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ABSTRACT 

Th0 \yorl(rS <.:rwrgy requirement ~H1S bet~n dotninat>.::d by p:;:trokum oil n,}!' years and in 
rnany appEc:;;tions mc,st cspel~ially in ~Jre:l of ekctfkity, fvlinew! oil i$ <Hl irnporti,m1 
insulming :n3J,~d;j! in tn.m:-;fi)rnwrs; it has been u~;,:.:d for rnany y:;:<'Ir5, fvEnemt oH Bpplkadon 
in po\vcr $ySl.em equipnv:.:nt em 1-:>:;: hokntdiy hazardous t() ihe environment especially 
wh;;-n jh~r:;: :ir,.:: incLkms of trnn',6m'Per eKp/osion which may C;;1use a spill of oil to the soH 
nr W:.tt'f strfdm, In i.ll:;: fUurc, ;;;m;in:<n:)lCrHaliy friend!.\' in:"ubting oil :o;uch as vegetabk oil 
is eSjkCltd tu b;;; uUlized ;:,s a sllbstituU:kJr minerai oH for power rmnsfi.;:;rmers, 
Experim.i;;nta1 results (On brc::;kdo\vn VOh~lg;:.\ Ihsh point, pour point,visco::;ixy, density und 
insubti,w n:.shtnncc Gf convention:;..l lniiKT,:';! oil Hnd vegetable oUs \vere armIYl.ed, The 
e>qx:rin,cllts \\,<,:1'(' d~)nc it) an attunpt !o fmd fl(:V;, type <.)f Equid insulating materials which 
';IY' :"v;,;,',11""o' : f' ,:d" .. ,! ,·,i;-·,-Jl d"(lr~'C"r""l' <;";;;:; ''l'vi r.'!'''xll ,; tn ';"'lvi'Yl""1,ent t"Q<!lP'Miw3 the v· .• ...- ..... .,.l..>.~ ..... 1 .. \. (~ "..,! ... V· •• I .......... .,...~~ ... ~, "-, ........ '. <: , ........ V~ ~~ " ..... ,.,( .,.~t" .~ 't...·".-.l ,,<,.". ~ 

"";-:i""~;'''':''''hl r°.;;p:t~' "P"; ,"dIP''':'; nf <;':"-'(""11 ')"Zi"W'rtl"s ;n ;"l''':n',ltint:.lj <;l<>nd',..-d f~"!""n ""uch as 'v· .... ~ ..... )~i~ ... ' ..... ~ ... :-'_ ... ~)V.{ .. ' .. ~ ..... It. ' ..... '. "'- ........... -:\.( _; ~ -t· .. ,,, ............ , ..... ~ ...... " ... ~ ... ( . '-' ~ .,,~... ..)) ",;7 • 

Am<.:r1ca ')!;mchmi Tc'it of Ivb1e:-l,:j! (f\STML Rubberc;,;;:;:.d oil h~~s th;.:: above good tkoCtrkal 
'1~'''i'1'+''; "lWl il:<.:r:"J~'l{<': r:"'ci"m,':v'pd,:,d !it l'!>,:;l';("J ,1<; (l bindeG rar1Qhk in.;;ubt:nu lkwid to i-' 'v f" .... ~ '. '.w,-, '.. ...~ ,- ~ " ". - ............ " .. , ..... ~.W •• " ... '" " .. .. .. -- ../ •• - t::. .... -.. .... . .1. Z. ~ ,A • 

repli'KC tht ('ormnon1y used {r:m~;fi)rmer oil. 'shieh i~:; a ininend from pdrokl..HH product 
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1.0 

CHAp'n~n ONE 

[NTROnUCTION 

1 

stepped up to high 



in&<.:1<'11ion in bgh voltage equiprni.'nt. i\t present time the oil arE still \viddy used 

excel!<:m dielectric propertks :.:;uch as high d~dric EfJd strength" low diclectrk 

con~;idcnlJiQn. recently nw.ny researches lw.v~;; been carried out in an arternpt to 

1,2 Stat(~ment fif the Problem 

dw next milknniuliL 

2 



during aging proce~<s, But, investigation :,;tin condniWS 10 nnd out the opt1md 

br,.':~\kdO\\T\ strength and \\Cller solubility but inferior in loss';;s factor and 

liquids (petrie C'f ai, 20(6). 

3 



1.3 Objedivc fit' the Project 

, t· 'j . '! '." l' 1 "I bi 1 "1 " \.,,~get(l.Llk Pl. {paim 01 , ground nut ()!L Pi'! rn Keme mi, ru. ocr sec(. 01, (wd 

L 

It 

Flash Point test: 

Pour point test; 

C'{. 

between Minerd oil and e~lch vegetable oil. 



;nl!~orunt bilckground of wg~tdbk based insulating oil as an alternative for 



CHAVfER T\VO 

2,0 LITERATURLRKVIEW 

L 1 TnrHsfonncr Iwwbdng on 

, , " ,. 1 '1 ' C' I""" 'i' .... ! system eqlllprn~nl \vlfn a fl1g'; eve1 01 n.'.!1HtHHty and sa,ldy, T()e power system 

to the end us::::.)'~>. The 1}';ain goal is providing electrical power to the COl1snrnefS in 

ell At service sub~swtiun tral1st(rnnefS, \vhen,' the voltage is reduced to low 

'TLl.nsh,)rnwrs rnay suffer f:om severa! conditiuns sw.:~h as overload cond1fion, 

G 



to ;-11<: st:::,tistics of transfiTrInt:r f::,ilures in USA frofll 1997 to 2001 (Ba:rtky, 

"", •••••••••••••••• --.,.,.,., ••.••••••• : •••••••••••• •••••••••• .0. .... '.'.'.'.'.'.' •••••••••••••••••••••••••••••••••• ,., ••••• ,.,.,., •.• , •.•.•.•••••••••••••. 

TransforrnerfaBure In U~S.A {1997·~ lOOl} 

insuLttl011 can b':m~ll.k of paper, pressboard, cpnxy" and wood, Among them, 

kraft paper is widely used as solid irnulation in the ir,msf()rmer, 'Nhich 1:'; Tnade 

7 



Oil as insubt1<;rl provide;'; t\VO main pmposes in the ~ranSf()rnK>r operation, a"> the 

<'t) To (let (.lS <'1 (oolant \,d.th dk main t<l~;k of absorbing the ht:at from the core and 

There arc threc hKtors that inf1uenc<:. the chu111cal stability of oiL kmperature, 

disse:! v:;;d in oi! during aging and rnight acceleratc th(~ (J,ging process, 



todHY, mim:l'al oil has been used [lS the main sourcr of Insllbli.on HJaterial, l~H' 

envlH.HHm'ntal concern in cast: of leakages during opcration or due to an 

insubt,;;d by /\skareL a mixwn: of PCB (pdychloriJwJ:;.;d hiphenyl) and 

~ls an in:3ubtion llwterial dJ.y more due to tbe environmental issues of this 

jwzard<)u~:; 111mrriaL In order to setne di.?\vn the environmental and susta.inab1e 

AI1boLlghm.ostpl.anLC: contnin S0mc oil, on[y the ol! frDm ceri<lin major oil crop::; 

9 









(~t}ni!A(:dr.k B~Takd(iwn 

lYdectric breakdown is the minimnm ",(.:)tage m \.\hidl :;;:!e{~trkal ihshowr 



(c) Spedtk Gravity 

will tloat on Hw oil. Such a condition possibly may result in flashover of 

(;unductom extendi.ng above the. oil leveL 

(d) \Vatrr Content 

Th13 test rneusurcs the concentration of "vater cnnt,jned "vitnin the oiL Lo'.>.: 

indieat!()H of tlw presence of contamimuiol1 or dei'~rhration products such as 

(f, F!a~h Point 

The nash point IS trw n.1ln111YU11<l krnpt~mture at ','/hicn heated oil gives off 

snHldent V.ftpor to tonn a Hmn,nahk rnixture \vith ail'. It j:3 an 1tldicatof of the 

14 



(f!.) P~H!r Point 

Thc~ fYH .. Uo V.lint j::; th<: lowe::;! ~emp;-;:l"ature at \vbich th,': oil \,;;n t10\\. /\ bv.; VH):" 

15 



LjJ~de 2.1; P1'Oni.Tty a.ud.Required h:vd ofinsnlatim:. oil -....... . .......• , ........ ..... .. .... _=, .. _-
Property Requird Functiun ---~... .~--:-:--~ 

Lirniting value of Nc\v {yii 

25mrn 

Di,:.ieCfric 
dissipation 

f:lcicr 

Y '." • 

\/ .ts<~nSH.y ~H 

·4 O~>{:~ (rn:.1x .. ) 

:Fiash r~Gint 
(cl{)~ed cup) 

Lcvel 

High 

1 .. G)}": 

r.O\\' 

'r l Lu.g 1 

I)cnsi t.y· at t.O\V 

2Ctc:~ 

'j··fj· "'1")'1.' ·l,·l,'~ ;·1·:,·,·),,, ... ·'1·;(·· \tr·,'~p,yil' '.,., 
.• ~ .... .. -.....e.. ..... ".- ~ ..... ~.'-' ....... ",_ .. ' ..... ..... ~.{:';:.~ ( ~ ... " 

pr-cventbn:;,lLdevo/n of the 01 I um.:kr 
ekciricd '4:\;:;;5 

To enSlrrc dl::.H the dL:[ectrlc los$('s oxe 
$lual1 and that the oil thu$ provides 

.' i'" 'I.' " ~;(j,::Js{ac,ory mSUli1,wg pr0perd';:;~ 

necessary cooling and v.:here 
D..r~plTJr)"riate~ arc qtter1ching I}[Opefties 

To cn~jure trW! the oil nOW'3 

,,;)[·;<J:·""·{F!"V "f·:d'···j· L··.", j··':11:'>,OOY"I'·'II"I< .... ~ ... ~.~)~.( .......... t .. ~. ~ .• : t-! .\. ............. ~',. ... v, .. _;.-' ...... ~( .~ .... .. .... 

(:.onclitloH$ 

Tn dimimlk the risks ofjgnition of 
vnpour:;; above tht on during 
nF.lintcnanct:: or in s<:1'virt:: 
Tn ensuw that ic<.: C(Ulnut ±1oat on the 
,···;1 q:"l·~'v'i.' ·'1'· ·"pr" Ilj'\" t'''rl,n'''Y'.l' II 1', ,,; , .... ~./,.~ .(...' ......... <;.1. ...... ) .. o'Y ~.W .• ~ .... /.!-' ... '... """ •. 

and cause intern,,;! fJash{)"vc{ 
·T ... ·. "l ;1·"'I'l~'·lt(·, <·rli• "'l';;k'" nt' slp,jn o 
~..... ..... " ~). ... 1.,. .... t.... ......, ...... "-' .-" .. >. .. .... :;;."" 

fc·'rrnation and C01TO:.,i01l 

'1·';1<" ,,!,I<i'.il",'c·;)! <J'·"j,<·;·;l, ()1"t\1'~ .... ;! \'>'l']l .L:..I \.- ""',..... ' ....... t .......... "t;.o.... i .... ~ .. Lt ,v ~ 

be impaired :,'ind n';oisww \\'ill be 
absorbed intG ,lilY paper in:;uln-tion, 
reducing insubt10n lite Hndincre::lsing 
the rd,: of dielectric breakd{)\Yll 

Mineral Gil Veget<tbk oil 
30k\/ 

12 cSt 

(I 91 '"j!"11'·.1 .. ~. ty lo.., •. .: 

(!\ST\l 
01298) 

(l,03G I11g 

KUH/g 

30kV 

50<.:St 

35 mg!kg 



-~"""~--~""'''~--

Key propcrh::s Produc(xl from im.'r~'<b;ng!y scmCt;; 
and non-no'Deivabl,\ 

Produced frolH don"H:'sticaHy grown, 
ren,;;wabJe SOiJfCe,. such as palIn fruiL 
ground mn and nidon 

Pr~)penies 
Fr\vironm(:;nLd Cuntains cumpounds that do not Highlybiodegradable~ llnl1-1nxlC; does 

, ....... 1:l" L,: .. "j >" .. '1'" ~,.1. / ("",,·-t •.... ,,<.-.;1,-,;.,; l.l~J~<eohk >.., :nd) 'o·ell dl.:l 

Spills 

I~ (:'rr~)rrna DC·(: 

Utility Cost 

U'(lC(~S of a conJlrnwd carcinogen. 

SpUl ckan .. ups arc required by 
regulmkH: and typically 
1·.'.('·,·".".<-:,_;1' t,}o·.:,:.:·'~ ~'r""i';" 1 prPI; ""n~"1~r "1"< ~ ., ~ - ~ ·;>t· ... V ..... ·l<h ... .... ' ... i ... ·";·..- ......... - ".r !..( ('.~ 

rr1aJ~:~rirjJ 10 h~i p carnure 
~ . " " 

contamm.atecl rl.l110H 

C~Hches fire rnorc ';;:i::dy,. le~lding 
to higher pl'ob;;ll:)iLity <)f 
tr;.H:s[()rmer fires 

not txnrtam 
halogens 

or 

Rdat1v~l\' nroid blodegrad.adon rm~y 
v ~ W v 

elirninate the need Ihr envln.mmelltaHy 
l",~!·'t'''i·1 "j' f'''1'1-nn nr,i,r<>tl'O'-I::> ..... .iH ............... ... {.s '-"'~ ... ".t .... v..:...;~ . .... " .. 

Higher fire point reduces ih~ frequency 
<1ud i 111pmt of tran.sf<xrner 11ms 

Doc·~ not dow dov,'j'; the standard Pn.rvcn to slow dov~'11 the aging 
insubtiGl1 ~lging rat<.':: recmires 
snfcia! ,UKj exne.f!:,lve nl'ocessln::.: .... ~ t ..... 

Srn,!HtT in""'t'SinH.'lrt leads to 
shortened l.ife ()f transh.mner anct 
d:H:lnished e('0110rmc returns: 
l'<.·~"l"·'''<:'' l;'·':"'l°l't' ... ' ) ....... ' .... V!~~:~ ........ ~ ...... ,I' ~t .' 

17 

Rate Df fh(; insulation system" resulting in 
an In>:1'eas0 in the expected We of a 
·t:">I·!,-J;·'lol~1'''1· }'V ,..l"i,<,.j"{,, ',hv} "'·r{"'·'p·i{:: 

A 'U . • .l S.,., ... ..... ~j J '" ·Vvt.~ w ... ~:: ("~ .... <-.~<:"; 1/ _ .. s.~.{ .d ....... 

'lqi ;)D""!'·;" 'l,'" ~{":~ ,)i~ n"~f>~' .;,..,< ... <i~'t;i)11 
i ... ~ ... ~~_ ... C ~J • . t.o ... ~.1.,.'1 ... H ..... -:. \...1 rtU;:-~"""'A s_~A")'~.).h'"'-'o(.{ .. 

U pfront investment promoks transf(}n11el' 
life ~lnd leads to longer~tenn ~~conol1'lk 



the highest voluge ;;vhich a speClm.en 'NithstwJds 

'y'oh,gc deflnes itS ,I maximum voltage applied to the insuhltion at the 1110m~nt of 

strcngtll ufirwuhtors is tb::: rninimurn voltage, For a 

~;;unfiguratinn of dielectric materia! and dectrodes, the mln111Hlrn t~kctdc ,fidel 

that produces breakdown, 'The breakdo\vn voH<'lge Uln lx~ (kfined as the 

IS ekctric 1l::::1d stress and dide{:tric 

affecting the ditkctric strength me t~n1peraWre, humidity, frequency and 

thickness of the speCImen, \Vhen the tel1·;ptr~liun..\ huntic!ty and Lrequency 

18 



prGdU(:1:' brenkdovVIL V/here an electric ikld exist in gas, fi'e(~ electron suppose 

This process \vi 11 continue nnd cumulative cause the numl}t':1' of fn~e dectl'on 'Nil! 

C(lUSt's suHkicnt ddortion of the dectric Jldd Ont those ifet': ekctrnn move 

19 



Due to tb::: liquid gkbules and th~; pri:sence r:f sdid. p;Jrddes caW'i·es breakduwn. 

vc,It<ige mode, time <ipplkation Qnd vGltage iwture. Breakdown of liquid can t"}i';: 

determined uSing ~~quatlon 2, I INaidu and. Karnara}t, 2(03) 

r'" :::Ad" 0·1) 

2.4.1 Bn:akdovm phenomena 

hot spots (Bannikas, 1(97). If the tcrnperature ~'!L such hot ~;pots o-wLinHcs to 

increase 'vvhen the heat !!en:;;rathn rate e,,\ceeds the dL;sil)ation (lbllitv of the v .• 

20 



l816-84<:\19(8) UEe l56,19(5). 

Electrode gap 2.0nUY1 
J~"iuYnber of nreakd::}\vn 5 

'v'dtage rate ofrbe ._-- 500 v/s lOOO Y/s 

product of gas <:nd \vater ;:ontaminatiofl. in this C85t, the bubbks may be a 

source of discharges in on vdth unlf.::mn dl.~ctrk field E, Tb~ e.kxtrk field in a 

gas-f11kd cavity in oil \\-'lth a f<;~lat;ve permittivity 

And i;}r ester oillvith S .. '" 3.3, the maxbmm va,he is L30E, 
{~ 

Spherkal bubbies (rilen occur in 1mv dtnsity area~< in oils, The di::;chargt process 

21 



:surrounding; iiquid. The gap g b~tweeJ.) point cmhodc and plane anode \vil! be 

di,Ul)cter d. The gap reduction can aCl:elera(t.~ the sp(~ed of travel of the streamer 

Figur,;; 2.3 depicts the v;:lTi,liion uf voltag~ against the distnncc of dectl\")de in H 

22 



o 20 30 40 50 60 d {em) 

r-;,,-:p-,' -; ');' '\.!~'1-1·r>i-;'-"'-1 i)f !:l~';::':'k '-";--":n ",-}-!'-'->lr,> yc-;'-h 1':-l""";\';':" 1'" d-I";;I~';'l"L' b,,;,,;o'''l-'' ~ .. {:;;. ... ~~ v ~,. >, ..... ~ 1" • .et" ..... {"' .. "- _). ~{~ ............ <:. ,~t v ..... t) .... (f..,.),.. . . ,~ .L',,); ............. ">,,-·.A.VV 5.: .~./ .. v; ... \,-......... vs. .......... w ~ 

ekctrozL;s in tranSfC)lTIWr oil 

(23) 

(\Lu the F~gurc- 2.4 bdo\v shows the variatiun of ::tpplied yoU,age against OK 

..•. 
...:-:- Hi a VD.GUUrn 

2.3 



t1)d (kV) i 
! j! !;: I i 

I ill ! I -ii l I 
~"'~"'~~""~-"'~-'r='" +....... . ....•..• ~.-....•• -.~ ...... ~ ~ j j ! 1 j i:)</ I . ~+--·~···~··:·~-····t--·····[ . ····r~·······r~··--r·-· .. 1· 
~i// Ii. I ilL: I \/./ 
{.······-·~···-········j..-.--······r-·····+············-: ........... : --..... r--.~ ...... ;}-

rl(} ! ' .... _.r...... .. i ...... ~ ~ I .. f /·~/!--······T~····· l···········-T·····-·(····-··r···~·-i·····-·-·· 'l" 
.,>", , : I : I Ii: : 
,:,1! 1 i j \ til l 

tf·~·-·······t-·······-·+···-·-···t--·····i·······--+······~+·--···I·--······+·· 
I j i I I I I I I :: ill ! : : ! I 

J It-;f··········~········-·······t2506Y"···i ··_···········i miDif···;·-··········17 50oo····r-~-i;(i~1;;cBl) 

also lead to the development of bubbles (l.Del ~Neaken the dide<:trk strength 

(Koch ~~! a!~ 2(07). 

2.43 The effect of cont<lfninat!nn.s 
Particle contaxn!nation in IrnulatIng oil may lead to a decT<zUSe ofth:::: brei.·ddn';vn 
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Liquid mc)\cmcni alaY }'lbo lend to a bWi:1kdo>xn. For cXfuupk', if oil is punlped 

brc:JJdn;;; of t1bn;:: chains or movernent of gas accumulation {Naidu and 
1 •. - ..... ' .... 

conductivity c and the red pan of theperrnittivity or diel.t;ctric: constant D* (or 

.c'.:~) , 

.•.. , 
.!..-.• 

(2.4) 
('f "" ." .. 

T 
('f ~ - ....... . 

FA (2.5 } 

The dielectric constclnt i:~ is d(;nl1,-~d as the amuunt of c1ectrostatic energy which 

can be ';fored per unit volurne lX'f unit potcnti::d gradient But it is al.so knmvn as 

the red part of pcrrnhivity which is defer.mined as the nltio of 



(L7) 

(2.8) 

. -;' .. :. 
.... ~ (' . . } (~, (2-9) 

and the 

perrniHivity (lnd qual t<J lhe ratio vI' didectric displacement \h.x;wr D to the 

:,nd L B~13(:d on the position in the vector, Z; and E should have the cornpl,:.x 



/' 
E-:': ;;: :':.~~. CDS .~y 

E~; 
(2.10) 

(l.ll} 

r T-·---

(2- 12) 

Figur025 

I 

-lk 
... ~ ... -' - {: 

I T 
1 ... " ......... --:-[ ........ __ 1 

~-~j 

Tk' bc!wvior cd- eqlHHion (2.n is commonly d;:scribcd in paraJkl circuit 
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High voltage test 
area 

/'R3 
" 

.",- /' 
;. .. 

"I'" 
\ t./ 

-"":\ 

L.ow '/o!tage bridge arms 

'::~.~ 
, /,""'C4 

................ 

B 



::;uk1lnsses thn)ugh C" andC" , Standard resIstor In, ciJIibmkd impedarlcesR4 
' . 

(2.14) 

0.15) 

Th~: lC>\V v~dw.' uf insulation f('sistance R may increase thekakage current 

OJ) ilud knd in ,ldd kss::s in dielectric insulation. According to equation 

II. Dipuk: ofienhltion )OS8(,; 

, . . 
r~:ia.\al!Oj~; regi{}:tS, 

LH, Jonic relaxation lo8sc:'i 

These losses occur due to a short range jurnp of ions between two or rnore 

29 



'1 ., l' '1" '1" 'I'" .~; "'1 '. " ",,'j'> ..: ')\'·°(':1' !"Cl',:" "iV'!'{ ll"':{" "'l;~ ,··'.In·, :("J'l':",; V"J : "li~ l'''''I'<''''OU'~I~;'''? t 1" (11; "o~"l'l ,. v.;. "'''. ,d .. " •. , ..•. , '.' , .• >, ... " <A ,. ,."'.t,e , .. AV.. '. A ,.~, />/''''''-''1 ..... d.) ... W A".~ A 

tU)lp':raiun.~ dependent a LJv..:cr viscosity of the oi I <.::an he obta.ined by heating it 

equation ,;vherc the rate of Liquid flow (VII) through tlw viscometer can be 

(2,16) 

;;lS"urnes Uwx tb: dif!cn:nce in height of the two 1iquid columns is rdatlvtJy 

., )' "J' ~ , ' '. t"! ',' . J ,'" I 'l l' , ilCl\X,S me 1<.1l)j( lS uue to tne \\'{'lght () t 1<: jJOU1(';, v\ It 1 t!esc COHdtlO11S; 
.~.. { 

(2,17) 
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v R:::: : .... , , 
< (2, I B) 

2, Absorption current. This current is also initially h!gh but drops at a much 

(.l.)'.} i\. ('.';.';.""'.j'.,:' !1n V::!l'r "l:ql'j(l (~<'j"~:ji':i'(""l [J',:lt'1" ;"V""l' tj,<> ">:"f'>,'" n!··' t!~,~ ;n-'ll",i'j(O,I'j ,~ • • • ...... \. , ~.. r ~...... ." .... b (. c\,. - t--: ..... ,I ..... ~ .......... , .. A .. .. l ~> .. ~ ....... .......... •. \.""-' ..... ....:.\,-........ '~.' . ~.i......... ~~ (,S o .. ~ $. ......... 

lnsulatkm resistance 



.. Pda:ization index {Pi) teSt 

2. 7,1 Shnrt~Time Readings 

TLL k',;t simply measures tht insut!Hion resistance value ky, <: slwrt dumtior: of 

bcreH:<ing insulation resis!:aIh;e values, The reading unly alknvs a rough cheek of 

the insulation condition. Howe'v'er, comparison of thh vdue with previuus 

deterioration ahead. Forhterpref.ng the results, tbe values used fi)r comparbon 

should, all be l10rnHtlized to 20'T >'vith hUm.ldity dl:eCb considered, 

2,7.2 Time-Resistance Rt'adings 

A guod insubtkn sys1ern shmvs a continued increase in its resistance value oVer 

the period uf time In v'Ihkh voltage is arrlkd. On the nther lW11d, ,m insulation 

system that is contarninMed '~vlth moi;;ture, dirt. and the like wiH shew.,: a 10<,1,' 

resistance vrJue. In good insuiatkm, the dlb:;ts of absc;rption current decreases 

as time increases, In bad insulation, the absorption eah;t is perpetuattd by high 

leakage current The til~'1(vn:sistan(;(; method h independent of temperature and 

tJe used to indi.cate the 

condition nt'the insuiathn system (Rao, lOO?). 

The ratio of ii 60 <; reading to a J.5 s n:;ading is c~~Hed the DAR: 
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2, '7 ,3 Pobrizathm Index (PI) l\~st 

The PI test is a spechli7.~;;:d appHcatkm of the dielectric: absorption tesLThe rf is 

the ratio of the insubtkm resIstance at 10 min to the insuLltjon re~~istance (1t 1 

min, A PI of less than l indt~~ates equipment deterioration and the need for 

immediate mairfknance, This test is HSed for dry insulation syskms such as dry 

:L7A S{{~p-\ifAbge Readings{DC VoUage l'ip"Op T~:st} 
In this rnethod.> voltage is appLied in steps to the insulatkm under test by a V,'Dj nf 

is very valuable v:hen conducted on a n:.gular period);;; basis 

rnmcdals during fabrication or openniofL During operating condition this acid 

is nU toierd!lc The addity ~)f the SDJnpks will to be determined by titratkHi 

according to ASTM D 974, Ttl\:: acidity number iuditates the numb:r of mg 

titratIon Vias determind using phel1oipla!ine indicator, 

::::::: -.--...... ~-~ .......•• -~~ ...... ....., 
\\!t of SarnpJc in grn~~ 

3.~i 



3,0 \lATFIUALS ANDi\lETHODS 

This chapter Ji~~cu::;sed the cxperinwntnl pro(;l~dure;;, used 1n this project 

brcakdo'/vTl 

conknt The fests or t:xpcl'iments conducted on CHen sample of fhe oil \V()r(': 
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dm:.irnbkl. (}D 'wim 111'W doorit ttn.'n;&'1:U *:i:dk:altm:" pfW'~ Ofo.'MiWmimmtK Jb:.e 

bn.~O~::'~ le'i* ret up Rtf ,,:~ih i\; iHHttrZkcl u* Pbte r ;001 ttw 4WCfip#m~ ·~~f fue 

£ct ~ i~ ~icif:Wd bdo~;;;': 



* The ek~ctrodes shall be polished and either spherical 02.5 inn-! ... 13 mm 

me standard 60 lSD, the gap bet'NeeD the ck0trodes is Drigln(llly se'rW 2-5 rnrn :;:. 

0.05 nun. 

leaving ab()ut 3?'c of the container VOla,Yle as fh:e air space, .A.t the tlme of test, 

ceil sh~;u!d Ix:: drained and rinsed the 'Nak:., electrodes and other conrpom;nt 

:U,l i\:ieasurerneni pn)('.t"t.!un~$ 
-First VC,JUlg<>. nppHcatiof! \s started approximatel;i 5 rnin aiter c{)mp1etion oftlw 

f1 \ Eng and there stwulJ be no air bubbles \vhich are visible in the decmxk gap, 

• Tk applied voltag~.:;~; uniJixmly increase f1'Ol'n/cm at the rah: of 2 kVh ±. {U 

k\! is until breakJov./11 (,':·\,;tUfS, 

• The rneasurerr:<>.flts are carried out until 6 breakdov,'l1s on th(~ same cdl fining 

reapplication d' voltage or untU ther<.~ L no ga:.; bubble:., present within the 

The pwcedures were used on the spb<::re gap (1.0, 1.5, 2,G, 2.5, 3.0, 3,) and 

4~Ornrn)~ respective;}' 
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CALCULATlONS 

[ },./" ('.,"" __ ~~0,_ -" %JXJG -! '--0 -. ~!"> '------.--~------~ ::: ,00 
F:% )J,2GO 

Pahn oil: 

Groundnut oil : 

Meion seed oit 

Rubber sC1:.d oiL 

25 In l of diethyl i:ther and 25 m1 of ethanol was mixed in a 250 rnl beaker, 1'h(: 
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'>vith 0.1 rn KOH to th(:: end point with consiskw. shaking for whLh fl. dark pink 

" mL K.OH*N>Y:36J /',(1(.1 \/ aln,;; ""~-~ ... ~ __ ..... ~_ ..... ,, __ ...... ~. 
\vt ofSampir in gms 

vv'hen~ mL ROn is the shndardb::ation ot O.hnKOH agcdnst O.irnHCL 

:;;:0.1064 KOH 

\Veight of the sample ::" 0.2 kg 

.Palm oa 
/v; '" 1.95 (.m~' 

Grounduut oil 

tV "'0.15 <::m; 

39 



C iCi.ining solvent appropriateGx smnpk 

Pure liquid or ~~olution sampk 



Load ~Hld equWbrate Yi~comekr 
1, 'Turn on the kmpef(lturc~(:of1tro1kd '~vatcr hathrwd Sd thG temperature to 

J. Pass dry fl\cred air tbrough tbe viscornetef to remove fin<il traces ;::,1' solvent. 
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4. To ,emove lim, dn.", or "ther ,oik! mate'ia! Iro", the sample, !lHe, sumpJe 

end of tubing to [ubi';; B and apply suctkm to dr,;hv the sUl1lpJe through the 

CiJ,pHbry and to a level above the etched !irK note:d as C, 

9. Remove rhe tubing Md me>sure the eflJux Ume "'ing e stOPWatch by allowing 

CA LClj LATl()NS 

i<.J:nI.3l)ntic viscusity (v) expn:%I;;d in c(;11115tokn, ,,\iere cakuhIkd trom tbe 

rn(':iJ.suted nov" time, f, and insirurncnt constant (:, by means of the fOll()l;ving 
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dK lilSULUll1g quaHti0s oCthe oil but abo k the insulcdons th,i1: are in:nnersed in 

The pour point of oil is the tcr:npGtmure below vv'bich the oil ceases to iknv wben 

it L cooh:.L A.s per ASTivr D97 rnethGtL pnur point of mineral oils is defined as 

(;um,:,iner, retort stand, ~md tnennomch.'.L For this csperiH":ent, six be<tker:; \\'ere 
44 



V'1 i ' .' , " l ' 1 
tli!('([ cornpkieiy \vl1n H s,:wlfk: of t 1(' vegetable oib, The beakel'5 'Nere sealed 

"! l' t ," 1 . ')'j' l' . > .~ , ' "';,:it 1 cedop!J.(ln(~ lYl~nerw to protect ue 01, from lx'mg conw..m1nat~;X.l. Dy HI01sture. 

.' j ",f) ", ' "'" , 
and rd:,('n at angle ";)' to [he hOnZOl1WJ m O1'Ger tor Lb: OH {v pour v,,'hen It :-itarted 

i 'j '!' , l" fUlln (Jl , arK nlbnrl' seel.! OiL 

t15 





CHAPTER FOUR 

4J} RESULTS AND DiSCUSSION 

'l\!bk~ 4 l' RV~tdis {~;' h" Cfl'lF),'W;"nn bct""""'n v"'O'ci<C!i"'e oi1 ~:'Fl C')ntml transf(Ymcr 091 ~-- .... : ..... ~ .. ~ .. ::,. .... ~ ..... ~ .~ :-.... : .... ~ "{ (.. ~~~~:.... ..\ ..... :_:~ ....... ....,c ..... i .... ,,~ ..... - ............. ",,-. :;'". .. .... ":-. i _ . •. 

Pni!XTty Standard Palrn Crollnd- !\!im hldon Rubher Intcn~atjonal 
Transforrrwr 0] nut oil kern s;;,::cd seed oi.l Stand~trd 
OJ d (iii oil value 

~-~ "' 

Bred<. d<)\\'11 56.8 39 42 40 44.6 483:dO 
Vo!t~lge{kV) 

Pour Point t-'Cl 

(rng/k:g) 

'iiscosity {c~~t.; at 
40(;C.~ 

"\·/i .:·~(;;osit}; (cSt) at 
id:/'C 

IJ(:TJsi.ry (k'J/drn)) 
at 20:)(: 

1 n:,:;abtinn 
j\'slshn(:c a:, 60s 

insu!atlon 
'(;;;::>J:;;tclnCl: at 
lSsUvK2) 

.~ i'~ 
-'1,; 

146 

nl1 

,> 9 f 

" .., 
.' ". 

0.81 

0.597 

86GOO 

S1200 

'!~ 

263 

0.G2 

49.5 
8 

fL2 

O~92 
.::j. 

~R "J 
... ' '-. •.. ~.k.-

7240 

6920 

47 

g 20 23 ~ 11 
268 244 J 75 
0.01 Nil Nil 

'") .... , <"" 
.J /. 'j 28.1 45.9 

SAl 6.57 6.4 

0.907 0.9] G.9t2 0,915 

4.477 67.1 OA78 
,;;-:' 
,,/ ...:..~ 

1 I lO : 7400 }'430 560 

1050 4200 1020 

L06 1.4 1,08 



T' t - !" ~, -, (' . l' I (1 ','" '1' . (. 1 aoh.::" 4~:.: \: arlaUO.D ()I r}reat~0..0\Vll VO tage ::.; ~ \.Vlt "1 ~~ectr(HJe ga~) ~ JJ1Jtl ~ .. _____ ...... ,.,.,.~ ____ ........ ______ .. _ .... ,.""~ _______ ....... ___ ........... ~ _____ ....... _:-....... ~:.~.::: ____ ...... ____ ......... ~ ____ ....... _~_·: ... t ..... ~,· ~ ____ /._ .................... ....... 

Oil LOrnrn 1.5mr;1 2)}mrn 25rnm 3J.lmm J5mm 4,Onm.1 

·l··r~tn.s.h.~tn -: (: r 20 ",) ", ~t5 "i~ .;;' ( ...... 84 <)·1 '-~...:.... .~~ ... \J.(;t !L .. 

c,d 

P;;lirn (ii! 1 2.6 20.2 30 J'Y .1 j.{ 
'i't. 58,6 68 

Groundnut I 5 23.8 .34 42 - , 
.)..:; 65 73 

oil 

P[.~!rn k,:.rn:..:j I 3.8 20.4 32 40 5 ! 62..} 75 
(>].1 

iv](:lon s:.=~ed I 6 2;:;. ~ 35 44J; 55 68 80 f 

oil 

!~.ttbber seed 1 g~4 30 40.6 4SJ 63 76 88 
oiJ 

....,...-~-~ ............ 



:.:;,:. 
~ . 

... 
'=:.$: 
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'e' 

T;;mpH<lIUI'~ {Dl;gr;;l; (: 

Figure 4,2: ",cosity ,",iation ",''us tcmiltrature at 40"C and lO(l"C 

so 



m Figure ·L3 

Water Content {mg/kg) 

Sl 
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IiI::; cOlnparJ:-;on betYh:cn standard iransfi)rl1';cr oil and v(;g(;tabk oil densities are shown 
';'11 F'igtrrt; 4~S 

Density {kgldm3) 

0520 

(;,.9()O 

o.suo 
n < .... 

Figure 45: ComtxHoison bds¥'d:n tnmshirmcr Dn and veg~dable oil deusitv 
~.' l '" 

r:' .,.:> 



The acid valu,~ <.)f acidity of the oil s::mlp!es mca:.mred ll, rng of pmassiuHl 

Acid Nurnber (rng KOH/g) 
80 

M Add Numbcr Img KDH/g) 
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BUG:'; 

7DGD:~::»». .... "<-.-.:.. ..... x;,.Y..:::::.;.:.;.;Y~~~~:~';."'«:::::: '9" .. ~~,,%~ ..... : .. -.:.:.:.:.;.:.:.!;::~~~;':Y:~~<::: 
.:;.;:.;:.;: .. : .. :;.: .... 

;]r;:~G :::: 
. : .. : ...... :.:: .. :;.: .. ; ... . 

~ 

~:~b:: std oj: 

"m :,:::::::m":""~:==: 

0: 
~ r; 
:.-' 2D ?:s :r} ~c 

'.,.) 

T·"~,,, i<;\ ,,.,,, \.,} 

40 4,5 50 ,& 
v>.! 

Figure ':;',7: Comparison bet\vt'cn transfonner oil and v(;!?(;taI1ie oil insulation 
n:;;lst:lDCC al.!:;;1nst tirn(~{s! 

~' " . .., 

S5 

"0 
~:; 



The pour point rncasured In degree Cds):us of sLJndard irans{()nncr oil ~md 
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tJ;ans,\:,nner oil and grmmdnut oil \vhich are 10v,·,. al! dhcr samples are sUghdy 

higher than the stamlard 'v'",lw:. 



Fi.gUfZ' 4,7 d,O',:-/s the cornpnrison oflnsubti<m. rc~+w.mcc by using dielectric 

The pour points ~)f tn(; oil are sho\.'m in Figure ,tEL Apan hom Rubber seed oil 
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5J} CONCLtlS10NS AND HECOi\1I\1ENDATHJNS 

5.1 Crmdusinns 

surnnlarl?Td below, 

to find rhe alternntive energy source, On the other side, the application of 

up,:ratiun <:md the oi! become a poHutant to the environment due tok. less 

high flash point, and high solubility. 

3. The result; of the in<'iestigat!ons h:;ve contirrned that Rubher seed oil is the 

5.2 Recommendations 



so 
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