austenltlc starnless steel. They shall be '
polished and, in shape, either spherical (12,5 mm to 13,0 mm diameter) as shown in figure 1 or -
© partially spherical of the shape and dimensions given in figure 2. The axis of the electrode -
- system shall be horizontal, and at least 40 mm below the surface of the test liquid in the cell.

.. No part of the electrode shali be closer than 12 mm to the cell wall or stlrrer The gap between o

the electrodes shall be 2,50 mm 0 05 mm.
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~The electrodes shall be examrned frequently for pltttng or other damage and shall be
mamtamed or replaced as soon as such damage is observed :

43 Stirring (opttonal)

| 'The test may be conducted with or without stlrrlng Differences between tests wnh or without.
-stirring have not been found statistically significant. A stirrer, however, may. be convenient
espeCIaIly wrth apparatus capable of automatic operatron :

_ Stirring may be achleved by means of a two- bladed rmpeller of effectlve d|ameter 20 mmtoc 25 -
mm, axial depth 5 mm to 10 mm, rotating at a speed of 250 r.p.m to 300 r.p.m. The impeller
shall not entrain air bubbles and preferably rotate in such a direction. that the resultmg Irqurd
flow is dlrected downward It shaIl be constructed so that it is easily cleaned

Stirring by means of a magnetic bar (20 mm to 256 mm in Iength and 5§ mm to 10 mm in
dlameter) is an acceptable alternative when there isno risk of removmg magnetic partlcles ‘

Th‘e-dimenswns of the stirring device shall conform .to the clearance_requrrements in 4.2.
5 ’Prep‘aration of electrodes'

New electrodes, pltted electrodes electrodes which have not been properly stored for a
consnderable time shall be cleaned by the followung procedure S _
~ clean-all surfaces with-a suitable volatile solvent and allow the solvent to evaporate

—~ polish with fine abraswe powder (for exampte ]eweller S rouge) or abraswe paper or cIoth}
(for example, crocus cloth); . :

_— after polishing, ‘clean with. petroleum Spll‘lt (reagent quallty borlrng range 60 °C 80 °C)
followed by acetone (reagent quality); . .

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

6 'Test assemb_ly prep'aration

ltis recommended that a separate test. cell assembly be reserved for each msulatmg llqmd
' type S . :

" Test assembhes shall be stored in a dry place covered and fllled with dry msulatrng llQUld of~
-the type in regular use in the cell ,

On change of the: type of llQUld under test, remove all resxdues of the previous liquid wrth an
appropriate solvent, rinse the assembly with-clean, dry liquid of the same type as that to be -
tested, drain and refill. : :
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' 7 'Sampling
741 Sample contamers

Sample size should be approxrmately three times the capacrty of the test cell.

: Appropnate sample- contamers shall comply wrth lEC '475. An amber glass bottle is the

‘preferred container. Clear glass bottles may be used but they shall be shielded from direct light
until_ready to:- be tested. Plastic containers which are not attacked by the liquid to be tested -
may be used, but these shalil not be used more than once. For sealing, screw caps with
polyoleflne or polytetraﬂuoroethylene msert are preferred ' ‘

~_Containers and caps shall be cleaned by washmg with a surtable solvent to remove residues of
an earlier sample. Containers shall next be rmsed with acetone, traces of which shall be
removed by blowmg with warm alr

" After cleaning, co‘ntainers shall be immediately capped'and kept ,s'ealed until used.

72 Sampllng technlque .

Sampling of new ‘and used msulatmg llqurds shall be carrred out in full compllance wrth" _
procedures detailed in lEC 475 . . .

‘When samplmg, contarners should be almost filled with sample leaving about 3 % of the
contamer volume as free air space '

Breakdown voltage is extremely sensitive to the slrghtest contamination of the sample by water
and . particulate matters. Special reference is made to precautions necessary to avoid
contammatron of the sample and the need for trained personnel and expenenced superwswn

Unless otherwrse required, the sample is taken where the llqurd is l:kely to be most
contarinated, usually at the lowest pomt of the contamer holding it.

8 CQndition of the sample _ A

. The test is carried out, unless otherwrse specified, on the sample as received without drymg or
degassmg : . :

At the time of test the temperatures of the test liquid and ambxent air shall not dltfer by more

~ than 5 °C and for referee tests the liquid temperature shall be 20 °C + 5 °C.

9 Test procedure '

9.1 Sample preparatron

lmmedlately before filling the test cell, the sample container is gently agltated and turned over _
several times in such a way. as to ensure as far as possible a homogeneous drstrlbutron of the :
lmpurltres contalned in the quurd without causrng the formation of a|r bubbles.

Unnecessary exposure to the ambrent air of the sample shall be avonded
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9.2 Filling of the cell

Immediately before commencing the test, drain the test cell and rinse the walls, electrodes and
other component parts, with the test sample. Drain and slowly fill with the test sample avoiding
the formation of air bubbles.

Measure and record the temperature of the liquid.
Position the cell in the test equipment and start the stirrer if used.

9.3 Application of voltage

The first application of voltage is started approximately 5 min after completion of filling and
checking that no air bubbles are visible in the electrode gap.

Apply voltage to the electrodes and uniformly increase voltage from zero at the rate of
20kVs1 t 0,2 kV s~ until breakdown occurs. The breakdown voltage is the maximum
voltage reached at the time the circuit is opened either automatically (established arc) or
manually (visible or audible discharge detected).

Record the value.

Carry out six breakdowns on the same cell filling allowing a pause of at least 2 min after each
breakdown before re-application of voltage. Check that no gas bubbles are present within the
electrode gap. If a stirrer is used, it shall run continuously throughout the test.

Calculate the mean value of the six breakdowns in kilovolts.

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

The report shall also include: the sample identification, the value of each individual breakdown,
the type of electrodes used, the frequency of the test voltage, the temperature of the liquid, the
use of a stirrer (if any).

11 Test data dispersion

The scatter of individual breakdown voltages has been found to be very dependent on the.
value of the resuit. The graphical representation of figure 3 indicates the values of standard
deviation/mean ratio which have been found in a large body of test data in several laboratories
using transformer oil.

The full line in the graph shows the distribution of the median value of SD/mean as a function
of the value of the mean. The dotted lines indicate the expected 95 % range of values of
SD/mean as a function of the value of the mean. :
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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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Figure 2 - Exemple d’une cellule et d’électrodes hémisphériques appropriées
Example of suitable cell and partially spherical electrodes
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Figure 3 — Représentation graphique du coefficient de variation (rapport de I'écart type
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ﬂg]b/) Designation: D 924 - 03a
il

VTERNATIONAL

Standard Test Method for

Dissipation Factor (or Power Factor) and Relative
Permittivity (Dielectric Constant) of Electrical Insulating

Liquids’

This standard is issued under the fixed designation D 924; the number jmmediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

. Scope

1.1 This test method describes testing of new electrical
1sulating liquids as well as liquids in service or subsequent to
ervice in cables, transformers, oil circuit breakers, and other
lectrical apparatus.

1.2 This test method provides a procedure for making
eferee tests at a commercial frequency of between 45 and 65
Iz

1.3 Where it is desired to make routine determinations
equiring less accuracy, certain modifications to this test
aethod are permitted as described in Sections 16 to 24.

1.4 This standard does not purport to address all of the
afety concerns, if any, associated with its use. It is the
esponsibility of the user of this standard to establish appro-
wiate safety and health practices and to determine the
wplicability of regulatory limitations prior to use. Specific
varnings are given in 11.3.3.

'. Referenced Documents

2.1 ASTM Standards: *

D 150 Test Methods for AC Loss Characteristics and Per-
mittivity (Dielectric Constant) of Solid Electrical Insulat-
ing Materials

D 923 Practices for Sampling Electrical Insulating Liquids

D 2864 Terminology Relating to Electrical Insulating Lig-
uids and Gases

D 2865 Practice for Calibration of Standards and Equip-
ment for Electrical Insulating Materials Testing

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

2.2 IEEE Standard:

! This test method is under the jurisdiction of ASTM Committee D27 on
3lectrical Insulating Liquids and Gases and is the direct responsibility of Subcom-
nittee D27.05 on Electrical Tests.

Current edition approved Oct. 1, 2003. Published December 2003. Originally
wpproved in 1947 as D924 —47 T. Last previous edition approved in 2003 as
0924 -03.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
sontact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
3tandards volume information, refer to the standard’s Document Summary page on
he ASTM website.

Standard 4 IEEE Standard Techniques for High-Voltage
Testing®

3. Terminology

3.1 Definitions—Definitions of terms used in this test
method are given in Terminology D 2864. Also refer to Test
Methods D 150 for detailed discussion of terms.

4. Significance and Use

4.1 Dissipation Factor (or Power Factor)—This is a mea-
sure of the dielectric losses in an electrical insulating liquid
when used in an alternating electric field and of the energy
dissipated as heat. A low dissipation factor or power factor
indicates low ac dielectric losses. Dissipation factor or power
factor may be useful as a means of quality control, and as an
indication of changes in quality resulting from contamination
and deterioration in service or as a result of handling.

4.1.1 The loss characteristic is commonly measured in
terms of dissipation factor (tangent of the loss angle) or of
power factor (sine of the loss angle) and may be expressed as
a decimal value or as a percentage. For decimal values up to
0.05, dissipation factor and power factor values are equal to
each other within about one part in one thousand. In general,
since the dissipation factor or power factor of insulating oils in
good condition have decimal values below 0.005, the two
measurements (terms) may be considered interchangeable.

4.1.2 The exact relationship between dissipation factor (D)
and power factor (PF) is given by the following equations:

PF = _._D___ D= __PF__ )
\/1+D? \/1-(PF)?
The reported value of D or PF may be expressed as a
decimal value or as a percentage. For example:
Dor PF at 25°C = 0.002 or 0.2% (03]
4.2 Relative Permittivity (Dielectric Constant)—Insulating

liquids are used in general either to insulate components of an
electrical network from each other and from ground, alone or

3 Available from Institute of Electrical and Electronic Engineers, 445 Hoes Lane,
Piscataway, NJ 08854.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 18428-2959, United States.
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in combination with solid insulating materials, or to function as
the dielectric of a capacitor. For the first use, a low value of
elative permittivity is often desirable in order to have the
apacitance be as small as possible, consistent with acceptable
hemical and heat transfer properties. However, an intermedi-
te value of relative permittivity may sometimes be advanta-
eous in achieving a better voltage distribution of a-c electric
elds between the liquid and solid insulating materials with
hich the liquid may be in series. When used as the dielectric
in a capacitor, it is desirable to have a higher value of relative
ermittivity so the physical size of the capacitor may be as
mall as possible.
4.3 Theory relating to dielectric measurement techniques
nd to sources of dielectric loss is given in Test Methods
150.

. Sampling
! 5.1 Sample electrical insulating liquids in accordance with
bractices D 923. Samples to be subjected to this test should
referably be obtained through a closed system. If exposed to
tmospheric conditions, it is preferable to take the sample
vhen the relative humidity is 50 % or less. If it is not feasible,
he length of time the sample is exposed to atmospheric
onditions must be kept to a minimum.

5.2 Some liquids, in certain applications, require special
jandling and processes in the sampling, and these will be
ound in the governing procedures. Consult such procedures
efore samples are taken.

5.3 The quantity of sample taken for this test shall be
sufficient for at least three separate determinations of loss

haracteristics and relative permittivity.

5.4 The loss characteristic measurement (dissipation factor

r power factor) may be affected by contamination introduced

uring sampling and subsequent handling.

b o}
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PROCEDURE FOR MAKING REFEREE TESTS

6. Apparatus

6.1 Measuring equipment used in these procedures shall be
in accordance with Test Methods D 150.

6.2 Use only a three-terminal cell for these tests.

6.3 The design of test cells that conform to the general
requirements given in the Annex are considered suitable for use
in making these tests.

6.4 Forced-Draft Oven:

6.4.1 When the tests are to be made above room tempera-
ture, a suitable forced-draft, thermostatically controlled oven
shall be used as the test chamber. The oven must be capable of
meeting the temperature requirements set out in Section 11. For
tests at room temperature the unheated oven can be conve-
niently used as the test chamber.

6.4.2 Provide the test chamber with an opening in the wall
through which two lengths of TFE-fluorocarbon-insulated (or
similar) shielded cable pass to make electrical connection from
the measuring equipment and high-voltage transformer, respec-
tively, to the test cell. Use a perforated ceramic plate or disk to
insulate the test cell from the metal flooring of the oven if the
flooring is not insulated from the oven. Provide a safety
interlock on the door of the oven so that the electrical circuit
supplying voltage to the test cell will be broken when the oven
door is opened.

6.4.3 A cross-sectional view of the test chamber with a
three-electrode test cell in place and with test cables connected
is shown in Fig. 1.

6.5 Automatic Thermo-Regulator Cell:

6.5.1 When tests are to be made above room temperature
but below the flash point, an automatic thermo-regulator cell
can be used as long as it provides uniform heating of the test
cell.

ﬂ.v?S -220%

TFE-FLUOROCARBON
DIELECTRIC
UNF CABLE 3000V.
Q&m—w RGI144
10 BRIDGE Celsius
THERMOME TERS
GUARD QUTER
"D
90-u0'c
F NNER
HIGH ( 7 GLASS ==
VOLTAGE/‘lﬁ I DOOR
LEAD
’5—'—"’ CELL
FORGED DRAFT
! OVEN ~— ==
PERFORATED GLAZED
1‘ CERAMIC
DISK
Cr o ni1-uam-o

FIG. 1 Test Set-Up for Dissipation Factor Measurements at Elevated Temperatures Using Three-Electrode Test Cell
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6.5.2 The automatic thermo-regulator cell must be able to
ovide rapid, controlled rate of temperature rise, and be able
- maintain a liquid temperature constant to within +1°C.

Calibration

7.1 Calibration of test instruments shall be traceable to
itional standards.

7.2 Verify the calibration at least annually using reference
avices that are traceable to national standards.

7.3 Refer to Practice D 2865 and IEEE Standard 4 for
ridelines on calibrating test equipment.

. Test Temperature

8.1 The temperature at which a referee test is made shall be
wtually agreed upon between the purchaser and the seller.
leasurements are made at many different temperatures. For
:ceptance tests, it is generally made at a temperature of
00°C, while for routine testing it is usually made at 25, 85 or
00°C. In some research investigations, tests may be made at
ansiderably higher temperatures while in other cases, particu-
irly for tests on cable oils in service, tests may be made over
range of temperatures.

. Test Voltage

9.1 The average stress to which the specimen is subjected
1all not be less than 200 V/mm (5 V/mil) (rms). Tests at higher
Tesses are desirable but shall not reach such values that
lectrical discharges across the cell insulating surfaces occur or
jat internal ionization of the specimen may be expected.
tress ranges in normal usage for referee tests are 200 to 1200
fmm (5 to 30 V/mil) (rms).

9.2 Because the ac loss characteristics can vary with voltage
iress, for reference purposes it is desirable to make the
1easurements at a specific value of voltage stress within the
mits in 9.1.

9.3 Referee tests should be carried out in the frequency
ange 45-65 Hz.

0. Cleaning Test Cell

10.1 The cleanliness of the test cell is of paramount impor-
ince when measuring loss characteristics because of the
aherent susceptibility of most insulating liquids to contami-
ating influences of the most minute nature. For this reason,
lean and dry the cell immediately prior to making the test, and
trictly observe the procedures and precautions outlined in 10.2
> 10.5.

10.2 Dismantle the cell completely and wash all the com-
onent parts thoroughly with a technical grade of a suitable
olvent (such as acetone, pentane, petroleum ether, or heptane).
Vash the component parts with a mild abrasive soap or
letergent. Take care not to lay the electrodes on any surface.
tinse all parts thoroughly with hot tap water, then with cold tap
vater, followed by several rinses with distilled water. Take
xtreme care during the washing and rinsing of some test cells
o prevent any moisture from entering the thermometer well in
he inner electrode. As a precaution against this eventuality, use
. suitable stopper to plug this opening prior to starting the
leaning operation.

10.3 After the surfaces of the measuring, guard, and high
voltage electrodes have been washed, do not touch these
surfaces during the rinsing or any subsequent operation.

10.4 Place the component parts of the test cell in an oven
maintained at 110°C for a period of not less than 60 min. Do
not dry test cells made of Monel at this elevated temperature
for more than 90 min as oxidation will take place causing
erroneous results. Take care that the surfaces on which the
component parts of the cell are placed in the oven are clean.

10.5 At the expiration of the drying period, assemble the
cell using clean cotton gloves as protection for the hands and
to prevent contamination from skin oils and salt.

11. Preparation of Specimen and Filling Test Cell

11.1 Store the sample in its original sealed container,
shielded from light. Some liquids, such as oils of petroleum
origin, undergo changes when exposed to sunlight. Allow the
sealed container to stand undisturbed in the room in which the
test is to be made for a sufficient period of time to permit the
sample to attain room temperature before it is opened.

11.2 When insulating liquids are heated to elevated tem-
peratures, some of their characteristics undergo a change with
time and the change, even though of the minutest nature, may
be reflected in the loss measurement. It is therefore desirable
that the elapsed time necessary for the test specimen to attain
temperature equilibrium with the test cell be held to a mini-
mum. For optimum procedure do not exceed 20 min for this
time. It is essential, therefore, that the procedures outlined
below be closely followed.

11.3 Forced-Draft Oven:

11.3.1 In order that representative test specimens may be
obtained, gently tilt or invert the sample container and swirl the
liquid several times. Immediately after mixing the sample, pour
a quantity of liquid sufficient for four fillings of the test cell
into a chemically clean dry beaker and heat on a hot plate to a
temperature 2°C below the desired test temperature. Stir the
fluid frequently during heating.

11.3.2 Remove the cell from the test chamber, lift out the
inner electrode, but do not rest it on any surface, and fill the cell
with a portion of the heated specimen. Replace the beaker with
the remainder of the heated sample on the hot plate. Insert the
inner electrode and rinse the electrodes by twice raising and
lowering the inner electrode. Remove the inner electrode and
hold it suspended in air; then decant the rinsing liquid and
immediately fill the cell from the remainder of the heated
specimen. Replace the inner electrode. _

11.3.3 Insert a mercury thermometer graduated in 0.25°C
increments, or other temperature measuring devices (for ex-
ample, thermocouples) that provide equal accuracy, in the
thermometer well provided in the inner electrode
(Warning—A spring-loaded thermocouple may be used for
measuring the temperature of the inner electrode, but extreme
caution shall be exercised that these wires do not come in
contact with the high-voltage lead and do not pick up stray
emfs). Immediately return the filled cell to the test chamber
(adjusted to a temperature above the desired test temperature)
and make the necessary electrical connections to the cell.

11.3.4 Perform the operations described in 11.3.2 and 11.3.3
as rapidly as possible.
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| 11.4 Automatic Thermo-Regulator Cell:
« 11.4.1 Gently swirl or invert the sample container to obtain
a Tepresentative test specimen.

11.4.2 Fill the test cell and flush to rinse thoroughly both the
inner and outer electrodes with a portion of the sample. Decant
the rinsing liquid and immediately fill the cell with a new
aliquot of sample.

+ 11.4.3 Replace inner electrode and make all necessary
lectrical connections to the cell. On some instruments the cell
ust be in place before filling with specimen.

11.4.4 Set the automatic thermo-regulator for the test tem-

erature and initiate heating. Record data as soon as the test
mperature is reached.

2. Procedure—Loss Characteristics

' 12.1 Make the measurements while the temperature of the
inner electrode is within +0.5°C of the desired test tempera-
ture.

¢ 12.2 On completing the initial measurement, pour off the
liquid, and refill the cell, following the same procedure and
éxercising the same precautions used in making the first filling,
and take another measurement. If the difference in the mea-
surements of the two test specimens is equal to or less than
0.0001, plus 10 % of the higher of the two values, no further
tests are required, and the reported value for the sample shall
be taken as the average of the two measurements. If the
difference in the measurements of the two test specimens is
greater than 0.0001, plus 10 % of the higher of the two values,
tefill the cell and take a third measurement. If the difference
Hetween the third measurement and either the first or second is
not within 0.0001, plus 10 % of the higher of the two values
used in this computation, discard these results, reclean the cell,
dbtain another sample, and repeat the procedure until two
measurements from a sample are obtained that do meet the
p‘rescribed limits.
13. Procedure—Relative Permittivity

- 13.1 Measure the capacitance of the test cell with air as the
dielectric and then with the cell filled with the liquid. Use these
measurements in calculating the relative permittivity from the
following equation:

|

| K =CJC, 3)

i

here:
}z’ relative permittivity of the liquid,

C, capacitance of test cell with the liquid as the dielec-
tric, and
C, = capacitance of test cell with air as the dielectric.
14. Report

14.1 Report the following information:

14.1.1 Sample identification,

14.1.2 Type of test cell used,
14.1.3 Measurement procedure: referee,

i 14.1.4 Average voltage gradient in the sample while under
st, in volts per millimeter (volts per mil) (rms),

14.1.5 Frequency of applied voltage,

14.1.6 Temperature of the sample while under test,

14.1.7 Temperature and humidity of the room during test,

=+

14.1.8 Dissipation factor or power factor of the sample,
usually expressed as a percentage (%), and

14.1.9 Relative permittivity (dielectric constant) of the
sample, when required.

15. Precision and Bias

15.1 Interlaboratory Test Program—An interlaboratory
study of dissipation factor in mineral insulating oil was
conducted in accordance with Practice E 691 in twelve labo-
ratories with four different oils. Each sample was tested using
the referee procedure at 25°C and at 100°C. The results are
documented in a research report available from ASTM Inter-
national Headquarters.*

15.2 Precision—The precision information given below for
referee testing of dissipation factor is for the comparison of two
test results, each of which is the average of two test determi-
nations.

15.2.1 95 % Repeatability Limit (within laboratory)—The
absolute difference between two results obtained in the same
laboratory by the same analyst may be expected to be below
these calculated values 95 % of the time:

Fase = 0.06 X% % @
Fiooc = 0.237 X% o4 (3)

where X is the average of the two results being compared.

15.2.2 95 % Reproducibility Limit (between laboratories)—
The absolute difference between two results obtained in differ-
ent laboratories by different analysts may be expected to be
below these calculated values 95 % of the time:

Ryse = 0384 X°6° % (6)

Ripoe = 0.467 X06% o )

where X is the average of the two results being compared.

15.2.3 Calculated values of repeatability and reproducibility
are shown in the table below:

%DF@25C r R %DF@100C r R
0.005 0.002 0.012 0.1 0.058 0.115
0.05 0.009 0.085 0.5 0.155 0.306
0.1 0.013 0.086 1.0 0.237 0.467
0.3 0.027 0.176 4.0 0.551 1.086
153 Bias:

15.3.1 As there is no accepted reference material available
for dissipation factor (or power factor), no bias statement can
be made.

15.3.2 As there is no accepted reference available for
relative permittivity, no bias statement can be made.

PERMISSIBLE MODIFICATIONS WHEN MAKING
ROUTINE TESTS

16. General

16.1 The following sections outline certain modifications to
the Procedure for Making Referee Tests, permissible (/) when
it is desirable to get an approximation of the dissipation factor

* Available from ASTM International. Request RR: D27-1015.
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| 26.2 Bias—As there is no accepted reference material
dvailable for dissipation factor (or power factor), no bias
Statement can be made.

7. Keywords

! 27.1 dielectric constant; dissipation factor; power factor;
relative humidity

i

)

Al.1 Design of Cell—A cell for the purpose of measuring
he loss characteristic and relative permittivity (dielectric
clonstant) of electrical insulating liquids shall meet the follow-
ing general requirements:

l Al.1.1 The design of the cell shall be such as to facilitate
easy and thorough cleaning of its component parts, permit the
use of the cell in a suitable temperature bath, and provide
means for measuring the temperature of the liquid under test.

i Al.1.2 The materials used in constructing the cell shall be
lionporous and capable of satisfactorily withstanding the tem-
perature to which the cell will be subjected under test. The
ahgnment of the elecirodes shall not be influenced by this
temperature nor by the operation of filling the cell with the test
liquld
* A1.1.3 The electrodes or their surfaces shall be made of a
metal capable of resisting attack by mild acids such as are
fbund in oils of petroleum origin, particularly after prolonged
exposure at elevated temperatures. Metals that have been found
satisfactory from this standpoint are gold, nickel, Monel,
platinum, and stainless steel. In general, plated surfaces have
been found less satisfactory than solid metal electrodes when
testing liquids having low loss. Plated surfaces that may be
Sansfactory for testing liquids having low acidity and for short
enods of time are gold, platinum, nickel, chromium over
lickel, or thodium.

Al.1.4 In order to achieve a high order accuracy in deter-
nining the dissipation factor (or power factor) or dielectric
constant, a guard electrode shall be provided which adequately
shields the measuring electrode. Use a shielded wire or coaxial
cable for connecting the guard and measuring electrodes to the
bridge.
L AL1.5 The solid insulation used to support the guard
electrode relative to the measuring electrode shall not extend
into the portion of the sample being tested.

4
'

B -

ANNEX
(Mandatory Information)

Al. CELLS USED FOR MEASURING DISSIPATION FACTOR (OR POWER FACTOR) AND RELATIVE
PERMITTIVITY (DIELECTRIC CONSTANT) OF ELECTRICAL INSULATING LIQUIDS

A1.1.6 The insulating materials used in constructing the cell
shall not absorb or be adversely affected by the test liquids or
cleaning solvents. The dissipation factor of these insulating
materials must necessarily be low, particularly that between the
guard and measuring electrodes; otherwise difficulty may be
experienced in balancing the guard circuits at elevated tem-
peratures. Insulating materials that have proven satisfactory are
boron nitride, borosilicate glass, quartz, steatite, and TFE-
fluorocarbon. Thermoplastic materials such as hard rubber and
polystyrene, although having good electrical properties, are not
suitable as they soften below 130°C. Insulating materials of the
molded mica-dust type, have been found to absorb solvents and
therefore are not considered as satisfactory in the measurement
of low loss liquids.

A1.1.7 In designing the cell, the distance across the surface
of the test specimen and across the solid insulating material
between the guard and the measuring electrode shall be great
enough adequately to withstand the test potential used. Leak-
age across these paths has been found to produce an unsteady
bridge balance on some bridges.

Al.1.8 Fig. Al.1The surface area of the measuring elec-
trode and the gap spacing between the measuring electrode and
high-voltage electrode shall be such that the ratio of surface
area to thickness of the test sample shall be large enough to
provide sufficient current for adequate operation of the mea-
suring equipment. No minimum capacitance is therefore sug-
gested, It is required, however, that the precision of the
measurements meets the intended accuracy of this test method.

Al.2 Fig. A1.]—The cell shown in Fig. Al.l is a two-
terminal cell intended solely for making routine tests. The
concentric cylinders are of nickel-plated brass which are
mounted on a TFE-fluorocarbon base and contained in an
800-mL borosilicate glass beaker. The volume of oil required
when using this cell is 500 mL. The cell is suitable for use at
voltages up to 5 kV and temperatures up to 150°C,
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FIG. A1.1 Two-Terminal Cell for Routine Tests
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Standard Test Method for

Dielectric Breakdown Voltage of Insulating Oils of
Petroleum Origin Under Impulse Conditions®

This standard is issued under the fixed designation D 3300; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

. Scope

1.1 This test method covers the determination of the dielec-
ic breakdown voltage of insulating oils in a highly divergent
eld under impulse conditions.

1.2 The values stated in inch-pound units are to be regarded
s the standard.

1.3 This standard does not purport to address all of the
afety concerns, if anmy, associated with its use. It is the
ssponsibility of the user of this standard to establish appro-
riate safety and health practices and determine the applica-
ility of regulatory limitations prior to use.

. Referenced Documents

2.1 ASTM Standards:

D 923 Practices for Sampling Electrical Insulating Liquids®

D 2864 Terminology Relating to Electrical Insulating Lig-
uids and Gases?

2.2 IEEE Documents:

IEEE Standard 4-1995 Techniques for High-Voltage Test-
ing?

. Significance and Use

3.1 This test method is most commonly performed using a
egative polarity point opposing a grounded sphere (NPS). The
{PS breakdown voltage of fresh unused oils measured in the
ighly divergent field in this configuration depends on oil
omposition, decreasing with increasing concentration of aro-
aatic, particularly polyaromatic, hydrocarbon molecules.

3.2 This test method may be used to evaluate the continuity
f composition of an oil from shipment to shipment, The NPS
mpulse breakdown voltage of an oil can also be substantially
owered by contact with materials of construction, by service
ging, and by other impurities. Test results lower than those

! This test method is under the jurisdiction of ASTM Committee D27 on
lectrical Insulating Liquids and Gases and is the direct responsibility of Subcom-
sittee D27.05 on Electrical Test.

Current edition approved Dec. 10, 2000. Published February 2001. Originally
ublished as D 3300 — 74. Last previous edition D 3300 — 94.

2 Annual Book of ASTM Standards, Vol 10.03.

3 Available from the Institute of Electrical and Electronics Engineers, 445 Hoes
.ane, Piscataway, NJ 08855-1331.

expected for a given fresh oil may also indicate use or
contamination of that oil.

3.3 Although polarity of the voltage wave has little or no
effect on the breakdown strength of an oil in uniform fields,
polarity does have a marked effect on the breakdown voltage of
an oil in nonuniform electric fields.

3.4 Transient voltages may also vary over a wide range in
both the time to reach crest value and the time to decay to half
crest or to zero magnitude. The IEEE standard lightning
impulse test (see 2.2) specifies a 1.2 by 50-us negative polarity
wave.

4, Apparatus

4.1 Impulse Generator, capable of producing a standard 1.2
by 50-us full wave adjustable to positive or negative polarity.
The generator shall have a nominal voltage rating of at least
300 kV adjustable in 10-kV steps. Generators having a
capability of 1000 W-s (1000 J) at 300 kV have been found
satisfactory.

4.2 Voltage-Control Equipment—The controls shall include
a suitable measuring device for predetermining the crest
voltage to within +5 %. A voltage stabilizer is desirable at the
input to the d-c power supply used for charging the impulse-
generator capacitors.

4.3 Electrodes:

4.3.1 The electrodes shall consist of a polished steel or brass
sphere of 0.5 in. (12.7 mm) diameter and a steel point. The
point may be an ordinary steel phonograph needle with a 0.06
mm * 20 % radius of curvature of point or a No. 18 Filter
Point needle.* Needles with drawn tips are not recommended.

432 The effect of variation in the radius of curvature of
point is subject to further investigation. Both electrodes shall
be easily replaceable.

4.4 Test Cell:

4.4.1 The test cell shall be made of a material of high
dielectric strength and of such dimensions that the electrical
breakdown is restricted to the electrode gap. Test cell materials
shall resist attack by, and be insoluble in, any of the cleaning

4 The following steel needle has been found satisfactory for this method: Dean
No. 18 Filter Point Needle, available from John Dean, Inc., 20 Mechanic St.,
Putnam, CT 06260.

‘opyright © ASTM International, 100 Barr Harbor Drive, PO Box G700, West Conshohacken, PA 19428-2959, United States.
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r test liquids used. Test cells such as those shown in Fig. 1 and
gig. 2 have been found satisfactory.

| 44.2 The sphere electrode shall be rigidly fixed and the
ﬁ'oint elecirode mounted such that the gap may be adjusted
from zero to the required value.

$. Sampling
! 5.1 Obtain a sample of the liquid to be tested using

appropriate ASTM sampling apparatus in accordance with
Practices D 923.

6 Adjustments and Care of Electrodes and Test Cell

‘ 6.1 Electrode Spacing:

! 6.1.1 For the cell shown in Fig. 1, reduce the electrode gap
to zero spacing. Proceed very carefully to avoid damaging the
point. The point of contact shall be established electrically with
an ohmmeter. Open the gap to the specified spacing using a dial
micrometer or other suitable method.

| 6.1.2 For the cell shown in Fig. 2, the gap may be set with
éf £0-N0-g0 gage.

1
A

Split collar
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; Two #22 drilled holes,
for tightening bottom
hardware by means of
spamner wreach

!

Phono
Needle

4l o 3300 - 00

6.1.3 The gap spacings shall be 1.0 in. (25.4 mm) for
point-to-sphere and 0.15 in. (3.8 mm) for sphere-to-sphere
electrode configuration.

6.2 Cleaning-—Degrease the cell and electrodes by rinsing
them with reagent grade petroleum ether, washing with deter-
gent and hot water, rinsing thoroughly in hot tap water, and
then rinsing them with distilled water. Dry the cell and
hardware in an oven for 2 h at approximately 105 to 110°C,
remove, and store in a desiccator until needed.

6.3 Daily Use—Use new or polished sphere electrodes at
the beginning of each day’s testing. Discard the point electrode
and replace it after each breakdown; replace the sphere
electrodes after every five breakdowns when testing point-to-
sphere. More frequent replacement may be necessary when
testing sphere-to-sphere. Sphere electrodes may be cleaned and
polished for reuse in point-to-sphere testing. However, the use
of polished spheres is not recommended for sphere-to-sphere
testing. When not in use, clean and store the cell in accordance
with 6.2.

#22 drilled

N holes

N

N

Pia

vise <t~ Nylon tubing

1.5 in.{38 mm.)inside diem.
3.0 1n.(76 mm.)outside diam.
k.5 in.(115 mm.) long

Brass Sphere
0.5 in. (13 mm.) Diem.

Knife~edge flange

T.F.E. - Flucrocarbon Gasket

FIG. 1 Test Cell



ASSEMBLE SO THAT ELECTRODE
AXES COINCIDE

FIG. 2 Test Cell

Test Temperature

7.1 Conduct the tests with the specimen at room tempera-
re as defined in Terminology D 2864. Testing liquids at
mperatures lower than that of the room may give variable and
ssatisfactory results. Record the test temperature.

Procedure

8.1 Set the electrode spacing to the desired value.

8.2 Rinse the test cell with a portion of the sample and
scard this liquid. Slowly fill the cell with the test liquid, being
rreful to avoid entraining air bubbles. Allow it to set undis-
tbed for 2 min prior to testing.

8.2.1 For the test cell shown in Fig. 1, unscrew the upper
ectrode holding assembly to fill it with the sample oil while
>lding the cell at an angle to prevent splashing, which could
eate air bubbles, Screw the top portion down until the metal
inge seats firmly.

8.3 Connect the fixed electrode to ground and the movable
ectrode to the impulse generator.

8.4 Apply the impulse wave of specified polarity starting
yproximately 40 kV below the expected breakdown level.
pply three impulse waves at each voltage level. Allow a
inimum of 30 s between each test.

8.5 Increase the voltage level in steps of 10 kV or less until
-eakdown occurs, noting the crest voltage level at breakdown.
is necessary to have at least three withstand levels prior to
-eakdown.

8.5.1 Measure the breakdown voltage using techniques
yecified in IEEE Standard 4.

8.6 After each breakdown, change the point electrode and
sllow 8.1 and 8.2.

8.7 Make five breakdown tests on five specimens from the
same sample. Maintain at least two significant digits in the
results.

8.8 Criterion for Statistical Consistency:

8.8.1 Calculate the mean and standard deviation of the five
breakdowns as follows:

X=r' (3 X) W

X = mean of the five individual values,
X, = ith breakdown voltage, and
n = number of breakdowns either 5 or 10.

8.8.2 Using the impulse crest voltage breakdown values
determined in 8.7, calculate the mean value using the equation
in 8.8.1. Determine that the range of the five breakdowns is no
greater than 33.3% of the mean value. If the range is
acceptable, report this mean value as the impulse breakdown
voltage. If the range exceeds 33.3 % of the mean value of the
five breakdowns, then conduct five additional breakdowns and
obtain a new mean breakdown value for the ten breakdowns.
Determine the range of the ten breakdowns and if the range is
less than 54.6 % of the mean of the ten breakdowns, report this
mean value as the impulse breakdown voltage. If the allowable
range is exceeded, the error is too large. Investigate the cause
of the error and repeat the tests.

Note 1—The criterion for statistical consistency specified apply only to
negative polarity waves if point-to-sphere electrodes are used.

8.9 It may be necessary to partially immerse the test cell in
oil to prevent external flashover. This is necessary with the cell
shown in Fig. 1.
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8.10 If a second insulating liquid is to be tested, thoroughly
qlean the test cell in accordance with 6.2.

9. Report
i 9.1 Report the following information:
- 9.1.1 Sample identification,
i 9.1.2 Electrode configuration, polarity, and electrode spac-
1pg,
. 9.1.3 Impulse crest voltage for each breakdown (do not
iscard any data),
T 9.1.4 Wave shape identification,

9.1.5 Starting voltage crest level, voltage steps, and highest
\loltage withstand level,

' 9.1.6 Mean impulse breakdown value,

9.1.7 Sample water content,

9.1.8 Barometric pressure, and

9.1.9 Date of test.

10. Precision and Bias

* 10.1 This precision statement applies to new oil received
from a supplier. Using the point-to-sphere electrode configu-
ration, the following precision statements are applicable to
both positive and negative polarity:

10.1.1 Single Operator Precision—The single operator %
coefficient of variance of a single test result comprised of five
breakdowns has been found to be 3.9 %. Therefore, results of
two properly conducted tests by the same operator on the same
sample should not differ by more than 11 % of the average of
the two tests. The maximum allowable range for the series of
five breakdowns comprising the test result should be less than
33.3% of the average of the five breakdowns. In the case
where a ten-breakdown average is used, the maximum allow-
able range of the individual tests comprising the result should
be less than 54.6 % of the average of the ten breakdowns.

10.1.2 Multilaboratory Precision—The multilaboratory %
coeflicient of variance has been found to be 5.43 %. Therefore,
results of two properly conducted tests in different laboratories
on the same sample of oil should not differ by more than
15.4 % of the average of the two results.

10.2 No statement can be made about the bias of this test
method because a standard reference material is not available.
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