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ABSTRACTOFTHETHESIS

A statistical study of the electriosJ. breakdownof. indigeneous oils

under different conditiona of agitation has been madein this wor~ For the

purpose of agitation a convenient f01'lllof electrode co~ation was used~

The perfomances of organic oils such as~stor and so,abean, were compared

\'i:I. th those of commeroially available transfo:mer oil~. .
The dieleotrio strengths of the oils were 1tt'lElstigated keeping the oil,

first statio, then under agitatio~~ The effeot of tGIllperature as well as

different degrees of filtration on its breakdownstrength was 1nvestiga ted~

The breakdowncharaoterist1os were studied whentGIllperature and degree of

agi tat10n were cha.llged~Andfinally spea1f1c gravi ty and visoosi ty of the

oils were measured with tGIllp81'1l-turevariatio~

The results of the investigation showedthat the breakdownvoltage of the

oils decreased \'i:I. th the increasing epeed of agi ta tioz4' The breakdown s~rength

1naeased with rising tGIllperature of the Liquids;' But whenthe oil \1ll,S again

agitated the breakdownvoltage fell;. The visoosity and specifio gravity of the

o11s decreased with the increasing tEIII\Perature;'

'--
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1. INTRODUCTION

Thebreakdownvoltages of the locally available oils ware found

out previousJ,y in tbis Laboratory with the usual ~e of the eletrode

configuration: Themean:m squared values of the oonduotion currect

fluotuations in these oils werealso measuredby the customary noise

measurementmethods~'The effeot of 100aased iJreat in these olls on

the conduotion current pulses ware eJ.so stud1ed.~z)

But the present workis different £romthe previous ones~'.Themain

objeot of the present investigation was to find out the oharacteristios

of the breakdownvoltages whenthe oils warekept in mot1o~.For

conven:i.entlyagitating the oils the electrodes had to be madedifferent

£romthose of the oustolllll.17ones~

The.author is not aware of any other workof this kind, where the
;,

i~ting 011 has been meohamcally agitated; Somework'ot this nature

wasdone in the In\Perial College, London.But the study was on the

Lubricating o11s; MaoConoohieand Cameron(/7)ot the Meoha.m.oalEngines-. '.

ring Departmentof the ssmecollege workedout a novel methodof measuring

oil";'film thickness. in Gear Teet~ Oneof the major trobbles in gears is

the difficulty in reaohing near the line of contaot and the oonsequent

problemof makingany measurementsthere~ MaoConoobieand Cameron
•

measuredgear gaps by eleotrically br••l!dng downthe Lubricant between the•
1"mnf ng gears~' Thevoltage. drop across tbin 011 films wherea constant

current waspassed, the -discharge.voltage liaS found to measure oil-film

tbiokness between loaded gear teeth while running;' Similarly, MoIbrahim(13)

workedin the Imperial College laboratory on 'D:l.sohargePl1enomenonas a tool

in the ~o measurementof tbiokness of tbin 011 films betweenheavily

7
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"loaded Macbineelements'. All these' 'I/Orksare in the resJ.mof Mechanical

EDgineering;'

Theobjeot ot the 'I/Orkms:-

(i) to investigate the olJailge,1£ an:Y,in the dieleotrio strengb.th

of an insulating liquid, in situations where the inSU1s.tedputs might be,. .. .
in relative motion with respeot to each other. The results wouldbe of

general significanoe in high voltage machineparts umer rotation or

vibration eto;- It ms oOnsideredtbat results of this ~e wouldbe of

somepraotical use;

(ii) to investigate £roma more fundamental angle tban above, the

effect of the dissolved gases on the breakdownstrength of the insulating

liquids;'It ms postulated tbat oontintous agitation of the liquid 'I/Ould

tend to dislodge the dissolved or suspendedgas moleeu1esto someextent

and their effeot might be predmrrlMcton the dieleotrio strength in suoh

a situation;

8
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2; REVIEW OF 'BREAKDOWN THEORIES OF OILS
. - - . - - - ,.. .- . - -.~. ... "'~"" ~

In thisseotion va.r:l.oustheories and their salient teature in

explaiDiJIgthe breakdownmechanilllllllin oil Will be reviewd in brief;; i'he
4

salient teatures ot the ma.~orbreakdowntheories ot oils are as tOllows:-

•Whenpotential is applied on oils dfssooiation takes plaoe promotillg

ion1zati~\ i'he magnitwleot applied voltage for the purpose ma.~have to

be la:rge beoause ot the oomplexnature ot the molecules ot the oil; At a

certain applied voltage somedissociation ot the oil into gaseous

BUbstancesoccur and a discharge ma~be expected~'Thepresence of air

bubbles in the oil further increases the probabili ~ of a discharge in

the oili.Again, whenthe oil becomesconduotive, the passage of an elec-

tric current should al1'ill.~Sbe associated lVithde£1n1te chEllllicalchallges;'

~ BUbstanceof oil is deoomposedat the surfaces of the eleotrodes

where contact is made;'SUchdecompositionmust be expected to be promoted

by the presence of dirt particles, metallio and carbonaceous in nature;

It has been found that filtering out ot foreign particles tSllded to

increase the breakdownvol tags ot oils;

But the breakdownmeohalli.smsof oil are not so simply oomprehended•

i11eretore. constant workand.investigation is going on in this field.

i'he electric strSllgth of pure ~earbon liquidS(S) (25i has been

ilIVestigated very extensively with a. v.i.••w to understsndillg the possible

mechanismsthat ultima.t~ leM to the breakdown;

. Sletten, Swanand Lewis ~•.) observed that the breakdownstrSllgth of

hi&hl~ purified n-hexane can be BUbstantial1:r increased whenm:l.m.tte

quanti ties ot oxygenare dissolved. Thepossible role ot oxygenis that

9
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~he ~ can capture IxI.ghvelocitf eleotons and, that oxygencombine

with ~ to yeild water vapour~ Swan.~ has ~oundthat it is
\

neoessary to postulate the fo~tion of a bubble due to the vapor1za.tion

of the liquid at a cathode epot as a possible expla.na.tionof the £1na.l

breakdo~'

Clark, (1.1) Khamba.nonda,(15) Derven1. and 'l'ropper (5) observed the. .

effeot of dissolved gases on the breakdownstrength of transformer 011:

\il.tson and Hjgham(z.7) suggested a breakdownmechaniSlllini tia ted by

cavitation: Theylisted the possible causes of cavitation as follows 1-

(i) dissolved gases comingout of the solution and

(11) local evaporation of the liquid:' El-d1ns and !!!rapper(') noticed

the pressure dependenceof the. breakdownvoltages of transformer 011;' This

led them to believe that the breakdownms essential in the gaseous phase~'

Gos11ng(7) found the sffect of ox;vgen,nitrogen and air in transformer 011;'

Andbased on these observations he suggested the following model for the

mechaniSlllof breakdown I (i) a. preparatory stage, whenthe oscillation of

impurity particles in the gap might produce occasional bridges and conse-

quent skM•1., •• Ie L. breakdownsat low stresses; (11) the subsequent steady

state condition in wb:I.chboth the anode and cathode spaoe charges are

involved, the two epace charges being, in fact, interdependent;.At this stage

the conduotion current is provided by the ejection of eleotrons £rom the

cathode into the liquid; (111) the £inal stage whichdepends on the'

ability of the liquid to absorb energy of the elotrons without dissoc1a.tion,

and its tendency to combinewith the ~en atoms liberated under the

eleotrical stress; These twoproperties of the cansti tuents of the

insalating liquid ultimately decid,l 1£ an initiating event at the cathode

11111be quenchedor will oontinue, £ina.lly leading to the breakdownin the
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,gaseous phase~ It can be noted 'here that tb1s explanation is llJle the

':&)wnsendgaseou~ diSCharge~I'~Sli~7 hso investigated the iJllportant

consti tuents of transformer 011 in the characteristic of its dielectric I

.streDgth. Acco~nglo b1s suggestions and findings electrical streDgth is

raised in unsaturated ~ca.rbons because of its ability to trap

electrons which dissoadates the liquids into gases •
•

But KOK(16) suggested that the conductivity of liquid insulators is

mainly due to ions whereas breakdown should be ascribed to 'coarser

particles'. KOKconsidered o11s of commercial standards of puri ty~ He ms
-

amre of the beneficial effect of certain additives in the liquid, such as

aromatic compounds.But he considered that the inhibiting action ms due to

•

aromatic .covers around the iJllpurities, which prevented flocculation and

fomation of bridges leading to breakdown.

L: Angarer(zl'~from b1s experimental work reported the effect of
-

addi ti ves knownas ~en acceptors on the breakdown strenght of trans-

!

•

•

.former 011 and finally he proposed the following three phases of breakdown

in liquids: (1) The initial phase during which the fomation of microscopic

cavi ties due to thems.l fiuctuations is enhanced by the presence of electric

field and mechanical effects caused by the field. (2) The second phase,

during which the eleotrons moving through the liquid permeated by microca.-

vities can gain ElllOUgh energy to bring about dissociation accompaniedby gas

evolution, so that micro bubbles can form;' This phase ma;ybe regarded

ini tiating or triggering the fina.l breakdown. (3) The gaseous breakdown,

which takes place whenthe rate of bubble fomation exceeds the rate at which

the evolved gas can be absorbed by the liquid •
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'!'hebreakdowntheories wouldbe incomplete without mentionil:lg ,

oonduotion current in insulatiJlg liquid under eleotriosl stress~ In

view of the faot that the study of the eleotriosl strqth of liquids

has al1\1B.YsiJI\TOlvedconsiderations regarding the movementof eleotrons,

ions and charged partioles in the gap, conduotion current measurements

under V8.171ngeonditions have formed a major part of these investiga-
•tions. Ona morepraotical level, conduction current measurementshave

served as a check on the reliability and repeatability of results; as a

control of e:xperimentalconditions, such as the degree of p1tr:l.ty or the

state of ionization of the liquids;1 Moreimportant than that, such

measurements, especially just prior to breakdown,have been assumed

to contain important clues to the actual breakdownmechanism;'

.Hu.qand Trapper (u) investigated the ~onduotion current pulses

in organio liquids and measured the mean~e values of conduction

current fluotuationS;;" '!'heystudied the effect of dissolved gases such as

air, ox;ygenand nitrogen as well as that of anthraquinone which is known

to have an important effeot en the gassing properties of transformer 011;'

'!'heir findings are in consoJJanOewith the Gosling~s~&tel of bresJldown..:

Their axplanation is as follows;'

It is postulated that electrons are Ellll:i.ttedfrom the cathode;, '!'hese

electrons are aooelerated in the barrier and space charge layer adjacent

to the electrode and tlms ejected into the liquid where they are further

aoulerated by the applied field:4 Whensuch an electron collides with a. .
moleaule of the liquid, ionization or dissociation III!llf take place;' Since

the dissociation en~ of the oarbon-~gen bond is 3:'78 ev and the

ionization energy about 10 ev, it is more likely that dissociation will

occur.when electrons of sufficient energy emergefrom the cathode regiO~

12
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Fromthe observedfiuorescenoe in oil whensu.bjeotedto high stress,

it follows that such high energyeleotrons are present in the liquid,

andmoreover,it is knownfromgassing tests that dissociation oertain.-

l:v takes plaoe whenthe oil is bombardedb:vhigh energy eleotrons~'

13

Thedissociation products. suohas ~ogen will tend to formbubbles

and in this prooess the afi'ini ty of di1 for b;ydrgenas wall as its

eleotron trapping properties wiU beoomeimportant; In this respeot the

unsaturated ~o=bons wouldbe adva.n~'"ElOUsand quenc~ of such

ini &ting events wouldprobabl:vtake place;' Theoonditions for the

paraffins wouldbe less f'aV'OUl'ab1e.for electron trapping is unlikel:v and

li tt1e ~ogen wuld be absorbed;'Withincreasing fields this process

wouldoontinue until the gas evolution is greater than the ability of the

surroundingliquid to a.bsorbit. A bubble will then formand the aocelera.-

tion of the eleotrons within the bubble will lead to further dissociation

so that the bubble ~ rapid1:vgrow. Additional positive and negative ions

will be formedin this region. enhanoirlgthe space ohargesat both electrodes.

whichin turn will introduoe a greater numberof' electrons and positive ions.

This prooess is of an unstable nature and completebreakdownof the liquid

~ ensue. However.11' the test liquid contains a gas in solution, it is quite

possible that the dissolved gas moleculesbecomedetaohedb:vimpact with high

• energy electrons and this ~ also lead to nucleation and bubble f'orme.tion~"

This phenomenais of' erratic nature and the~ constitute the 'noise' in the

external ciroui t, i~e~ current fiuctuations and pulses whichare superimposed

on the stee.dj:voonductioncurrent~ It is reasonable to supposethat the likeli':'

hoodof' breakdowntaking place will dependon the ooourrenoeof' high amplitude

pulses and that s.n:vmeasurethat brings about a reduotion of' these amplitudes

will be beneficial as f'ar as the eleotric strength values are oonoerned.
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Thepresent workwas undertaken to investigate the e£feot of

continuous ag:I.tation of different degrees on the breakdownstrength.

Sinoe in the breakdownprooess, the dissolved gas molecules playa

decisive role, it was oonsidered that oontinuous agitation (due to

friotion of a rotating oylinder) in a film of liquid will tend to
•

dislOdge the dissolved and/or suspendedgas molecules to someextent,

and this faot will have signi£ioant e£feot on the breakdownvoltage.

In such a situation, the viscosity of the liquid,-and the e£fect of

temperature on visoosi ty as well as on the quantity of gas in solution

or suspension, liOuldhave considerable importance•

14
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3. EXPERIMENTAL APPARATUS AND METHODS

;l~'l IlITRODUC'fiON

Thebreakdownstrengths of insulating oils under agitation, as far

as the author is aware, is being invest1g&.tedfor the first time in

liquid dielectrics research. Oneof the aims of this investigation was

to collect data regarding someindigenous oils; Themost widel;yused

tranS£omer oil bas also been investigated under identical conditions
,

for the purpose of comparison:Of the numerouslocall;y available oils,

So~bean and Castor Oil were choosenbecause their breakdownstrength ware

found to be the highest under the usual spherical electrode configuration

and static conditions of the oils, by previous WOrks(12)carried out in

this Laborator;y;For the purposs of agitation a convenient fom of
- -

elsctrodes weremade~'In this workthe following course of investigations

wasfollowed

(I) Thebreakdownstrenght of oils were determined £romstationary

condition to successively incree.eing speed of agi ta ti~'

(II) The effect of rieing temperatures on oils were investigated;'

(III) The effeot of rising temperature and rising speed of agitation

ware simultaneoual;ystudied.

And (IV) the viscosity of the oils with temperature variation wasdeter-

minedb;ya falling ball vi.scoBimeter~

\,

15
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r Besides these the 'suooessive breaks of oils were noted. The sos.tt~ of

the breakdowns under agi tat10n VIaSdetermined and arso effeot of impuri-
•

ties on the diele~trio 'strengths ms found by usi.ng different grades

of sintered glass fil ters~

•
~.2 THETESTCELLANDELECTRODES:The oell in whioh 011 ms taken itself

~- - .. _ .. - - - - ..... ~.. - "-'

P.layed the part of one of the eleotrodes;' The oell 'liaSoyl1ndrios.l in

shape and made of mild steel~ The dimensions of this oylindr1os.l eleotrode;'

is shownin F1g.2~\The other electrode was also made of mild steel but it

VIaSa solid oylinder wb:I.chooald be plaoed in side the other eleotrode;'

Di£ferent sizes of tb:l.s solid oylinder VIaSmade to get different un:I..form

gap settings between the eleotrodes~' The hollow oylinder wb:I.ohwould oon-
. - . .

ta1n oil formed the b:l.8hpotential stationary eleotrode: Its olosed end

'liaSoonvenimrtly machined to seoure the b:I.ghtension termi.na.l of the b:l.8h

voltage D;C~'generator.' The other solid eleotrode formed the electrode at

the earth potential; This eleotrode VIaSr-otated inside the hollow

oylindrios.l spaoe of the other eleotrode to agitate the oil taken inside 1t;

The rotation of tb:l.s solid eleotrode 'liaSdone by means of a lraotional

horse power Universal motor. The holding end of tb:l.s electrode was threaded

so as to fit. in the ooupling end of the motor;' In arriving at the present

dimensions of the eleotrodes a woodenmodel was first made and studied.

For different gap setting the diameter 'D' and leilgth 'L' of the solid

electrode were madedifferent; But the hollow oylindrios.l eleotrode 1'IIl.S of

the ssme dimension for all gaps. The gaps were taken in milri-meter(lIlIII).For

eaoh gap in IIlIIIthe following values of L and D were used•
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TABLE-T
;o~s;rnNS (ijil- EI,D5'l'RODES AID> GA"SJi1I"I'TW".s

1 1~61 1;172 .:'0;9
2 1;'922 1~W4 078- .
; 1:t38; 1;016 .117

4 1.844 0;938 ~"156

5 1~'t05 0~'860 .195

- - - ' . - -

;.; METHODOFAGITATION:The agitation of the oil was done by means of a

.t'ractione.l horse power motor~'The threaded end of the solid sphrical elec-

trode _s serewed into the coupling system of the motor~ The coupling was

specially. made to protect the motor £rom the high village side of the

generator as well as to hold the electrode securely~' The cross-section view

of this coupling system is shownin fig; 2. The motor was mountedverticalJQ .•

• The high DiiX tension lead of the high velta,ge generator was fitted to the

hollow elsotrode which contained the test liquid~ The other electrode, which

vould be rotating with the rotor of the motor, was earthed by a thin mild steel

.disc connected with the motor coupling in conjunction with an improvised steel

brusJi connected to the earth termine.l of the generator eystem~ This whole system

has been shownin fig • .F and t fig.,;.
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( Fig. 2 and!3 )
I
tThe speed ot the motor wasdetemined by the voltage across its

terminals. It wasfound that regu].aJon and speed control ot the motor

wasbetter ~th d.c. supply. It was,(therefore, used as a d.c~ motor, the

speed of 1ibichwasvaried by varying' the applied voltage by meansof a

potentiometer;; A eu:t'Verelating the supply voltage with speed was determined.

The speed ms detemined by meansof a Techometerand varified by a

stroboscope. Thevoltage/speed characteristic of the motor is given in

fig.10. This eu:t'VeliaSused in determin:l.ngspeed of the motor trom its

applied voltage.

TABLE - II

VOLTAGE VS SPEED OF D.C,MOTOR

288

10 80

11

12

1

18 1000.

'-20' . '1.432-
-23' .. ,' '1492-

"26 - 1708-
--29.- -- ' - - ---1800-

•• '32. , 1856
. . - - ~~....
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3.4 THEmGHVOLTAGESOURCEa The voltage souroe was the; .

ISpellmanModelLa.~6 ~v~i~~Power~pply (0 to 60 KV). This high
-

voltage Power Supply was designed for use with high iIlput impedanoe

equipment requiring a high voltage input from zero to 60 KVd.c~ It can

supply load current upto 1 miln-ampere~' Its ownsupply is 111 volts a.c.

The unit is constructed with three primary assemblies: the front

panel assembly, the chassis assembly and the high voltage assembly.

Front Panel Assembly: It contains the energizing and operating

controls plus the output voltmeter;' Convenient ground cable connection was

proVided by externaJ. ground terminal which was fastened to the front panel

ground terminal~ The high-voltage cable, which is conneoted direotly to the

output of the high-voltage reotifier c1roui t, passes through and is mechan1-.

cally fastened to the front panel, thus allowing oonvenient handling of this

cable 1'li.thout the danger of lossening or short ciroui ting the internaJ. high

vol tage electrical oonneotions~

Chassis Assembly: The ohassis assembly oontains the low voltage c1rouits

, of the high voltage power supply~' These c1rouits inolude the local oscillator,

the buffer amplifier, the power amjli.t'ier, the filament supply, the regulating

oiroui t, the plate, filament and bias vol tage supplies~

Hi/1;h- Voltage Assemblya The high vol tags assembly inoludes the plastic

housing and all the eleotronio oomponentsoontained within and attached 'to the

housingi These oomponentsinolude the 35-KVhigh-voltage step up coil, the high

vol tage doubler c1roui ts, the high-vol tage rectifier c1rcu:i.t .and the filament

supply c1rouit •. The electronio componentsof the high voltage assembly are
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mounted with high - dielectric insulators and interoonnected withI ..
spherical terminals and corona rings to obtain stability of operation

with compact packagi ng~"

3~'sCLEANINGPROCESSI Before oil was taken for a test, the electrodes

ware cleaned so as to £ree it £rom extraneous oily substances on dust

particles~

Themetallic eleotrode pious were first boiled in soap solution for

about five minute~. Then they were washed in hot water: After this they

were rinsed in pure benzene (C6%). In the absence of benzene Carbon
tetraohloride (Cc14) was_sometimesused. Finally the Ii:a electrode pieces

were dried by blowing hot air from a blower. Benzene Vapour being poisonous

care was taken so that it was not inhaled:

3~ FILTERINGOFOILSIIn order to see the effect of the suspended

iJIIpurities on the breakd01'll1stretlgths of oils, the oils were filtered by

different grades of 65 mmdiameter sintered glass filters~ The number of

the grades and their corresponding porosities of the filters are given belOWI

TABLE-nI
POROSITYOFRILTERS

Grade

1

2

3

4

Poro .

90-.100 microns

4Q- 90 microns

15- 40 microns

4- 15 microns

Ma,xIll-1"1 microns,average l~~ microns
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3& VISCONSIME'l'ER:In m~suring' viscosi ty or the oils at dirrerent !
temperatures the HaakeFa.lling-Ball-Viscosimeteror Germanmanui'acturewas

used. Theviscosity wasmeasuredby recording the time that the ball

required in ralling througha particular distance or a glass tube

rilled with the oil~ The time was recorded by mesBS.or a stop watc~ The

temperaturevariation of the oil wasmadeby mesneof a Heating Jacket~

TheResting Jacket and the oil pot were concentric glass tubes or which

the Heating Jacket waslarger, and the oil tube was inside it~ TheJacket

bad an electric heater with thermostatic control~ Fromdifferent ranges of

temperatures different liquids are used in the Jacket as stated below:

(i) For temperatures from-60 to 10c : methanol (Metb;y"l-alcohol)

(ii)for tElillperatures£rom+;1to +980c : distilled water

(iii) for a temperature of +l~c : distilled water - 20%glycerin

'(iv) for tempere,tures£rom+ ~OOto 1500c: glycerin of at least 1;26 specific
gravity or etb;y"lsnglycol,-

A cross-seotion viewand a photo or the viscosimeter are shownin £ig;5 and

fig;6 respeotively.

In the present inves~tion workwasdone in the temperature range

of •. 1 to + 980o~Therefore, only distilled water wasused in the Heating

Jacket~ In determining the viscosity of a oil, the specific gravity of it bad

also to be determined;'The speci£io gravities of the oils were determinedby

mesneof a specific gravity bottle. Finally the absolute nscosi ty in

oentipoise was calculated by the following relation n = F(~Sr>K

Where n = absolute visoosi ty in oentipoise

F = droppingperiod of ball in seconds

Sk = Specific gravity of ball ~
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I. Sf : Specific gravit;y of liquid tested at the

measuring temperature

K = ball constant.

I
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A chart of SItand K of different sizes of balls were given in the opera-

tion mann:ualof the viscosimeter:!

DmJl: •••liilllllilll••~aWhenthe effect of temperature variation on the dielectric

strength of the oils were investigated the outer high potential electrode,

whichcontained the oil, wasdipped in an oil-bath which, in turn. was

heated b;yan electric heater~ Theoil-bath was stirred occassionallq to keep

the temperature unform.;The temperature of the oil. under investigation inside

the electrode. wasassumedto be the someas that of the oil bat~ Fig;rr

shoWl!a sectional view of this arrangement.

3.9 THETESTCIRCUIT:Fig;'8 shoWl!the complete circuit~ All high voltage

connections were seeurel;ymade;TheCRO.as well as the suddenbreakdownnoises
. -'j' .

wereused as indicators of breakdolD4All the sharp edges were esrefullq
.C

eleminated to avoid corona loss in the circuit.' Thehigh voltage joints were

eaxed to su;pP.1'esscorona~'
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4::1 GENERALREMARKSI The experiments VIi th until tered oils oould not be

done a.t'ter much endeavour beoause of formations of the bridges inside

the electrodes by suspended partioles~ All data and results are, ther~

fore, on .t'1ltered oils~ The speed of agi.tation of the oil by the motor

was first denoted by its. ~ply vortage: This voltage was then oonver-

ted into rpm by referring to the pr~ously given speed/voltage

charaoteristio curve of the motor in Figho: The average breakdown

voltage given in the data is the ari tbmetio. mean'of ten readings, the

standard deviation ('.~ of whioh is also given: The breakdown voltage

at higher speed could not be reoorded because a.t l:dgher speeGs. the oil

inside the eleotrode was thrown out and therefore, the reading would be

erroneous:

4;2 Transformer Oil: Filtered, grade IAG, 90-100 miorons porosity:

TABLE- IV
SPEEDVSBREAKDOWN.VOLTAGEOFTRANSFORMEROIL
AT DIFFERENT GAPS

Electrode gaps
(mm)

1
1
1
1
2
2
2
2
2

Speed of

'1-,..,~~on
o

480
760
1240

o
200
430
1240
1680

A';S;~do~...--.-Sta.nda.ra.
. voltage (kv) d~)tion

0"21
0!125
0~5
0;'20
0~'16
0~03
0;04
0;'28
0.04



I Electrode gaps
(mm)

TABLF.-IV

o
480
600
880
1580

Av.Breskdown
voltage (ltv)

3.98
3.12
2.39
2.15
2.CJl

Standai'd
dfi)'tiOn

0~'36
0~41
0:39
6.12
0:22

/
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43 SOYABEANOIL: Fi1tere!l, Grade 1M, 90-100 microns porosity.



4,4 CASTOROIL: Filtered, Grade-rAG, 9C-102..miorons porosity.

TABLEVI
SPEEDVS :BREAKDOWNVOLTAGEOF CASTOROIL ATDIFFERENTGAPS

Eleotrode Ge.p Speed of Av.llreakdown Standard
agitation volta&e deviation

mm m . ltv

1 0 4~'44 0;49
1 360 2.95 0.44
1 620 2~5~ 0;40
1 880 2.88 0:45
1 1000 2.65 0;'39
1 1 20 2.60 0
2 0 .50 0.'97
2 400 5.51 0.35
2 1300 4.03 0.41
2 1040 ~10 0;'26
2 1200 5.06 0.32

.... - - - ..- -

""5 EFFECTOF INTERMITTENTAGITATION:In this set of ~eriments the
.- '" - - ~ '" •• - ." • '" <" _ " - _ ~ ~ ~. • ~." • _ • ,'.- '.' ,r __

oil was agitated for about five minutes and then the breakdown

strength of the oil was observed after stopping the agitation. The

typical curves are given in Fig;14, Fig;15 and Fig;16. A point in the

figures denotes a mean of fi va readings:

"'" . - '.

34
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TABLEVII
I /

INTERMITTANTAGITATIONSAT DIFFERENTGAPS
(AGITATEDFOR 5 MIK. AT 400 RPM)

0:\.1 Gap No. of Breakdown voltage
Breaks

kv
1 5.1
2 5~2
:5 5.:5
4 ~.8

1 1 .. _.2.:5:5
1 2 2.65
1 :5 4.
2 1 2.95

" 2 2 :5.75
" -
" 2 :5 4.5
"

" :5 1 :5.95
"

" :5 2 -4.J5
"

"" •
Soyabean 1 1 .4
(1 AG fil 1 2 ~6
tared) li. :5 4.8
" 2 1- 2.2
" 2 2 5-
" 2 :5 6.4
"

'/ :5 l' 12
" :5 2 12~4
"

" :5 :5 14.0

38
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f6 succESSIVEBREAK~a The trends of suooessive breaks were studied)

l1-sshown in Fig. 17, hg.18 and Fig;19; 2 IlIDl gap set and IAG grade

filtered of all the three oils were investigated in this e:x;per1ment~

4;1 m1PEIlATUREEFFECTaThe temperature of the oils was varied by means

of an oil-ba.~_ The average breakdown strength was noted keepiIlg the

oil stationa.ry through out the e:x;periment.

TABLE- VIII

m1PEIlATUREVS BREAKDOWNVOJlTAGEAT DIFFERENTGAPS
.. '-- - .

Oil Eleotrode gap Tempera.ture Breakdown Voltage
IlIDl OF kv

!fra.nsformer 1 90 1;75
II 1 105 2~60
II 1 119 2.35~
II 1 130 2.05,
II 2-60

!fra.neformer 2 - 90 .80
II 2 100 8.00
II 2 109 11~00~
II 2 116 1,

Castor 1 -94.0 3.50
II 1 108.5 4.10
II 1 130.0 3~80-
11 1 1 20,

Soyabean 1 97 2.25
II 1 108 2~50
11 1 111 2.60,.

II 1 115 3~45
II 1 10 0-

41
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4i8 EFFECT OF SIMULTANEOUSTl!MPEIlATORE.ANDAGITATION
I ._,.~~. ~'.~'~'

TABLE -IJ:
TmPEIlATORE VS BREAKDOWN.VOLTAGEAT DIFFERENT SPEEDS OF A(}IGATION.

:l:eed of ~tation
Eleotrode gap Temperature Breakdown

voltage
IIIlII k:v

. , . - ~.~- . .,'91:0 - . - . - - - - .. - . -
Transformer 220 1 2.00

II 220 1 110.0 1;'80
II 220 1 120~0 1.60-
" 220 1 134.0 1;80-
II 220 1 2 0 0-

Transformer . .440 - _. - 1 96.0 3.00
II 440 1 101.0 2.05
" 440 1 130.0 2.00-
" 1 1 0 1. 0-Tranllformer 880 ' L .. 90.0 1.75
II 880 1 105.5 1.50
It 880 1 123.0 1.40-" 880 1 137~0 1.35-
II 880 1 1 0 1 0

ftfiUMR
SOYA.BEAN 500 1 93.0 4.:0

" 500 1 100.0 3.0
'/ 500 1 124;0 2.,
" 00 1 1 0

CASTOR.. 380 1. 103 2.9.
It 380 1 115 2.0
It 380 1 12') 1.7-
" 80 1 1 11-CASTOR 500 94 3~
It 500 2 100 3.0
It 500 2 105 2.0.
It 500 2 118 2.8.
" 00 2 10 2 2
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~9 EFFECTOF TEMPERATUREONSTATIONARYAlIDAGIATEDTRANSFORMEROIL.
- - . - - - _. ,.

The results Ite given in table X and plotted in f'igure 26.

, TABLEX
COMPARISONOF STATIONARYANDAGITATEDTESTOF TRANSFORMEROIL WITH

TEMPERATUREVARIATION
... ~~~

Temperature Breakdown voltage Breakdown voltage
WhenAgI. ta ted at (Station~)

OF
880 rpm)

kv kv

90 1~70 2.~0
108 1.55 2!90
121 1.40 ~.25
1~6 1.~4 2.40
145 1.~0 ~.20

4;10 VISCOSITYVARIATIONYarn TEMPERATURE:The prooedure of' visoosity

measurement has been described in seotion ~~7~ The specifio gravities

of' the oils were first determined at room temperature and then these

/

speoifid gravities were oonverted at 400 of H2Oby the use of' Steam

table ~~. The values of' K and Sk are given in a ohart witli the visoosi-

meter lIW1ual. For Transformer and so;yabean oils ball-~ was used but

f'or castor 0011-4 was used. The logarithm of' visooai ty haa been plotted

in the f'ig. 27 f'or oonvenienoe.
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;4.10.1 TRANSFORMEROIL:.
I

TABLE XI-A

TEMPERATUREVS DISCOSITY

Tam Sp.Gr Sp.ar. K SJt. F Sk;'"Sr .n-F(Sk-Sr)K I Logn
at at Sees)
room 40~7~0;°c teoni H"O Sf~

. - _. . .. - , .. , . . .. . - --
28.8 0.865 0;864 0.0734 8.151 33.00 7.307 17.70 1.248
35.5 0~860 0~856 0.0734 8.151 30.00 7.295 16.01 1.204
40.5 0;855 0.850 0.0734 8.151 28.00 7~301 15.01 1.176
55.0 0.840 0.830 0.0734 8.151 16.35 7.321 8.80 0.907
59.5 0.835 0.820 0.0734 8.151 16.20 7.331 8.72 0.941

4.10.2 SOYABEANOIL:

TABLE XI-B

TEMPERATUREVS DISCOSITY
,

n-F(Sk-Sr)KTemp. Sp.Gr. K Sk F Sk.-Sr Logn
at Sees)
room

°c t

0:902
. .~ ..

1;'61734.0 0.900 .073418.151177.7517.251 41.40
36.5 0.901 0.896 .0734 8.15],; 75.00 7.255 40.00 1.602
43.0 0.900 0.895 .0734la.151171.60 7.256 . 38.20 1.582
61~5 0.883 0.872 .0734 8.151H9.00 7.279 26.15 1;417

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



tl0~3CASTOR OIL:

TABLE XI-C

TEMPERATURE VS VISCOSITY

)

53

"' .

Temp. Sp.Gr. Sp.Gr. .K 3k F Sk-S£ n-F(Sk-Sf)K Logn
at at (Secs)
rOQlll 40°C of

°c temp. H20(Si)
~~.. - - .. - - - .. - - . -

31~0 0~945 0.940 0.520 8.140 :>80.45 1.200 1480.00 3.110
.

41;0 0.94:> 0.9:>1 0.520 8.140 288~OO 1.203 1080.00 :>.003
50.0 0.940 0.930 0.520 8.140 240.55 1.210 902;00 2.954
5:>.0 0.938 0.926 0;520 8.140 225.50 1~214 844~OO 3~926

--
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5. DISCUSSIONOFREsutTS

Someof the results of the present work have lent support to

the breakdowntheory that breakdownin oil ooours in the gaseous

phase. For a oomprehensiveunderstanding of this aspeot of the

resul ts a brief review of the pertinent physical events that take

plaoe prior to aIJdduring breakdownare given below.

I
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As the voltage between the eleotrodes is increased the

particles in the oil begin to oscillate in the gap. Oocasiomlly

the partioles form bridges across the electrode gap whiohresults

in eleotric breakdownat very low voltages. But the most important

event that tkes place is the formation of surfaoe barriers and space

oharge layers adjaoent to the eleotrodes. It is postulated that

eleotr-ons are emitted from the cathode. The emitted electrons are

accelerated in the barrier and space oharge layer adjaoent to this

eleotrode and are ejeoted into the liquid where they are further

aocelerated by the exterml applied field between the eleotrodes.

These eleotrons by this prooess gains oonsiderable kinstio energy.

Whensuoh an electron collides with a moleoule of the liquid, ioniza-

tion or dissooiation takes plaoe. The dissooiation energy of a hydr-

carbon bond is ,~:r8ev and the ionization energy is about 10 ev. It

is, therefore, probable tha.t dissooiation will oocur first by the high

velocity electron originated from the cathode•. IJ;ydrogenas one of the

dissociation produots will tend to form bubbles. The hydrogenmy- be

absorbed by the oil, if the oil oontains unsaturated hydrocarbon

groups~ With increasing fields this prooess-Would oontinue until the
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gas evolution is greater than the ability of the surrounding liquid to
, , (
absorb it. A bubble may, then form and the Dooeleration of eleotrons

within the bubble with lead to further dissociation so that the bubble

my rapidly grow~Additional positive and negative ions will be formed

in this region enhanoing the spaoe oharges at the eleotrodes, whioh

in turn will introduoe greater numberof eleotrons and positive ions.

Theprooess being unstable in nature would oontinue till the final

breakdowntakes plaoe. The dissolved gases in the test oil my also

beoomedetaohed by the impaot with the high energy eleotrons. This mayalso

lead to nuoleation and bubble formation whioh, in turn, mayquicken

the breakdownprooesses of the oil.

The results of the present investigation whiohare important for

the above ~othesis are the curves in figures 11, 12, 13, 20, 21 and 22~

The ourves in fig. 11 fig.12 and fig.13 indicate that the dieleotrio

strength of the oils decreases with the increasing speeds of agitation

of the oils. LThe general molecular struoture of the types of oils

tested are given by formulao ( ) suoh as C2H2n-2and C2H2nJ B';ydrogen

bubbles are formedby (1) the dissooiation prooesses discussed previously.

(2) Andgas is a.lso f~ed because of the velooity gradient in the liquid

film; the layers of oils oloser the rotating eleotrode have higher speed

than those oloser the stationary eleotrode. The higher speed layer would

dislodge the dissolved and/or suspendedgas molcules from the lower speed

layers by friotion. The hydrogenbubbles being very light begin to move

up to escape to the atmosphere~But the hydrogen bubbles and air

molecules cannot escape, because of the Bernoulli's theorem~Whiohstates
-

( ) 'for any mass of £lowing liquid-.,;i:n-whiohthere is a. oontinuous
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Iconnecion betweenall the particles, the total head of ea~h ~ticle i~
the same'. Therefore if velocity head increases, the pressure head

-
decreases. Thegas molecules tends to accumulate in the lower pressure

region, which is near the rotating electrodes where ths spped is the

highest. Thegas molecules are again broken by the rotating electrode~ These

broken gas bubbles take part in the dissociation and ionforma.tion

activity at different parts of the test liquid. This enhanceddisso-

ciation, nucleation and ion':'forma.tionactivity quickBnsand, therefore,

lowers the br~down strength of the liquid.

It has been found that the viscosity of transformer oil is the

lowest, that of castor is the highest and the viscosity of stoyabean

is intermediate (Fig~27). castor oil being more viscous than that of

either transformer or Soyabean, its velocity gradient will be highest.

Therefore, it has g;t'eater ability to dislodge the suspended gas molecules

by surface friction between layers. But the gas molecules movement

towards region of higher speed would be slower. Whereasin the least

viscous Transformer oil, the velocity gradient is 'lower and therefore, the

dislodgement of suspendedgas molecules shall be less but here, the gas

movementand accumulation to regions of higher speed shall be faster.

For this reason the breakdownstrength of less viscous oil, such as

transformer, shall fall faster with speed than that of the more viscous

ones. This can be noticed £romthe curves in figures l,J.,12 and 'l3~ The

slopes of the curves of Transformer oil are ths highest, those of Castor

oil are least and those of Soyabeanare in between them.

--



-

An::! process, which shall help the bubbles to be, released quiakJ.y, /

will enhance the breakdownstrength of the liquid~ The rise of temperature

drives ou~ the absorbed gases as well as the h;ydrogengas bubbles formed

from the dissociation by the high energy electrons. And thus the

breakdownstrength of the oil increases~ This is confirmed from the

curves for stationary oils in fig~20, fig.21 and fig.22~ But as soon as

the oil is agitated the gas molecules are trapped in the mass of the

liquid, and they lower downthe breakdownstrength as discussed previously.

This simultaneous effeot of temperature and agitation is shownin Fig.23,

The formation of gas by dissociation was partioularly noticed in the

case of castor oil. During the oonduotion of the experiments with this oil,

it was observed that the volumeof the .oil increased in the annular spaoe

between the eleotrodes.

Charaoteristios of suooessive stationary breaks of Transformer,

Soya-beanand castor oils are shownin Fig; 17, Fig~18 and Fig~19~In all

these figures it should be notioed that all the initial breaks are lI1Uoh

below the average value~ This is so, because of the partiole aotivity,

that is, due to its rj. osoillation and bridge formation between the gaps

referenoe to whiohhas been madeat the beginning of this' disoussion~

TheFig~14, Fig;15 and Fig~16 are interesting~ Theyare for intermi tten-

tly agitated oils~ It will be noted from these curves that suooessive

interval of breaks have a tendenoy to give a higher value for the

breakdownvoltage; The agitation helps in the mixing of dissociated

carbon part iolas evenly through out the liquid; This disoourages the
,--_.
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f~ tion of bridges whenthe liquid is. stressed under steady state I

after Ipl agitation.

The results of higher gap settings lUldhigher grades of fil tra-

tion oould not be inoluded inspite of the best endeavour of the author.

'At higher filtration lUldgap distlUloesthere were air breakdownat the

edges of the eleotrodes, between the eleotrodes and the metallio dis".

A few commentson the shape of eleotrodes used in the present work,

seamws.rra.nged.Beouase of the irregular shape of the eleotrodes, the

field was not uniform, as in the case the stlUldard apherical

eleotrodes. The breakdownstrengt hs therefore, do not represent the aotual

strength of the oils studied. Theyrepresent the relative values, because

different oils have been studeid with the sameeleotrodes and under similar

oonditiona. The na.:bureof the investigation and neoessary experiments

diotated the shape of eleotrode a ohosen, where not muohoould be done to

remove edges effeotively; Moreoverin praotical case, the rotating parts

of lUl eleotrio maohine, whiohmay carry potentials maybe of any shapes

and oonfigullS.tions~M3.nymodifications, therefore, = be madeas to the

electrode shapes. But the present investigation has definitely found out

the trend of breakdownvol ts,ges under different oonditions of agitation

lUldtemperature variation~ Another point that needs mention is that there

was a very small amount of BlIlIil: eooentioi ty between the oonoentrio

eleotrodes. Inapi te of best efforts, perhaps a slight eooentioi ty would

not have been eliminated~ It is estimated that the error due to this was

negligible.
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•

•

Investigation in this Laboratory is gOing on for sometimeto find

out a good locally available insulating oil. The present work is a

step in this direction; The results of this investigation showthat

Soyabeanoil has good insulating property comparablewith that of

transformer oil. Like the transormer oil, the Soyabeanoil showsa

tendency to assumean uniform value. Its behavious is not erratic like

that of castor oil~ In someelectric machines the insulating oil does

the work of cooling for the heat generated by h;ysteresis, eddy-current

and such other losses. In these applications, the transformer oil

being less viscous, wouldbe a more efficient cooler than Soyabeanoil.

Nevert heless, if other things ("3) (18) are found sui;t;a.ble, Soyabean

can be used as a good insulating oil where cooling is not a great

problem•

.A!t useful step towards the introductions of motion in the die-

lectric during a breakdownprocess has been taken. Further studies are

being planned in whichbreakdownin this liquid film under different

degrees of vacuum,and uniform rates of agitation will be investigated,

It is estimated that variations in the degree of vacuumcontrol the quan-

tity of dissolved gas in the liquids, and effects of agitation wouldbe

more or less markeddepending on circumstances•



61

I
REFERENCES

-

-

(1) Clark, F.Mo

(2) Clark, F~~

(3) Childs, D.G. &others

(4) Darveniza., 14.

(5) Darveniza., 14.&Tropper,H.

(6) EL-Dine,MoE.&Tropper,H.

~7) Gosling, O.H.

(8) Green,W~B~

(9) HenryL.Alder &Roessler

(10) Huq,A~~Z,

(11) Huq,A,M.Z';;and iTopper,H.

(12) Hasan, I4.
(13) Ibrahim, 14.

(14) ImmanuelEste:rma.nn

(15) Kha.mbanonda.,A.

(16) KOK, J.A.

(17) MacConochie,I.O.&Cameron

J.F.ranklin, Inst.215,39,(1933)

J~F.ranklin, Inst. 216,429,(1933)

Proc.I.E.E.Pt.lIA, 1, 1953
P~D~Thesis,Londonuniversity,(1959)

Proc~hys.Sec.~, 854, (1961)

Proc.I.E.E.Monograph1355(1955)

Ph.D~Thesis, LondonUniversity, (1960)

Jr~- of App1. Phys~ 26, 1257,(1955)

Introduction to Probability and Statistics
(book), - - •

Ph.D.Thesis, LOndonuniversity, (1962)
- \

Brit. Jr. of App1.Phys~ IS 1964
• _.J

B.SC~Engg~~ject,E~'p~~.~T~, (1965).- ./
Jr;' of ,P:C~S~I;R., E:l, 1963
Methodsof Experimental physics (baa.),

P~D~ Thesis, Landonuniversity,(1958)

Eleotrica.l 1h'ealldolillof Insula.t:IJigLiquids.
(book)., Bilips Tecbnioal Library (1961) _

Jr~of A:pp1,14ec1Janics,82, 1956

•

• (18) Martia., R.G.&Pe.therson,E~. Proc. I.E.E. P!. IiA. 1'53

•

(19) Millnan &SillY

(20) Noorul Hasan, Syed

~Jl~ Lewit
(~l-)l..A ••~•••.•.
(22) Sletten,A.

(23) Swan~D;W.e.ndLewis,T.J.J •

(24) Swan, D~W.

Eleotronics (book)

B~Sc.Engg.Projeot,E.p.U.E.T.,(1958)

-Proc~ Phys. Seo.~,422,(1961)



\

;( 25) Sharbangh,A.H. ,Bregg.I.K~& Growe,R.W.,
/

(26) Van der \'il.arden, M.

(27) Voatson, P.K. & Higham

(28) William, H.MaAda.ms

62

Jr.of App1.Pbys.~,26, 1955

J.C011id,Soienoe~~,448,(1950)

Proo~I.E~E;!QQ,Pt;IIA,16B,(1953)

Heat Transmission(book)

-

-

•

-


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066

