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ABSTRACTY

The world's energy requirerent has been dominated by petrodeum o for vears and in
nany 3;‘;*%&:;%‘2&;* most fa.wg*”gmi iy oarea of elscwicity. Mineral ofl i3 an bnportant
mw favin p rpsterial in transformers; i has beon vsed for maony years, Mineral oif application

ver svsiem equipment oan be ;'“v;:-'tm';{zaﬁ, v hazardous o the envirosyuen especially
when there arg in-;-ui\ nis of transformer explosion which may canse a spill of ol 1o the soit
- Inthe fuiere, envivon mrnzfz\ friendly msulating oif such us vegetable ol

i be uiibized 33 a substinge for minessl 012 for power wansformers
Ef;xp&:‘f'ms-:,a';iﬁi \).f(’..‘;ii on breskdown voltage, fash point, pour point, viscosity, density snd

tnsulation resistance of conventional wineval off and vegetable olls were analyzed The
experiments were done 1D an attoropd © find new type of Lquid insulating materialy which
are gxeetlent in slec !sﬂz? havgoteristics and friendly 1o environment, Comparing the

i i restits and zdzu: af ey *mi,’pf‘év"f;'-z*i'vi‘" iy international stondard form such as

oxperis
Smerica Standard Test of Material (ASTM). Rubber saed il has the above good elecirics!
properiies and thorsfore recommended 10 be used as a biodegradable z;’m}id.u% Houid o

repisce the commonly used tansformer oil, which is o nuineral from peireleum producl,

i
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CHAPTER 5K
INTRODUCTION

AT Sy stems

plays o critical role m keopin

et ofl i3 g s wt protects the power indusiry’s

Aormers that make up the backbone

huge capital investment in the massive (0

ot a nation's enorgy supply.

<.

- plant generators produce sledtrictly thas B

for more efficlent fransportaly wirgs o substalions neor

+
$

husiness centre. Iacu homes. The reapsformers that siep up the

clevtricity to high voltage do so efficiently with losses in the order of 0.5% o

i

the cleptrical Toad being jost in the Torm of beat, Bven though the loss porcentags

ja mall, the actual guantity of heat can be guite large The heat that o produced

oway from the wanstorm and dissipated. 1 ned, the wransiormer

P overheat and be daumnaged ord

o teansinemer are bnrmersed in an enbanced mine vl ol that is

the transformer, This o

cireulated

i has excrilent insulating prope

5 and the heat

c reunh the tansformey winding

&

he off cireuls

\i 1.%.';.,. slcilal\i(?lri‘w OF 8 WAl

-4 evther 1o the amibae

s by natual

The pil-filled tank often hes radiators thivugh w hich the oif cironlate

franeformers use forced ol circulabion by ek

i fans or water-cooled heat exchangers.




Gince long time ago, petroleunv-hased mineral oils have been used for ligud

<

ation in high voltage equipment. At present time the ol are still widely nsed
as ineulation for mansmission and distibution power transformers, capaciion

and siher high voltage equipment. Petroloun-based insulating ofl, i peneral has

IS
p
Lo

sxcellant diclectric propenties such as high electric field sueagth, fow diclpotric
fnsses and good long wrw performance. Howsver, due 1o environrnental
consideration, recently many researches have been carried o in an atempt o

search for the alternative of Hoguid insulating materials which are friendly 1 the

eiry it 15 Important to search for the

vIrGreTd. Thers are soms roo

environmental-fiic conventional transformer o arg

asuaily non-biodegradable. It cau vontaminate soil and water when serious spill
take place {Qoromen, 20023 This may distub the plantation and other ives.
Secondby, the mineral o} was extracted from peireleuns, which is going 1o mn
out i the funwre since ;:»za‘:i':fe;tziemﬁ 15 NOTIEne o {Clatborne of of, 19 An

siternative for biodegradable o insulating material is nanwal ester

par
i
¢

cosaka of gf, 2007}

Sagev

Lo Firgy moed ol MYy R
pade from palm ol (Suwamoe ¢ of, 2003}, {(H

e

Statement of the Problem

oils have been used for Hguid insulation in bigh

cguipment’s. At prosent, the edistence of mineral oif in the world has

vedured as the thme goes by and probably it will not occupy our need for

he next mitlenniun,




has a capsbility as the alfornative source for transformer

sdvatage of vepetable ofl i the non-toxic materiel

¥

produce oy xie product during combostion,
Carbon Gloxide and water are the only producis that are formed during the

They aré also less flammable Houbds with a minimum

flash point above 3007c, They resist oxidation and shsorb more oistre than

i

prineral ot On the other hand, their high viscosity might cause a problem o the

ik
o)

o
H
%

canster system in the wansformer (Fofana of o, 2001}

Several reseavches have been carrisd oumt in this fleld. The

conducted by (Qoromen, 2002) and (Lewand, 2001) gave unsatisfectory resulls

apphcation of ester oils beeause some notural oit tend 1o become a gel

during aging process. Fu, investigation still cominues o find out the optimal

iectric characieristive of vegetable od.

it was reported that potural ester has superior characteristic of

strength and seater solubility bul inferior o losses factr and

v oef of, 2005, (Suwarmo mud Aditama, 2003 Mineral oil

has wood thermal properties to evacuate heat from wanstormer, but inferior in

g angd hindegradability. In composite state with paper, natural esier aiso

s

ihility them nainers! oils, Mixturs between different

iontes much beiler ooy

Howids may improve the dislortric as well as thenmal properties of the insulating

5 b SRS FOPTINY af el YAV
Honids (Pernie f af, 2006},

LSS




1.3 {bjecetive of the Projeet

-

P s prodect, @ comparative stody will be conducted belwesn mineral oif and

egetable oil (palm ol ground nut ofl, palm kemel oil, rubber seed ol and

meton seed o), The objective of this project is 1w analyze the properties of

and mimeral oil in order to determing the breakdown voltage,

siry, flash point and pour point o comparison with

cifation i

soineral ofl, tests were carried out on minersl and vegetable oib. The finsl vesult

acknowledged the ditference of their charactenstivs,

1.4 Project Methodology

Yo

he exporimenial researches were carried out in the high voltage taboratorics

(PHON in shiroro dam, Kaduna Petrochemics] rofinery and also Thermal poswer

don in Ajeokuta Steel complex) and several measuring equipment were also
used, The sxperiments used the foliowing methods:

ss {rnineral oif and vegetable oil}.

VEAAUreTII |
L Insulation Beosistanos desi;

V. Vimcosily measursment

Svnevees fa e reyeieritas fennde
Specific gravity st

1%, Colection and evahuation of the resulis and comparison of the propertios

4




1.5

Project Unthne

B
Laaadt

=

s prodect i divided into five chapters which include all aspecis of
investigating e two types of insulating ol Chapter one introduces the
fmportant background of vegelable based insulating ol as en aliemative for

gansformes ofl, then, in Chapter twor Litersture review, in Chapter three

» ES R SN

terigl and methods, in Ohapier fours the mwosured resolls and discussion
¥

ot
Ik
4 ol

Ha, The properties of the mineral oil and cach vegeiable olf are compared. |

s

Chapter five; conclusions are presented based on this work,

[PA]




CHAPTER TW
2.8 LITERATURE REVIEW
23 Vransformer Insalating O
The fust growth of the use of electricity ; seds an bmprovement of the power

v equiproent with o high lovel of reliability and salety, The power systom

orid connects the powsr plents through transmission lines and distribution lines

s

for the end nsers, The main goal is providing elecivical power o the conswmers i

\.(;\E“' *f(&‘* f YL

Transformers are essential parts in the power system visitage lovel

k3

conversion and msintaining the power flow. Thoy are applied at four major

v

15 { Badah, 20100

&) At power plants, whers power tv generzted and raised 1o transmission;

sh-iransinission statinns, where the bigh transmizsion voliage 18 reduced

o 5 medium high vollage;

£1 At injection {medhun kigh voltage) substaions, where the Incoming mediun

hinh - is reduced to disiribution high voltage;

dy At service subesiation fran ’ef‘.)fi"’l@i&, where the voli

zation level for rouling Into consumers’ homes and businesses,

4
2

sral conditions such as overload condition,

may suffor from sev

fead o ansformer failures. Among all of the wansforo

components, the insulaiion system plays a significant role in the vansformer life,

hecause most of transformer fathres were aused by insulmion fatlure according

i




i the

H

2006} as we can see from the transtfonmer failure clussification in Figure 2.1

astics of tmpsformer fatlores in USA from 1997 1w 2001 {Bartley,

r faibures in LS4 {19572

There are rwo basic transtormer  insulation fypes, sohd apd bguid, Bolid

fnsulation can be made of paper, pressboard, epoxy, and wond, Among then,

braft poper 3 widely wsed gz solid tnsulation i the nanstormer, which is made

fromy unbleached softwond polp and constructed through a sulphate procesa,

bt




i as nsulation provides two main purposes in the

yansformer operation, as the

imsulabion material and the oo

¢ medium, There are several requirements for

iiaiing

o

a3 To act as a coolant with the wain task of absorbing the heat from the core and

transmittin

Kawat

winding. ¢

g it 1o the outer surface of the tansformer. At higher

winperatures the visvosity of the oil decroases, thos facilitating the ciroulation of

ey pomnt low se that the o is effecive at

erent electrival potential, {81 makes a good

Bation 1o wansfonmer insulation by penctrating into and Glling the spaces

between wound msnistion layers:

vy In order 1o mindmive the ovaporation losses, the off velatiiity should remain

fow. Ol temperature w service shoold be mamtained below s flash o

et

ab stubility of oil: tomperature,

st prosence. fhe ol degradation process is caused

SO

& bvdroe arbon molecules in oil ai high wmperatore, The

oxRygen conwids in insulating off migh i“‘d to a rise of the acidity sumbsr and

0 Wilhts or o, 20U copper and tron are

X

Mineral ol was frst intredueed In 1892 by Genersl Flectrle as a diglectric

Y

(Manning, 20073 The muin reason for using mineral ofl was the high

sh point churscteristic and the w zde:f;pma 1 production around the world, As of




[

today, monernl o has been used as the main souree of nsulation material, for

soveral equuiprnent esperiatly power traxsformers.

P

.

Pt due o the poor biodegradability characterisiics of mineral ofl there is st}

environmental coneern m case of leakages during operation or due to an

ident. fo the beginning of 1930 ol wid-1970, many transformers weres

e
imsulated by Ackarel, 2 miztgre of POB (polychlorinsted hiphenyly and

chlorobenzenes. This material was chosen bhecause of is pon-Bammable

chavacteriatics (Fofana o of, 2001 Latr, Askarel was po onger recorpmended

+

Intion material any more due fo the envirommental issues of this

4% an s
hazardous material. In order 1o actile down the spvironmensal and sustatnable
issues, poopie started to look for allermative sources for insulating oil The latest

g implomentation s vegetable oil-hased fuid which is kpnown ax the

+

soures 1o veplace the mineral off because of s biodegradability

characteristic. The Hrst vegetsble oil was used for capacitor tnsnlgtion in 1962

.«-}

gave g good mawh with cellulose doe to it higher diclectric constants

(Ooramer, 200703 One of the vegetahle of] vonants s koown as esier off since

the extracton process of ester od] uses the vegelable source.

bed

Yygeiable (3

Although mwost plants contain some oil, only the oil from certaln malor odf crops

complemented by o fow dozen minor oil crops is widely used and waded.

v

@ 0ils can be olassified in severa

for example:




crouping Ois tron si

we used i conkm,

mnedical purposes, and for other industrial purposes

Groundnuts

T AR

plant. Yariehes are grown as hwo

The grouwndnt |

5 the fwo,

bunch or as a ruoner, Hybrids

A grown

i and subtropical regions, sl in wans

care coftivalod g a vain fod wrop, or ko

noved by

Heto medivmesized pods conigining

s Oone 160 thres ovil

ope o pwn vound ker

o

bernels iy medinm-sived, thick

ket Cabon

requbres a raitny tropical olimate, Natwra! disibution in

o Hoerows an the ansiion 2one beiwesn thy

Pin o

sister locations of the g

o frnit atter 1O vears and do not give a el crop for

14




Cultivates

LN,

bopals come

fowrth v

fruft for Hh 30y

o
e

The et i an ovalesl

L3 gL LYY i 31 :"5‘:3 %‘.
consisis of 2 thin olig SO0

. A Orang

CTROSOUATD &

ooand & hard s

et and

HGE poor palms, 10 a5 moch as 40 Vg

e rodiig

b sy >§ e
BETOCE i n

OoF 6

he frair is ahour 5

e and that of

seeds (il

-
e

Y oare

niyg cotyledons, The seed is co

]

wedges with a tip.




2.2.4  Rubber sped o

Many plant species produce matral rebber. Considerations of gualivy

; o . ,
AL FRBTNE i ouw 8 RIS, nameiy

Bowever, Hmi the soure of

i rubber plant which is Pasa notural source of

%

La

SUEVES ax

Yool Tumetions gs g heat tansier

1 the transth

b msolation §

Parattivie ofl iy derived from crpde ot

siily ocourring noparaiing {wayy,

v the inchusion of

high pour polng ar




regiires n additty

reduce the pour point. Nophthenio o provid

o soluble and thus

wity char

Dlonger B expeciancy, ¢

it oot on winding

rocking coohing

Toomezsure the gushity of insulating of

of the most common laboratory fesis. and refzrences the

B e thorh

{ayiHels aim* Breakdowsn
Drefeciric breakdown iy the minbmum voltage gt which cleonical flashover

ovears i an ol e g m

guensis without

srahh ¥ srbioaies ihe

wihicting parsicles in

{biNetralisation Namber

wation number of o s o measure of the amount of aoidic or alkaline

siral

e ils present. AL o iy oserviee, he g

-y M S 5 R
saminated with e

e neiratization number resols

sannnand i the ofl



{r} Bpecific Gravity

The specific gravity (relative density) of oil is the ratio of the veights of egugl

1

vohunes of ol and water, A high specific gravity indicates the oil's ghili v io
suspend water. In extremely cold climates, apecific gravity can be weed 1o

ot

determaing whether ice, resuliing from freezing of water in oil-filled appargius,

ks

will float on the oil Buch a condition possibly may result in flashover of

- conductors extending above the il level,

{dy Water Content

This test measures the concentration of water sontained within the ol Low

water eontent 1S necessary 1o obtain and mainmin accepiable electrical strongth
nd fow dielectric losses In insulation systems.

i} Power Factor

Power factor indicates the dislectric foss of oil A high power factor is an

indication of the presence of contamination or deterioration o products such ag

modsture, carbon, or other conducting matter, metal soaps, and produsts of

{fy Flash Point
The flash point Iy the minimum rempersture ot which heated ol gives off

sufficient vapor 1o form a flammable mixture with air, 11 i3 an indicator of the

3

‘J{;éa‘{%ﬁt;{ {?{ i} 3 i



{2} Pour Polud

ui point is the lowest iwmperature a which the ofl will flow, A

i R

pariiciiarky in cold olim

cireobye and ¢ puirpose as g medating and cooling

{hy Visvosiy

cooaity is the resistancs of ol o flow under spec Pis the

priveipal factor i the comvestiony Bow of off in an elecirical device, 1t intluences

cquentiy, the temperature rise o apparatus, (Miller and

the reguired lfevel of




£y avd ’§ equired fevel of insulating of

f\ f’am ed  Function ‘ Luniting value of New il

Mineral oif Yegetable oil

3y
Y

;e«

Vo provide delectrie strengih o ARY 3608
' fown of the ol under

oy 1 é':s enﬂ 1

Loy ows well ander 12 o8 3ol
RN rature
33' h&
RECERSArY « z»ui,ng and where
gropriate, s quenching propertios
Lo o AP0 S

S0y ; s under low tor IPSTAUrG
copditings

'i"n &:’%z‘him

SUSUTS i’“z{ 108 Canmnd §
A very
RS inte

5‘3 91giom’ B9glom
sores ASTM FLABTM
53 3,;»:},; YET Di ey DH2a8;
Low 1o a%ﬁz‘nizzzz{e mf* i3k of shudge {030 myg '

formation and corroaion O BOH/A

¥ orvar U v o VL e
C oonviont LAWY 200 1}’5%]?{% 35 WKL

IR, reahucing ins ii:‘n;_sm szic and increasing
the nisk of dislectric breakdown

tie comparison between mingral nil and exter

sval side-to-side chargotert

i5 deseribed in Tuble 2.2 (Pahlavanpour and Eklund, 2011



rasieristic comparison botween mineral oil and vepetable ail

Mineral oil characteristic Vegetable oif characteristic

3

ced from increasingly scarce Produced  from oo estically
and none-

prowmd nut and melon

cadily biodegrade, May comain ner  comain s
waces of o conliomed carcinogen. halogens

dation

u.

refated clean-up operations

transformer fives

; swn the studard Proven to slow down the aging
insulation a.gi.n.;;f ra{;':f YRS
pi

q:“;{,(:id G }’ CHIOSRY
1 dry o sulation

FTANCE sate of the insulation systn,
an increass in the ex a:icd JAEE

{"‘x)"‘zfz:z*'*‘ 8 compounds that do not Highly 'é'::i{‘x'ieg;‘a{i:z%*’f;“ st
3

%
53
e
o
2
L";’
[
uv‘
e
i
e
=
&
2

clean-ups are vequired by Relat vely  rapid  biodegradasion
arz--'ﬁ typicaily  eliminate the s '*--ci ‘é‘%:r f:m«’i';fwm

grown,

eable, renewable soures, such as pahm fruit

Ay
eritaily

(3 rupst
{late ?z MOTS gus Higher fire point reduces the frequency
i ". wr o prob avd impart of transformer fires

esulting in
o of a

transtormer by ecz&aﬁs‘:ﬁ;: sl promoie
sunmatic dry-out of paper insulation

smaller mvestment  leads  to Upfront invesiment PEOmMDILS i1
shortened life of z'rzaz'z.s.i’f.)f:ﬁ::r and  1ife and Jeads iu tonger-ternm goon
ished  economic  rorns:

anstorme

G

2.4

Breakdown Valtage in ol

e

The definition of the breakdown voltage acoordi ng o 1RO standard 60243 s

ai For comtinuonsly

doven voliage is the voltage gt which the specitnen suffors bregkdown

under the test conditdon of a given vatinge,



swpakdown voltage is the highest voliage wi 2 spectmen withstands

Bofore breakdown for the duration of the tdme ot the voltuge level

e cheractenisiic of the msolgtor i down veliage., Breakdown

e defines 4y g maximum vol

age applicd to the insulation at the moment of

bresbdoser. [t also can be defined as maxnmy volisee difference that can he

pg

y

applied scross the material bet and conducts. Bregkdown

s b i S v Ean ein & P ey
voltngs aiso knows as siriking voltage (Ruffel and Zoengal, 20035},

e insulators will become electically conduciive when the

spength of ioaslgtors is the minimum voltage, For a given

glectrades, the minimuwn elegiric Beld

that produces breakdown, The breakdown vollage can be defined a5 the

raxivnn electrie siress the diclectrio matoriad can withstand bofore breakdown
aa showsn i eguation 2.3

Important factor for high voltage sysiom iv electric field stress and diclentric
pace charge density caused by

the msulating materiale, glectric

field distnibuiion was developing.

o

An intrinsic property of the bulk material

dependent on the configuration of the mate clevirodes with which the

fichd iv apphed called as disleotic strength of the insulation material, Factos

the dielectric strength are femperature, humidity, freguency and

cermen. When the temperal

pre, humudity and freguency

18
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incrense, the value also witl increase, §oie alao sarme i(, thickness of the

The values of the dielociric strengih incroase i the thicknees of the

SPHICIINER WAS increase

vialanche and sireamer

o

wism of breskdown voltage are
mechumom. Avalanche mechanis a1 afso called Townsend Breakdown Process,

This mechanism bosed on the gencration of saccessive secondar v avalanche to

producs breakdown, Where an electric St i ogas, free glectron SUPpOsE

22 & gas molooule by simple collision resuliing

i b electrons and g posttive ton during the feld strength s soffictently high,

Hhis process will continge and cumulative cause the number of free electron will

tnerense. The producers of glectron and froe eivotron in this way called eleciron

sireaner breakdown beomme nf add effec: of the

e B S VR J I SV
avabanehe and photo-electric i

zation in the gas volume, The development of a

spark dischurge directly from g single avalanche predict in the streamer theory

o

s sufficlont distortion of the electrie field that those Fres eleciron move
towards the avalanche head, and v so doin i generate further avalanches in a

provess that rapidly becomes cumulative. This process leads o very rapid

i tiguid condidon, broakdown control by phenomens shnilarhy with zas, The

v

electic strength for the Hguid condition also high {estimates 100 XVianm),

1%




4.1

Unfortmately, Hguids are easiy contaminated, and may comiain solids, other

figuids in suspension and dissolved gasses,

The effect of thess Gmpurities ts relativaly wmall for shoet duration polses (10us),
Proe o thy Bognid globules and de presence of solid particles cases breakdown,

HBreakdown volage for Hauids cay be determined by ovperimental investigations

.,
<
et

o
.
o)

ud it s non g simple phenomenon, Broakdown aleo depends on applisd
tage mode, time application snd voltage nature, Breakdown of Hauid can be

determined osing equation 2.1 (Naldu and Kamargia, 2003

¥, w Ad” {

NI

where ¥, I8 g broakdown voltage, d s g sphere gap of text cell, A ls g

Kl

constant and noalso i3 g covstant that always tess than |

Breakdown phenomens

srmiad breskdown in off may teke place under s Held vondition ot loealized

hot spots {Hartbas, 19973 the tomperature at such hol spols continues 10

.

inerease when the hest gensration raio oy

surrounding medhin, the ol may be vapo

channe! doveloprment between

1]

However, o thermal breakdown may cocur over a very short thne condition i the

ot is subjected 1w very short repetitive pulses,

NS
<3




Breakdown voltage, are hased mainly oy ARTM standards, but for the PUrpose
of comparison, IBC squivilents were also cons siderad for this study {ASTM -
6-Bda, 1998) (150 136, 1965).

Table 2.3 presents some of the paraimeters of the standard tes sting procedures
where significant dfferenves related o the slectrode gap and the rate of rise of

the A0 volinoe LA He Lo
B GL VOLLGET D473 D Restyy.

IHCAG158
Spherical or V{3

Elegtrode shape

:-

Electrode gap 20mum 2. 5mim
Mumber of breakdown 4 £

Vodtane rais of vise 306 wis 2000 vis

u

242 The influence of buhbles
Gas bubbles can be produced during heating process In insulatin i oil ag the

product of gas and water contamination, In this o8

source of discharges n ol with uniform glecirie Hal

gus-filied cavity in oif with 2 relative permittivity

25 R A
Lo}

For mineral il with £, 7 2.2, the maximnam value is 1.O0E,

For sificons il with &, 2.8, the maximun valoe §s 1,275,

wid for ester ol with &, = 3.3, the maximum value is 1,308,

Spherical bubbles often ocour in Tow density ar . The discharge process

o Held and lower elecirie

may initiates from the bubbles das o zhv

=2
oS




od gases in the bubbles. Effective s spherical bubbles can be

developad within a space where 2 sphere is highly conducting compared fo the

serrounding Hguid, The gap ¢ benween point cathode and plane anode will be
reduced to ged after the discha o region has fonmed o conducting sphere with

dimmeter & The gap redustion can avcelerate the speed of fravel of the streamer

He

m point eothode and develop a bregkdown, The Hivstration of spherical

100 15 showe in Figore 2.2

(hore Breakdown in oi] {1isifo, 2003y such as hmpurities

- electrodes, rise in tern sperative of the ol

s surface electrode ron tamination,

MALY A

o 2.3 depints the variation of voltage against the disience of eleot frode in a

bguid dielectric such as transformer oil.

)

s
[a)




.
"

0 Oy 30 40 56 60 d ()

S Variation of Break down voltage with Increase in distance between

elecirades n ransformer ol

ential gradiont (kYY)

(varlis)

g distance bevween electrodes {om)

¢ against the

el

fovw shows the varation of applied voliag

pressure w g guid dislectrie (ravstormer pil)
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Figure 240 Y a*mt’o ofapphed voltage against the pressurs
Moisture in the o delivers charge carriors anid decreases the withstand strengt
siiver charge camviers throngh dissoviation
K bi‘) ‘:"‘.’h:’_

the aging byproduct also det
e surlice tension

gctive and desreasing
and weaken the dielectric strength

A orenrten
Asids as

Af bubhies

&
LR

processes, They are surfhoe

also lesd 1o the developmen

3, 2T

The effect of contaminations
mation i josilating of md“ tvad 1o a decregse of the breakdown
i happen i the il 15 beavily

2.4.3
Parficlo o
strengih. A breakdown ol relatively low voltage
ihres which can form o brides of fibres between the
in the case that a wet fiiye

wted with fib

rodes glong the highest field intensity. Meareover,

will cause g streaw of water or vapor along

r.' ';

SN

ﬁ;-. 4
5 i electrically sirossad of, It

firther decreas

i dectric strength of the oil,

ith g breaskdown chanmel

L

24




P
5

Liguid movement way also lead 1o g broakdow i For example, i il s pumped

rough an elecirode gap ov the slectrodes are roiat ad, then & will inftlate the
bresking of fibve chains or movement of gas acoumpdation (Naidu  and
Eamaraju, 2003), This will result in s loovert ring of the Liﬁzcm'zi g and direct
treakdown volisge, but &t will nor affec the Lghtning impulse breskdown

strength,

Bivleetrie Dissipation Factor ftan &} and Relative Permittivity (2]
g ~ K o K

twe fandanental parameters charac wrizing a dieleciric material, the

$5

conductivity ¢ and the resd part of the permttivity or dielectric constant & for

1y
he condustivity g of 2 dielectric material i defined as th o ratio of the leakage

Current density (A ome2)

pag

o the applied slectric field density B {n YV oom-1),

(2.4

vdetermived i torms of the measured nsulation resistanee R{m{dhas

: [T Lttt Hielrmnave 16 e amd A& fe 2h o oo i iney £ oam meeg
WOLrS T a8 the insulaiion thickness (In emd and A Is the surface areg {1y om”y

colric vomatant & is defined as the &z“z-\,u*zi«,i clecirostatic o nergy which

ke

cant b stored per wnit volume y«;: unit potential gradient, But it is also knows as
the real part of permitivity which is determingd as the ratio of

(2.6

o
W




S FT e $ten o
LS U mneay

<-’

wed vapacitanes {in ¥ and £, 15 the equivalent

Capacitance in vacunm, Ly van be obtained Som the same specimen geometry

o4
(&3

F -
g §.2.7}
-

3

i 5 the permittivity In vacnsm with the value ol 8854 x 1y F
cr-t. The value of &) in free space is essentially vousl o that in o gas { " of
UGOS30 The relative permnitivity definition from IR0 60247 is the rgtio

Ly of & eapacitor in which the space between and around the

loctrodes is entirely and exelus svely filled with the insulating material, o the

- of the same vonfiguration of electrodes in VACHLI,

(2.8}

Biglevric tosses may tniially be canser d by the movemen of free charge carriers
2 -

and tonsy, space charge polasization or dipole orlentation {(Fadah,

20403 Most couses are influcnoed by the temporatnre. electric Held st rength, and

squeney dependent. A compley permiitivity ¢ is defined as
¥ i

o

..... " .’_‘ b Ty
EEEL e g (2.9}

crinittivity and means the diclectvie losg

,
&
o
et
7
m
jowd
o~
3
—
3
vl
~
R
oy
P
e
-~
e
o
P
.
s
c"\
>.

contributed by the leakage current and the olarizations, £ is the complex

v ot £

ittty and equal o the retio of diefertric displacement veciw 2 o the

y hittwesn veoior ¢

& determine the phass ang
and I Based on the position o the vestor, & and ¥ oshould have the comphex
solgtion £, exp [J{{wt-81) and Lyoexpl jwt Tand  wish Oy and £ as the veotor

refations result




s be dewrmined from an eguivalent

used for analyvsis as seen in

S

e
154
e 5
Lo 24
o
TSN
&

o 250 {a) Pavallel cireuit and (b Ph

The behavior of eguation (2.7 18 commonly described n parallel circus

with dicleciric components such a eapacitance © parallel with

ough a disleciric material, I

H

eiment current b dw OV From

L



e 1.3 (bl uorepresents the value of tand

N z YN,
(Y@ 7 oo A
{,;‘,7)1
il &1 secovding to IED 60247 1

¢ and the loss angle hore iz deseribed as the angle

difference between apphied voltage and the resulting current deviating from 1/2

b High voltage test
area

Low voltage brid
¥

LY

Figure 2.0 Principle of Schering |

The Schering Bridee is cquipment for measuring tan A ar

divided into twvo test oreas,

Moy 60, Bas an

apacitance {typically 92.926 piy and connects the earth side

arcurntely koown o



- Bridye arms (node A ang LB together with test objest

o Inthe high-voltage area, the applicd vollage is energived here

fed

e
i

wd passes through C, and O Standard resistor K2, calibrated impedances B

andd 4 are placed in low voltage test ares for adiusting the balance of the bridos,

A e value of O is obtained from
{2.14)
and tan A
HEA {2,153

have several causes:

fneioss mechay s o migl

L

H

wase the leakage current

The low vatue of insulation resistance & may ji
Uiy and tend 8 add losses in dielectrie Insulaion, Aceording to eguation

SUERCY TI5E,

s
£
bR
-
[y
[+
s

cuiar or side-link dipoles

curs between the permanest dipole and jonic

o fonic relaxation losses
Fhese loases ocewr due to 2 short range fump of ions between two or more

iang position,

24 Viscosity of the oil

cdeseribes the internal resistance of & fluid to flow,




aN0E By HS movernent and hence

vill e, Consequently the ofl with

i high viscosity, since the vise o5ty i3

remperatore dependent, o fywer viscosity of the il can b abtained by heating it

gt ’li" LHIDOTAtUYS,

The principle of operation of e pitlary viscometers is described by the Poisenille

where the rate of dguid fow (17 through the viscometer van he

detenmined | by the foll SWING.

, (2,153

s the density of the fuid, % 15 the force dus @ gravity, 7 is the lenpth

of the capiifary twbe, and Ap is the pressurs differance between the entrance and

z

totf the capillary wbe, The suation can be rearmnged and further simplified
woacrount for sl the constants tha characiorize the viscometer, This also
assuwrnes that the differspce in height of the twn Hauid cohumns s relatively

comstant dusing the thne reguived for Sosw, Fhus, the only pressure difference

the lquid is due 1o the wei ght of the Hauid. With these conditions:

-
~
Mot

where 4 19 4 constant thai inco srprates oll the parameters that churacterize a

vESCOTeler,

Insulation Resistance Concepls

fnsnlation resistance

v be constderad by applying Ohm's Law,

(o)
Y
2




ance §s determine iz viltage divided by the

£
;- st

o
W
"o

~

There are two further POy

s over the insulation, and {ii}

ot dime for which {A« test voltage is applied. These rwo faciors arg

finked. The rotal current that flows i “made up of thres separate currents

b Capacitance charging current, This current is inftially high and drops a5 the

on bevomes charged up in the applied voltage.
2 Absorption current. This corrent is also initially Bigh but drops at g much
stovwer rate than the charging curent,

1

o or Leskage current. This is g small 5 seady curvett that can be sub-

divided fito twor-
{23 A corrent flowing along conduction paths tuough the insulation material,
(b} A curreny flowing along conduction paths over the surface of the insulation

snaterial,

%3
H

v thes gl eyaess . trrunys Fhae 4 er T which the valfams o amebls
As the otal current depends upon the thne for which the YOoilage 15 gpplied,

fnite thme,  Jusulation esistance

Law  theorcically

fmersurement vaiues can be accomplished by four common fest methods

O ST 2 N s g
e Nwort-tune readn

* Timeeresistance remding 28 {dielectric shaorption ratio [REART test




= Palarizaiio dex (P17} tou

* Step-voltage rea dings

b

2.7.3 t»i i~ Time Readingg

Hhi et sumply measures the insulatio 1 resistance & short duratics of

:

tme, sach as 30 or 80 5 through s apot reading g that Hes on the g of

nersasing insulstion resistance » vatues. The reading only allows » rough check of

the insulation conditiog, However, comparison of this valug with previeus

vatues is of Inportance. A vontinued downward trenid s indicaiive of inauls £e7e

deterioration shead

ag the resulis, the values used fop sOmparison
shouid all be normalized 1o 20°C with bumidity effbets considered.

171 Time-Resistance Readin ags
A good insulstion system shows g continued inorease in is recists ante valus nvey

N,

v

the: period of time In which v

ge 5 applied. On the mher band, an nssiation
system that is um?&in;’.ﬁﬁ{ed with mavisture, divt, snd the fike will show a low
remistance value, In good Insulation, the offerts of gha sption current decreases
25

as time oreases, In bad insulation, the abs S0F plion & iia’ff i perpetuated by his

5
&

+

foabnge current. The time-resisiance method is independent of temperature and
squipment size. It can movide conclusive resulta as o the sondition of the
msiation, The rato of thrneresistance readings can be used & indicare the

condition of the fnanlation sy win {Rao, 20071,

282 15 s reading i called the AR

o3
28
oy
=
w0
S
K,
o
N
o
W
o
&
b
ey
o
o
]
[
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Kev Py

2.8

Polarization Indes (PE) Tost

Fhe Plrest is o specistized application of the dielecrin absorpiion test, The P ig

(\

the ratio of the insulution resistance a1 16 min o the insulation resistance ot
min. A PLof less than 1 indicates :-;:qzzi'r;z'mrxt deterioration and the need for

immediate maimtenance, Thic s tust i used for dry insulation systems such as dry

type transformers, cahles, ritating machines, s

Step-Yoltags Readings (D¢ Voltage Tip-Up Test
In this method, volts sge is applied in steps o the nsulnion

2 controfled voltage method, As vol ftage is increased, the weak insulation i}

show fower resistance thae was not obvious ar lower vt

Y
Taev ot Yoo
WYEIE, \vf(‘,h:“z.»: [

o
z:;g

divt, angd other CORtamnants can. be

below operating voltages, whereas ag

insulation systems cay only be revealed ot bigher voltages. The stepvoltage tegt

3

ts very valuahie when conducted o o reguiar periodic basis

Actdity mensurement

<

Good Hauid insulation ia ¢ }f‘m*"’iis P nesutral. Ackd may arfse in Hguid: ingulating

sy

morizls during fabvication or operation. During ¢ coasdition this acid

.

sppearancy indicates degradation of insulstiog guality, Excessive conient of acid

H [P T 1 G SN AR 5 T FIO TR | N = v Siyeey F s
i not tlerable, The acidity of the saiples will to he derermined by tiration

according o ASTM D 974, The apidity wumber indicates the mimher of myg

o

podassiom bydroxide (K4 Y 1 pevitratize per gram sample oil The énd not

atinn was determined using phenolpialine ndicator,

12

aud b {8

Wi of Sample in ¢

Acid Yalue =

v
N }’.«
=
03
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CHAPTER THREE

MATERIALS AND METHODRS

3 P .

This chapter discussed the experimental procshures used in this projoct,
inchuding  the measorement provedore  of breakdown veltage,  Insulation
sesistance, Hash point, powr point, Redative density, and moisture content. Figed

oils {groundnut o, palm oil, ;mm Lernel oif melon seed oif and rubber seod ol

evere subjected to the various tests in order to compars the chamoterisic of

wpaid with standard Transformor o a5 control experiment.

However, cut of the wentioned insulating charscleristic in chapter two, the

ork principally fooused on the breakdown volfage, insulation

resistance, fazh point, pour pohd, Relative dunsity, viscosity and moisture

v

confent, The tests or sxpenments conducted on each sample of the oil wers

guided by IR and ASTM standard.

Breakdown voltage measarement in oif

it is meluded i

Deiermination of she AC breakdown voltage of inan

»

gernational and national ~{df”’ ds on lguid dizlectrios, Among the most well

£

Knoen are TECGRESE and ASTM D-1816, For manufacturers and users of Hauld-
imaedated powor equipment, these standards are psed for ms,d(*nn he oif quality

eguipnment and dingnosing eservice msulation contanination

&

RS LR X181
BN IAEE S YN
e

This test yevenls the conductive contaminants & moisture present in the

]

sansfonmer oil, The diclectrle strength s thal minhmum voltage &t which are

<

wige ooours between swo oluetrodes set 23 nun gpart. High BBV i

%4

-
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« The electrodes shall be polished snd either spherical {12,
dimmetery or partially spherical. The axis of the clectrode system shall be

i

horizontal and at feast 430 man belmw the surface of the tey Hould in the celll Mo

trovde should be closer than 12 mm {0 the cell wall According

¥

{8 stundard 50156, the gap bebween the eloctrodes is originally set 1o 2.3 mm &

3.0

Hed with sample,

iraving about 3% of the container volume as freo alr space. At the time of test,

ture of the oif sample shonld be sgual o amblent lompergture. The test

cell should be drained angd rinsed the walls, electrodes and other component

parts, with the oif sample.

31 Measurcment procedures
 Firgt vihlage apphication is stanted approximately

on of the

% win after compd

filing and there should be o atr bubbles which are visibie in the clectrode gap.
A3

v i I3

he applied voliages uniformly fnorease from zern af the sate of 2 KV 2 0.2

*®

rdd

¥

k%75 until breskdown oconrs,

¢ The measurements are casriad

\.‘

have oocurred, allowing a panse of a1 feast 2 min after sach breakdown before

R

[y e Girer o 31 b e v oan bpaibdeten vessomryd v il
seapplication of voltage or wtil there s no gas bubbles prosent within the

elevirode gap,

g

sult is caloudared from the mean valoe of the & breakdovns kY.

I

3
e
Eed
wr

3
~
b
P
N
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¥
N
3

e,
p
S
~
34
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ihe provedures were used on
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% i honed on G slsorplue

et wmny Hepsesisianos wetbed B & ol
by shveply dbie soooessive sendingy @ spenific thue ad sotes gy e in

sumdivy, Voot by then rotbiod e sovfimes welirred to s Tielonirie almonyp

T ot

R R

ﬁw

A do voitape of 1000 volis 3 wppdind to S evlation and rendings soinlen i

wrns P Dhuin woeve ropnnded of B 1% ervoed sl

s sgervals
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CALCULATIONS

Diclectric Absorption Ratio (DAR) =

Transiormer oil

*abm oil
28 7 AT
?;‘i&éz. 22 fo :i ook oI ’i ‘rf}f
R 69200

Melon seed ol

oy s Rm, "3 i
Dake s, w2300
"E{;:ts: ’“ '(3(3

[ae)

et were added 1o the mbture,

vt

£

i
i

miRtare was titraied




fne calowlaions were carrvon it acoordance with o quation (220

Acid Value =

where ml KOH s e stepdurdization of 03 RO agsinst 0 ingic:

Average Volame of acld obrained Fduring tiration= W

Welght of the sample =02 ko

Standard transformer o3

N =02 om?

e {i:ﬁ.é*i}.’fé}é%*&{ﬁ"} o e
Actd Valye =4 < 43 867

-
N

LRy

Palm o}

Groundnut ol

11

N

ALY

L



{36, 1%0. 10647015}

Acid Value = Lo 47T
4.7

Fabm Lernel off

Noum 28 crn}'
FS6, 150 1064%2 25
Apid Valype = S 7152

{_i(,;
Melon sved o
Ao omd

(36, 170106470 1Y

Acid Valys = - = 5,969
C ~y

N Q0o om’

{86 R 064%.016)
Acid Valupe = -
.7

N

= {3 47E

i
S

Betermination of Viscosity of the i}

Experimental procedures

The experimental procedures were performed with Cannon-Fenske, constan

~ « >

temperature bath was used i the procedures for viscosity determinations. This

srably malniaing temperature uniformity, Cannon-Feoshe viscometers wers

o

Materials
Clearmng solvent approgriate for sample
Pare Hoguid or solation sample

N A',

Temperature-controited 70 water bath consisting

o
L4
Mesy

4. 5-palion glass tank
Temperature-controliod inunersion water ciroulator

A3



anron-Far $

A

3

gure 3.1 Schematic of @ glass capiliary (Usube) viscomeer,

t.oad and eguilibrate viscometer
s e ¢ topmperature-conircted waser bath and set the wmperature o

-

i Twn on the feg

¥ Allow the water bath to heat and equilibrate for 30 min before measuring

"

the wviseosity of any fluids. Verily the water bath temperstore with a
thermometer bofore procesding.
2. n the Cannon-Fenshy viscometer by placing the appromiate solvent into &

H

solvert wash bottle. Continuously fius

iwred air i%zrc"'zf“éz the viscmmeter o remove Tinal fraces of solvent

ﬁ(w i ",ISQ mrnetey 5 Waley bxi h




£ T0 remove bt dust, op other aolig material from the sample, ffter Sample
HSIE & (i o s¥ringe fited with YA syrings filter holdes fand 2 nvion fier
it charge the gan BRNC HHO the vis seometer discharges e sample from the

Fpringe with filter dirgctly g ke A of the v Beometer. Discharge srnigh

SERPIC 10 fil] the FECEIVingG vesgel ($e2 Figuse 3

Bple volume should be used for aft f;:;%}iequem.mz;t:.zsuwm»mz:
Mk surg that the VISsOmeter is in 4 vertical position iy the hath,

Eguilibrate the sample in the water hash for 1 min.

Make the MEasuremeny

» &

With the sehon bl connesed 9 one endd of the tubing, connect the other

S

end of Wblng to fube B ang apply suction o draw e sample thropet gh the

capillary and wa fevel above 1he ciched Hne potpd as

N

- Bemove the tubing and me

C

fEhe time UBIE B stopwaioh by alfows

the sample 0 flow frely down past mark C, then measyre the tme i takes for
the menisous 1o pass rom mark O miark 1 in seconds,

CALCULATIONS

e e v} expressed in weniistohes, svere catcalated from the

easured flow ¢ timie, 1, angd msinnent oo Cnstant, o, by means of th w followi ag
e tion

Kinematie Viseoyit by {ofn), v gy

Fhe valyes for ¢ are provided by the VIRCOMEtEr marfan wrer, in this research

the valne of the CORSEa uned:




Determination of moisture content using dean and stack methad

Water in oil appeurs as an unwanted subsiance, B s gensrally accepled that

i pneroseope mmounts - ot galionse is the cause of more eleciviond

cwis than any other topurity, Moisture constitates a hazard not only i

e qualbitios of the oif bt also 1o the tnsulstions inczs. are ramersed in

The Dean and Stack method: A koown weight of oif sample is placed in g flask

<

/cz { (methylated spivit) as reagent, The organic snlvent must be

. ., o nge . . T4 om oy obd oy
b with water; have @ higher boiling point (110°C <1207C) than water; b

derse than water; and be safe to ase. The flask containing the oif sample and
s attached 0 2 condenser by 2 side arm and the miture i3

i the sample evaporates and moves up into the condenser

s conlad and converted back inty Hould water, wihich then wickles into

the gradusted tube, When no more water i3 collected in the gradusted wube,

sty 1 stopped and the vobume of water is read from the tube.

PBetermination of Pour Paint

The pour point of off v the tewmperaiure below which the oif ceases o How when

owere, beakers, cellophane of uylon material. refrigerator,

R
ey ’«i‘f;l(aiii‘, feE%

L retort stand, and thermometor, For this exporiment, six beabers were
44




e
w2

s

Hed compled

with a sample of the vegetable oils. The heakers were sealed
with collophane maierial to peotect the ol from being contaminated by moisture
he oils were then placed nsid e 8 retvigerator and allowed 1o freews, Aftey it ha
frozen, cne boaker after the other was brought out and mounted on reiort stand
and tilied at angle 457 1o the horizonial in oyier i‘i‘n‘ the off to p:,'";wf when i osfarted

hE 1

Bermometar was placed o the surface of the sobid o where it can

ety g,

1

ratwre was reached. The nyvion was removed from the

DUy when i femine
H i

e beaker veas placed on the retort stand, The temperatare at

i
i

el each of the olls started o Ppour was noted and recorded. The vesetable oils

ribed above were groundnut sil, melon seed oil, palm kernel R

pubirt oil. and rubher seed oil

Pefermination of Flash point by Peusky-Martens closed cup nisthod

e Hash point of a Houid is the emperature at which it can form an

ignitable mixtare i alr. Ad this femperature the vapor may cease to burn when

e of ignition is remeved, A slightly Bigher ferperature, the fire point. is

as the temperatre at which the vapor continues to burn afier heing
sgrited. Nedther of these parameters is related 1o the o smiperatiwes of the ignition

source or of the bursing Houid, which are much higher, The flash poiut is often

piive characteristic of Houid fue Lo but i s al iso used Lo desorthe

eyt vyt Tt : ~ s Frymto
bare not used wlentionally as fueds,







CHAPTER FOUR

4.8 RESULTS AND BISCUSSION

4.1, Breakdewn voltage (BDYV)
Fhe results of breakdowy volisge (BIWVYL ponir point, flash point, water contert,
density, resistance and viscosity measurements oy standard transformer oil and

isted in Table 4.1, BDW messurement was performed in such a

way that six breaksdown tests were conducted on each sarnple,

Table 4.1 Resulls of the mmmu won between vegetable oif and control transformer il

il ¢
Froperty Standar Fahn fm;*i Palm Melon  Rubber  Imternational

oil et o1l e seed seed ol Standard

eloil o value

K3 42 44 4446 | 483 Z34

25 b3 24 23 -1 <=1
25 268 244 282 §75 =143

4 - ry et gy ~ ] o 5 - oy
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e ol with different elocyrods

vap (it are showwncin Table 4.2

s Vartation of breakdoven voltage (V) with olectrode gap ()
i Pise DoSmm Dianm Z5mun 30mm 35nun 4.0mm

Ty 3 &y ~, P ;
24 45 S48 7 84 94

REN

&
e
(ad

A 202 ki 39 45 286 a8
Y i v g e E N by 58 s 3
{yrovundnut f5 238 34 47 65 7R
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4.2 Comparison betwern standord {ransformer ofl snd vegetable oil propertivs
A grophic pressutation of the breakdown vollsge comparison between standard

3

former oif and vegelable ofl against the clectrode gap is shown in Table 4.1

48




reference poing
twn viltages against elecirode gap

o 4.0 Variation of hre

45
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i T F e E i e T e L3 b
e water content moasare

erment of fraustormer off and vegetable oif ¢

Figure 4.3 Compurison et
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! water content




fiash

B opoint determined in degree Celsic

P
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Eeh
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for the selected off

sampies ax tabulated i Table 4.1

&

were represented in Figure 4.4

il e

{omparisen between transformer off and vepetable off flash poing

(9]
It
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The acid vahuee or actlity of the ol samples measured in myg of powsssium

gram are shown in Figure 4.6

I3

# Acid Murnher {mp KOW/ g

¥

e ol acid numbe

-3

L8t
£



see at 60 second

transtormer oif and vegels

against time

L 44
>3



fhe pour poid measured in degree Celsius of standard transtormer off and

o shown e Figure 4.4

Comparison between transtormer oif and vegetable ol pour poig

N
Kf



Phscussion of Resulis

he discussion that follows balow refers o the resoits o Toble 4.1 and figures

The breakdown voltage (B value of all the ofls considered place them at a
comfortable fevel 10 be utibived ay insulating ofl for iransformer with Rubber
seed the bighest (48.3kVY but this parameter 15 uot the sole detorminant, 1t was

%

shserved that the bregkdown veltage inoreases with an increase in the slectrode

Fiuwd viscosily is used o optimize the transformer cooling desipn, From Figure

o "

yocs that ol the vegetable off are shightly higher and

$ T s vl a4 .
;,M tha % Sunsily gU e’ sl

falls within the lmiting value,

it s also note worthy from Figure 4.4 that the fash point of all the sanples are

i o comboriable fevel to be utilized oy insulating Houid, since a high flash point

is reanired to eliminate the risk of ignition.

cof oit and it facilitates copvection. Apart from

transformer oil and groundmut oil which ave fow, sl other samples are slighnly

s than the standard valoe,

1
Ne;




Figure 4.6 the actd value of rultber seed ol and transformer ol

»
o
Py
2.
&
=
Ky
=
&
P
-
e
.y

spared to other sarople with high ac id value. This placed

the other sumple on the platform of harmtul fo the gansformer,

shows the comparison of fusulation resistonce by using dicleciic

.

it of wanstormer ol and vegetabls ol Since the insulsiion

ue measured are all above 20080 i shows that the isulation

< . M
FERISUANICY vVl

‘? Ei PEE }n 5 ‘3‘}& A i Z )L ML")\, fost e .,,J{,‘JQ ill'.i-?"’.

ings of the oil are shown in Figure 4.8, Apart from Rubber seed il

i

N . o Y VI . G
winch has low pour poing value of -117C which is below the Hmit of -1, alf

a potnt which carmot be used even in the temperale

(Y
¥

LA




CHAPTER FIVE

5.4 CONCTURIONS AND RECOMMENDATIOINS
%3 {onclusions

in this propect an oxperimental rescarch iv described on the investigation of
different insualating odils for wanstormer. I order 1o rate the properties of
sitornative meudnting o, {vegoisble odlsy and widely used wansformer o
{Honeywall) were investigated, The conclusions from Chapier one o five are

sumunarized below,

boThe lack of mineral oil resources become 3 world tssue and encourage people

X

o find the altornalive energy source, On the other side, the apphivetion of

4 . s

ineral oif iy transtormer also brings a problem when thers s a leakage during

wration and the oif become o polivtant to the environment due io #z lass
bioglogradabic characteristic,

2o Vegetable ol bus been acknowledged as good alternative material for
ansformer ot dus 1o its good bindegradability characienistic, low pour point,
high flagh point, and high solubility,

=

3. The results of the tnvestigations have confivmed that Rubber seed oil i3 the

1osuitable because of its high BDY, low pour poind and low acid value as

QUESTVEQ | THeT LG,

(J!
[

Recommendatfions

it 15 being recommmended that these il samples be mproved upon through more

standard industrial refining processes, that s, the materiad shall be obigined from




ab by a provess of soboant

sood qualily undamaged

SEON.

Y




FEREMOES

RE

Hage of Insuk ating (ks of
Apaal Book of ASTM Standards,

Bartley, W, H.{ 003y Anabysis of Trapsionmer Fathres, International A seociation of

5. 36 Armeal Conforane Stockholo, pp.BY

wsin The Fleciriva! Engiugering

<

(S

{2000, Dielectries and 1
Yo{199) Agriculineal  Bused
P 53”7{; Z“;S}

al Techmigues for Character ization of
{,}ﬁs? Rerieved  froms

-
:‘(

F Thelectric Prop: 'm Q ug«wm wetween Mingral ot
g Phosie, Dwelfy University of

oi Linput

3 N . R
{0 teditinrny {,)j _{I_;_:;j,‘;v oY e'i(-:',‘r,-.;'

W amazaki, A, Hatia, Y., and § Hidennbu, K. {2007}, Bas v Eharacterisiic of
TS iﬁ"{'{.’.i‘(ﬁ“f”:'fz?li.ﬁ‘d with O Palin Faity Ae yeid
bV

3 ;

cptepomsoious T ransiorny
wiih Ipternationel Symposivm o0 High Voliage Engincering,

143

Lown Voltage of Insulating

Method of Detenm ination of the B*z,«m\
IEC Publication, Section 7. pp - 7L

iy Production f Fiodiese
Indusirial crops and ph_.s,iasc‘a‘s;,

{ 2007} The Breghdown Vollage of Insutation
nidity,  Acidity, Perrticies. and Presaure,

. Poland, pp.

- C g , - ,
AWK w £ RSt AR 4 8 L - 3 ! . 15 : (AN 4




Fupdamental ol csulating  Transtonned, R Plecwicnl
ing, voi.3 Mot o 19 23

rig ansionner ipeudating fhat (4 Retrieved from

¥ ' (i) AR AR EAY ;
%zi{;w;'«u; &%i’iﬁti:iﬁi :az‘ss*;s;’igggigum:s%wm« transioyoes insulating/
{2ed Editiony. Mew

SinesTiig

At ;} 'i'\';amar" 3

\Liz§z$.. ‘\/i 'A,l)

'3§f:€'3‘z%s; far Ligmid-Filie o Transformers 3, IBEE Riggirical

ol TR, o ”>~7.

B, o Fitund, M. 20

Paplavanpont,
ed from by Jetecinicenet

L aid Rewrieve

pepmient of powET t‘“&ﬁﬁ:ﬁ?ﬂ"}&r‘i by
D Tpas, DML 1 wol 13, No.

06Y. b

Frarrie, L.,

& niainlenants of Blectrical

‘7@f(3hbi
219

v Bdition, pplid -

{rielechie prope sties of palim oilg 851 iqgid
[nt, syinposivin OR Flootrieal

it Proe.

whea

Cywarns, £
g Lgpuadd Insui Inting Maderiuts

F R diton i

4 Bonk of Foond Plags,

4, {2005} Bool logical

L% 353
LE e N

i}'hz B*zd
o) zmv,m“ngr ¢ orits with
feliing, ppt -

;«"‘sz,zpmm

~r
z
¢

CTrolaty, xs Borst
RIL R ;i’zﬁ,zni ks
pposiam ot thel vohage Bog.

P4

sies, O (2011 (%l palm P rpoessing Operation. Retrieved {rom
censtons. Org greenst torid “"md LSt sessionid
R [ (2001 Aging Doywer belivery

Dyekler, 10 pp 28 43

Selrieher

Y ork: Ma

“
£
[



