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The 	 went of dielectric strength. is generally 
beset with numerous difficulties, and the results depend to 
a large extant upon experinental conditions and ample 
geoistr. Zn order to anaLyse  breskdoin test resets whOh  
uswii,1y ye a large Witter, It in necesea to apply 
ststistLcal metes. Our experimental results vera first 
tested for ndo 	and stattonarity and then analraed 
statisticaUy. The ms's follow the extreme 4us dtstri. 
button ( 	l i) 

We used seal 'Solid iu:tom Materials that were 
available. Special mention has to be made of impel• (Class ) 
end Glass itcanite since these are now mtertals* 	general 
the results on these magic are quite encouraging. 
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1► 	l 	1 A mesuzabi. o arat .ristjc to ea3.jd  
a vara i., 

2, 	t * 	 tf ,v 	►. *sasurisnt a of a variable 
are o*ll.4 variates, 

4 di.scrct. Or diecntiotiS variable, 
L. 	 If a va° b .a to air an values 

v o 	" botvon eatin lie s, it 
c t 	amiable, 

en„ 	d stribu i S *ailed a memre of 

6. 	 Poraset n 	,ang,iSthe 
tem# etween the iareet and 

sUeet numbers, 
70 	i 	 The average Of the squared doviatioe 

frit the 	,caUsd the variance, is 
uset t# a uteuuye of dispersion. 

8, 	q 	iat4 , 	square root of the ' 	+ e is 
call calld the stQndard deviatt , 

  a aolle*ttofl of Sots or observat a 
at 	 represents  

possible rets Bch, ht hava 
oc►ui.d. 



10. 	1 or. 	iA single time histo Cot observations)  
p e ter * random p)snoenon is 

"1104 a ea*pje MOO& Xt to observed  
over a finite t inter, it Will 
also be caiie4a act. 

no 	1Q 	CL;t e 	1 is a 3*t p1.e record teken orer infinite 

time. 
an 	L. 	vThe Co l+ t+ of aU poss blo randoa  

stele records which the man 
phairn .t might have produced to  

proe. 
l2.a.Clul3itiOatlofl Of Random Presse I '* øtttonar7 

3. .statio, 

12.A. Stationery 1) ergodic 1) Non.er.,godio, 

U* 	tom *-SpectsL ol*esiftCatton. of nonstatonary 

, 	_ r 	he propertlee of random phenomenon 
,~` ' ► ,. 	can be bypothettceU7 described at any 

inG aAt of time b by cwt average 
values oe the co , eetton of s, is 

Doone which decih* the random 
piss the process is ki as random 
stab 	process. 

The 	l (first. mom) , (1 ) or a vtndc 
stationary procea3can be computed a, any time t1 by avera. 

ging the Instantaneous values 	(t) or each aaiapie tuncticn 
of the random Press at time 
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(sQ 

if this*osn4008notvarwitht tithe 	$$Is 

"Id. to be iJr: stationary. 	$ 	► etatlonuy  
f"unotton• the auto-corroiatton motto. B( i ,, t +7') 

deed as# 

1 j(t , + l ) 	l 
ispondont only on the tie 1nt 	0 

U a p asi ane of a rando* Stotiosry Arnetion  
do invar1Ant #, the. 	t 	I 	e 	13r 

	

0 
	aN 	rr~ 	a 	'{- i.s ~;. 	` 	a ot. 	- 	t..: f 	F 	S 9 E • 	 +r;f 	t 	. •r 

the mean as auto- fetation funat ion  
do 04 Utter when computed over 

f re 	ate funotion the 
*ndo process is said to be - ►g3dia. 

s~ 	w~•i 	R 	ia.x 'a .F 	~ 	t i..~ 	 p 	•rii ♦ 	i 	a 	s 	r 

randc r SS SUM* all the properties of ergt to zrarulom 
process • can be 4.tsr*inedby performing tide average over a 
eingie eupie funotton. Xt is for this • reaLaon that the 

	

1ThEi LJ  s 	r, M i ♦ e t 	 : 	 LA 	 i • i • M.:. - 

fro* a she time histo rte, 

	

150 	g ! 	0 Wm a single eanpie "card is 
stationary 	itiQif 1.0,1, t 
prop.rttes meted over short time 



intervale do not vu7 alvarlmtly from one timo interval 

to the next ( igx4ficantly' meam that the Obs.rvad 

varitiane are .groti tar than vould be expected Wing to the 

nor statlatleal sampUng varlations)# the sample record 

is Mid to be self et*tion*ry, 

l6 O$pt; Pjif 
"MISIM R! 

(a) Mean: Square aluo, 
(b) ProbabiI4tr Vsnofty PUmt1ow* 
(c) Auto -00relation ]unctcn, 

(a) 	S7G VatUØ I It 4*eQZ*O5 the gmeral inten$iti 
otrandomdata* Th.umtian tom  them eqnareyabie 

x for a aaap, Um httor7 record x(t) to given by 

Irz  T -0 
* un 	

I 
z2(t) dt 

co 

It am be e*prssed in to" of two conponentas 
(i) Meai. value us  vbicb Is the Static or time 
in*rtant Corip.Dflent bee as it is, fOLIM oiplr by 
averaging the values1 

AL* 11* j1 
T"' 

and (U) vsrianceCr , wbioh Is the dymnic component, 
becairne it in computed y ttáng the veriationot each 
value from the son Valu*. 

In , 
* 1.000 0 

c2*;12. ,**x, 



(b) Probbti deni?y
I 

unTr*tion $ it describes the probability 

that the data VIII aemine 4 value wtttdn sorne defined range 

at any Ott of tie.. 

The probabiltt that z(t) assuae a value within the 

rangebetv.enxsndx+AzaayI*obt4nedbytaktngthe 

ratio/TnT2 is the total mount of thN that z(t) 

faUs vitUn Z *: * + Ax during total observation tj*, , 

This ratio wiLl approach an exact probabt].ity description 

as T approaches inJinft. 

lie T. 
t3prob (< *(t)x+Ar 

first order 4maity Ainotio p(x) OM be doted for 

Axes totlow* 

P(X) Ax 	prcbCX<z(t)$x+Ax3 

p(x) a 	prob (x<z(t)(x+Ax3 

Um ii 
4x0 

The probability density functicb p(x) is slvsy a real valued 
non rgative function. 

P(x) Is the probabi3,Ltr that the inntentsnei. Value 
ofx(t) ie lose thanor equal to son valu,xenioequa2. 

FUNCTION t6, thc. tnteraj of the probabt3.ity 	 ftowi  from * °° to x 

P(x) a Prob  Ex(t) £ *3 

a 	p(x) dx 
1-000 
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P(x) Is 1azo*u the dtstrlbuticn function or cu*ziativs 

probabUity distribut4an functicm *nd is bowidsd by zero and 

Mot 

In tom of 'probabULty distribution funatti 

Ax  ca 

2 	co 11 	f 12 p(x) dx 

W t1 

of Uta at mother tts £n eøttu*ts Ot at*-coi*tiou 

batth.v1x(t)btCt *ad t+Ji$$tVeflY, 

1(11
Us  o +x(t)x(t+Y)dt 

ethere to ob*mti* ti*. 

alt 7 

B* Ci 7') fi(ci) 

The mean atue is given by AtS  s 	and the mean 

aquare zaiise b 	0 %(0) lutorms of auto-cor'elations. 



eletrl.oai stress # breakdown atren tb In k `/cm. 
mean breakdoii strength in kV/ii. 

electrical MIA  field VeCtor. 

	

l I or breads St t 	v/ 6 
obser.d frquency. 

F 	a expected frequency 

k 	total imb.r of 	 se interunls. 

n 	* number of Obte t 	1,021. ~►*X 
* number of domes of free . 

TI 	total number of obsarvationn, 
number of dipole mks* 
probaLLty density ft . 

VOW 	theoretical probbiUty densit7 function. 

P 	observed freUMOy* 

P 	=polArieaticn vector.  
p` 	a expected frequency. `. 
P(E) 	a probability siatributton function. 
r 	a number of rue* 

coefficient  of variation, 
R  a otive frequc y. 

R() 	a ctenulattve distribution function. 
z 	a random yarlabi., 

meal clue. 

 no" square v"uos, 
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reducee variable of the extreme value distribution 

* theoretical veI depsndinj upi W. 

level of significance. 
a parameter  of the e or entiel distribution  
tunOton 
4 mo*eure of dtapenion 1* the extreme value 
distribution function  
polarisability of ele ic, 

parameterof the oonentia, 4istribution function. 
zm probabiUt 4ensit 'fw 

a►rk hnct&on at the metal of the electrode 
t p?ObeWiit7 function. 

tp 2  

mean nine. 
* standard deviation. 
a irfaoo tension of the liquid. 

electrical conductivity of the dielectric. 
lmeotA..tightinX. 

daneity in XgA20 
•* relative psr1ttivity. 

peretttivtty of free s 
T 	* absolute temperature, 

7 r 	c cures dimity in 	 5 of the 
electrical field. 
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to trsnsfor*r oi1 in air without 
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82 6.2.c r,sk4ovn behaviourof retpe1 .ob'h 

in traneforer oil#  in Air without 
fizer and with More 

82 6.2.4 Sekdoin behaviour of Glue fibre 
cloth in Air end in tranforser oil* 

82 6,2,e eakdoti behaviour of POti or ft 

in Air and 	 tranatortser oft... 
82 6,2.? *'eekdo!iai behaviour of Mass Nioante 

fib" cloth in Air and in tranfOri.r  
oil. 

8 6 ,664 of Etepha t .d 

in oil with 	enc tiinteria34 
withct fir. 

6.6,b ► our of Fpir. cloth 
in oil wtb fie 	tiptnterni4  

bot fixer. 
84! 6.6.c Bresk6rne 'alarm of I 	1 In 

Oil with different time inter 
Moro 

8 obehaviour of Elephantoid 
in 	forroi1 with fixer. 

8 + Wit 	. behaviour of 	ira elm 
k Th* fo t 0r 012. with fir. 

8$ 6.7(111) B,ekdo.n behaviour of 	l in  
fransforercfl with fixer. 



1.1 The Nates of the Probisa 
Ji- tlfff 

With the rapid increase in deasnd of electrical powr 
in urb3n areas partioularlys it is baoontng pessary to bra 
Sher voltages for the VOWOr trans*ission aM st ation 
► . In Wla for tranesission purpose we are almd ► using 
OO KV tranasiasion voltage and cont•ii*plsting the us* o f 800 KV. 

Distribution of !laotricsl Power in heavily populated  
areas 'with such high voltage bike 110 XV can only be achieved  
with the help of wider grot power cables. The cities U e LONDOI 
and MOSCOW are haying ter distribution ring of 275KV üflti above, 
which is wstly unde rowid, Then, ate► Is forced to 'ting 
vojtagelileljOEVtothe 	t of the attyto met the high 
load density of 	 A s and ate, 

"...rr r♦ 	 s 	 r~ 	rr 4 	•tf 	• 	1 	• 	t 

rotal in& electrical 	 ea varies Sween 100 to 300 Vic+ 

Of copper am* 	extensively testes the insulation motes. 

and evaluating the sechenical, electrical end thsrit capabilities 
. 0 desired to achieve reduction this inanlaton content 

for bettor ut U ttca► of this apace. This can also result in: 
loss temperatur. drop across the insulation wall and lesser 
material content. Adoption of higher tesperature mss of 
insulation can be rester for motor sparer utilisatton  
cosipactness. So insulating materials plays a very 	orta '1t 
role in tis. 

Th, insulating wteria1s are extra'y diverse 
origin and properties. Many of tbox are of netural origin as 



2. 

for e.g. paper:, *l h, paraffin vac and natural resin., wide use 
is aide Of 1noranio insulating * terIsls such as mss, cameos 
M idea* $5fl3? of the insulating ntterials areman sods produ-

cts infactured In the .far* of resins  insulating file etc* 

.ring the ae*ond World %m there ye an .sploslm 
in the ntaabsr of synthetic  materials iado coamerciaflr available  -► 
both PLASTt4RXC and WA 't RrC o 	jir 4 tow of these sterials 
prodtechnically suitable for use as cable : 	nts and 'fir 
f •14 fi•14 vas further rro d dew when  yrs such as east 

+I 	:' .  	s 	vr:i 	 o 	f F 

popy1ene rubber,+ s. a + polyathelens. 

In raemt re wide usa Is s ►ds of now  nevsaterIai4vhose 
aomposttA and properties VUCe tit In an In erd a a position  

betwsn inorginic and organic substanca. More are the synthetic 
orgy silicon coww. ►mds, generally termed as silicones. 

Paper emulated cable has been widely used as a high 
vOltage: per cable, But with the davelopient of XLPE as 
*able inauletic. stet *row*d 1960, those 6 	are grimly 
being replaced byUPE InsulAtsd cable and Pedes f011Owi 
advantage I" 

1. No speclaUsed fugue such as oil impregnated paper 
PS wrapping ør wipes is .refired in joining  
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82 6.2.. Bre*k4c 	bel*ViOUr of lcr.ap.l ftIOth 

fixer and with fir, 

82 6.2.d our of ase fi 
• - cloth 	Air aM 	t 	forwr oil. 

82 6.2.a kdo 	beb*viour of Peer film  
in Air AMln tra Broil. 

82 6,2.f dbehaviour of Olu aicanite 
fibre cloth h 	At 	and in tri*rsformer 
oil*' 

84 6064 flruk4o* 	our of Elephar o d 
In Oil t4tb different time i tem1b 
vith.t fixer. 

Btp ,6,b mk4• b.Mvio 	of Epi cloth 

Oil with different tim. tntervid 
vttwt 	 T.. 

6.6.E B 	O*t behaviour of XYZ in 
with different  time 	to 

without fixer. 

85 6.7(1) eekdom behaviour of 	epba d 

in Transform. r oil, with fixer. 
6.?C 	) Theakdoirn.behaviour of Ipir. cls 

in 	 anatormGr oil with fir. 

Tra 	f "o 	r en with fixer, 



Nr r 	Tis 

86 	► 7(r) 	: lstog 	au 	tiVo fraquna. 
the sti 28 aM 29.  

86 	6,7(b) 	fltttan axpoential distribution 
y 	 , 

ctionfortheaets24,28 and 29, 

86 	6.7(o) 	* vslue pis for the sets 

5, 2 	aM 29. 



14 The Mature !f the PrOblea  

Wttb the rpi4 thcre e in +c 	of electrical  power 
in urban areas p iou:rl it is 'miming necessaryto bring  
higher'oltog.s for thø power tranani eaton 	distribution  
system* in Zna ;fes tra.transmission tease we are a1ready using 

trans a on voltage and contemplating the use, of 800 KY. 
mitribiation of Electrical Power in heaviliulatad urban  
areas with fnFh high voltage m. 110 KY can o 
with the help of 	 ground power cables. The cities like LONDOI 
and MOSCOW are having tr distribution -VIM of 975 KY and abs, 
which is 	1. dLergrourd. There, one to forced to bring a 

voltage 3e, 110 V to the 	of the City to met the high 
load 	Lty of 5 MYA4m and above. 

rotating else .ria ° taxa Varies between 100 300 went 
of copper area* By cxtensivsi7 testing the insulation s tem 

d evaluating 	 cmc al electrical and the 1. capabtitties 
it s desired to achievereduction this elation went 
for bett `' utilization of tta t : space. This can also result 
less toeraturc drop amass the maul. tt ,. Wil, ani lesser 
mterid nt . Moption of higher temperature,  class of 
irumlatton can be rester for better spas utilization and 
.t l8ces. So tnmlat 	ter is plays a very iapotai 
role in this, 

The mauls t , 	tars are extremely divers' 
origin end pedes. Many of them are of natural origin as 
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for e.g, paper# cloth, paraffin we 	naterrsln, Wide us, 
Is 'made of inorganic insulating'meals such as glass ae' wiles 
and Zia&* Many of the insulating trials are man =do per,- 

$ sanufactured in the fora of resin#  insulating fll t at*. 

in the umber of synthetic  t 	t ttdc coerci ally available 	► 
both PLAS4ERXC 	Q f.I , 	y a few of theseterials 
proved tehnicaliy suitable for use as cable jnsu3Ants and the 
field was Sher narrowad doi when factorasuch as cost 
availability and ease or press "era considered.  
choice can generally be Ibi t to the folloain .t 

UI,w Porn chlorLde#  pmt 	as (both low and 
high dimity) polypropylene, and compolysors. 

Styrene ► bittadii*r•bber, cetyl rubbers  ethylene 

I recce years Ater use s made or new *atentcl4 VWX6 

oompoetten and properties Place thes in an itermediat. position 
between inorganic and organic subsea 'dr* as the synthetic 
of rganÒ  m" st con cotapoimde. ; generally torsed as stllcones. 

Paper Insulated cable has , been widely used as ash 
voles po r cable, But 4th the development of XZJP8 as 
cable tnsu1atio materialaromd 1960,those areas are 	 It „ " 

replaced by Xt.PB insulated cable and provides following  
advantage to  

1 No sp.øialized technlpze such as oil impregnated paper 
UPS wrapping or wipes to refired in joie 



fro * metes smith Is not el1ayed, prob1es due to 
f tiits pb.mnena are elisizated. 

3. Light wdgh psrMt$ lO cable sue. 
4. The moi* normal operating temperature of ALP is °C,, 

thus pro ding larger current carrying  capacity, 
5. UL * no additional systemS such as Oil .faading tank 

and &UM system. 
6. tay be employed special1 deviøss to motes 

having large height variations. 
?. guy maintenance.  

Because of oer4n 	ordinary qimjitiee plastic 
insulated power  cables are fast rEpisoing the c 	t ter 
psp.rinsult.dd.00re4cblaupto33KV. Withthe 
present day extrusi. t.o.Lqu.ss, cables with extruded lythe 
lens (ON) up to 225' KV have already been laid in'ance and  
AV*% where'est 0ermari MA 8.. hundxdof s of 

138 EV moss link PR cable are in service. 

Ut.tng msterialc i.vs a gust res$sibiUty in 
providing 	 ble end suoceseful -aperatton of electrical 
equip. 4ft.r a swjtohgssrsq 	passes Its initial  
tests, and opei,ates for short period without rntowerd incident, 
It AU be ally .cout 	in sate, reliable and successful  
operation for many years, Analysis  cif the failures of electrical  
insulation hay indicated   that serious til agoing is the nost 
general cans. of the st ti failure. The ezc.pttonø  
usually where there has been serious contamination of the cru. 

lation or whexi mechanical 4ojage has occurred 	 sass  



•XtsrnRl cause. 

It is abytons that an vvare thinking a o t tetra 
high voltage, we hays to th! about ii.sulating i*terials also. 
Nov our further efforts will be to evaluate the insulating  
materials individually and in combination  with a vSsv to select 
an insulating systa* according to or roquireients in future. 

1,2 Dtscsdon or mt3.abl.0 4tsratj  

There are 	 or t 	e for electrical  
purposes. Mwee r to s range 	oils resin organic  
firms, morals and ceramics. There is only a co 	WA a very 
0lt O*flt 	cteiieti**t 411 jflsUtjflg: ni*trisU, nas1y 
their characteristic by ` 4 eoity of free oleøtrons in their 
physical structure. This means thst while they can conduct 
electric cures, 	aub3*cted to electric stress, the 

currents are relstively ate aid requlro relatively very high 
voltage,  to produce taw Theability of an insulating it.risl 
to withstand electric statics witi 	rupture is a very 
eharacteristic, bien an insulatoris otreeøed at voltage 

sufficiently high. to produce ruptures  the voltage at Bch such. 
brukdow,i occz,s# is Wined as the electric break(oi voltage 
(the electric strength being deed as breakdown voltage 
divided by the distance). Such electric breakdown strength dew 
ponds an any factors  includir v, the time orvaug app1i*0 

cationy the frequency of applied voltage, the atmospheric condi-
tion and the thickness  of the materials,  as well as tho tear' 
sty and the 40trO4 ► configuration. 



Warsetmhan a .sl. E . e reported the nines of the 
a lsturo absorption 	 ght and azina eyrie strength 
for different values of relativo htidit7, for glass *Pt , 
glass f llad phefloliOp resin impregnated wood and oil 1*pregQ. 
fl5ted1OOd.  

aul.sbka(61 has discussed in her rem about gap 
length betty en the elsctrodee electrode shape end electrode  
material. According to her the variation of the -gap length 
dols not affect the o * of the crtattitioa1 strib ti *t but 
the sodal value and diepezlion of brec 4o4i strength A" 
higher at senUer gap length. The elects shape affects the 

rd$st ibutian to a large int. Th dispersionbreak -* . 

strengths daoreasee to the field •o 	t 	of eleatrode to 

varied from *i otLeld, to point PIS" * The nodal due. of 
br.s.*doii titreh is slier with imiform, field electrodes  

than with sphere .sphare electro* perhaps becau of the area 

bUs has a norDmlistng effect of the distribution of 
br.mkdoi strength. The modal values 	 ii as the di.pers on  
Using mss electrodes are enaUar than those use stainless 
mal electrodes 

giv, refits of the effect  of a very 
wide range of additive concentrations ( z 10 to C, mom) 

on the gasses propertt s of Viral oil. B ogy ,* naphtha*, 
lam, tetralin end quinolinetee" used 'mer foci gas phases, 

N2 0 O~ and. airs and stresses ranging fro' 36 to 64 /c*. 

i 



Tang ,P 4 *1 ' I  have perforteed sx eri entS on 
sparer./p t• and pieta/plate electrode a dded In epi resin 
and got the faiiow1!g results S 

ets on 04 and 0.3 	spm eteotrodea support the hypothesis 
of an area dependent brekdoim strength. 
Xt has been found that the cu ng condition is also of iipartoe. 

breakdown. strength lit, soas to O a with grease in 
•exotheriO temperature. Hems extrapolations from small test  
specimens to larger ones are not permitted. 

far It han not been possible to establish a breakdown 
cit.,ton generailyfor a øpeeic resin. 
Long time tests have shown that the brsa down strength limit is 
lowered by ages  processes.  

1.3 	' 
in the light the Oboe discussion  have to phi 

our tqarirnentai work. Depending on the availability of 
insu]ting materials sppatus facilities end o 'mss 

of Initial 	 o 	s rim tal, 	o decide which 
tars we can con rol and Bch parameters are not c t :a 

ble so that our 	work wiU. give now usefUl and  
accurate information. 

The 	 d *1st of the work is to study the electrical 
br.akdoi behaviour of solid insulating materials a trar. former 
out 	tv du*117 and in eosir tians that are prevalent in  
practice. Statistical techniques will be used for processing  
the test reaulte and use i411 be made of the available oonputtng  
facilities if neo.snuv. 
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1. 	int of the Thesis 

This thesis is dovided in sin sectiis Bch to 
armed in the order in Bch the irn*was done. 

Section I giv es the trod 	.ht Cb ø*pktii the 
nets of the problem discussion of available  tte ture 
authors Uiie of atta*k end thearrangsnt of this thesIs.. 

Sects 2 gives the r.vi,w of the work dam 
s+ 	v+a► + s 

 
in the field of electrical bak4m: in solid 

and liquid, insulating materials. '1rstZ3r,  the introduction to 
this field is gt nt socoMiys  the electrical processes taking 
part in bra k4oiiprocess are dtscuesad. This in f foo by 
the effect of various paraaters on the ` moo sts °i -, 
Lastly, the steno cal somas that hae,  been made till now are 
discussed, 

Section 3  gives all. the detailo about the toti-c 

control system for the test squirt, an about th. test 

procedure Uoie4 in the broakdo tests. The last subsection 
explains h* statistical  to sl q x used, 

5.etion i gives the e*periierttal recuts, The first 
part gives the list, of ammeters that are a gni 	eek. 
dOI5 assts the solid nSuUtIM materials and 	f 	Oil. 
The sind part gives the properties of these teri 5 and oil* 
she next part shows bow a test procedura is decided upon with 
the help of exploratory-  exparmnente end statistIcal techniques,  
Vie, the test procedure Is evolved the basis of exploratory 
• ris.nts, some of the scussi ► of results of exploratory  

0 



+ srt nts is tholuded In this v+a~aticn. The act pert gives 
the refit of tiø eath ozpertents. 

8etIcst .s gives the analysia of the rots. A s l 
lora i+ of :+ eh statists Z toot is dea inoltided.. 

$Ootion 6► e the +. soussion of the experimental 
results and sectio 7 gives the coolusions, -Tho niabering of 

the fides anti tables corresponds to themmber of the subsection 
re• it appears. 
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2. 	cww I 	tom" 	D D hl= DIEL! 	CS 

243, Intro uCt +c 

Pover systems Are cant =06317 Inc sing In tbiir 
genereting am transiøion oapebiltt to cop. vith the aver  

ore sing did of electric per.. A definite  feat of 
to present day industrial process to that the gnerating  
stations throuih out the countrT an getter linked up In 
"gomal grUs and =per grIds"'tohas helped Inthe 
proper production of the electrical orgynnd we of taw 
porter fro the point of production metres and c A fro 
they aremostly needed. We neceesitatea the adoption of  

system voltages.  

lire nductors and those high voltage are required 
to be electrically supported at their potent s fr i alsotri. 

*a 	cbj eatsOh era at zero potential. Insulating  
ter a3 seer the function of tnsuiating ad supporting 	 to 

electrify liv. oon4ictors against their *cuing in contact 

4th the earthed o .*t, Very literally 8poaktng# the emulating 
materials f er vary very high resist ce to the slow of went 

w~. 	..Lv 	s 	 ,;: 	._  

inappreciable in oatparieon vfth the main ourant flowing  
tough the conductor of the windinis of the gyrator, motor, 
transtorer or the conductors of the overhead transits si+ line 
or mer ground oable. 

In mer to understand the mechanism of fails of  

these insulating " r olp a brief std of the electrical 
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r1ns1*ting Material 1.j essential. 

?ro* the doiin of electrical engineering till 3830 AD., 
electrical experisentors and mentors used readiZy available 
mater is for the 	 1 tt 	Q 	is of the equipsente they 
handled. int with growing need of the to 	 + l eoplextties 
of Various equip . $* s 	insulatingmaterials Ilk* rubber, 
asphalt#  *a#  cotton  shellac,, varnished cloth etc. cage in 
practical us,. Thus prior to the second world r, mica, 

asb.stoslbituuisn shellac and synth tic materials had also forced 
their entry into the isu at tcfl industry. The post r 	op- 
sent Of the insulating matóriala has baht In polythens, 

polytheylene into picture. 

2.2 General Prperti.s and Fails of InsuLetin41at,rial3 

general, the yea eat link In an in tionsystem 
is en interface between two different Materials* *speOily when 
there are 	ts] electrical stresses along this interface,  

When the interface is solid to air 	gas) and the amential 
stress is out iciontlyout 	high#  CO 	discharges takes wee 
dust collects on the interface, tracking would occur during the 
period when moisture condensation 	 place on the mace, 

JO 	With time and temperature, or due to the effects of 
ultraviolet light, solvents, vibration or other disruptive 
influence, the insulation would fail rnoohanioelly after Vic." 
it would lose Its electrical prop.ity.. The actual final breek,► 
loaf, La associated with the condensation of moister at the 
plical defect.O 



POwer lossIn a dielectric is a Ston of p.raitt1* 
vity, loser dents  frqueno7 and electric stress or potential 
,adient (p a Er. tan. t 12). . ` the voltage o applied ami. 
nu 443r, the heat vred should be dissipated by the outside 
surf"*# Zr the 	 tt t or the loss tangent inoresus 
rapid l7 with temperatures the rt. Of hst ovoluttoit increases 
and a runaway 	ti 	occur with resultant fctlure of the 
insulating materia. 

Praperties of an insulating material for $t rimer 
use are given belov In the relative order of 	e. 

1. Konica.. behaviour  
it Thermal behaves 

Coal cbaract,riettcs  
ectcpro eli WA 

mEocnoto factors. 

2.2.1 !øCi44ai. .w1ar of 	in  
genereltoughness is the main requtreentattffn.s* aodulua 

should be high for a rigid structure or I" for a 	. 

tion. A ølo 	shoot material has to be still. enough to 
expand against the inside surface at the *l # should be able 

to crease 4thoit braking and should be able to wItbtsn4, burr 

on the edg. of the slot lnrtinaticrn, vibration, ch.sios1 action 

of f (epregnste4 nosh, offs t of high t 	atur ,abs 

ticn of st 	T.s overhang of the coilsold have high 
abr*stcn resistanc.a very low co.ffiotezt of friction. Ths 
insulating varnish should have adhesion to the asp sutf.toi.nt  
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elasticity to exps t and contra with t ► copper as Its tis.' 
rature comes. Thus the 	l rquiraasnts on an insula. 
tion are different for ch application. 

«2.2. pt.riaI beta4g4 	i4any insulation p1 + ti is 
qire the mat t 	eposad to - the ezeesøive teiperatures 

for a short period. of overheads. Ph3rsici properties of anter'. 
tale generally ciaod off to lar «alms vitb the rise intom 
raturso Tensile strength should not drop to the point Where 
,zces sin deformation and creep 	 ,d occur. A ermp st 
Mterial sit not be azpsed to a teaperatur. ifl es.ss of Its 

Its point even for a short tom. 
mates are eXposed to teaperature for longer 

period of r e# they cue their chemical position. We 
changeebeidoal 	with reaultsnt ohs of phetCal propErties 

po s si.' a state to noaer..ssiblsstate lead to aged 
of the materia],, It Is sue► veil 'established a fact that  
most insulating mater 0, the service Ui on be related to 
temperature as an approximately linear clot of log of life 
versus the reciprocal of absolute 	 g ► 	. . 

2, 2.3 * 	i 	r gb"= sw Chemical behaviour relates to the 
effect of the enyiroment on the insulating mat ed. The most 
eomirion enviporasut Is eli' containing molatta #. The Asn In 
the sir can ozidle. the inmitation 00 a temperature until It 
l a+ s its nssessa rpZsicaZ properties dstriaentally. It can 
also 4, l ss MA degrade soa insulations.  t c. collect 



on the surtoe and give for insui*tton rsaistenea. ultraviolet 
reams is of importance in those appLtationsire the to -

1 is exposed to the radio watts 61*=nts.Resistance to 

d at $p ,. sib asSalt WAY 10 eequeii int, 
Moats of solvents can be dissetrons. The different insulations  

used in contact. with one another esn. have disaster effect on 

thermalthe 	 stability of 00 inothar.,  

2,2. 	 ies tip*  of aU the prop.rttos* diela* 

c strength is the most important, The iasuzed valtae of 
1olectric strength A Azntton of electrode SIX$# ai*ient  

meditL in which the t..t i.e condu ed he shape of the a]Leotrode., 
the rate of rise of voltage5  voltageshape end fr.quencyt  
the relative hisL 	temperature and the length of time to 

which the sampl. has been exposed to those condticns. There  

pel*ticainhip bets the measured due of the dielectric 

e In . MA the fir. of potential gradient at which the 
material can be used in mot co A judiciously selected value 
of fetor of t t to the only  fid-. Tee vaues are of 

gt importance for qualitytetra]. and as research tools. A 
few moo wher. the properties are critical are (a) insulation 
for microwave cable whore to std be low for efficient 
transmission and (b) high voltage capacitors 04 high voltage 
oil/gas filled *able$ where iywulations are stressed to much 
htg)ier voltage gradients, 

Zn ohinv# MOO 3.3 v  the thickness of insulntion  
is decided the basis of mechanical strengtb, abrasion, eta* 
and the voltage gradient is calculated as a cheek, 



kmong the other electri1 properties  corona or 
discharge re 4stenoa end nurfce tracking sistanoi are impor.  
taut for high voles tranarniaston. 

2.2.5.  Eoc a► f 	v«,  The best insu3ntion design is a par 

of eversU 4*8i 	.quipient/sstem mob give the  

perforsanos per rupee of overaU cost. This does not man that 
the moire effort shy be concentrated on mtu1iaii,gcost per 
emit weight of the gid material for the desired eqt4pwn / 
systen 	by, spending more for one or more elects in sk 
a * # the Wil* system, 03*1 be reduced size MA material 
savingsfor Ober 	the insul Xon, more than over balánoas 
the 	t IOU :A.p it to visor to use the more expønslY.  
insu3ntio, AU pros and cens of the problem must be .shed. 
alb ttb cost. per unit wighto fabrtcttton and took, 
changing design to acccodato higher temperature. 
2.3. Mechanism of Failure 01 but Mat 	8 

(a) During op 	tons Wit. ageing caw*$ etnbrittleiaant  

of the materials and therMal cyCUng acts mete-
I sasses. 

Vibration develt Vii' 	'` of the insulationto 

cry. 

Cc) Condensation of moister which oaaws dil.gthe Am 

o,sratioMl period enters th. cracks. 
() The voltag.  applied of restarting detects the oteture 

CId cracks. 

In the functional test,#  discussed 	 pew. U) a 

c dol of the equipment Is subeeted to 4 c.o of heat ageing, 
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vibratio , exposure to 100 Pett relative Via► ty by a test 
voltage. 	 temperature at Bch beat ageing is carried out 
are Chosen above th. operating temperate in order to obtain 

suite in a 	►b per.od of too. The test voltage is 
need is l*t 1. above the o rat voltage in a ha14 atmosphere. 

The test rets (Ufa in hours and eiepe ture) are 

plotted in the for& of 	 fig...34 	life of the system 
at the classification teita tm at . agreed 'e can be 

extrapolated. Thisfunctional test Is used because it makes 
if possible for the idea of 	 be observed in some. 
deter. This can serve as a 	MOs: tool for the Otaaaifi 
cation of Ins Ins tion.. :stmt  evaluation of insulating materials 

end tmprovert in the desk of the ems. . .. 

. . Molecular PZ'ODePtI*s of 4lectz'ie 

A sled 	react to an electric field 
became it Contain. Cage *"vier$ that can be displaced. 
EteotrioaU$ speak. ngMatter coneist.s of postttve atatte 

n401.1 eur:Qfl4*d by negative clouds mer the action of  

externel electric fi.t# ales. are displaced slightly with 
respect to *o e . iced dipole moments result and cause 
the e so onto larisation of materials. When atoms of  

differ types formnioleoulea, they iould not Willy share  
their electrons a m etricaU because the electron clouds  
too .4 be sp c ,brio* y tords tho stronger binding  
sto*s. The atoms acquire. ckaries of opposite  polarity and an 
external, field acts on these net cages vould tend to cue 



~.y 

,985 L. UTE / i ~r-' n TI// E -  



thequtUbz positionS of the atoms ths*selves, By this 
.d2aoeent of changed atom or groups of atom 4th respect to 

eaCh otbsr a second type of induce; dipole moment Is created. 
It represents  the atomic polarisation Of the dielectric. The 
ssyotrio cheege distribution 'eta the 4ik* partners of 
a mole gives rise to pernont4ID40 tents which est 
even in the absence of external electric field, SuCh mute 
• artence a torque in an applied fields  that tends them to orieni 
them in the field direction. - Thus an Orientation polerisetton  
cis into picture. 

These three meChanism of polarisstion$  characterised 
by an e]aotronicpolarisabtlity .c d# an atomic plrisøility 
(%) and an orientation or dipole po i b&li (Q a" due to 

charges that are locally bound In oto 1  in molecUles or In the 

structure of solids ad qui 	Besides#  charge diets 
usual► ext st can migrate for some .stance through the di.leet 
c► .*. When such chaiges are thpeded In their mottan, either 
because they become traced in. the material or on interface,  

or they cannot be fewer discharged or replsoedat the •lectr dss;  

space charges end the ovesU field distortion result, This  

leads to the "space chi (or ir orfact l) pol 	tLon t 

obarsotert d by a "space  c arg ( interfacial) po' i ►bb t 
(a,), thus th. total polarisability of a dielectric mater, 
V uld be given by 0 

a * u.+a* +ad +cis 	 ) 



know thatfor a dia1.otrio,. the Polarteatton motor 

re 	11 r.isttv psrttti ty 
. * p.rttttvity of free space.  

Also 	^ ' 
P 	t4 a.  

wherefo. of dipolo øots. 

a Looa.1 ► sotirig olootrteal field ec cr. 

This field Bator ' WW 	U7 differ er from the applied 
field motor E due to h: pLsatton of the aurz'otandthg elactrxø 
~Ui~' lids 

if the l fell is of al ernAting nates, a 
tsrnporary phase shift 	 occur r betveen the ezternt field 

and the r.sultnt polersatton end a loss cponont of _ ;~,..+ 
n d appear. tder this coUtion -a bocoes a complez 
ni*b.r 

)M , 
	

() 

Taking into aacoznt the effect of the)ooaljyscting  
firms s e) ,field frorn the free c rges (b) field fro* the, 
free .e 	otthe dipole cine WA 4) fl.144u to the 

0 



tudiv1du.. action of the m locaos t reference *oleoules. 
Hosotti obtained a relationship for pow as ion per unit 
volume in tem of permit tii1y of the di,l rio given b 
emotion 

Ha 

in other 	 * as long as th mopes tbenselvoa are the 

poli Ci ̀ Q-YY1-P1'4 it VOU14 be 	en to eUnthte the dopendenci 
of the polarieation• on the 4uit' of the *atorial bi referring  
to polersation per mel. .e. Aoga4ot5 number). 

# * of le 	per mel. 
0 

1' +s slt. r In go per 

+ 0 Molar Pola 	ti 	~ .e. Polartaabiiit7 per Mole) 

$ *?w (:4') f 

Eqw*tjon (7) is known u the of d s ye ti equation4 

prom the sbove it can noted that the molacular 
properties of 4 4 electric  n bi gat influence on the 

peratttivtt, T  p mtttty tt 	shoi to be related Ath 
the + 	*nCa, loss tangent etc., the importantoharacterietice 
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of a dteleotric. It 	 +d be ri.h while  to study the .ff*at 
of to*peratuye, pzeuure, voltage Arte. 	the perdttivity of 
a dielectric before irk U the phno*enon of tanisation 
and breakdoirn of dieter os, 

2.*p. "~ 	pizenta3 and Phcjcal Parantera 

Xz at4ft4. to the processes taking place 1.. the liquid 
t self the a do strength also vor ienettivs to soe  
external factors .P4cb are introduced by the testprocedure. 

'ase oto s are the ren 	al and physical parareters. fat 
view of the large wber of ••4 	ry fora tattetioal 
appraiailt the ae 	l and physcal paraatore *u1d be 

Identified pi'opsrLr and rgorou4ydied 

20401. Thc. pcpaetor to The pica parameter can 

be listed' as fol 	1 

(a) mss 

*) eioratur 
(c) Humidity 
(4) Frequency of applied voltage 

- voltage 
t) •V1eosty 

(g) Moleeul*r weight 

3 	„ 	*** Fop those. al r * obeying clausiusvo Mosotti 
equation the 	 ti t would lease to pressure is increaw 

sad it the density 	 reaOa . too dzUsn.ous]. For 
polar gsses permittivity is directly proportional to the press 
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I 	1 	0994),) A 10 	CD 

wher 	p - Pressure in of 
Air downy 

T * Absolute temperature  
Prom" of vapour saturating the air saw. 

a _ Beight of a place above sea leve. 	Ks), 

Equation d is the ].pests form for air perrdttivity to 
be luted with bio values of pr*ure, te*porature  
hustdit.  

Y The pormittivity of limed and solid dielectric are 
also *tfoted by press, o g.. pormittivity of glycerol (at 5 00 
and frequency IO " 	at. one at& is 49* but is . at 	 eta 
and alit deoreaes to 3.3.6 at 9500 eta. meter has Its increaai*  
permittivityvity upto presiure range of 6000 ata.  

Preset applied zring the piss of teeter also 
odea the permittivity of the dielectric mer toot*. 

b) 	140: Temperature does not affect the process of 
1.eotroni.c polarteation. Thus the separatemolecules ► 

affected. 	to thy' expansion of substances  the quantity 
of leoW as to be polarise; per 'fit of dielectric volume deo- 

a$e3 if the teaperature is jceaee, 't t1 rltin suet 
se* is also decreased Ce ,g. PerMttivity of pttln decreases  

when it to cad from solid state to liquid state). 



In Osseo of so d b+ c (ncn-ferro Dost c) dioLeetrtos1  
perittivit7 uses 4th to tu► (e.g. e+ r cs ). 
Polar dielectrics initially at low tap.ratures easy dipole 
orientation X 	to dipole bonisatbon and permittivity increases 
with to to Congo ntfirob e 	melting point (.7°C) ]. 

Xnoi4entaU, it say be mentioned that 	Order to Set. 
oitaxe independent of to perature., i.e.. a thericoapensated 

eondenser, either the systeis of to 	 o tt+ with tesporatwe 
coefficient of peraittivity of opposite sign are to be connected 
In sexes or In parallel, or A coridencar with 	 ite dialect". 
rio 	be aatw4iy a mi*ture of t*.dielectrics dying opposit 
signs of temperature coefficIents of per.eiit . ty be to be 
adopted.,. 

fl temperature  o f ci t of permittivtty its - obtained 

	

obtaining ( ) 	oft cum 	T) 

(c) 	to P 	' t vit of hgroecopbo dielectrics increases 
with buiidity stent.. For Some simple a$*5 ClaUsIus. • Msottl 
e ►u tion can be used but, i gen.ratp it Is difficult to calcu. 
late the value of or*ttttvity of 	 .ed dielectric. Humidity  

stns p tt v.tty decrease. 	 eI I t or increases conduo. 
tivity, increases losses and dawns dielectric strength. 

(4)  quency The time of Jw see (1000 relamtionof time) 
of electronic or tonic polarisation is very littl, in comparison 
with the time of variation of the sign of the voltage (i.e. one 
half period  of alternating voltage) 0 for the highest 
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frequmdes Is eo*letely set* - Tthze the frequency does not 
*ucb 2ZI11U nCe the por*ttttvity of a dielectric, if t somehowor 
other# the Polarisation has not set Asto r before the 1- 
tages has changes Its sign# the peritttvi.ty woad 4crue 

(i.e. if I < JL, ) 

It ncn.unifor dieleOtrios (ham Weer of it ), 
the interfoing or space charge polarication would take piioe 
sines this type of polarisation is very slow ('stay require dnutee 
and hours). The higher frequency with higher water scope content  
Oid4 *:ken the insulation and &areas* the permittivity as 

veil., Pheroienonof dopøndenoe of permittivity on- the frequency 
to cau.e4 or dispersion of 

(0) ' 	titer or flyeftOel*0t1'iO 5teraie, o .«~ 

ttvtty 4o.s not depei on. the voltage. For ?erroeectric 

matertds, the permtt.tivity dopendaup c. the voltage. Farrow. 
electricity sri a fron vibration, states. Thesp%40esent of 
certain lox fros their eq . br 	oetetions strongly ' .lan- 
ee the equi for . tbriii of pazinent isoment * Dy a proper structural 
r e ,, this upset induces a bion of the ndghbauxing  

I"$ in a a porting sense which increases the original die pla'. 
cement b $"e. *. The tendency to bring the vibrations at  

gh 	tone into ordere4 phase relations exists 00 the 

cue pow against the rando. agitation. The equtUbrium post. 
tien of the crittoal mans shifts to one sial* because the whole 
effect was made possible only by the dtaplacmente of these ions, 
The old balanc. of the pernant nosonts is destrOyed and a polar 
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is Is created by the trnef'orimtion of induced ente Into 
additional pc ► 	its. 

Thus for the ferroelectric Vital, the possibility at 
eversal of the induced *ents Into additional permanent rnoment  

La inherent caus the s elves at the die pOiMt from 
stat. of higher sytsietry. Thus this responee to pressure and 
voltage leads to the Mme e of permt tivity. 

For polar Wuidø and Cases#  d►. o the effect of 

saturation, perittivIty would d real± a little with the 
r Of vtage. F "' 	the effect of saturation Is very 

little 	 : fe 	leetri deftri (e.g. water) tb f 
S 

a. ,fo o ttorial.  

t) 	tom► A Wig. in viscosity  or liquid should affect  
the speed of propat on of moo. disturbance ce I the break.
down wives a vat phase. Xt has been shown that the ratio 
of time to brnakdo to viecosit7 reieimd + tst*nt 	t ► 

whole range of viscositiestar x c 	d p nyl t *quc .,, 

s, 	ea. own strength Is related to 
the eo4 a ruct.: of the q d. arbcugb Crow and 

amgg X95p, (61  reported that the bcdown strength Of  
aliphatic hdrocarbans increases with *leoular woighto A 

the ie lar weight Inc reasea., the space tension and the 

periUivtty decreases, so that the stress required for the  

popagatio of breakdown. disturbance would be higher, 



T epertmna1psreterss.experimental  para=tors 
can be listed en toUow* I" 

Cs) Jte of rise of voltage 
(b) Arc motion 
Cc) Magnitude of the rek4ovn eurrent  
(d) ?Lme interval beteen tvo tests 
(a) Polishingand , 	or the electrodes 

U. 	purification  
(g) Gap length.  

(a) jte of Rise Of Voltage 
*L _r1rflIrrnrflriirr.$)iiS 

Salmi, ii, 	reported that the c. of rate of 

rios of voltage had no effeCt on bresk4otn strength. DO 

Brtgnellt  .19631# '(201  has shown that the etteot of rat$ of rice 

the U,, is not insignificant. Us has demonstrated the 

rate of rise effect using ranp voltages of different rates of  
rise eM has explained this effect on. the basis of variation  

of breakdown rem th pulse duration ( 	# ]9%),  
Since the time lag Li a sharper decreasing motion of stress# 

the breakdown stun would 	 gently decreasing fundion of 
time available, Therefore breakdownstrews would be a gently 
.sing ttion of the rato. which to the irw rse of time. 
But the 	 es in the rate within one sequence of observations  

thistica]y' alter the distribution, of breakdown strengths 	 r 
the noraai distribution, Therefore a rigorous control of t 
toot method Is needed if the distortion of the distribution Is 
to be avoided.. In test one of the difficulties in Correlating. 



the result of different workers *rises beeauee they have either 
ot controU.d the rate of rise of voltage to close limits or 

have used different rates* 

(b) 2=4 n s 

The arc. duzatton decides the extent of deterioration  
of the liquid medium uMer teat sth of the electrode surfaces.  
It the extant of deed &a Urge#  the subsequent break-* 
OO values are roro !nweeptible to the earlier brnkdown history, 
Therefore the extent of dotortoration must be limited by fid 
the a" duration a snzl constant due.. Levis#  1953,E  '1  

reported that by e o $ hydrogen bra mss 

the diei 	the anueent3 W s much reduced, aM many 

more measurements on. part Ur sample veto possible. 

44! 	iffr 

The Muds of bra a. down current also dudes the 
extent of 4eteror*tion. It øan be kept constant by using a 

variable resistor tae magnitude at a instant would be 
proportional to the test yoltege, OensraUyo  the current in 
limited a low value by providing a suitable  cu 	limiting  
resistor, 

(43 Time 

The time interai between two de ft tests must 
be of a duration sufficient for the condition of quid to 
stabilise fully after a bsk4oien has fid► place ( cling, 
1960)6. Time intervals of an* minute or more ar. sufficient  
(rdsa, 1959)[630 



Metal. electrodes, polish mechanically to a niirror 
finish are a l►oyed a]oat untvarsally* Polishing and cleaning  
of electrodes was ephasteed too such about 15 years back. It 

was felt that a better polishing and clew would give a 
bettersuriee and tthis. the electrode effects would be reduced,*  
gid a reduced scatter tn th breakdown voltagas. But 
experience has not substantIated this feel. teohenioally 
po ith else ; ea wed with the test liquid and stress 
motioned give as satis1ctory resets so as rigorously lis d, 
eieotrolyttcally cleaned and baked electrodes (lls, 1959)t6]. 

The oxide layers on the electrode Maces affect the 
beakdown rib to 4 Urge went. Kizo end Highaa,l ,t ) 
have suggested that the condition effect to privily 
governed boxide layers lalere of electrodes, 	,  

explainedthe mater sc t r in bre down voltages obtained  
copper electrodes on the bflsis ofoxidation of  

el se sur s. $ n and Lewis#  1961,t63  c ucted extenn 

give ages on the effect of oxidation of electrodes on break-
down strength. They oxidised the electrodes  of different metals 
at room temperature, varying the time of oxidation. 	a teak-* 
down strength did not vary 4th U: of oxidation for platinum 
and gold electees because they do not got oxidised at room 

temperature. For stainless  steel and brass electrodes, a 
occurred she they get *xidiae4 very q C Ly,, end with more 

oxidation timat  the breakdown strength decreased. For situ* 



sues, the breskdovn strength deceased very shaiplr with 
time of oxidation, because inznediatoiy after polish or during 
polis, an oxide laler wo1d have ford on it* The effect 
of oxidation of electrodes on breakdown strength is different 
for anode and oatbo . 

None at the ltquidso  as available In the meet, would 
be per. Raova1 of aU the impurities from the Uquid before 
oondnoUvtt or breakdown measurements to absolutely necessary  
bemuse of the deterthental effect of impurities 

The strength of the liquid 	 d be increased aM 
Witter would be decreased when cU rtiolos are rnoed 
from the limed, The proem** of pattclea "sat in premature 
breakdown woe of particle oscillation and bridge fora1àn. 
Gosh,. 960, (63 has reported this kind of breakdown at 300 /ói 
t t 	ot1 and has photographed the bridge form ticn  

succoestuy, Or crosses this  region of stress. , it i s possible 
for hia to matnt*tna field of 3.000 ky/ca, the particle  wi t 
gradually . subsite. 

The test cell and e1ectrode are usually rinsed with 
the cleen liquid so that they ++rot introduc. any Impurities* 
The . quid purification system and s '.  toot cell are generally 
arranged a clow systems  

The bre&cdown strength Of nheana inoses as the gap 
length decreases and there is an ppar.nt tt.rcept of about 1000 



for sero gap length* tarp lengths less then alit 	have 
not y been xplorsd, For purified trsnsforor oils the break. 
40strength of 700 k /ca for a 200 a g&p rises to 1 ky/ce  
for 28 j gap (Gosling, 1960)161#  At larger Cap l engt 	in w 

5 I: the 'l kd strength does not dew on gap length 
(anco,. and opperg  l958). 

ft in thus clear that the 	 rival and physloal 
parameters effect the Ada phenoeonofl tO a large extent. 
The mer, In which the Mian tn A paraneter atieCt. the  
breskdo# strength when all other 	 kept constsnt, 
Can lead to + nevism of the b e doi phenomenon. This 

done ithon aU the pa 	tors øan be controlled gorousl)'. 
► the pesos Vis# a 	*ontrcl a not a8opted theme 

two tore ny discrepancies abaut the rets of breakdoi. tests 
arose. The Importer of rigor OOntI'O1 has been realised  
nova  end In recent works 	Us  1964)(61*  the 'otter 
ezeriaental tecimiquce adopted have given better consistency  
of result.. 'Better consietenoyl" 	s that the same results 
are obtained when the experim. . Is repeated 	 r the $ 
ec itic 1  *ndnot that the **attar in the values of br.akdoim  
strengths 	 a series of tests to reduced. the scatter of break*- 

Own strengths tenot decreased b7 adopt'better experleental 
techniques p on the Crary, less scatter rr y mean poorer 
experimental  techniques Uk. rough electrodes, presence  of 
amities or faulty statistical selection ( 	, 1%6)t20 ► 
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An attempt to formulate a correot etatistiøal model of 

the breakdrne theory rsceseitat.s the determlnaticn of the 

distribution of breskdoie strengths. sib the obs.ntions in 

broekdoin tests in Viably have a larg scatter. The idea that 

'break4on studies on iqui should be approached from the point  
of View of statistics has been long recognised but the use of 

man and varve a* mad 	s a matter of a 	e e in 
swnristhg the test rets than as a rest of rigoroxs 

statistic analysts. 

To app+''  statistical technique to breakdovn test results, 
the problem is appreached from the basic principles of statue«. 
ties OL Set of rearms std satisfy the f en al otattS.  

tiosi condittons, namely r&nd 	is end slttonartty, If the 

set is tO be used to determine the distribution of bid 

strength. Such a set is obtained only vhon the brsakdoim test 

In 4eaine4 properly, 	the basis of statistics, by performing  
exploratory experts. 

2.6.1w► 1 	ØflgLraa4th.. t 	lei r.e 

All the reads in a emits reeord may not satisfy 
the conditions of ra3omness and s at omar ty. cr epe,. 

inasample accord of say 1O#  100 or 1000 rea s, there 

be a rising or falling trend of brsnkdoin Valu $ in the initial 

part due to condi tag#  thereafter the breakdoimt values All 

be comparatively stable, and in the last part there will be a 

tri of values due to deterioration of oil and of 
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electrodes. ?ig.2.6.l shit such a tri. Of course the actual 
va3ies f ijo voltage will be rendoml dietributed about  
this line shoving the ted. 

Can all the UM* in such a sample recce be eel.-
øtad for statiatioal Asia 7 most of the researchers 
not reported about selection of readings though they he pre 
steed their results in termsof means MA varus,. 

the VW definiti* Of condit&oningi, t,,e. # change 

of bi'evoltage 4th successive breakdowns, it is clear  
that the 	 al part of a ale recce represent cation 

be stetLstiaally steno. iarii, the last 
representing deterioraticn O3i: bø StatiO2YtX7. "t e 

obeervatlmie In this part can be eubfcctedtoa staUBCR ,.. 
test of at 	*1 

akdoisi p 	of limed dielectrics is not 
so pertect understood as that of the ►ee s or sow disleotw- 
rice. 4ie at the metes states that the electron. are Witted 
from the cathode either by field ete4on or by the field 
*ho 4 tharmionic effect (i.e. b tky effect). These 
electrons bring is avalanche 	 i f the aOsofthe 
liquids disie tries as in the c with gaseous dielectrics. 

o" 	air 	i 	• e 	+. 	a 	r+ t 	 t 	 7,# 	x 	. 	x 

In the liquid and Its efts upon the breakdown of the liquid 
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The suspended foreign particles are also held read' 
blur for the breakdown of liquids, The 3uspendod particles are 
equivalent to the poiarisable sphere of p.rsittivity higher than 

that of tom liquid.. mer the action of the external field, 
thee* particles experience an accelerating rorco enabling tem 
to rat► the electrode (anode). Surface irregularities of the 
electrodes help the dies to be acouisulated in the inter. 
electrode region terra to form the bridge across the gap* 
This finally leads to the breakdown of the dielectric. 
() iect 	c + a r ►çji4 Dieotrit conduction In 
liquid dielectric  ease with the voltage gradient (i.e. the 
applied electrical 91014 intensity) and the temperature but the 
perTdttivity decreases  with the t .ase of temperature. The 
oonductivit rbecause of the a 664 of wiecoattr and consequent 
inose of ion mobi it ,. Detailed study oftonduotion activity 
of liquid dielectrics  has tndioatd that t ► ,xperi*entat results 
agree with the both*s equation of electron emissionfrom 
metsUo cathodes  and of electronic oonduotic through the 

liquid dielectrics. The current density Bien bars- 

where s 	Theritonis current density in the absence of th 
electric fteld 
A22 .0/  

,• a *k frnoflon of the metal of the electrode. 
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i -a ergo of the electron  
' is absolute tepratre  
,, 0  relative r ttiy ty of the liquid dielectric 

a 	zlO 9 fids 

voltage gents In (VA*) 

Where E to expressed In volt/ ce 

Me to field e4esion augaenttion of the thordonic 

electronic conduetion prooes, the electron  conducted increases 
manifold, This factor is taken into acct by tip $ng the 
actually  appli potential gradient 34) by a irniltipUcatton 
factor (M) to obtain the value of the Potential gradient (3 ) 
to e used. in equation 2o For palish surfaces, $ may be of 
the order of 10. 

Btatisticat result of exeriuntal studies of the 

effect of temperature on the breakdown V mdlGate that the brealc-
doirn I is *we or loss independent of ► rates ► This mndi ' 

t*s that the cathode process postulated in t he electronic  

breakdoirn meohanti is. really the field emission rather than 
the thecal .o emission. 

Sher it to assumed that the electron "leased from 
the cathode gets accelerated by the. appli•d electric field , 
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gains sore energy fros the field than it losses during eo1 i2tons 
with the aoleau „es of the liquid dielectrics and after tonising  

the solecaeop an avalanche to Zeunchd loam to the breakdown 

of the die ,ectriv, 

The electronic theory satis ctortly explains; the break.' 

down st tb values but do co not expl4in the time lags eU. 
The observed toriative time lags 121 Itquids are gab longer than 
the prediated time by the electronic theory of breakdown, 
(b) Cavitation ' 	down  of . 	e eotrios 

Die to the liquid 'mad over the electrode head#  the 
1 bl.es are supposed to be for*ed in the ligrt 4 The foz'tnatton 
of kibble Is helped by. 

(a) The gas pockets on the electrode  Mace. 

.octrostatto force being greater than the Force due 
to surface  tension. 

(a) iesoctation of liquid molecules in strong electric 

field and 
(d) Coponau'typ discharg. at the electrode Paco deco to 

surface irgaar thea 000. 
The bubble ' breakdown strength  hat► been gtv.n by Kao Is 

(Jc..l) '2 	(3) 

0 Mase tension of the liquid. 
and K2  a Peraittivity of the liquid. and bubble respect" 



r * • radius of the sphere formed by the bubble (the $p' 
. shape, in asst ed to rein Constant although it 

depends upon the 'pressure $ temperature) 
Vb a Voltage diop in the bubble.. 

The eavitation breakdoiirn of liquid dielectrics pri rii7.  

dep d.a on the lower peraittivity of the bubble compared with 
that of the liquid olo t&i*. Aben tiwo  dioleotrios electrically 
is series have to withate the OXt5 	7 applied voltages  the 
failure of the overall system  woul.d be decided by the failure 

of the dielectric with lower pertttvity a1 • The formation 
of bubble is stable as long as the*e exists the lane energy 
Input into the liquid in the form of high electric field.  

+ 	s 	$$ Partials 	r 	+clow + 'ki 	ltrit c 

The principal cause of 	 ti ty Increase of liquid 
electrics are contaaiaatIm and chmical and eloctrochenical 

reactions  With the enviroment. 'rawer Otis a" transferred  
thrOugh A- 4 	The bet 'A vs-a haVe contamination effect.  'The 

oxidation of the liquid dtóieo.rics aico 'res in foreign 
particles in the dielectrics. 

Sspend particles itay be treated to be equt aZout to 
ter sphere of higher perm.tttvity than that of the liquid 
dieiectri*. Wim* tiny spheres experience a force under the  
action of the applied field and they start accumulating between 
the electrodes. tJitite1y the gap to bridged and the break• 
down results. The breakdown time leg is a function of the 
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concentretion of particle# ar.4 the iquid viscosity* The bQsk. 
flown 

 
for short stress tte is given by 

tb 9 7 ( 2 . 2) Nara x c tant 

%' 	Fb 	Short tis  time ' ado strength 

%a Long time breakdown strength 
tb a Tizs required for 	 don  

Fthanoeaent or mul tpl oats n factor of the 
sppli*d. field (for leidapherical s ,, g 

r a Mdiiia of spheres 
a Viscosity of the liquid dielectric. 

For iong.mtime vol g,  application, we hove 

' ere K * 8oltr,n'e constant  
A&M,  temperature. 

for $ 	org2 *9,we have  

0 Igo: r3/2 	 (6) 

i.e. the long time breskdoa strength is properttcnal to 

3/2 beoidea it also depends upon the temperature (7). 

26.3. Theory of br.ak4on phenomenonof solid dielectrics: 

The processes responsible for the breakdown of gaseous 
dielectrics are governed by the rapid growth or Arent duo to 
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the .issiofl Of electrons from the tact tel  ionlsation of the 
gas mo1o*Uee and rapid adVane. of the electron avalanches.  
In solid dieleotrics, the situ&tcn Is quite different The  

grovtb of current to a prolonged  afWr fron the instant of 

the application of the voltage. The product of the breakdovn. 

voltage end the log of time of application of the voltage to 

almost constant .e., 

	

` 	log t 	Cots 	 (7) 

The relattonsbdp to sboia in fig. R. 6 ,3 0- 

In above ftg.A denotes the region of intrinsic  
olectrc*sohanical breakdo, B denotes the region of streanmr 

breakdo*i C is the region or theril breakdown and 0 is the 

region of erosion or electroahenical tracking breakdo, 
O Intrinsic i3rsakdoiinof Golid Dielectrici 

Neglecting the effect of zt, l influences, an 

insulator ild br.skdo for a lam voltage applied  across 
thin epociaen for a very short time, The dielectric  etc 	h 

d be ezeeptionstlY very large# The conditionS existing are 
ueuc4 to be Ideal conditions of test. . The dielectric 

	

strength 	 o 	inatriusic dielectric strength of the 
dielectric when the electrons gain sufficient energy from the 
applied field as to ►pfrom:  the voleney to the conduction  
band moss the forbidden energy gape  the geiht of effigy by the 

elects from the Feld, would be a loss of energy from the 
electron to the lattice. The conduction of electrons is reepon. 
sible for the intrinsic breakdown of the solid dielectrics.  
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(b) 	 thpDel!trict 

lea a (solid) dieleotrIe is placed in an electric 
field with *=$tom potential gradient, the atom of the 
dielectrics are la is or stretched by the action of the  
electric field. Since each atom Is cased of positive and 
negative chargos, a alb off:i3y distributed negative  
charge would be asses to be, existing slightly shifted with 
respect to an ouai and fo 	distributed cloud of positive 
comes The negative charges by the mutes repulsion of the 
many particles set up &fl Outward poseurs in all directions. 
It tends to evoU the small ► 	into the surrounding territory 
acting nilly upon anbeundar.  The positive merges act 
likewise (this to very sImilar to the Vial's pressure at  
aoin inside a liquid). MA press is given by. 

(8 ) 

where K 	ivit7 of the dielectric. 

.K a •Pet ty of the free space, 
8 a Magnitude of the electric field vector. 

blien an electrode is brought into contact with the said diele 
otri►c, the preure at the 'baa would be of compressive  tu« 
re and given by 

(9) 

Thus when this eleotrootatie oomprea8ive stress cede the 
seohanical strsss ; the failure of the solid ele ric would 
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take pia** is. for equilibrium or threshold condition, 

• Eym ion; fa ? 
	

(10) 

where Syi a 	''s t4oduious of the dielootric t r i 
do 	Titiel thioknsu of the dielectric 
4 	P1T*X t , 	$s of the dIele ric.. 

V2 	 42 1 	) 

log 	d Volts  

Differentisting equatIon 1. w., to 4 1,we got 

dV 21" 
2V 	ii 	2d log ()( )3 

2diog (&)w4 

o4 a OW~2 a 0#6 do 	 (13 ) 



r an ml value of V, the Auction in thickness 
should not be tore than percent of the original thicknes,s 
For any lease of voltage corresponding to this ratio 

{ 	0.6 ), the teas beooe3 unstable and the specimen 
0 

breakdv . 

The taxtsua value of dielectric strength fid be 
obtained from equation U 

(14) 

The possibility  of tnstabiitty ooCi in  for lower 
average field Is Ignored* in other words.# the effect of stress 
concentration at irregularities1  the .tteot of time and st *5s 

on young1e. dulue a, also the pludo flow of the dieIctric 
are 	 taken into acct. 

(c) Streamer eame Brakes of the Solid, Dielectric s 

a pointed electrode U placed on. the surface o , 
the solidelectric, the electron. from t 	the would drift  
toffs the anode under the action of the applied field. This 
electrode would1  in all probability, not be ideally czbeddad 
in the dielectric, Therefore, there would be two paths # 
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(a) Through the dielectric directly and (b) the aient mediu*. 
The persittivities of the electric gould be greater than that 
of the gaseous ambit iia. The breakdown of the ambient 
a►uld, ther.fore take pisce first leading to the ultimate b eds" 

dawn of the dielectric, The ultiiate b a a► is preceded by  
the local breakdowns at the t.ps of the elect. The break~ 
down doesnot take place through the formationof a nt 	die. 
cue channel but asswnee 4 ter like structure of fig E•3G 

emir to that of e*eamar breakdownof gases dielectrics, 
this is known as the etreamar breakdown of solid dielectrics. 
The time reed for "o 4ov o would be different and may 

veryy from t v coos to a fey m `ie*, 

Thermal 	 dpi of Solid 3 elect »o: 

mer the action of an electric  sld the conduction 
went through a dielectric starts flowing. This great at 

temperature is small but with 	 dual flow of current, 
the dieieotpto gets heated and the conduction went further 
increases.. The piss, it not porperly checked by timely 
rsaoal or dissipation of heat from the dielectric would be 
csmzlativa in nature and ultimately result in the thermal break..► 
down of the solid dielectric. The fit. input ( 0) suet be 
equal to the twat dissipation. {div(K grad T)1 and the heat 
requite for is the tomperature or the solid dielectric  

( ft). am 
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hfy 	,► a Specific but per unit vo 
K a Thsrsa3 conductiit of the djøjcctric  

can4uctiity of the di.1.ctrto 
$ a 	e of the electric field vectur  

With 1tsrnnting voitagoo the louse In the dielectric exceed 
irnich nor. than with unidire tozm 	ages duo to lose in 
relaxation  p c' 	►n of dipoles, 	. dielectric strength for  
altsrnting voltages is therefore ]o r than that for direct or 

.i4ir.ctionaj over vclkg.s.  
4th► cratiety thicker dielectricswith age 

dectrodes1 heat is carried by the electrodes e CT ON tends 

to be zero I. comparison with E b2 

The 	 tthertnsl braskdawn voltage Is given b 

(16)  
o 

	

nr~r 	- + erstu at the spays eur#tce 
a Critical t.parsture at doh the a ectria 

deccpous. 



?ro thinner dis1eetries Te  is depsnet upon thickness 

z 	a constant 

vhers d w Thickness of the specimen. 

The limiting value of ti is the three of the 
thicker dielectrics. 

IK T tends tobe zero in coepariscn with 

C0 V ,wehave 

(18) 

The magni.ttde of E obtained  f th, SoLU"f I a M of 
*c *tion 18 is the iso* t om , breakdOWn strength of the 
dielectric. The spa ns end ions are responsible for the 
•]iotrioa] ccndton, the conductivity Increases with temperature 
and breakdorwn results 	the ant* of heat evolution exceeds 
ths rats of heat dissipation. 

i r• 	ti 	t 	1• :i 

AM to defects in the rnai*tsoi ing process, m r 

cavities or T4s an entrapped in the solid dielectrics. 
Electrically  the cavities MA 'the solid dielectrics are in 
e ries. The cavities or voids are hwlng lower paz'eittivities 
than that of solid dielectrics because these cavities contain 
gases molecules. Electrical bre*kdod of the cavities leads 
tO the local thermal t bilty of the insulation surrounding  
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the cavity. This promotes coMuoticn in the dielectric by 
toridng the cels end pits'. &ddittonal deterioration is due 
to the discharge of oncaily active prods (e.g. OX one 

,des of !1 etc.), leading to ozidatton nitration etc. of the 

Solid dieleetr1o. In stere Cass* this deteriorationany 
lead to cedar tby high COflductiCn therasi instability or 

fails. 

The breskdoirn of solid dielectric with csviltase ey 
take place relatively at a such lower voltage across the diel*OtT 
as a ale. This is one of the c 	bode of breakdown of  
sold dielectrics. The breakdown by eroston a may take place In 
titnes ranging from a tow days to nny oars. 



imii  
3 

3.1. 	1ont of crr 	I 

34.1. .1..  nItRI Ulat  The stttsttesi sppr ob t 	breakdown  
tests deasMs high degree of canststenoy in the test procedure. 
ate mammal operation of - the equipment used fox breakdown tests 
introduces hixsan errors# automatic contrcl of the tnt squipsent 
is necoesaaxy. The ! Amata » set up developed here has the 
fo .off features 

(1) A constant rate of rise of voltage of O69 Kp  
(2) A time inter of Me minute between t' tests. 

3.1,2. 

thsn dstermining the dielectric brakdown voltage of 
a m at.z' 1. any one of three differentmethods mmp1od. for  
apples the toot voltage*  ase are. the sh t.tirao toot for 
quick determinatton and the ;atop by stop test and th Slav rat,* 
of rise test, ir e duration of voltage applicatton is iaportaflt. 
In cheosing the type  of test,, reference should a1ya be made 
to the ARM metes *p 	bid to the .mal to be tooted$ 

3.1.3. 	atues 

(a)Z=t9 sm TM desired test voltage may be obtained froit 
a stop up transformer energized from an adjustable low voltage 
Vis. The transformer and its controUing equipment shall be 
of such size and design that with the test specimen in the 
c cu it,, the crest factor (ratio of most to eff ctt ) of the 
test voltage shall not differ by more than 5 Percent from that 



of a sinusoidal vape over the upper halt of the rengs of the 
test ltag., The crest factor 'y be checked by ' lana of an 
oseillograph, an oscilloseope, epber. gap,  or a peak-reading 
volt ter in conjunction with an s voltaeter. 

For text ap.oiaen of small capacitance, a testing 

transforaer as U as 500 *iV•A rates or a mU4esignsd 
potential transformer may be *d.quate. For sped.inens of hig i 
Capacitance or ]+ ga j  a trans ar of ample kilovolt mere 
rates must be used. *sra the ive farm can not be detarmied, 
a transformer having 6 rating of not lea than 2 KVA has been 
fauM adequate  adoquate for voltag not exceed 50 KV and one having a 

rates of not lose thai. KVA for voles exceaing 0 . i V. 

test transformer 
crit shall be protected by an to tic circuit bear device 
capabi. of opening u quickly as practical the current produ. 
s.d by brakdovn of the specimen. ate capable of Opening 
the circuit in five 0.: or lose are available1 A PYo to g*d 

now of went at the time of breskdoi is undesiratie as it . 
yrs wmscss ary burm of the test s 	pitta and 

heater of the eleotrodes thereby` inc. a 	*:tc, Vork and time 
of tasting.  

Ce) voltage Om s. Control of voltage ry be 

obtained by the use of a motor driven, r iabl. rst auto 
trsnsftrmer or a q device ci gives at least as uniform veto 
of rise of th. voltage r without distarttc x of the ve form beyond 
the limit of .l.3L'Prst.rence  should be given to equipment having 



en approximatelystraight line voltage-time curve over the op*.. 
rating range motor drive with variable speed control should be 
preferred to i*niivai drive be us. of the difficulty of u►intaia. 
ing a reasonably uniform, rate of voltage rise with the letter. 

Ass lies to be dot before coiettonin the set. s 

	

ke lite disc 1 to be mrd 	studs protruding  
fro the bushings before fixing the electrodes (2). The elect. 
rode* std be al-igned such that the *1* t$ are in a straight 
line WWI* (3) to be ,a 	the sides. Acrylic cover to be 
fizd on the 	 uu.. Vriac knob to be fixed on the shaft. 
This kncb should not be used in the actorised .units.  =loss the 

tor fai,s, Xn that aase th. the inner coupling std be disenga. 

god before 	rat. , 	► knob. So. figs 

but voltage 	1 230 V 
Maxgenerated test voltage  
between transforser tem 
MIs 	 t C► KV/60 KY 

a 0. KVA (Short T rating) 

i. Length 	485 
lost knobs, 	$ andnth 	460 
(L0CIl COVOT* 	 Ueight 400 

Weight 	47 Kg, 

2. ►SIc br a  I A low voltage 930 V. 5n q/s suppl 18 transfor*.% 
into (A high voltage by a H.T. tranafora.r o  and the voltage is 
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jnasaiød by a variable auto transtorer which controls the 
Primary Voltage or the HT t + torme?., On the s•c+ a►?T of the 
H.T. transformer an coil vessel with electrodes is mounted and. 
it contains the all to be tested. The voltage is increased till 
the spark between the electrodes occurs, This fiuhovar voltage 

off ` the It et*r m ►► 	the sheet.  

3. Do 1eatur.! i For testes insulation at ails, the unit 
operates at rViable toot voltage, Bch is gradually c s d 
until a flub over aecu..s btveen the electrodes of the all pot. 
With this flashover the high Voltage circuit Is switched off 
autoattcally, but the voltmeter will cafe the yoltage even  
after the U.?. Is out off. This enables the operatot to conc.nn 
trace cn the oil pit without diverting his attention for o se ri» 
S the vottseter. 

As per 188 the electrodes are to be spaced 4 apart 
which øan be done b using the gauge supplied with the equipment. 
The electrodes, cilpot and the gas,  are supplied according tO 

188., 

The tripping  relay is not suob that it IS insensitive 
cr a e at a value brass Moa 8 N'* Th.untthasb.enso 

designed that the distortionwave tore or the output stage Is 
eztre*eZy ncgligthie. This is important because the breakdmai  
occurs at the peak voltage whIle the measurements are taken in 
rme value. C.. fig.3.1.3(b).. 

3.2. eat S.t 

3..1.  „fi 	r.. Two tout cell 4.* were used in this thesis. 
The main difference be va the tw is aoo 
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The test cell which Is with the Si,*en set Can be used 
only for oil tasting. Because ithan we tit an umpls between 
the eloetrod.s  we do not have proper avranp=nt to set it. Sow,*  
ti*ss fom applied on to the sample my be more or satim lose 
because it is done mraully# *coordin47 there will be error 
in our msuurint. So we replaced another cut. 

This another coli is de of glans and hay. an such 
*ft*flgS*Snt that we can easily apply approximtely sa*e force 
011 the $&*pl.. The diffiz'en*o betW*fl the two cell can be aeon 
from the photograph (b) 

3.2,2. 	og*** TW dieleotrio strength or an inni4tting 
material Varies with the thickness of the material0  the area 
and geometry of the test electrode, temperature, and hrnidity, 
tests'de with electrodes of baa in our: experiments. The 
arraMommt of the experimental work can be soft from the 
photograph (a). 

The test material, used for the experiments was empire 
cloth (impregnat.d) j Elephantoid, potter fibs, Ol.e mica 
nite flbre Glass fibs. cloth (tspr.gnsted)j teathercid paper 
and Xroupelo  

The test procedure ajo deocribed below vae the same for 
*11 the ezperiments reported in this theS184  

3.3.1. ZMtent 	ijaiecrodei*. The electrodes were polished 
with L'aio  readily available in the emrkef and then rinsed twice 



or thrice In 10 Cc carbon tetr*chlortd.. They were then fixed  

in position in the test cell and rinsed with 0014 to. along 
4th cell. After the call b.co. dry (in fiveminutes) It was 
rinsed with the test liquid,~ 

3.3.2.. Test s t t. The species shall be representative of 

the material to be tested. Sufficient material shall be availob ~ 
to permit erg utisftctr tests* In the pa ti of the 
test specimen from solid mates cove shall be taken that the 
surface in contact with the electrodes c:.e parallel and on peri 
and Ott as the material permits. Zn r experiasat we have 
Used the specimen size of 5 x 5 call ,zplstd In (Appendix 8). 
AS soonIn the •rimsnta results it berms necessary to 
design a bolder in 	 have to fix the matertat to be test.. 
The d.sign is given in Appy B. The p tographof this 

lder is given. The elate dimensions  f the test dell and 
holder given in the fig. 3,3.Z, 

3.3*3, 	' + .I*,The thickness  used in computing to dielectric 
strength shall be the thickness of the spun *aesneed as 
specified in thes method for the material Itwolvsd* W" 	n1 
of thickness to bei' dons by cavo meter, Its least art Is 

.005. Xeaauzime~tte fot the materia, used is given in Appendix 8, 
33, *p. Method or ftll 	the*. After fitting the electrode 
and specimen between the electrode in the c.ltj the cell was 
filled with transformer ail taken from the Wit. 

After removing the air bubbles from the oil by stirring  
conttnuoua r by means of glass rode we car the 0011 by Acrylic 
fir. 
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3, 3. s asursert of th. Gap Lengtzft. $sasuraent of the gap  

length IS nacssse r r n e are performing the experiment on 

transformer oil cam ich is being dons by gauge available 
vith the Ste men's set, 

3.3.6. Control of e~ssur, 	or*t and 	cit t. AU r rirn.iui 

testas re dons at atapherio prem. The range of the ate« 
spheric press at 	 ee for those day s 97 to 9920 n bcvr~ 

The inherent statLetical i e of the brsakdowi  
phi in liquid ae discussed earlier: Vw results of 
break own tests must therefore be evaluated on th his of 
mitts is ,► 	` sit of reatng. can not be attar *tiar lysed 
on the basis of statistics. It must eatteft t basic conditions  
(1) it irniat represent sent a .ram stationer ! process a (2) The 

amber of resdthgemust be sufficient so that the pr rtes of 
the set can represent the properties of the parent population 
with good accuracy. To vein such a set of reading, the expert. 

self is to be deem on the bests of statistics. 

The first stop in designing a bTeakdown test to give 
rets fit for statisti ►]. analysts Is to as-certain that the 

set of readings represent a random stationary  pr ss.. HOrs It  
oust be ew had that stat qty does not mean cane► of 
readings. The physical wept of a randos stationery process  
is like this, It a sample record satisfies the tests of randon-
near$ WA stattonartty, It means firstly that the individual  

/ IEIIT L LI!Ei.A#CT UN?PERS1TY of ROO*XTj 
kOORYP 



readings In that ala mooed are independent of each other'  
that Is they are dais end s#cOn41yg  that all the reading 
beicngs to the sais. parent population so that th e 

partes  of 
this sample record can pr4 the properties or parent popuia. 
tt na. 4h a ale record Is "aid to be e t o , 

A nonststtaary random data can also be processed  
statist + ly but the statistical hoose for Its proeeesing s 
complicated. Zn. *lit most of the phyiic4  p *=m& the 
breskdo*i phenoisena also, repress atattoa,r random c ess, 

The following tour steps std be 
folio  in conducting ak last on composite insulating  

materials. 

various. pnrametere affectthe breskdot p C► 	,. a sot of 
rea4tng can not Cet1.fly' t $fy the Condition Of rand eas 
and statton*rty unless tress para*tars are controlled 	 , 
On the basis of pp+ toua knoidedg. about breskdoim in. those 
mates, a cohenaive ILA of *21 the parameter that can be 
significant breakdownteats of oils should bw made. As tar 
as possible all the paters should be controlled, Thzt 
some parameters , If their effect is considered negligible or 

can be left uncontrolled subject to. .rimenta1 
varift.catiom.later, 

Rsr*doen.ss and st*tjctaritXti F . the ►s .ts of the 
exp1orator, a ari*ents It should be aeu.csrtainsd whether 
the set obtained is random statianer. Zt the set Is wn 
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dart or non stationary , the most probable source could be the 
uncontrolled parsasters. A search for the source could then be 
=4i# by repeating the e, orae+ y 	ire with those para. 
asters controlled one by 	 ill a r uck stationary set is 
obiained. It a randoa statto2sry set can not be obtained vLk 
all the knoi pamoate fully controled#  a search has to be 
a4. for the mom ammeter (Mat experiment 

Suf oil fiber of rewing i. TM properties of the 

die word can represent tbbse of the past population  
when the rnmber of rearms in the stele record is euffiotently  
Urge* 	decide  upon the ' `suf of t] larget t  niflber of rca. 
Vis, The distribution of the, stele record has to be as 	t-. 

nod first* For nornl distribution the sufficIent fiber of 
readings can be fixM easily-* For other distributions, the 

procedurehas to be decided uparstei3r for each specific case. 

O  TM 	►....e► ! 	r  #-In min experimental  work we selected 
tie materials which should b used in combination with the 
transformer oil* Nov test results are wren 
fix the insu2tthg isatarialholder which give the 'very good 

the moue are also tested for the different 
tias of intern which give little *or. detaiILrern1tthe effect 
of oil absorption by the materials on the bmdo voltage, 
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Zn $action .)+,i, the Viral procedur, that std be 

tolled r443e conducting 'b ar 	tests is discussed. B.,,, 
the actual statistical tests for do 	n various statistical 

• The run toot Is need to cetera vhether the Pis 

are ,  Tape obseristions of the caine ren4c variable. Since•
in the beginnings  the distributiajbf a ecaple record is not 

kno a distribution tree procedure is to be need for deter.  

mining the ran4onus of observations. The run test to one of 

the dibut 	tests* 

consi4sr a sequenc. of 11 observationsof random ri*o 
ble x(k) 	 each observation Is O e sifted as O or two mutu.. 
aU exclusive  tegories which may be identified simply  by (4) 
or - («.), The sequ.nce of ') or C) observations might be as 
follows in a sat of rsed s I 

+ .+ + * 

l.23I46789 10 

Znthaboyeemple,therearel0runs. A run is defined as a 

sequence of identilal observations that are toUo,4 or ceded 
ty a different observation or no observation at 	 . 

The number of runs that *cow in a sequence of obs.r.  
yattcns gives en lndicaticn *other the rets are independent 
observations of the see atm amiable, toot # the probability 



of a (+) 	s) r cult doom not ohange frc one observaticn to 
the next. The ►aptthg dietribtign of the nnber of rw*s in 
the sequs a is a rsMr varisbievariable r(k) vith a mm value and 4 

var"n as toUowst  

The # Y"u* 	 #' 

Varies 

is the niz*ber of observations  
and Is the nubr of 04 observeticne, 

If NI a w2  a 11/2, t , 

The hypothesis  that the individual observations are independent 
obssrvsttcns of the s*. rav4o* nriabe can be tested at air 

z' tth the inter .1 betweGn ,*I,. a  , "A rpt +g  (given in  ' 

reference * It the observed runs fall Maida the int.rvalt  
the hypothesis add be rejected at the aleve] , of significanc+ 
Othervice, the hypothesis std be aco 

Most of the times a visual  mer ti of the ale 
record indicates  Sher the sot of observations are randosly 
distributed. 

A sssp3e calculation of the rim text is gig in Chapter  
5'. 



2. Tut fo _ 	i+c r ty s ( ) 

TM t* i $ tib. is as t*UOwrI 

(1) rnvtde the sasp .e reed in 1 equal int.rs1e whore 

the data in each Wis te*vai can be considered 
independent ,*t on. another, 

1 Cu)CopUts the man valu, and the am squarat and aUgn  
the$* maple values In time sequence as to 

,! __ 'F  
(iii) Test the sequence of mi and aqusre values 	the 

those due to expected sampling vulatione, by the run  
teat.  

The abov t.t for staktionarity is wade on the following  
#  ~ e 

a) If the data is etationar71 than the statistical 
properties es 	u ed for each of the sequence of short intervals 

do not vax. eLgnificantl7 oa one time interval to the next. 
U.,. "significantly' aesne that. the variations are mater thai  

would be expected due to statistical sanp]1ing variations. If 

this aso 	ce IS sccepted, then the proof of self etationarity  
for individual aesp . record 	 be accepted as the proof of 
station rity for the raM piss from Bch the sample is 

(b) This ifitati of wak stationarity can be 
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aaftp ed as the verification of stationartty. If this umapttor 
is accepted then the V.rLZ±CZIttOn of etationartty can be restricM 

ted only to the investigation of moan and am oq,uare values of 
the data. Thu aulaption can be accepted for tie reasons  
(1) the most important data analysts procedures require only weak 
statlonarity to be valid for analysing  per spectra and auto. 
correlation Vii, 	.11) out of is random data representing  
physical phenoaenCn AU be stronglystationary if the data are 
weakly statim. Also noe that, Gaussian prc ss Bch I'S 
weakly stationary, berms automotically stron1y stationary, 
since all oto higher its are dotrmtnad br th. mean and 

the s o ffi t 	. 

(0) Wit, it the nequ evalu 	stance of  
the data to staiy#. the aitocorr1stton functionIs also 

stationary.  t is mouse the variance squab aut000rrolation  
function at time djepla.rnentL 0, This asrnzeptLo7l to valid 
because it is himunl aLp for a n+ « laWy data to have 
a ties vary sutocorrel ticn function wtthout the value at 
it a. 0 

(d)Tha, thefp r1 	rverylcngascgipa*.dto 
the random fluetuattofl Of the date time hist.. This correla- 
tion is necessary  that the aLwrt ter averages will truely 
rfleot average properties of the data 	 not just the random  
fluctuations of the timo history. 

it Is necessary to note that the test for stationarity I 
based on the concept of ar 	sat Zn subjecting the sequence 
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of seas values and of mn sq re v4ws to the run test s  we are 
accepting or reeottng the hpothasts that the sequence of 
' uea end of tesn SQU*t$ values are each independent $&BPI* 
values of a Flo' a ab * with a ter nsan 	end Gfl squarer 
value 1(, 2, Zn tact the test far randoieas itself data 
the test for static a .tt where the time hte oryr record is, divide 
into ems, time intervals, eachIntery ► containing one observa.  
tion This test is sore power than the run test on mesa 
its lues or now square values  s is it is performed an +' 
fiber of terms* A time histo record that passes the test of 
randonniess will pass the test of etaticnarit1. "*blur 5.1.2 
91"S the results of 'r test performed on the 	 # of subgroups 
of ' readings of random sets. 

;,; •. X 	X 
bell -  to the same time intervals, the outer of run test etthor 

There ore it suffices to test the sequence of means only for 

3. h1d , 	►fes i` 	j 

This test Is used to compare the observed probability  
qty' Th t OU with a gion probability density function (e. g. 

theoretical nor*t or exponential),  

Consider a sample of findependent observations of 
a ram► veriabie xftc) with a probability  d t r functcn VWW , 
Let the observattons be grouped in k intev*s, called *Us* 
intervals which together tore a frequency histogram. The mer 



of ou*m icm r fail within its ss intern. is called the 
observed fr.quanoy in the ith class and VM be denoted by f jr 
The mnb*r of ob 	W+ b iuld be expeCted to fall 
within the ith tae interval, It ) has a theoretical probe« 
bilit7 dimity function p0(*) is +4,04 the eap.oted frequency 
in . the ith class interval. and will be denote 	?~. Rove the 
discrepsnSy between the obsored frequency and the expected 
theotioa1 frequency within eich 1ase Interval to (r 
The squat* of the diserepanctes in snob interval are mimed to 
obtain the sample statistic 

lei 

The x diatribztion two k.t demos of freadci. 

Now a hypothesis test 	be rfor *4 $ 	. 
Let it be hypctbeaised that the variable x(k) has a probability 
density (x) a ' OO* After grouping the sa 	observations  
Into Ic *Iao intervals and computing the acted freruency for  
each mss int.rv4 as 	p (x) 0 0O mute x2. Since 
any deviation of $x) 	p0(x) will cause to increase, a 
One aided (upper tail) test is used* The stn Of acceptance 

	

's 3L whereXVIO, saw g 	nUs 

table 'Percentege points of ' tet bUtIc " in reference  6. 

Iftheaasplsvalueof x2 is greater then 
tbsn the hypothesis that p ) a p0( x) is rs3eoted at a level of 
significance, 



if 	< 	., then the hypothesis is s. ept 1. 

The 	test Is used to find out whethert 

(a) The nor*1 probabIlity tic► fits ths obseratioic 
(b) The ex ona tial melon or the type 0 e ezp ». 9 ) 

.fifes observations. 
A ewe oaicuistion is gig in Che 	.. 

,► 

 

To Pit an Zonentiai Distribution Fmct1. s 

S fitted to the 

•, .:tear$ to this Atm nC1 ion by the 	test, to find out 
hov €004 the fit is, 

tc 	• 	 •.tWtiIZ° s s - t i 	t 	t's. 	t 	t 

stress dE, The probability  t tthe br.akdo viii occur 

during " 	a t t :fit st' is8 d9 Is j .ven by # 

a 0 

The probability uiett P(R) is Sim by the foUowin* emotion# 
a 

*4 

J 
• « 	* O 	0 

s I  p 



~a  40 x  + C 
0 

for tno liud distribution 
owl. 

f0 	0J.* fP4E, 

To 

 
P 	m R 	■ !t ~► s 	imo 

0 

 

 

fit a et a funet1cn 4 to t observed data 

of and Z # to l€ ed by the equati 0 a P/U.41) tor  
saob E. 109 0 is then plotted against 2 a lip graph paper 
MA a straight line te fits by t rnthod of least squos.  

The 	 t i distribution riot R is a1euiated  
back 	the moues of 0 obtained frog this straight line at 9 
by the .motion, 

sale calculation is given in Cbartor ►, 

Usextr value r i (61 is repress 
by the 	 loving eq ►ttons i 

(E)*  e ..'7) 
0(3 	COY * 0'*") 



'Mhsre 	( ) 	oiriuletiye probs l ity 	Ceti 

#(3) - probbUit7 density function  
u(E 	) to the rsdo lsrg.e fiats 

r ra and 	are the par*it era or the  

is the o4al (fit probable) largest  br.ak4o 
strength in a stele of size N and ha is a measure of dperstoia 
and is esyptotiosUy the rate of mase of most probable is 

st value with nail logarithe of the nuiiber of Wiles N. 

TM value c f y corresponding to the probabilit of 
can he obtained 	 "probabiUty tables for the Fats of 
eterneuygiue 	t [z3'. 2 1* 7 Am plotted an a linear mph 

extrei due dib +cam function. 	 its are plotted by 
teras t , ordinates the observed  + ., end for abs Cissa the values 
of y oor"opond" 	1 pro' biUt s Zn  a n/(NI) (i a 1*2, 

The losI atrengtb is plotted at y corresponding spondi 	, l ). 
Uest moues are dealt with is r 	(I ) 

ndyby(y)intheuseotthet*bles. 

A sample caloulation is given in Chapter 5. 

w 



'*.l. 	ntitio*tiozot Pa 

Of all the parasoters that could be signifLoant in the 
breskdo tests on insu*tii material and trsnetoraor oil 
(table 4*4.i), onl7 some are normally controlled or specified, 
berme others are ~►t . 

In the present work, not oflly the ezplorstory expeZiment 
but the main exerimont follow the table 4*1*1* AU the ,zperi* 
sent were pertored in atmospheric conditions. 	tried to take 

420 ~S 	o 	rte~omr OU MO 

These pep rt +s can be bad fros the sanufeeturer also. 
bA bb 441 * 	b& used t taken 	Moot* 

nanee Section, tversity of 1orkeej so it is not necessary 

that the properties of the oil will be sow as It coses directly 
fros the manufoturer. So It bye necessary to take some 

sm a t w $ch are possible haze. Tble .2,,l gives the 
properties of tranefbrser oil used. 

4'.3. t4eaenrtt of Prerti.s of Solid ; ►U1at 	1 ►.ter . s 

As seen the solid insulating material ar. not properly 
handledby the 5 upiLi€Y5 	There may be sc rateh&S i the Shoots 
problem gnerally c when we barite stets type of shut 

neee~a~ 
So it becossa,to tats sort asumsnti for these solid insulating 
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materials for their prop.rti.s. Only threeeeas4enta wort pay► 
ssibi r The results are givn ifl table r.3.1. There are so w 
Mfl7 other tests Bch are not possible due to shortage of ti 

The & s of the +xtlo tart' ezperi*snte ins to find out 
which materiae vs aid select for the win sputa, How 
each reading should tak for the proper statistic ana1rsis 
In tr nsfortmr oil, it booms necessary to take th. suffi ent 
reading for s tistical ana3 is, Lot diene sons points 
in this abpect, 

None of 	 sets .3 represents a rend etationzry  
procae. The analysis for th. teats of randomness and etationa- 
city for sot a! I is given in aectit 5* FC* ,o1+*  1 end Vig.4..2 
ahovs the increasing trend of breakdown  voltages which to respon- 
sible for fo non randomnesss t amity. This is *Wt.. 
t Ori process Bch is not over ems: in 100 readings. The 
conditioning process mnst be over after some fizz.te number of 
rearms air Bch the bre*kdoi process can be uected to 

bocone random stations. ' MA out after how ny reams* 

the conditions would be Over, Set s end 5 conaXrttng of 210 
reading at garength 1.06 wa Win* flg.*.3 shove that 

the conditioning U) is over a 	Vis. Therefore to 

Pet a random stationary  sat Brat t0 res&tnge have to be die. 
ii wpil* 

The n*ber of readige should be large enough so that 
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b1* 4.14 0 Purist s sipificant In the breakdovn tests 

6#10, Parsiiwter ControU.d/ 
uncontrolled Choice In the present va* • Re 

If Vo1 	of the lipzid Controlled 30 0/3 0 l. a 
2. llectrode spacing Controlled 1.06 	i to a 

4,0 
S. flectiode share Controlled Sphrephe r a 
4. Electrode mate. Controlled Bross a 
5. That eater ial and oil Controlled pire clot. 

a 	1~► 	tail ,+ 
a 

am~tori*r 
0110 

6. Procedure of filling Controlled. thasing vith cal.+ b 
the coil end trensformer 

o11. 
To Electrode treat Controlled Polishing a th * so 
8. Teeparature Controlled 31 0C to 32 *'0 b 
9, Pressure strolled £tmospherlø, 

10,E e*tie huni4it7 ►ntro 	ed 1 to 76 Percent b 
1I* Voltage Controlled /s ei*msoidal a 
12.  Hats of rise of controlled 669 fl/ Sea, a 

voltage 

13.  Interval between two Controlled  1 idn. i 	:OntiA1 a 
break4os. 

lite Voltage parity Not ccntro 0 
iled 

If. fluctuation of the a: 
supper voltage. 

161, sto 	ian of the " voltage wevo shape. 
12, Corona formalion 0 

prior to break &do t, 
18. Influence of the ;, a 

surrounding object. 
190 Witty of the 	O ,, C 

(►) Effect investigated.. 
~bj .fit fixed due to considerations of . 	ent .t tatt+ . 
a Effect not lr 	 ~ st gated but ssrd negligible. 
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UK* li.2.1 * P . 	rtt•s 	 ail nied.. 

8.10. 	Property 	 Value 	Method or 
M.surrn.nt  

I* otic Viscose)' CS 22.5 at 3 0C 	D 	191 

2• airrative Index 1.i80 at 25°C 0 12. 8 	61 (].73(9] 

3* ssit7g./CA 0,873 g 1) 1298 • 67 (1972) 91 

Specific gravity 0*8791 

Tab *,34 a ProertieYi of 80'2.4 ineu1atir M110. iais, 

B. O, Namo of the 	Property 	V l 	~ of 
Material  

I. pipe cloth a ► Thtck.ess .2178 a 	i) 3 '474(91 

b 0 
0. Tensile 3,5 kg/cut 

strength 
4. On abor. 0.1235 gi. 

 (in: 20 hotw ) 
2. a.  ease .2707 

b.  .betàoe 0.0352ge/ce  
c.  Tentle 23 Kg. 

strength  
8. Oil & 

pti 
092 goo 

20 hours)  
3, 	Iephantot4 a+ Thick. sa 1r2PO7 	1 

b. Substance 04889 g*/o. 2 

00 mile 5 	o 
strength  

4. Oil absor .3022 g. 
ption 	(in 20 hours) 

D 	(g 



a sa*ph record My represent the 	 populatiop with good 
accuracy. before deterathing the sufficiency of ber of 
readings# the distribution of, the to le record '=at be is• 
I.rtai ►d. 

The distribution of rands* atattonar3r set 1► coma out 
to be nor l (table 5,2.2) as shoivn b3r 	goodness.of..fit test 
for noi'mility for a level or significar * O. O, Xsynsth MA 

Cs i, l963, has given a table gid the * t value of 
percent coefficient of vnx'ta tic 	for n nuilber of readings  
being sufficient to "Present the part potion. Their 
analysts  to based on sial norl dtetribution* able w .l 
gives the calculated values of percent. coefficientof 	 ion 
for different valuesof for ,set 5,28,29 and 2.. Thue values  

a" much less than 	Therefore readings t+ are sufficieni 
to represent the pc.ttcn, 

!eaeprmnt 	$4!1 
I 

we rvre having tM different i.o1i4 insulating iteriele 4 

We screozsd the material taking In the i.w of brcakdolii voltage 
i.e. thg, stem hai4n br.skdovn voltage lose than 5 ZCY,* I1 ie: 
ere sores out Now on ren*ng maters o haves 
brea*dout mea 	,te 	breakdo values are shout on the 
staple mph  paper 4tioh can be soon In section 6. F, 6.2 ato f 

In Gerimal. sets 6,?,8,9,lO, ,1 13, ' and 15 vs 

selected 	six materials Bch is having breakdout voltage. 



WOW 

aboy. I KV NDV ws saw the breakdoiii behaviour of those six 

teWe plre cloth,, pa" St 	. ►, Xre*p.l, Esso igoanit. 

fibre, flephantotd *too) in trsnstorr oi3 cunt found that 

some ratsrisl have acre br,akdon Voltage when wei ar-ea*d 
trsnsforaer oil. Diffe?snoe between these eubseott  Awaits 

can be soon froà the graph atteobed. in section.6. fp 61 u ' 1  

05Maj pe 

The main experiment  follow the aim of the author's 
jut of attack. After.hawin complete! the design Of the 
uperJvaents to rte14 data fit for statisticalanly5is1 VS 

con1der two points hs. We had', decided. that onii thros 
insu'atingaatorial out of all the material Bch. we have used 
in the ezperiaene, shøti4 used In cobinattcn with the  
transformer alb.. ` or this purpose we have taken scee meuuxinents 
for different :i 	rater ,e because It we use these ►terial 
izrsxtstormer than these will be i*ares.d 1.. oil 	h a* 
Co we want sons a► conclusion 	this basis also. 

coM point which to think for Twin experiment the  
mated. W b 	tgj bond i 	sue" one of the ale,  

,ch can give wrong inform at ton. or this we designed a fixer 
and have motet msasurasnts fixing the material in t).s holder 
end we ray got sir better information br this arrangement. 

`hr analysts of the results M the disc ic*t follow 
is the subsequent sections. 



5.' ' ste fes' 	4A.- 	 t 

theOr7y cii vhioh the run test tar nM ss and 
stationarity is based, 10 disouss.d in Chapter 3.'.2. 

Zn the r analysis for the Sot of observations s u 

seed in this thesis#  the mer of runs Bch occur in the 
variation of of eavations abotit their med.tin value are detsrin.t 
?l'o* the table 4' rc tage points  points for rM ditrib 	t' given 
in 	 r.n:o (16 J, the acceptance region r1 3  to r  

ode 	d for ii niz*ber of observations and 	level of dgzd ftM 

canoe4 	" the o3 ervt w* 	of ruis $ lte i' tIds anon, the 
obssrv*ttcns SPO r MO2I7 distributed. 

&g, 44 &gJ44 shows the oa1oultin for rum for set . 
n 	sM 	0405, theaoaeptsnceregionis9ø5. The 

niaber of runs for th. set 	is. calculated to be 32. Therefor 

the observations of sat 32 are mom. The visual inspection  

of the Voltage cats in ?tgJ.l.l wruld also give the same 

Table .i4 gives the rets of the tat for randoiesi 

for an the sets at x.05 

The test of statianartty the run test on the means of 

subgroups of 	s to conducted the same way# and table 
50162 gives the woults for 1 the sots vhtch are random. 
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NO. Sat NO. NO* of NO*. ot of Acooptnae t 	c 
beezm r region 

hone 

50 18 -w 33 lt~ 
2 32 findo  

29 36 13 00 	5 d 

94 	3.8 	3.3 	Rndci 

8 8 5 3s2O t 

3 29 1 5 3.10 tionrity 

2p to 6 2.9 81&ttoMr'itT 

5.2. t ea Ot' t '.O ft oraftn t 

Table 5.2.1 shows the cal u1at1cn of X2 g dues of t 
test for oras1tty. 

g ..1 shows the hiatogrea of set, 2*. 
Table 5.2.2 s1ows the e.su1ts of i2 gooineis.oz"rit 

test for nors1ity for ill the sote, 
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FIG. 5.2 -I HISTOGRAM OF SET 24 

FIG. 5 2 -2 CUMULATIVE FREQUENCY PLOT ON NORMAL 
PROBABILITY PAPER SET-24 
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so. 
Cue a 	Xnts a . 	Mid points 	f 	A 	AWA 	.. 

Kv 

1 	21.6 	22.2 	21.9 	11 	* io7S 	QOIpO3, 	0? 	043 

2 	22.2 22.8 	22.5 	3, 	4,a3 3 	0.0692 1.2 	0,03  

3 	22.8 23#4 	234 	2 	00070 	043w 2.1p 	0,06 

r 23.1p 2It.0 	23.7 	It 	-0.18 	4866 	3.6 

6 	 4#6 25.2 	2.9 	2 	+01088 	04738 3.1 	0.39 
I 	254. 	25.8 	25.5 	2 	1.s 	.1086 	loo 	0.0 

5. 26,t 	264 	2 	1.93 	O O5It 1.0 1.0 

A Is the aess mer astandrd1ed nor 1 fiction (Z) batveen t 
ie h end +j  

	

Out ccs o 	Vis 	Nom, 

. 	SatNO. 	1 	 Out 

It. 	*12.59 	 r 	1 
6,.05  

2 	28 	18.97 	*3.)+.07 	Nota 

3 	29 	..6 	4#*o  lt* 	 Not nil 

It 	24 	8.2 	4000fli*07 son" 

* 	trence 3.6  
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5.3 ittng. 1fl Ziapist Fiaictians 

g + j tl0Al 

Table ',3.1 and ,3.2. give the calonlationa for fitting 
an eonentiai ftmoticri to than data or set . 	g .3•,1 Obo s 
the st 	log # a -13.0 '1 + 0.411 V fitted to the obierved 
data and the corresponding exponential tunticn  
0 ' a (.13.0/ 4 0.411 V) fitted to the- observed data 

~ ~ t 

og log # 

.1 17 0.01 .01 O99 0..0131 4,335 *6.335 
39 0*013 0*03 0.97 0013+ *3u 4,312 

3 21 0,013 0„0 0.% 0.0135 4.302 .6, 302 
23 0.1, 2 046 0.84 04 ..929 .3,9 2.9 
2 0,21p3. 0.p0 0.6 0.6405 X,903 Q*903 

6 27 0.Z70 0.61 0.33 0*8101 00.90 .203 
7 - 0*943 0.92 0.06 3,0375 .;1 .0. 889 
8 3. 0.06? 0.98 0,02 3.35 1«208 	.  

9 33 .0.013 14,00 0 0 0 

!itting a straight line by thod of Isast e t s t 

E. , =192# 	 z 2 a*' 6j( 	)2M 

z 	29.663 1 2 xyy a 632.667(Z yi )!fl a 79.08  



4.724*  

Tt* equation to th# Ithe fitted by least squares is 

sn4 I 
a a (z, 71  0. 'b Z xP/A 

?rth* above est, 

b*G,ipii , 

yt15,0% 	 71X 
•0 

ZogØsa13,O1+O.7IV 	3hownin 

0 * e*P (0071 V 13.01)] Fig. 503*1 

The e4culttons of 0 for drawing  the  graph in Ptg.5.3,l era 
given in table 5.3.2, 

NO. V 	log # 	# 	0 • E 	# + 3, 

3 	 60067 	 l.000.7 
2 	19 .t.061 	0.0172 	.39 	1.0172 	0.Q2 

2] '3.119 	 .06? 	1.u'+'s 
'p 	23 ..177 	O.113 	4 	 L.]1311 	0.]00 

25 -1.235 	0.2#uD 	,s508 	1.2908 
6 	27 •..0.23 	0,7q)O 	1.192 	1.lt,60 	O.&s'pS 

29 0.t+y 1.9136 	 2.93,36 0.8917 
31 10 	'p.9086 5.8003 	5.9086 0.9317 

	

9 33 2.533 12.5912 13.5729 	13.5912 0.9986 
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5►4,. X2 Goodnoss-ot.tit Test For 	a enti*l Function: 

b1e 5.i.1 gives the 1oi1*tion of a for fitting at 
exponential diatitbutian. 

8 + 	 DIGTRIBt3;D 'tPITfl 

Ossa MO. Mid. Value P 

1 1 ; 2.35 1.79 
*3 #3 

3 23 1292 9.52 075 
2 2+3 18.92 1*3 
27 27*0 33053 3.27 

► 20.72 0.82  
7 31 6.7 9000 00" 

33 1..3 1469 0.09 

xg $ 6.79 

Z Cala4ated frci► 0 * ezp(O*) ►Y -P 23#033 
b e 5...2 gig the yaluec of 	for -fitter an exponential  

distribution #`Unotton and their corresponding ob* U tees 
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Tablg 

ji 	AY °E 	_ 	
1 	) 	s ' 	.,~.~~ r..:R 	 ~~w• 	

..i 	i • i1. 	
!,iF 

O* Set NOS 	• .fit 	 xponmntta1 	Probab11itt.s 
` 	 function fitted 	2 	X, 

rnTrm—Ir.rrnrT 	 .1 	 WiUJ _L11 

1 	5 	2.6 	6.79 	exp ( Ff 3. ) <<. 	<.2  
2 28 18.97 65.16 
3 29 5+.6 25.22 

2 8.2 10.28  

e (. 	27*24) 402 < 

exp(. V ► „ 43) 	<<.01  < 01 
exp (.9O*pv 2.78) 43 42  

for fitting a norta1 .iinotton. 
oi fl t .on exponential 1n 	. 

mx ?root reference 15. 

The 5.5.1 .toes the ca3oua ted values of coefficient 

of variation r 	for the sets Bch pass the test of 
norTUty'. The value of ram can be get froN refer 	. 

` *It*. 5* 

Set. NO. No# of 
obse 	o- 
tion 

KV/c 
"" 
V/cii Was 

"" 
p 

rte, 

250Otp 26.6 7,86 000 

3 
4 

29 
4 

36 
18 

19.+5 
195.0 

*20 
9019 

3.19 
0.85 

7.05  
2.48 



0252.87 

' able 5.6.1 Luu- 
BM a 

ft 	c-- 	110. Of ff % M' O: 	Positions duO+ 	mate 
down 	+leer«» 
Voltage ,*tion. 

RUber 
; 	a 

KV 

17 	1 1 0.0133 27 

19 	1 2 0.0267 1*303 
21 

23 

25 18  

27 20 

29 18 

31 

33 	1 

LI 

13 to 30 

A to 50 

5tto8  

69 to 73 

7 

0.0533 to 04600 

0,1733 

0,143 to 0*6667 

006800 to 0.9067 

0,9200 to 0.9733 

0.9867 

a 14690 

.1.072 to i,6O57 
0405721 to (.087*  

.11#7  ' 	Q.8782 

,9523 to 2.3s 

2.43 

1t.1922  

brso ','!a25O0 `*21 .3 

7ros reference'6#  for 11 a 740 ç a ; 9 
	x a 0,50 



1• 5.6 2 

set NO.  

30, 	!6 	$2.9 	15.66 

k19.kS 37.2 • 

2k 19.O 9.19 1P.2 3.81 

0 



77 

In our e*periintai work 	d1' n of -brsakdon 
rLtage plays A very laportant role. Accuracy in taking 

meseurment is iportsnt hare, 	have assume an electrostatic 
Voitmcter as substandard l eter nnd' '; calibrated the 1*Ulti4. 
motor sot., 	calibration t aur is shown in Ftg.. Nova viii 
discs about the other peri 	l kk 

$  itndorness and Stationarityt 

1n 	ss and stationariLty are the two basic stat oti 

041 conditions that the data 	 satisfy before It can be ply. 
sed t ordinary etstistical tecimiques. We have seen in eea•► 
tion 3. that the data an be considered as randosstattonary 

the ii Vdua tit* history we proved to represent random 

Solt station: process. 

set I to 3 taken with the Std's toot call to *'hock 
the properties of do teae and etattanarity sherd that the 

breadown voltage increased gradually with successive breakdownsp 
ti abt 0 r 	ata Cap ,,ngtb off" ► sr t. hr gradusl 
decrease in breakdown voltage at the start of a series of rnearnww 

is Q.' 	In *l ctriO bru down smites and to 
refer to as 'conditioning' o .. ly the observations in such. 

a not can not be baa as contir,cd by the ana2rticai tests gi 
yen in table ,Z4. Norm). statistical t.cimi.ques mot tberew 
fare be used tanalyse sich a se ,specisl techniques are 

availabl, for an 	 tie varying sets (such as*eproeentthg  

E1~T~ ~L LIBR, RY UNIVERSITY OF W0®i3KC 
xocaJ ~~ 
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COnditiQning press). Thit en *die of the cittoning 

region to got *t the breskdo strength is meaningless the breako
strath ob fid. for this region to strongly influnoed by 

the electrode .teotsurttt.6 etc. and Aa not represent 
the characteristic  of the *SUM, The representative value can 
be found fron the b r Ido test sequence 	after conditioning  
is over, 	the electrode effects would 	 etebilleed. In 
this region the test can be expected to represent * Odom 
stettenary press. A sufficiently large number of readings of 
this region on be anted statisticafly to get the breakdown  
strength, 	 value # of base voles quoted by, by flrignaU 
end.etter 3 have been obtained frot this statim region. 
i:. 	ir, A :-~ Y .'. ,,.. 	k• 	iii 	' 	i.,, 	i?~ 	Y.••y.,' ' t E 	•.  

but is true for breakdown studies on eli media. The following  
factor y take par: In OOflditiOflthg.  

The adsorbed gas layers on the electrode surface tit 
4eetroed 4threpeated breakdown voltage and thus the breakdown 
voltage goes on increasing. Similarly the ode layers on the  
electrodes get destroyed gid rise to higher strengths,  
out gassing of the electees zt high temperature in yam= Is 
the usual metes of re 	the adobyod layer of gnseti. bbr 
and i t 	avoided condittoning effects by auto rn is 
polishing the electrodes air ever breakdown, In the present 
►rk1 hoiver#. tZ; of these have been used, The eleotrodea 

were ole ed. by rinsing the electrodes tb oaon tetras a is 



and transformer oil before each set, The ra kd Lets vera 
started after about one hOur bioh to ths time required for the 
preparation of the Cc . and the electrodes. 

6.1.2  ! 

At the outset it appears as 'though oil volume does not 
have an effect on onto 	proC*$5 x o long as the effective  
vole of the oil between the elcotrodes rein cam. But 

It 7 not be sow To expo the effect of oil VOII* On 

ccdittoi4ng# we 411 have to cons d th breakdown breakdown  
press in detail. 

The solid particle In the oil take active part on the 
breakdown process. After a d.c. Stress is applied to the gap,, . 
the solid particles in the oil bec 	tt, C6) and start moving 
err the influence of the stream • They a drawn to the region n 
of the greatest stress if the permitttvity of the partial** to 
greaterhan that of the all* bthen sow particles reach the 
Vie# they acme a pQsitivecharms and Start moving towards 
the cathode, Thus particles ossill to in the gap. At the 
cathode,  tee posItively Coed particle enhance the local field 
oaueing a coptous esiseton of electrons. Aø the stress increases1 
the nor of particles in the region of maxtu stress increases 

th particle oscillation and  electron Bcon also ,in~am. 
sea, Th. at a critical Vole particles viU form a. brims 
to produce breakdown. This is the bres3 down due to dole 
oscillatIon and bridge frtton. After breakdown, the particles 
got e41$ct 	the gap length and so of them cat lost In the 



bu2k or the Oil or get settled on favourable cble W ,test, on the 
electrode, or on the walls of the cell. With repeated break.. 
d 	the process of . et l of particles as the gar length 
progresses till only a tow particles are loft in the gap length. 
Therefor. repeated breakdornts gin ipro,ed breakdovn strength, 
In this my the particle take part ccnditioning* 

hem the total oil v is vmz large the total number 
of solid particles present aro..M the gap is larger then when  
the total volum, is smaller. Theretor. after a few breakdowns 
sow solid particles that han been e3ected from the gap length 
and ha" found suitable ettee to rest npono, are oli ted from 
the gap lit •but the'olume has still a Urge naber of 
solid particles to food to the gap lengthand thus prolong ctdiam. 

ting. Thøn it is prOb3M tP.t the conditioning mess 
sts faverlong time itthevoiae of the oil taverylarge 

mar Oxp 	tel woo w staff vithanoilyaluec  
of 400 $Ci: and the conditioning region lasted about 201) rearms 

TItTsI 

below 300 000 aim* it is the Unit find by considerations at 
ainja's oil above electrodes. with the e largest gap length of 
'4 i.e nra only able to got observations in the initial 
port or the conditioning reg on. Zn the later portion the 
braskdomi voltageexceeded the 50 '' 3i*it of the set. 

6.1.3 	of the # 1,*. 
In the •a i.meuts with the large cell the of was 



stud before every reading. At the meet  it appears that 
the stirrer vifl prolong the conditioning of feat because the 
solid particles will be conttimou4yr t to th. gap. 	the 
other hand, stirs also helps to carry any the breakd pro- 
ducts 	the gap so that the breakdo*i strength i rro s and 
time the cndticning is faster. Thtrefore# both the effect of 
prolonging the conditioning 	 the effect of Moving the 
breakdOie strength Mir est steultanscusly, 

:. ► 	r 	► 	►,  

handling
LI 1mxwL'; 

of the solid insulating tele by the supplies add.t- 
tional tepuritios are introduced when teress4 brae in otl 
This wiu dea crests 	 "bl! in the veriaMe. e acre 
pointalso ire,, err are certain inulatig s tertals 
Which absorb the oil so they will lose air ambles tCh some 
time have ;Ovral suitable Site to rest u the electrode itself. 
Both these pci te can reduce the breakdoWn voltage. 	first - 
point bore Is that we should directly contaCt the 	cturozo  
so that the, proper hendling of the std insulating material 
san be e 	a 	shouldiiU have arrangemantproper its*. 
rring so that error ay not cos due to air bubbles. 

6.. Ssl.etion of Material for Cob tion With Transtor r 0111 

mer having obtained sage which represent  
stationary process far oil., now it beco*s necessary to soffit 
materials for coabinatton with the transformer oil, Wow vs have 
taken .smote on. solid insulating materials in air WA SWO 
former oil. The sots cornerned were 6 to U and 1.6 to 21. 



4g 

au. results 	ho 	fg. 6, 2.$ a to f. 
variance is Wit+ 	these materials (Appy  C). For  
Sl,sp toidp UPI" *loth aM Kreepel t  br.akdaie nlu. Lu 
transfureer oil Is more, than 3.n sir table 6.2.1. ThS variance 
r.dicu for eapirs *loth and Zrepel there as 	 elephantoid 
it increases, 

+6«3. Effect of AUpe of the actro4ei  

 errors SCh 	be 

trod by faulty s .fit of the ,leotrs, the electrodes 

Bch a fitted in Semen's set does not have proper alignment, 

G vs replaced another cell which hae proper aZ*gnmec 	?he  

breakdown behaviourfor GOh 4a roper can be soon frog tig. 
1*00 and*4** 

6.'.. ttoet of Jbro. 4ppli.d n the Material 

The Siusu net has no proper arrangement to fix an 
insulating material between the elects. In those circmstanci  
It is felt by the auto that if force is applied aops it can 
destroy the in3stthg mater. and It can reduce the three 
of the material reai4tinein a cmp of braakdoiai voltage. 
It becemasr necessary to 1. traduce an arrangement for proper tix 
ing which can be applied on the insulating terms The 

r*+.ment is Avon in another cell Bch is replaced by the 
a its. 
6050 to of 	I 	t o 	o f 

As felt by auto that some insulating materials ar. so 
flexible that they bond to ward either r of the electrodes j which  
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create non untformityof the fie around the aotd tnsulit&n1 
ems,. The effect can be sev► It +e aozipu the "sets for 

mean value at. variance of sots 923 and 11,22 ( s.6.2 a to t).. 

Th. variance h i s and the valus of brsakdoi.n voltage In*-- 
► U by smsva4u., 30 it iS fl 	to 4 $i , a holder for  

per.r sli.gnmext of the $mole (sa d nsu]A 	t 	l). The 
dimension for this fixer 18 given in Appendix S. The Author is 
pout in Chapter ,, Fig* 3.3.2 the dimensIon of the )ioidsr and  
rc 'cell. 

6.6  

b have tnken thr, sets No.2,26,27 for ifferent  

r, 0. Each sot is designed i thres di"*Mt time inter. 

is and results for breskdoim value to plottd on th. mph 
shote in flg.6.6* * mean and variance for the amt 
marls do change 4th change in the nteryal bitt the cue 
does not follow a duets pattern. A teily when we use these 
materials in cosbination with transformer oils   h r adsorption of  
oil between two readings could be significant and it night "ems 
necessary to get to the saturatIon paint for oil absorption  
the tem after nth we =Id affect the varIances to booms 
very low and rears will give a bettor reauit.s.  

,s! sing above points we can conch that Our main 
experimental rets which an racy statim fulfill  
requirements for tther + Sts by statistical ether.,. 
6.?. V."tom 	f ►Jts 

Afte having obtained sets which repress random 
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station prooeuo  he distribution of ' 	rdo strengths could 
be d.tsrrnined.  

he first stop s to deter tthether the distributioi 
rae nam. Z2  goodneesof.flt test was usd 44 a toot fur 

NorOtt+' Table 5.2.2 shoe that cnt3 one met passes the test of 
nor t y TM M*tea* for *31 the sets i.e. sat 00* 4,28,29 

i demote negative skeue. The )4stograi., of sets that do 
not satiety Alit toil. ively skewed than those 
SCh satisfied the nqlity toot. M 	t  the aumz1ative 
plots to noreal probsbi1ty Val"  of sets that satisfy norisa. 
Ott test were aurvad as ebois in F&g, . ,2, whereas it should 

have bee.. a straight line. 

The breakdoii in oil Is not describsd properly by a 
no.d distributien because the not )av does not satiety' the 
stability' pstulat.t2.  The rets of eszce test on 
'meta or aid, have bets sizeosesfully described rid Wtom 
distribution tin ( ed on tnttia1 exponential  dis bution) end 
an egreaaant beti* 	t. o l motion and the experimen- 
tal 

 
sats s tnarkedly precise* 

The .xpononti4 distribution of the ty 	• (u p ) 
u fitted to the experia.ntA data, ¶Aib3e ..'t.2 give the 

moues of p sbebUitiu at 12 for fitting a nom distribution 
and those 12  for fitter an exponential distribution function. 
We can find fro* this table that the exponential distribution is 
good'.tit.to all the arts incliding t1 so which did not pass the 
norsality test. The exponentialdistribution 	ctt+ are 
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given in. the same table* Graph is shoisi in Ptg.6.7.b. 

The extra]. distribution of the e r*lj,st Value based 
on initial + oi tUl distributioft is of pracucaljtinporteno. 
sir the design engineer would be Interested of extreme for 

values and the oorresponding probabilities of the breakdown 
strengths. The ester distribution function described the 
•zpeziaenta . results of Weber and 	a t (241  and established  
the relation of breakdown strength with area aoouratel, The  
et ata value probabIlity function of the typeøe(ye)  
When 0 aCE «0 n) vre fitted to the experienta1 results and 
the eztrene valueplate are ehoin in ?g 6.7 , ,1 b &&. 5.6.2 gives 
the values of parse.  +s 	s 

6$ 	f e 	is # ►' 	or fret 

t Is . resi.e of this thesis that if the b eskdown test 
results are to be fit for statistical analye s, t design of 
the adorn test has to be evolved on. the basis of statistics.  
After the design of the breakdown test Is ccapieted to yield 
results fit for statistical analysis,  the evaluation  f the 
results gives the dotereimtton of the tons of distribution  
end the psi tars of the distribution. 

l a long tie, the distribution of breakdown strengths 
of liquids was believed to be nom, arising out of the 
errors and in aces In the testes p ► drincluding the 
test equipsent gid. The observations were not subjected to 
rigorous  tistt l tests* WO z' and baa t 	were the 
first to perfora sell controlled ssrtssnts on rsnstor.. r oil 
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s 	wP o , VOiIt41 t "►d found that ' hs extrem vab r dt* ►ibuttcs 
11* a good fit to the bresk4orn test resuits end It satisfied t 

stability potu1ate. 	rese 	distribution or the sma,  
eat v iuc Sita the rosuita of the tests reported in this thesis. 



The oortclustrns dsn In this thesis are given below; 
(1) The results cib'sin t 	the .xpsriaents txi Empires w 

cloth, 	l In aombinattcn with transformer oil 

(II) The extreme nlue distribution of thr sn,alheet i*lue 
(Gibel 'moo I) fits the result of the air materials. 

itt 	a iiproper *ligni.ent of the samplee effect the 

variance and good observations. 
(V)The time interval between the #*to for a material 

effects the valus of 	! This is duo to oil 
absorbility oond tion for that material. ial. 

(i) Ieen we 	 =sue .I,. cloth, treitpel, in combination 

with transformer oil, the per*dttivity will follow the 
#" 

 
]ogarithmto law of mixture" accordingly p.rittivity 

chant 4il give the ams in breakdown voltage. 
N O As Viewed by Mic s, the structure of fibres show  

that the breakdown voltag, In insulatingm,teri*le 
reduced due to poor s totes of compound on the 
material end air moble entrapped In a solid dielectric 
leads to the breakdown at lover vile* 

(vii) ti* to• improper baniling of the Materials$  damage in 
insulation  r vitwed and give por breakdown voltage. 

(viii.) Conditioning period is low in solid insulating material. 
book"* it is mainly effected by the terra 	ip 
hiaidity and pressure which  +m be assumed negligible. 
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 I 

There to mich to be dare y t to find 	 a suitable 
theory of b'reak4o* strengths Itb the help of proper use of 
statistics, i barn only a c l been able to reovr rome 
points of ambiguity in this field of bre*k4O1I in liquid and 
solid insulating aat.riale. The 	 presented in this thesis 
could be continued the following dir.ctionst. 

(1) The tost methodmid be improved by Improvedupon by 
ernploying a rs accurate end improved methods of gap 
meastarierts5  electrode she 	oil treatment. 

(2) fisltsbiUt ► can be studied for these insulating OrUl 
'with the knowledge of Wi t . 

(3) I ` ou can control,  pssur..t  tenpersturet  hu!ttdtty, 
better result can be evaluated. 
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The resent concept is to dish the temperature  
classification of an 	d material but to adopt now 
tseparatur. clas.itiC*tiOn to the s stion saw as a Vis. 
'his has established a nay approach to the problem of material 
evaluation  means of function tests,# 

These tests are based on Pratt .condli t+a and 
service experience. Ttortirnat.1y both c encs o For 
cachinup the coicn factors us its  vibration, huitdtty and 
voles. If the temporature is varied#  the std of oheiiicail 

reaction of the first mer and tempereture Is given by *rrhsnto  
emotion . 

(1) 
th*rc 

pecittc motion rate 
AottnUon orgy. 

A * sqianoy factor of the molecular encounter, 
R * dvarsatgasconstan. 
' * Absolute teperature.  

The *motion bich ccci. dura the ageing of the 
insulating ttsrtals are not sols (sce. degrade tion 	 s 
act as catalysts  for ether reactt 	0 but if it to assumed tb* 

the rats of failure of system is largely determined  

$p*+t C a I p the lite temperatur. costs at three tempera. 

Curr, it not mor. ar, required* It to also necessary to fix 
a criterion of failur. bssd on service t** 	the case 
of machines, it has been observed that most failures OCW when 

ho w m 	s ytstl & air a , . nnw ,t1 rnki n* r►to. 



(t) Cma!uati is for Sample ul. , Z " 	sple of low disenetor • 

then the line oflarces will be sore at the edge of the saspla so 
probability incresee ' the breakdon at the eco instead of 
occuring at the care of the sample, 	it 'edea n sir 

to chQoss a sample of such a six* that the electriosi intenstt 
at the edge reduces to a value to .1 Percent of the intensity 
at the surfaces of the electrodi.. For that referrer reference 
6 Jnr of P, a ale 	. x ` 	It °r Ob ve• have ow 
Value of inten9ity , toextent. 

micro tex. Xts least cowt Is 001 out erg mey be i either 
$140 of .005 0 	tock10 mewnte for each material 

WA cs1óu3ated average 	e 1. The aver values are 

given below t*► 
Ci) ire cloth • .2178 	a 

Pole fl3ai • .130 

(iii) Jephantotd • 24W 9 
(iv)  e 40 	x2707 	sn 
Cv) aes .2285 

fibre 

(v) G1.ss fibrec+ h. ,21$+ 
'i 	ter+ 	"l 	~ 	.1~ . 	"J! 	• 	+:• 	l:. 	1 ;•, 	 a 	♦ 	x 	• 

sample sise then tt becomes v +w to select the dimensLons 01 
,xerj Just by applying 	ion sue, See!ing the cU's dimensiona 

and ale size choose. the folloving dimension for the fixer.. 



Th.laugtbatth*  

e 	Plat► $ice 	6 $ 96 5 cut 
Screws are fttte4. as  ehown in Fig, 3,3. 



Q  

Ii 

a 	a 	a 	a 	a 	a 	a 	a 

	

Ift A UN 	 Ift 	 IA 

00,4 
*O4 

iI 

o c o o 0 o 	0 0 o 

911.0 al 14 AS A IV s 41 svo 9'Is a 
all 

	

No 

I 	I 	I 

a 

b 0 	0. 

* 
a 
a 

a 



tv 
0 rn 

rn 
p4 

Ull 

I i3 HIA 
i 04 

• 
0 

0 
p4 

0 

[p4 

04 
0 

HI
bp 

I 

F 

'JL 1 -4 

UN 	I 
UN 

ccdt 	eo 	cgtr. 
m o.co rn4t'. 

S.. 400 *54 

RU PAM gefol 

f**t% 

04, 

I 




	Title
	Synopsis
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Conclusions
	References
	Appendix

