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ABSTRACT
This project presents the study-of lightning impulse withstand voltage test and properties
of insulation including capacitance (C), relative permittivity (€;), and dielectric loss factor

(tand) of the pressboards impregnated with mineral oil- and natural ester respectively.
The test vessel for the lightning impulse withstand voltage test of the impregnated pressboards
was designed and constructed according to IEC standard 60243-1. The experiments were
performed to investigate the positive and negative lightning impulse voltages of the pressboards
impregnated with different liquid insulations ,namely mineral oil and natural ester, including
various impregnation time from 3 -24 hours. Besides, the mentioned dielectric characteristic of
the impregnated pressboards under different temperatures were examined. The test results
showed the lightning impulse withstand voltages both positive and negative polarities of
the mineral oil impregnated presshoards were nearly the same as these of the natural ester
impregnated pressboards. Moreover, the lightning impulse withstand voltages both positive and
negative polarities of ‘the liquid impregnated pressboards “were higher than these of
the non-impregnated pressboards about 2.5 times,” Furthermore, it was obviously shown that
the capacitance, relative permittivity, and dielectric loss factor of the impregnated pressboards

increased with temperature increasing.
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2.4 MmaisuiguguantRvesauIuvaIdioulas [4]

ey d 1 s as A
.ﬂ’]W‘i’JMW@GQNENUW?JDGU?ELIWMLLG]ﬂ{”]N NUYBIRUIULNGT ASLEASIUA1T19N 2.2

e - e = 1 el 4
wazanandRneidnduarinivemuiuvansiianieg fuandunised 2.3

MA15199 2.2 WaRINWSINANENURTRIRUILMAIYIMINT UL LA DA BT TUYA

Name Mineral oil Natural ester
Refined crude oil based Refined vegetable oil
Type
distillate
Principal Complex mixture of Plant based natural ester
component hydrocarbons
/22\.. Fhaex (’_:'2\
H,C T CIH2 CNT OOOCR,
Chemical H!C\ S 20 L IR €H —-'O0OCR,
structure V" i CH, — QOOCR,
CH;—(CH,)—CH,
Source Purified from oil Extracted from crops
Biodegradability Slow to biodegrade Readily biodegradable

Oxidaﬂonr stability

Good stability

Generally oxidation susceptible

Water saturation

55 1100
at ambient (ppm)
Flash point, °C 160 - 170 >300
Fire point, °C 17U™==486 >350
Fire Classification 0 K
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= wa aa ¢ a 8w | #
M990 2.3 FlﬂJaN‘UGWIqﬂwﬁﬂaLLaSlwﬁ'T‘U@\?Qu‘iuL‘Vlﬁ?‘UUWUWQJULﬁLLﬁl’L@ﬁW}ai

mineral oil Natural ester
Cooper
Nynas ABB
Industries

General properties Units 10 GBN Mineral oil FR3 BIOTEMP
Density at 20°C g/ml 0.88 0.92 0.91
Specific heat at 20°C J/kg K 1860 1883 1943
Thermal conductivity at 20°C W/m K 0.126 0.167 0.16
Kinematic viscosity at 0°C mm’/s 375 207 276
Kinematic viscosity at 20°C mm’/s 22 78 97
Kinematic viscosity at 40°C mm /s 9 36 42
Kinematic viscosity at 100°C mm’/s 2.6 8 9
Pour point °c -50 21 -19 to -20
Expansion coefficient ¥U 0.00075 0.00074 0.00068
Flash point gC 148 330 330
Fire point o 170 360 360
Autoignition temperature (e 280
Fire hazard classification to IEC 61100 0 K2 K2
Biodegradebility at 28 days

- OECD 301F % N/A >99

- OECD 301D % <10

readily
- OECD 301B % 95-100
biodegradable
Gassing Tendency pL/min | +5 ; Nitro 10CX = 30 -79.2 -50
RBOT Test minutes 300 17 197
Chemical Propoties
Neutralisation value e <0.01 0.022 <0.03
KOH/¢
Net calorific value MJ/kg a6 36.9
Electrical Properties
Breakdown Strength IEC 60156 2.5mm kV >70 %6 (ATEM >75
1816)

Dielectric dissipation factor at 90°C <0.02 0.005 0.014
Permittivity at 20°C 2.2 3.2 3.2




15

2.4.1 msTsuiiguanuviie
Auviiavasaurumandunisludiudsddalunisimusauansalunisseung

mnfourauIUMAIIINYuNDITeINseRnuUUNTauYaY nTvdplTuansienisnden

o

3 o =t ) a v A W < P = u a
HUUADNNITNUAITUN 2.10 LLEWLLU‘UL‘UGLE’W‘UENF]’J’]NWU@@N‘EU% 2.11 WY UNURIUNNNUDY

U

awumamsouUasildtulaesialy

3
w10 GBN Mineral oil
e 561 Silicone fluid
2.5 Low viscosity silicone
\ — idel7131
2 3 FR3
.‘,2_'\ == Biotemp
8
2 15+
=
=
3 1
0.5
0 T T T T T
0 20 40 60 80 100 120
Temperature (C)
U 2.10 nemidenni3in (mumila) fU aaumail
300
\ =10 GBN Mineral oil
250 =m==561 Silicone Fluid
:F; \\ ***Low viscosity silicone fluid
U 200 :::\,:‘:det 7131
43\ 3
g - \\\ e=—Riotemp
a \\
= 100 N
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0 T T T T —
0 20~ 40 60 80 100
Temperature(C)
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A1919% 2.4 N1savatereanluauIuey

Ester Approx. water saturation at
linkages 23° C (ppm)
Mineral oil 0 83
Silicone oil 0 220
Natural ester 9 1100
Synthetic ester 4 2600
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2.5.2 WeosiinddR [10]
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fmunlil & uamsewdng | AU, delasundudaa & Huyuiidentes

Masgeydede P, =Ul cos¢ (2.18)
=Ulsiné (2.19)

W37 sind =tan S le S dldtios

sariy P, =Ultané (2.20)

1560 tan & Uniwiesinaeg

Senu & Tuimdeagduladidnnsn

WIITUNNITAUYA VBRI

i < \) l+(@wC R )2'
VINuauAgINY e O i (2.21)
R (oC))
ﬁmmna%ﬂuy}a%mmu
tano = —I— (2.22)
coRpCp
9TVUIU tand = —— (2.23)
oR C
PP
MITYNTY tan & = wR C, (2.24)

(%]

winmesmasgdsladidnasnarunsaesuislumeuvesdilosinidfdwaulas

LT

tand = (2.25)

Lo

ar Y =

FadudasdvesnugudeiiAndurondanuiidniivlfveuiunelusseznaiitmu
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2.5.4 pnunsusiaussiulwiivesauiu (Dielectric Strength)

AuAInUAeaLssdulWinvesaulIu vutededraduiATonaulnl Wi
(Electric Field Strength) gaqmﬁauauﬁu%mmmwuagjlrﬁ Tngluiinanuideme vie
dianisiusnanad wiSeviliauiudevanin AmasuseussiuliiwesauuTuagfuiiade
wa1eUsznis Wy anvuedAvesdianingn dnuazaudivedladifnnin audnuuzues
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anmunilandserniusnanuiiulundy wiluauauedainusnaididaninnisauiu
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zdsly vinlldanansaldeuiensavaulesn

2.6 Fuaurumanfuauauuds [11]
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D grexE‘m = Elm & E7rn (226)
Mnaunsauudouiuluaulnihasiaue fe (2.27) wag (2.28) sugsuy
By 5 : (2.27)
res — dl d2 2
—+_
d&‘l dgz
¢ Sq.0%
&,d,
wnuen E; w30 E, 9naun1s (2.27) wie (2.28) luaunts s, E, = &E, =&,E,
e U g /82
res m d d (1 )
d gzdl
” U 1
la = AL S & — 2.29
Eres m d _65_4_ dZ ( )
dgl dgz
d,
Tuawulnihasews 22 2 selaofniineau Ty
£ =——-—-I-—— (2.30)
Fes d‘l dz
_+7
de  dey
¥V v 1 1 - - dl 1 v
RS IEINYIANLNUNTRIRUIULAAZS IR fle L way £ = unuMmY
d V e+, e,
dna TN TENANS dy/d=V, uaz d, /d =V, agld
n
) (2.31)
1
Tuvhusufenuiddiunaivemuay n ¥8n ewanlosieminuayls
1
£,y = (2.32)

I/] /81 +V2/52+V2/€2+V'3/53 +...+Vn/8n
d; = £ Qna‘l’ (3
We  &,&,&5,..8, A0 WoslinAinvesauiuesrusenau 1,2,3,..n

V1.V, Vs, V, Ao Usuasduivsvesauiuesnusenau 1,2,3,.n

n 2/
DV, =1 wie 100% Juliumssiniomun
1

Feehs adanuiunaNyeInssny (cellulose &, = 6) futhifuauau (&, = 2.2) AUNTY
VDINTEAY = 30% VoIUTImTTUINTUY V

< o6 =07

£,,-22V,-03

avilu €
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2.7 d@uulnin [10]

= w L oa a o da | a
o U iluussdussndndidnlngn 2 @u Ailausudusy asnudmeinssuves

U

nsnsggaunbwiiineiuluiloauanariivey fudnuadidalnsa AuauAvosauiu

i & ' a @

fifuegsaminsdianiasn wasanvuggukuunssiundeuliiuaiinlnsauanaiogy 2.18

—— uaulviih
— - tdudndlnin

e U = 0%

JUN 2.18 auulwihuazidudndivi

he

a a

awulimnuassaaualiiigedn (£, siinduiiadidnlnsansanan daduluaiu

gunng

y— (2.33)

We U = uswunteulvdidnlnsansenay
d = 58uevinaseninedlantage

n" = wlnwasaunlni (Field utilization factor)
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Fa n' S
7]* = Eav =l (234)
Emax
Tooil Aiadevasauslily (£, )
U
Ep=— (2.35)

Taemluauulnihanuisautseonidu 3 Usunn fe

1) auilwihasiiaue (Uniform field)
2) sl ldadiauedndas (Slightly nonuniform field)

3) amuiﬂﬁwlﬂaﬁuauaqa (Highly nonuniform field)

P P o 1Y) Y a °

n1sAnwraunlwdn Weviinisteunsssiuldsudianlasnaurulnitasiaue

=l 1 a ow ] o dl =l 1
mmmiaﬂaumlwﬁﬁwmamanimmmmnunnqm Wanuaseaauuiniiszndng
dlanlnsafiruinnisednuasnuldssauny I WivesauIuIs AU A1 URE sa U S AT LT
Tagdin1siiuduveansewantsuinviuivula lunsavesawrulnildasiaus
(Nonuniform field) Swnlnsaazianaiomaumnilniiunazaaunnsinefuduegfudums
) " a a & = 7] " A al & &
waranwmedfiniuIvIalauewaningg JUN 2.19 uwanspnuduiusvesauuiniiiatu

sywiaBlanlTAFUNTIULSTLAY Msenax waslaneunaniuszuny lnedsseginaniiy 4
E,

I =
12:5 9y )

S
| =

X d
JUN 2.19 Wisuiisuanulwieedidninsadnumzaigg
LRUIUINAYYRIeIN A uaw Wi ldadwaue
o o L4 1 o' o [ ¢=‘ 2
NSANUIULSIAULUINANINYRIa N Al uau N WA ldadaue sl unazdeansiu
N13nTE8vaU N INAIv09aUIUT NI AN AT RSN B U sa a1 SO

ATLIIAULUTNANIULS ¥5991998MIAILEUNUSINENATS

B = (2.36)
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Al

d=+r
p:

(2.37)
,

= ' '
LB d = IEYLUNTENIANY

r = Smilvesdianlnsansainaugnian

=l a o [}
R = SrilvesBidnlnsavnseinaugnlvey

o ar o L L=y -;l/
A58 2.6 ANUANILSYRY 7' AU p Uaz g TaBidnlasagUns gy

SPHERE CONFIGURATION

r | |
FERR S
O
/

P q=¢ QT *15: 0\ g=p
1 1 1 1 1
1.5 0.850 0.834 0.732
2 0.732 0.660 0.563 0.667
3 0.563 0.428 0.372 0.500
4 0.449 0.308 0.276 0.333
5 0.372 ’ 0.238 0.218 0.250
6 0.318 0.193 0.178 0.200
¥ 0.276 0.163 0.152 0.167
8 0.244 0.140 0.133 0.143
9 0.218 0.123 0.117 0.125
10 0.197 - 0.105 0.100
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F, = g,r, —2——"" E(gradE) (2.38)
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meluaumaiiemnauesindiadlnaduiiin wssifnduuuoyniadni sxiieam
aun1seiasialul
3
F, = F, =r,E(gradE) (2.39)
A o 1 L o 5 o - = o/ L 1
HATBILTINNTERBYAIRRNIU NTRRYNTAtY ey R AN e iulug
= I P 1 1 a & [ Y o X W
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= a W ¢ ! | i % Y
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- Intrinsic breakdown

- Streamer breakdown

- Electromechanical breakdown

- Edge breakdown and treeing

- Thermal breakdown

- Erosion breakdown
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|
U \ Intrinsic Breakdown

Streamer Breakdown
/

Electromechanitat Breakdown

_ Edge Breakdown and Treeing
' __ Thermal Breakdown
— s _— Erosion Breakdown

()

e 1 s ¢ s s & o I s ‘
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2.9.1 MIUINAILUUULIARA (Intrinsic breakdown)
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2.9.2 MIUINAIUIUUARSUMES (Streamer breakdown)
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2.9.3 msiialusnatInusmanaiiinantwii (Electromechanical breakdown)
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2.9.4 MsNaluINALLRIIANTRaYITaNT8lY (Cavity breakdown)

as

A 2/ I O!J =i = 1 1 1 dv E ] -
Taqauauildsueglagmluaziiinsmiotavinegaeluilpauiunienseudiam
seusesyniauIuiudianlnge lasdauannlnssiiesdufavsovaamarussqoy dal
AMUAURBALSITuwsan nilddeendiveds usnandmenugniesduanuasy
< af v a1 i i Peer o =
negngluauauidedunanugzdnniosniauiunts Sudunalvimiuaoaauiulng
anglulwssiienganinileawiu dulunieldnisldaufinumeienaunliiunivesausy

e d 1 ¥ =0 U a 3 vV a L3
wssnulwihnaneseunsslazdannnnduseiuusannvestnss villiAanisiusnang
U Al L] 1 L3 dlll !
ndlulwssieuiazinngnisiusnanueiaauiusely
msiiefavisameluniaifenidavisavndmanilfiinusmngnisaiuisedasly

a

snvazReanunIsiinng treeing  luiileauau Aedlaianisiusnaadlulnsienniadie

J
aeluiiioatanasiididnnsou uarlsosuiniAniy Trodidnmseuuarlossuvannanil
riindanuegnteluma wauiledidnnseunsoloseuuinadeuiluieinvasinwesing
fe1vazinatewusevnalaiinesauIuiiin Savensianaauasinlianeudeuly
Tnsedoring uasifinnsanfueludinaauaululnss vlrauiuiinsdnnseuluuuniouay
nauiiiaiiiausunslulnssesinliinisinssuaiedu aavsafifieiunslulng
Povinerwilinuaniinuniveauiuanas nsiavisanislulnstesinsazilug

=
n1siwsnaluvian



35

2.10 NQUANITATIUAENITIARIIAUBUNAH [11]
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g‘dﬁ 2.31 Glynne bridge
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