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AnSTRACT

•

The prcseni: W'nrk de;tl.s with thtl .tudy ot d1tl'~om
eom=erelal dielectrics a~ htgb volt'~elSt,o observe tbeil:"

dJ.$1illpa1:iou t'actor (tangont or: the dielloctr.lc leulS AnJ;le)

and eapac:i.trw.ce behav10ur under dirCoront condition. 1110

ScherlJ13 BridGo we. u.ttd tor tbo purpose. \ Tht• .I. II "VCr,'
,

• t1se1'ul non-destr.uctivo method ot tClStina cUelectric.. A
. \

sohering nri~e.with. ~o of tho auxiliary apparatus. lying
I

-\

unused and in n:da_ge4 cond;i t101\. had to be al'apa.tl"ed i'md

"brousht 'to proper vorl,ina .condition Cor tllis et\dY. Tbtl

"tlwsie doalsw1th (U t.begeneral t~oory of .cbe~1ng Dr:1dse.
and (U) tnterprotllticlnot var.1a't1on at tM di4a1.patlon :feeter

and copacit.llIbc,e a. ClbtaJ.ned III tbe .stu(Jy.

Utgb-trequonc.y polynt;hyleno cllbl.e. U-JtV , con. PILe

Clable anit trand'oraer 011 were t.•• ted under VlImn: conditione

such .e repe(l.ted .U'4UU•• 10n& duratj,on aU'oes. Cba.t'l.Go of' teJap-

eraturo. et.c. FrOlll t.be result.. at'tolllpt. woro lIIlt1do to oValuato

the conditiun ot the d1eJ.oc'trte :tromthe po1nt o~ view of

--.
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INTNODliCTION:

i

CIIAPTLR_I.

•

The 4iCCerent properties of electrical engineering material •

..-conduc'or. insulator and others--should be procisely known Cor

their proper utilization. Moreover, the properties oC the difCere-

nt materials are not independent of the environmental conditions.

That is, tbe properties change with such factors a. composition,

pre.ence of impuritie., tomperature, humidity, etc. Hence it i.

very important to gather as much intormation about the.e materials

a. possible under the diCCerent conditions. The necessity of newer

materials required to suit the diCCerent conditions become import-

ant as research and developemont w the electrical enginoering

science tends to produce articles and e'luipment Cor the greater

beneCit oC user.. the enormous advance. tl~t have taken pluce in

the diCCerent branches oC electrical engineering are largely due

to careCul experi ••ntal researches, being ba.ed on a tairly com-

plete mathematical And phyaical theory, in which the various elec-

tric, magnetic and other relevent properties involved bave been
preci.ely meosured.

Insulating materials, or dielectric., as a clas., are retuired

to stop the passage oC electric current at place. where it is not

required to paSS; in othor words, it should poss.s. almost an inti-

nitely high insulation resistance. they surround CuL~ctors in

electrical equipment Corming electrical insulation between port.

across which a voltage exists. Air~et. a. an insulator tor over-

head tranami.sion line.. Oil-impregnated paper--and other type.

oC dielectric. also -- i. required Cor underground cabl.s. Then

there are other sort. of materials to suit tho respective c6ndi-

tions. Thu. ~ron8Cormer oil, in addition ~o its cooling purpose,



,
I

.erve. also as an insulation. In short, there i. DO p~ece of

electrical equipment that does not depend on insulation in .om.

form to maintain the flow of current in the proper channel.

For dielectric. -- like other aaterial. ~ their required

properties should be preserved as far .s po.sibl. under the

different condition. for their proper utilization; and hence

the need arises for measur.ment. of their ~ifferent properti ••
under different environmental conditions.

The electrical properties of dielectric. which are very

important are the insulation r.eistance, breakdown strongth,

permittiVity, dielectric loee angle (the tangent of this angle

is known a. loss tangent or dis.ipation factor), conductivity.

etc. Of the above mentioned properties this work deals w~th the

investie.tion and study of two properties --- losa-tangent Or

di•• i ••tion factor And capacitance (dependent on the permittivity
of the dielectricl.

It i. a proven fact that the properties of the different

material. is dependent on their molecular structure. The molecular

structure of the dielectrics .tudied in the investigations reported
in the thesis are different. Thus while

~oil are non-polar materials, papor i.
polyethylene and tran.former

, (21)a pilar material 0 AI.o,

•

there are physiCal difference. botween the.e; while polyethylene

is a sol~d, transformer oil i. a liquid. and oll-impregnated.

paper is a solid-liquid combination.

A. has boen .entioned earlier, two important properties of

the.e dielectric. have been investigated to some extent. These are

the 10s8 tangent and capacitance. The angle by wbich the current

in any dielectric i. not in quadrature with the applied .-c volt.~e

1s known aa dielectric loss angle.. The tangent of this angle i•



called the loos-tangent or the dissipation Cactor. This deCect in

the quadraturo angle (Cor ideal caso) arises Crom the Caet that

no dielectric is perCect. and thus it possessos some conductivity.

This cuases an absorbtion oC electric energy by tho dieloctric.

This absorbed energy is dissipated as heat, The loss tanGent is a

very iMportant parameter at the dielectric; its impertance a. an

index oC the perCection ot a dielectric cannot be over-emphasized.

since it ia' the beat single tost which can be made,without the

destruction oC the dieloctric, to determine the suitability oC the

dielectric Cor a Particular purpose, aa well as the state oC t~e
dielectric at any time.

everY dislectric material possessea the property ot storing

electric energy within it. and this PDOpcrty is oallod the capaci-

tance ot the dielectric. This capacitance depends, besides the

bulk oC the dielectric, upon its permittivity. £. which is a meas-

ure ot its ability to .tore electric enoray within it. Thus. the

aroater the permittivity, the greater i. the capacitance ot any

dielectric or insulating material, --the bulk, ot course. remaining
the same.

With the above in view, the tollowing types oC tests, and

other experiments have been pertormed and reported in tho thesis.

(1) Testing the behaviour oC high-Crequency, low voltaae

polyethylene cable at high voltages and power-frequencies
(a) An oil-1mpresnated Paper cable was testod with

•

repeated and excessive stre.sina to observe. thoir,
barmCul eCCect, it any on the dielectric

(b) This dielectric ot the .ame type of cuble was next

tested a few days aCter its breakdown which waS made to

take place aCter the repeated strossings, U8 stated above •

. \
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(3) Samples of transforlDcro:i.l were,stud:i.ed 1;0 observe
the effect of elevated temperatures on 1;heir loss
tangent and capnci:tance.

The Schering Br.i.dgeprovides a very uU'lfU1 and
•convenient means to study (and measure) the capacitance

and d.i.e1ectri.c.109.&angle of dielectrics. This bridge :is
superior to ather typos of bridges in many respects. Deta.1ls
about the di€£erent methods of measuring the capacitance
and loss tangent can be found in B. tiague-s "A ••C Br.idge
Methoda(2). In Appendix G are g.i.vensome bridge networks
that are satist"actory f'or,tho measurement of' diss:l}Ution

,
factors and capacitance, Since the Sclierins'bridge had-been
used in the investigations. some relevant details are given

•:in the next chapter (chaptor 2).

\



'rue SCUl,nnm ilRlnap

2.1 IN'lRODl1CTIOlh

.Tbo Scheril.ng Bridge was Jlnvctltod .in 1?20 by U.SchOJ:'lll,! and
(2)

111:ter li11Q • This bridge WI1S <iturcri.bed at 1Ul. oarl.1er date

by 1'11.1.111.1;>$ Thol\:lolltl i.n "UnU~dStAte8 flatont"Ro. 1.166.1S9 .Meb

una accepted. 1n Dac. 191:5. Itl.b.-voltage i:.OBt1n~ J.n Al!aeri.ca tended
to be reatricted t.o the use Qr Wein Bridge. 1'bo brl4ao WA. entiroly
dcrvoloped.1n Euro~. and ,"as u.ed by H.5chcrins and hi. Assoclates.

trequ.encifUJ rAnging ero. 20 llz to

awail capAcitors with 'Very high1 )m.. l.ow-voltage testing Onz
prooislon i.s also 1Iollll1ble.i"(I1" a detailed d18«:u8.•10n on the dltl:-

(2)
orent ",.pecta o:t 1:11.111bridge., one 18 retorted totJaau.'. book

"AItornatill8 currcn't IJridao M(ltbod.J'.

The Schcl"1ng bl"ldge provo II very eaal1yoperat1ve Cor ftU\k11lC

_a.!JlU'lltumts of: capacitanc.e ond 10.118'tangontot: dJ..lectr1CJI; lit

2.2. TIm SIIIPLE SemmING nJUI)GE:

balo••.:-

high-voltage
transforwner
secondary

,

\



In the figure, C2 is the effective capncitance QDd82 the equi-

valent 10ss res1etanco of the imperfect dieJ.ectr1c. Evidently,

110dielectric mediumis fUlly insul.atin/;; it vill have SOllIe con-

ductivity, though very very £IlIal1.C1 repreGClltathe standerd

a1r-capaeiter. <::,.. 1s a variable copac1tor. R3 IlI1dR4 ero non-

inductive resistors. The iIl1pedoncesof tho various branches arOI

Zs. • 1/ 3wCl. •
1

212• ( 3iiC~+ R2)

1
Zit :a ----------

( i~ + jwc4 )

M1enbalanced, that ie, nth no eurrllftt in tho dotactor.

we ttet(2)

Z1Z} • 2121'.4
Putting in this equation, the circuit 8~boll!l for Z1. 212, 21,

\
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For Q parallel representation of the die1Clctric. as 18 shown

in the f1gure below. wehl1ve the lollo1f1nS equati.ona.

Vee h", \" D, 0... "I l'0. YY\
.f'Oi' C'- '" '"d. "R 2-

i n 'Po..'f'c::L\ \ e L

'al'l/eRl

For arm 1", '~, •• - -~--
, we,

'Ra
32 • -----.--- •• ---

( 1 .•. 3wCa Ra )

R4.. ---~--•...-
(1 + jwC4R4>

Under balanoe condition

z/zz" zt/ z}
/' R:> -j/.o1
or, -------- •• --=------..... ---.------------

114~ .•._---_ •.._.--
1 + jwC4R4

Rat1onalyzins. we have

RZ ( I-jwC2Ra>
'2 2 2R3(1 + W Cz RZ )

\
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Buatinc real terms,

•
C4R- .-"___ a .1_
C2

Now, tror:. the veotor diagl'(llll ohu",n belolll, for un ll:c'plio<1

vol ta;;e E,

Cos £>
Elf C2 w C2R2• ••
1

\7 C2 R2Ii: . :! 2 2R2 + •• C2
2 2 .,

1 + 'if C2
R'.
2

or •
2C2 R2'if 2 2

1 + .,,2 02 R22 2

Substituting COs2&in the er:uation of' rno.l torms obtained above,

.-----
C1 Oor;2&

2
VI C2C4 R~

•

Fror; Fig.2.2. showinC the co:::pl"to vector d1agr(l)::l £'01' lalao

bl'idge network un,ier balanoe condition:J,

1._-
w CJL.

G:. '"

Substituting R4 in tho oxpression for C2 ,;Lvcs

\
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A
I

I
H I

I
'1u>c't 0 VYR-,.K. -v''2- 8

P1g.2.2- Vector Diagram for :sJt Scher1ng Bridge under
1'lale;nce Conditione

The vector d1agl'llIl of Fig.2.2 %leeds. perhape, same cxplanati.on.

Vector 0. reproaentsthe voltca& a!lPUed to the bridsa frOl:1 the supply

tranefol'l!lor. OBh the wltc.ce drop V2 acrOS6 (ll'IlI 2 .leh, men no

current nows in the n,-J:,"l null indicator branch (i.•C'. un:ter bcl.onco

conditions). 1. equal in r.:ngrdtude and phase to tho wltace drop across

l'I%'lll 1. Vector OC1&the drop '1 acroes am 't which is equal. in magni-

tude and phasD to that "C~8S am 4. !1'havectOr BUIllof 0:6 l'l%'1d OC obVi-

ouely g1ves the total 'bridee wUOGo OXt The current 11 fiolVing in am

2 end .3 :Larepresented bYvector OE, wlle OGrop1'esentll the eurrent:t2
flowing in br<ll1chea 1 and 4 • OF and OKropresent the col:lponcnt portE; of

current 11 dlen s.plit up between the capacitance C2 and, res1stcnco Ra ••
In the same 'fl~ ODand on represent the co~onenttl of the cUrrent 12
whensplit up between 114$4 °4-

'!'he l!Io.gnitudes of 80l:\e of the vectors. e.E;. OCt are axag.:;ero.ted

fOr the soke of clearness. V1all. ill redlity, be very small. COlllparod

with V2 and V•

\
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2.' MODIFICATIONS OF THE SCUEUING BRIDGB TO SUIT DIFFERENT

CONDITIONS:

The simple Schering Bridge has to be modified 'to hclude
ce~tain precautions, to use itf'or testing short lengths of'
cabl.es, porcelain inaula'torllwhere charging currents ar. Wllually

small, abou't 30 Ildll:Lwnperes. Near breakdown, when 'the current
become. excessive, this method is not very suitable becau •• it
i. difficult to desisn non-reactive variable resistors. for us.

:LnGrill a" which can ,carry

nated by using 'the circuit
large curren'ts. This defect is el~-
shown in figUre 2.' beloWI

,

•

..-@r~'-
Fig-2.,: Mofidica1;ions ,0£ the Schering Bridge for larc.

Charging Current •

\



. NOQIl'tCAl't<)8S OF'fUJLSClp;n'INt.arn::nqs FOR ,;lAnGE. CJtAlmtt~

WJlRltNT:
It\, the ,figure. :It .18 a .€1:x:edlowl:"(!li!Jls1HU1cQ:..r :I. '. '€ixed

roaiat(\Dclt of: Jl1g'tOl" ""alue 1n Bed,ea with $lido Wi.J:'c ; tho lRll::t

(:11;i' r '" -p ), i. Qconstant. -'lt8Ual.l~ equal to too ()WlS.'n1enaia ••

tanceP, is Q nO:l1;-roact'lvfI deCA(te box up-to 1111 ,ohms. P on'll CJ are

ad.Justed 'to .1loure balaru:,tJ. and'by &IOv1ng the po'tenti«lcontact on

the allde wiro. ill sut'table vslue ofn,can be Cl104en. ~. rosistance
coll.lbillationcan ,"'cc;nvertod into its equivalent .tar, .aDdit can

be .h<nm tllat balanco ()(;cura lthen

N•• C).1 C, .
whero (n .•.r .•5 ) ••toO o_a; 5 '" l()OO/tr awl C

5
:Ie in .kro!'ftI'a'll ••

Tho sCCond till .••• in tho oxprollsion ;tor tan 6> ie uau.ily llI:laI.1., emd

The 8rr'ansOlltont shown in :tigtlre above }laS b~en used to me_ure

capaci~ce upto :; mt at bighvolt .•••ges; to .x~n4 to capacitance

tans_, £t is required thot tbe low-reslator n should bo o~very
1$_11 0 VAltlo. Whenthis £» donUt 'the te6~duftl induct.nneo. o£ 'the

It"oslstlUlQoa and thoir Cl;ouullct.ing 1eada.e.pocial1y1n n. hanenoUSh

eft'llct. to eli-stort tho aeasurenen'te of.'Ulo C.llpftc1.tanco ani! tbe dl01•••
ctr1c: lou tll131ft. the lS1tllp10 theory pven has 1:0 be mod1t'.iLodto

. ( 2 )
include 'certain tlOdlfillatlons. 50_ wurker., Zickner and 1>t:.u.tor.t

< f have worked ourt the noco,ularYll.orrectione. They have.bo-. that

l.arseconden8ore eon. be Illl!al'Jul"Wwith good accuracy '1111G11precaution

\
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2.'.2 - SCHEllING BJtIDGE \flTll &ARTfmD SI'BCIMEN:

In the case where one electrode o£ the 8pec~ ae neceasa-
rLly at ground potent~al. auchaein cable tosting where the 1ead
.sheath 1s oarthed and ~n teat1ngbiSh'lr<Jltage bush:1np wllero the

central rinc 1s ttxed to .the earthed tank of a .witch. or :tran.tor-

more In such cases it is not .allowed to earth D. as had been done
.in pl'o\1'iou. cireui ta; and anotherlllethod is adopted.

The earth po1nt is,sJl1.€ted to point A. g:i.\1'ing,the.o-called

Ittnv:ertedfl8cher1n~ bridge. It bas been introduced by Dor_nn and
Seller. A shield • joined to tl'e h1gb-voltacecorner D dcC~a
the ",tray caplicitances between ,the high-voJ.tage part. Qt 'thebri-
dge and t:ho J.ow voltage sidQU of: Ct and Cg t.lnd shown 1ft 'l'l,sure

(2.~) below. Xt is aeen tbat the adjustable ar.sorn, and C4 are

ot tho'f'ull t~.'tvol'tase libov.oarth. and atIst be prOy.l.ed 'with
:Cully 1nsulated con1:rol handJ... to avoid danger to tho operator.
ThJ.s greatly co.plicate •.the constructional feature. o£ tbe br1.-
dae. but in.pi-teot tbis d1ft'ioultyaatls£actory appara~. baa
been IlIade t'or toattng of bushings andcablos "in Illtuft, doUble

shei141nc i. usod. an earthed ah.lld encl()sing 'tho biCh-VoJ.tqe

shield i$b()1i/I1 in the diagram.

These difficl.llu.es are removed by trana1'(lrring tho e.arth

po:i.nt to c+. Rorerring 1:0 t'18uro 2.lt(b) • Garth cepllcltcanccl.IIJ

£rom the corners D. a aJt<l A act all sho1Q1.The capacJ.tanco CD'

Shunts detGctor and d'<3>:es not affect the balance t C
A
1s :to

parallel wi.th C1 and en with n.3; th••• introduce errors. By _an.
ota safety sap. it isenaurod ilhat a never rillo. aror. than a £ew

hundred volt. aboV1lotlrtb.eothllt 'the offoct of Co on R, i. _ry

SMall and can be oli..lnated by balancing the bridges •• hown.

•
o

\



branch AC.K~ rOlIIOvo the te.t .peel_n and rebalanoe, s1v:i.n&

CA and;toD fj A' ThClnlt can be found that approxilZlate1y.

eli::' CO-CA

.i1d.tan6/~(Co tan 60 OJ -CA tan bA . )

(Co - CA ).

@

•

Flg.. 2.% t Scherina nridge .,1'tbeAJ"thed test .pec1amh

\
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x~1e necftatltl1"7 thnt the earth and. 1n1:er-capacltaftCd.
1:'000000Ude~in1t. ftJt<l thill. c~only b.socured by proper.h1eldU1&.

¥J.c,2.t..(c) Shown.4ill.g1'a-ati.cally and ,4.,.rona:erllllut ot: lablelda

,intonded to cle,t:tn. e.nd, loCaU.:te the cuP"cltaJlC~. and leakance.

betwoon t.ho brJ.dSo eras and bet.ween 'the primary rin.:.U.ns.aocon-

clary rintUng and the tank of: tho aupply trana.foTllIOl". DiLeloct.rle

1058ft. between tJ~ secondary winding and the in3ulAted tankaro
<cona.tder4ble• and cum be el11id.nutod, £1'0. the brl(tp m04nureaont.

by encLosing the PI:'$.IIUl1"Y winding in an _rth.d shield and the .

secondary in Q shield Jo:lnod to thCl: 1-ow-volto",. ,corner nl tho
tattle ,i.a joined. tu tht. cormer l\lao.

2.{a-flJE SUBSTlTU'X'ION MUniOD OF USllfa TIm scmmtNG BRIDGE:

Uero tho br$.dge ftr.lllacol:u,ist ot <ll()liIIIent. arranged A" shown
(l)

.1n£lgure 2.$ • The cOIllponen'ta oro tbe b1"idl;ft .1"0 equal. ratio
antS 1tAftnd:"n. A attludardlll.r-capacitor CR* ant! a bO;lGnc~

capacitor C'X'-Thi.lICtfitllodls u••••d becun:se or 1ta greatft" accurACY_

'lbe ep4)eilllon .1. conntlcted In parallel with tbe .tandardo1l"_capa-

ettor. ftnd the bl'ldS. balanced; tbcmit Aa disconnected and the

bridp rObalnnceCl. Thepa1l"allel f:llpacltam:e (;1'or tho lJPeci._ k

"the d1€t'.renco {)j! the two readings of the B1:nndard cCJ)acit.o1"
(1"ea41ns- 'ltitb the eplJcifllen dJ.dconnecte4 belna priatKt.)

•Cl," f::,. c ••eN- CN

Tilt!, r •• illtlve i)a1anc:e of the bri.dgo cab bel\llade J.D threo

W4YS = by ft vari.ab.1oroa1stor of loy VMUIl 1n •• 1"108 with the
atnndar4 CQPncitor (;,. (cerloa-1'ea:1s1:.anco bridge) a by a vlil:r'iable,
cl1pac.1to1' :in paralle1 tdtbtbo rat:1.o llg,(SC1Jer1ntt Bridge),_ For

the Schuring 8ri.dgu the di.s.ipatl~n .(,actor (1oss t.Angen1;)U of'

the .pccinlen 14
C'

D.. It . AD .JAt
\



in ttle capacit.auce eu'IlU$ ahould be 4S ,Dllial! Ali possible .SO that

the cban~. J.n dt.si.paU,on f'aotor .0.D iaQY be •• l1U'C. itS possiblo,

.'spae1aJ,ly t'or low-loea .ator1a1•••

F1a-2.S : ~ Subai:ttut1on Method of' l1.iDt; Tho SClu.w:1nS

BrJ.dge.

'lb. bnlaneo Gqtlntiona of' ttle ai,.pIe ScherJ.nt: bl'idao: are not

concerned ~th t.ho parallcl Capacitances or the two Capacitance
.arma; r,atbol'. they aro concentod uU:htho 88r1.e. capllcltancGs.

This £Qct, in cClllb1s1ation with the t:1X4d aua,. capAc1tmtc. C.

across rAtio 4rtlU! ~A - this produces a d1_ipatJ.on :tact.orrcad-
ing D,. - cauuos, Cr'UIS torms to ap,ll'tlal" 1n the balance cquat:i.one

wfum h:lgb lOiuJ." are lIolulu.rcd. Tbo COlllp1.ete equat1.oQ are I

C -f:,C l+aO
P t '" 1)2

D c'
AC :t .•• aD
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and the dissipat;i.on factor

•read1.ngs D and D have been increased by D",.

2.5 -TIlE MQDIFIJ::O SCHCRING BR.IDGE USED IN'I'tIE STUDY:
i

INTRODUCTI.ON:
(8)

The bridge circuit, FiS.2.6 ,consists o:f four arllJsj the high-
voltage. arlllsAB and Be And the low-vol'tagearms AD end CD. J:n
addition are suitable shield and gUard arrangement.s end anadjus-

table low ••vol'tage eource. This bridge unit provides the two low-
potentlalarllls, shield and guard adjustment circu.tts,

The elements of (the different al'llla ere : A8- high-voltage

tltand.tlrd air-capac1.1:or Ct; Be - test sp.ecil:len in a suitZlble

holder, <:2 : CD- six decade dial re81.1:or suitable for altern.-

tin&currerit, R,; AD-adjustable capac1.tor, C4, shunted by resistor,

"li' from which a centre tap connects through an adjustable air
capacitor, Ca, to the grounded shield.

This particular bridge is designed to _asura 1:he dleJ.ectri.c
1088 angle and capac1.tance up to a max1lllum of 25 kilovolts, ~ch
can be varied from ~ero to that value. The range ofcapacj~ance
measuroable ,accur.ately is from ~O to 20,000 PF, using a 100 PF
au .capacitor as st,andard, and the t.angent ot: thG d1e1ectric 1-0158

ans;lo(i:an 6) f'rom 0.0001 to 1.00. The maximumpermissible sptlci.men

current is 7S mi111.amperoa.
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FRONT PANEL OF THE MODIFIEDSCHERING BRIDGE.
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specimen

ground

ground

a

I:JX1~ __ 1~-ll-""- '~,tt
~---~V~-----Rj

detector /~----- .....A CL

0-110 mf
5 Ibridge

shield lOx.! 10x.0! 1Ox.001 10x.oOO1
mf mf mf mf

ground

5 tal"\dord •capaci

~safety gap Rtt
A .. /\V 4>1\. conlm n1ng /.

neon lamp coarse

110 Vac

/

FIG.2.6.a. MODIFIED SCHERING BRIDGE

.,
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2.S.1- VOLTAGB SOUBC£S:
(,.)

'1110bridge require. ~woVoJ.tage source_, conneete4:iQ ser!, ••

aa 1. shown in Fig.a.?: one 1. an adjustable low-voltace .o~ce
and tbv other .~ah-vo1~8. source. The bridg.1. connected to
an earthed c01illllOn ",bieJ.d which 18 connected to the CO!I:lIllOIl te1"fll1-

Dill. of: both !SOUrce. and i.. equipotontial1f1'th respect. to the
d.etactor brancb. The shield and detector branche'S ore equ.ipotell-

Hal when
z . Z4
.-L .---
Za Z,

•

whore Vh Is the ¥nltegu o~ tbe hilh-voltage sourClI, end v( that
ot the low- voltage SOUrce. i'blliequipotentialcomi:ILtlon 1s obta-
ined by adjulIt:lna tbft l.ow-voltas. V[ both.in Illagnitude and phase.

Thill sort o£ arl"anC•• ent co.pl.eto1y eli-ainatea Id27 unvanted

couP11nCand prov1dosequipot.clltlal protection ~or tbe detector.

Thegunrd r.tng of the blgh-vo~ta&e capacitor i. _1nt.:tned at ttl.

potential of' the guard electrode., t:or ltblcl1 re •• oll J.t. value it!

rendered ••"finite in _plttUle. The cnpacJi.tance of' the bridso ~_

do nof:aCC.cttho balance 'condition, ,since they either "act" k••
between the equipotent1al points (thecaPllcitancea 1lWllped a't; the

points A and C ) or shunt tllo f:wo sources(the capAcitance. bUlllpOd
at the point.. D end D)••

. (~)
2.5.2 '1'H&LOW' VOL'rAGE SOURCE :

Th.• low-voltage ill regulated by a circu1tahown in f'1a. 2.8

which eOJUSiat.of aconti.nuously adJuatable auto-f:raneCorlller(AT)
and 0 para~tric phase-abi£ter using a transformer 1'1and •
copaci:tor C, eonnected via another tran.CorDer 1'2 (t.M. be1n,s do~e,to increase thee££ec~tvecapacttanc.), and variable roata~or.R

,



•

'f',

and R • The continuous1y adjustab1e auto-trans£ormer and the'. . •.. ~~

vo1tage di~der at its input vary the magnitude o£ the 1ow.
t • tvoltage; its phase is adjusted by variations o£ R and R •

v

Fig. 2.8 : Lov Voltage Source

2.5.3TIiE RF.SXSTi\N_CEARM, R3 :

The resistance branch o£ the bridge, R3, has £i.YB dials,

ellch dial contains su coils per decade. This arrangement,

designed by 8ehr(9). is shown in £lgure (2.9) below. nlc Value

o£ each coil is t",1<:'othe decade units. One of the coils is

stationary. This :i:sconnected between two brushes to the nen

-decade. Tho remaining coll8are connected in serieSt and arranged

on the rotor as sholtn in tho :figure. In the position shown in the

10ft band arrangoment, the current docs not go through any coil •
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This is the zero position ot: the decade. In the lIextposition
of the rotor in the counter~clockwise direction, the first coil
on the rotor is arranged in parallel with the .fixedcoil and the
resulting resistance is 1 unit. In the next rotor position; the
fixed coil is shorted and the first rotor coil is in the circuit
along, the resistance b.~ng two units. Xn the th~d position,the

Fig~2.9: Resistance Coil Arrangement.

first rotor coil is in series with the parallel combination of
the fixed coil and the second rotor co~, the total resistance
being 3 units, etc. With suitable shield arrangements, the time
constants ot: this decade are quite low for all dial settings.
Measurements on a 1000 ohms decade at 50 KHz gives for 1 X 1000

-8ohms a time -constant of - 1 X 10 seconds and for 10 X 1000
-8 (2)ohms one ot: -7 X 10 seconds •
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There are five dials :in this branch, with four having group-

eel capacit.ors in each, and the other consisting ,0£ a VlU'.1able
air-capacitor. Each group contailUl £our capac:Ltors. Two at: the
dials which ahow higher values of'capacitances each contun four
.lIIica capac1t.ors properl.yaealed w;l.tl\ wax, audeMeJ.dod. The ~wo

other 410.18,each contain four nir-capaci1:ora,sealed in a1r~ght
contai.nerl!l and shi.eIded. These capacitors are arranged ;f.n a mann-

,er such that ench consecuU.vesetting results in a change ot' 1/10
of' the total caPacitance ot: each d:i.al, '

2.!i.S mE CAPACITANCE.Ca.:
'l1le variable cnpacltor Cl1sorves to balance -the pha_

components of the arllls R, and Rg,. It Il!1equivalent to an induc-

tance connected .n paral1elw~th Rg• To obtain such balance prior
to a serioe. of measurement.s, the capacitancas C1 and eli are

replaced by two :LdenU.cl'll illlpedances Z1 •• Zq,theu Cf4.i.a set to

zero, R, is made equal to Rq, and ell and the .101f-volt'l.ge are
varied unt11 the bridge 1s brought to balance at balance Zl Z, ••

Z2 Z4. SiJ:lce Zl •• Zq' then 7.'2 •• Z,or R2 ,+ jwL2 •• R,.tjw,.t;}. where

La and L, are the effective impedances of th.arm.(~).

2.6 .AUXILIARY APPARATUS ;
.2.6.1 STANDARDAIR-CAPACI'l'OR< );

The standard nir capacitor supp11edwith the bridge ba.$a

maXilllU1l1 voltage rating of as kilovolt •• The nominal c,apacit.ecae

ratillJ; bll00 l'd,crofara45s whilo the actual rat:int!:in.mero-

microf'aradl!lt is
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fiG. AT RIGHT (a) T HE HIGH-

VOLTAGE SOURCE t

(b)POLYETHYLENE SAMPLE

(e) AMPLIFIER.

•••

FIG .. (a) STANDARD AIR
CAPACITOR AND

(ll) POLYETHYLENE

SAMPLE.

---- -
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Tbi. capacitor iaoe t.he connectri.c cylender design, i.n'ten-
ded for use aa a three lead capacitor ~lere the low v01tage elec-

trode ia openated at or near the potential of the shield of the

capecitor. The ~ow volt~ge torminals 1, figure 2~LO..•-hns a
shield cap over it as does the high voltage ter.1Dal,.3. The sMold

of the capac1tor is equipped lfith :rour ter~inals. each markod;2

and the shield cap ovor tbehigh-voltnge terminal iR equipped

with a terminal.
TIt••• tandal'd capacitor is provided w:i:th _ans to protoct .it.

frOM .at.mospheric h~dity.

,
I •\ .
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/

2l.2.
/,

/ Gases. or "ir. whenused as dielectric. prov:i.de n l:IOd1ua

/ whi"ch~,s "coapletely" loss free. A properly des:i.glted air-capac i-
'I T

,If ,/
/' /tor AS the closest approach to a per£ect capaci.tor. The following;;' -'~

/ ) ./..J / are 80.e of' the propertioil't.bnt should be present in standard

1/ cal~acitorl!l.
/// (t) They should be true capacitors; that is. the curreltt

:token by tlu~m when supplied by a sinusoidal voltage should J.ead

on the vol'tage by an angle of 7\/2 and ",hould be free frolll har-

1lI0nic

(1t) They should be fi"ee from loasesand absorption effects

in the dielectrics

(iii)The ,capacitance should be constant and the standard
should be COapaC~for a given value of capacitance in order that
inaccuracy due ~o earth capacitances may be very ~ma11.

(iv)Tbe capacitance .bonld be independent of frequency. wave
form and telllPerarore

(v) 'rhe insulation resistance ehoul.d b. g!"OAt and the capaci-
torsuahou1.d be capable of: witb staltd1ng h1gh-voltages.

The air capacitors used are specifically buf.1.t to wit.hetand

tbe high-voltage. The dimensions are such that the dielectric
breakdolm :loleld .strength .1. not approached. while simultaneously

1.osses due to brush discharge.s ,and coror-eare avoided by adequate

spacing and by we1.1 rounding all odg88. This results in tho air-
cpaci. tor being bulky and of sllIall capaci tance .•

The s~andard capaclto!"8 with their 1.ow voltage elec~rod.
and guard rhlg surroutl_dingthe bigh-voltageelech"ode have the

det'ect of .uob larger eart:b capacitances. w:i.tb a conaequen't d,epen-

donce on surrounding objects and tbe~r poteIltials. To overc~
•
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2.'1

this de£ect, the capacitor i3 enclosed in an earthed shield.

Zhe advantages of standard air cnpaci~or. over resistors,
when used as .tandard impedance, are the .1'01.1owing (2) t

8) Their construction i. simple; they can be eas:l1.yshielded
f'rollextraneouscapncitive ef't'octs;(b) beaU.ng is absent; 'thor.
is no 1ilOl1tto the voltage for which these capacl'tors can b.
built, Provided only that the necessary space 1s available .to
accomodate their considerable bulk.

(8)
2.6.2 SPECIMEN HOLDER:

nlO specimen holder is designed for use with liquid die-
electrical 1t consists o:t two shelll'l.Tbo ou'ter .shell const!.-
tute8 the high-voltage electrode and the inner sbell. constitutes
the low v01tag. electrode. The 1ow-voltage o1.ectrode is surroun-
dod by a guard ring, so t118t the specimon capacitance and dissi-
patton factor measurement. are not affocted by.xtranoous effects.
The guard electrode is connected 1;0 groun.d torminal on the ma:Ln
bridge. The top cover" aro lIIadeof'glass, so tbat the .epecillHlt1
i. visible Crom outside. The cell has a capacitance :Ln air of'
about 75 PJU f.. The l'lpacingbetweon the electrodes is 80 ~1".
The volume of' the .pecimon required is approximately 75 cc or

Ii.' cubic inches.

)
) .~
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FIG.;. ABOVE
BELOW

INS IDE THE AMPLIFIER".

AMPLIFIER POWER SUPPLIES"

. )
I '1.._DJ'""



• •

:J.9

(
•••.•.. --,., ($)
COHHERCIAL FR$qUENCY AMPLIFIER :

Tho amplifier. provided with ~he bridge is ba~~eryoperated
(power supplies can be uBed instead). It requires two D.C. sources:-
one a 6.0 volt supply. the othor a 90 Volt supply. Thieamplit'ier
:La des:i.gneclto be used for Crequoncios between 2S to 60 Hz. It is
electro statical and magnetically shielded.

Further description of' the aml)U.f'ier is given in 'the nBridge

Mannaln.(8)

2.6.\ NULL DETECTOR:
The bridge is supplied with a vibration .galvanometer.inclu-

ding a lamp and scale arrangeml'lnt. However. th1. wa. not used"in
the experimental. studies due to some dif'f"icul ti.es. It is also

possible to use III D.C. micro-ammeter. in conjuction w;l:th a meta-
111c rectifier. Actually. use was made of' of a sena.it:1veca1;hode
ray oscilloscope. becuase it proves superior to the D.C. 'micro-
ammeter arrangement.

In the sohering Oridge. the voltage developedaceross ~e
low-voltage arm 1$ apProxilllately vwe.Ul.t ( ). u' Ilb is the smallest

change :inloss-angle to wbich the detector is required to respond.
then the senslt1vUy .ust be VwClR4~6. '.

{' -{lFor V • 1KV1 C1 = 100 PV; R~ = 3182 ohm_. ~o.10.
and w";;14 radians/"econd. then the sensltiv:ity lIIWSt be 9)l V.

2.7 I'RELEMXNARY AWUSTHENTS:

Those adjustments are m~do~prior to taking mea«Urements--
tobalanco out the residual capacitance in the brld_e network~

•

They
test

need be made
(9 )

samplea •

only once before oach sot of measurements on

,,. .
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, The.e adjustlllents are made by connecting the testing UJdt
to the standard and specimen terminals; terlllinal. t and 2 of the
te.ting unit (or vice versa) are connected to these terminal ••
Lead Ii ot: the unit is connected to the ,secondary "0£ a transf'ormcr,
llIupplying.6.oo V01.tlll.The other end of the transforlller 1s grounded.
Terminal,S of the testing unit is connected to a ground terminal
on the bridge panel boerd. The bridge is then grounded. The ampli-
fieri with the null detector connected to it. output,is connected
to the terminals "DETI.CTOR"on the bridge panel board. 110Vac are
supplied to the bridge low-voltage terminals.

The Value of Ca. the mean ot: two sets ot: readings taken with
connections 1 and 2 of the testing unit interchanged, is obta1ned.
after adjustments of' R,. Ca. V~OAr.s~. Vt"ine f>COurs8 and Pf'ine(C

4
.i..

kept at zero). These are variod 1ln ardor t,o obtain tho balunce
. I~suc.... i.l ,

point. Tho final Value of' Ca~thatlis unaffected by the bridge
voltage. when pr';cise measUroments are required. Tho dotails of
the above procedure are to be Cound in the bridge manual (En.

2.8 SHIBLD1NG of CONNECTIONS AND TIlE lAlli-VOLTAGE ARMS OF TlfE
DR:tOGE:_

The connections £1'0111 the A.C. source to tho me,asuring Circuit
IllUstbe soreenecl, and thus protected frolllexternal electrical
f.ielcls.by a lIIotall1c tube orothor •• t4111c screens. Th(.!connec-
tiona frollltho specilllOnto the bridgo must also be screened
likewise.

::1.8. 1 SOURCES OF ERRORS:

When tosts aro made on short lengths _ 1 yard or JlIOre_
considerable error lIIayariso €rom ond oCfoct.( ). The avoid-
this, thcearthedshel'lth is always stripped backsolllo littJ.e
d.istance.,lpying bare the insulation; 1t has boenobscrved that
the losses in the cable end lIIayeasily SWAllIpthe true 10Sl!lCIlII m

"

,
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1:he cable 1:tl!l.l.£when short lengths of specimen are 1:ested.
nlOSe lassos may result from (1) leakage over 1:he high .surface
resistivity of the baredinl!lulation, and in the distributed
cnpac1tance bet_en tll1,sand tho core of the cable; (;i.i) non-un:L-
£ormi.ty of: the. electric. £1e14 near the end of the oarthed sheath;
(iil) i.onizatlon of the air near the end by influence of noish-
bouring high-voltage conductors.

Accurate measure.onts can be made it suitable guard rings of
a length not 10S5 than eight ti.lIl1ls_andnever le88 than f'our
inches-the thickenss of the insulation are applied 1:0 the end
to by-pass the surCace ,effects from the bridge(jZ).

2.8.2 GUAnO R:INGS ANI>TURrI! IlFR£CT:

In 1ts simplest form the guard ring is made by cutUng a
gap in the lead sheath. 'the cable portion under tost ~. protectod
completely andoC£ectiRely by using an eloctroBtatic screen. Zn

. (12) ,
this connoction, .itmust be melbtioned that a 1" or %" wire mesh
which w:ill effect complete capacitance screening, wU.1 not. in
general, et'foctcomplete loss-current screenina, .speciallY S-f
the tests arc carrS-cd out in the no:l.ghhourhood of' any high-voltqc
cOrona or other discharge. Thus for'h1g!~y accurate mea$U1"cments,
the Bcr.en~1Bt consist of a cont1nuouB metal, although ~n part!-
cularcascs it may be poss1ble to use wire-meebes, it'it can be
demonstrated that the condition of' tho experilllentare sncb 'tm t

no loss current arrives at the detector poi.nts. This screen ~II

connected to the guard ring (or electrode),and this in turn!.
connected to B ground terminal on tho bridse so that end currente
do not enter the br1d~ arms, but are passed via the shields •

-~-.
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2\ 8 : S _THE EFFECT .OF LENGTH ON TUR EMOfiS:

The errors due to end-e££ects and to incomplete eereenin,;
are inver.eely proportional to the 1entho£ the cable under teet,

and may be neu1igib100n long 1engtbs,-say about 200 yarda. For

intormediate lengths II guard ring 1" wide,close to tho end o£

the sheath, may be found to be sufficient. The error_, however,
depend on the voltages and on the arrangetnont of 'the equipllllS'l.t.
The requirement can only beascortained by experiment.

Errors due to end-effects are not necessarily positive, but

may make a negative contributi.on totll08 apparent power fac:tor.

For measurements on liquid dielectrics, suitable shielded

eel'le are designed to contain the epocilllen.(Dc'tailed explanation
i. given in thetlr:i.dge manual(8».

2,9 : SAFETY:

In the bridge, very little voltage develop.acroas the Arms
AI> and CD, becuQse their impedances are very small in cOIllpArision
with those of the arms containing the standArd air-capacitor and

the SpoC:LIllOlh 1£ tho impedance of the .pec:1mGn I.e about 30 Mobms

at SO cps then balance can be ohtained with RS having a val.u. of
- -

IIlCe1t thousandobmlh Tho voltage that 1. developedacro88 the

resiatllllce ara is 'thus about one ten-thousandth of: the applied

high-vol'tage. Thus under normal conditions, the poi.nta A andC

are at'. potential (If a tow volt!! above ground. Thus, there :1s
no danger to the operator, when adjusting a, and C.- As an add:1-
tional precaution, a"c,. and al}are enclosed in a llIotal casing,

which is earthed, and the adjust:i.ng knob. are _de of: CArofUlly

selected insulating materials.
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Although the bridge 1s safe under normal cond:Ltions, a
hazar~ons s1tuat:Lon would arise if tho speeimen C2 were to
breakdo\flt. This "ill result 1n the al'pl:Lcation o£ the full

voltage 'to the resitance arlll U, - a consequent dlUlgor to the

operator. To avo:Ld such a situations, the branches AD and CD
are S11untcd by over _ voltage sa€ety devices cons1st:Lng 'of
neonglow~~mp8. placed at A and C. n\ls safety device Is

'C.

arranged to operate when the potential diff'erence ac:ross 'the
adustable branches r:Lsc tonbout 200 volts. so that 'tbe
hl'itlge ieput out of acti.on long before a dangerous situation'
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Cl1APTBR -.%11
SWDY OF SOLID J)U;LECTRICS

3.1 CO_AXJ:ALPOLYETlI¥LENE CADLE:

To study so~ld dielectric mediums, a polyethyle~ecable
was taken. Tb.f.scab~e is used in.high-f'requency applicat1.ons.
It is not designed for used at bigh-voltagotland power-f'requon_
cies. lIowever, it was tested at power-£requenciesand high-vol-
tages, 80 that the behaviour of the dielectric under these con-
dit1.oDa could be ascertained. The dielectric was tcsted to study
the behaviour of' its two properties-capacitance and dissipation
tactor(loss_tangcnt). with voltage. Ev.idently, the cal>Acitance
is dependent on the dimensions while the loss tangent is inde-
pendent of the dimensions. The dissipu:tion f'actor or 108.S tangent
is a properly of' the medium analogous to permi.ttivity.

Since tbe specitllonis Q concontric cable,,ita capacitance.
(14)C, cun be obtained t'rom the formula for a cyl:1ndr1cal capacitor •

C •• O.O'9K
log10D/d

microt'arad.l!lpormile.

where K is tho permittivity of' the dielectric
D ••diameter of the outer conductor
d •• II II " innor conductor.

That the diIJlectrlc 1oss-anglCl, 6 , i.e independent o~ tID
dimensions of tho medium can be t'ound out in the mannor gi.ven
bolow :

Let the total length ot: thespec.tmen be L.
Let r ••resistanco per unit length

C ••c.apacitance per unit length.
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For ,length L. then

total cnpacitance •• CL
total. ir<ssistance ••r/L

The tot9l capacitance current ••VwcL
The total rosistive current

TanS •• Ie VwcL
'" •• Wcr

:In VL/r

Out c •• elL andr ••RL
, we• ten b .IlL '•. weno 0 •• -r-

,.- - , ~ / ,-
.•.. '-

-

~(.1
I

:J
I ••

Figur.-'~l- Schematic diagram o£ an Actual Dielectric
and the current through it.
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FIG. ABOVE THE EXPERIMENTAL SETUP SHOWING (q) 3::HERING BRIDGE,

(b) THE DE TECTOR, (c ) AMPLIFIER. (d ) AMPLIFIER POWER SUPPLIES,.(e) STANDARD AIR CAPACITOR.

FIG, BELOW (a)THE HIGH VOLTAGE SOURCE. AND (b) SPECIMEN •



3.1.1 CONDITIONS OF MEASUREMENT:

Go~n~ back to the actuAl specimen. a lcnath of 1~1.7 cm.

or ~.6~9:rt.of 'tho cable was tested. This length excludes 'the

portion cut out for making guards rings at both end.. Tho over-

all length o£ the cable is 158.3 "ei ••

Foreo.plete ah~elding fro. extraneous e£:£'eeta.the portion

under test was enclosed in a motallic screen. The provision of:

this sort of .croon is veryeff:ective in nU11t1:Y~ tho stray

capacitive oC:£'ectsand loss-current •• The screen and guard rinss

are connected to a ground 'terlll1nals(Gft) on the bridge.

Tho. capacitance per foot of the cable 1s 32 Jlti.cro-lIl1crofarads,

'this being marked on the cables. For a length ot: 4.649 .tt, the

total capacitanco. i. approximately 11a8.?? ~l(f.'•

The inner conductor is llladethe high-voltage electrodo,

and the outer conductor the .low-vo.ltage electrode. Cellophane

tape is provided at the ends o£ the high-voltage term1nal(both at

the "pllclmen end and near the trans£ormer end) to minimJ.ze corona

discharges; otherwise terminal discharges a£1'octthe actual measu-

rements on tho specimen.

Readings were taken under normal. conditions, at dUt:orent
voltages. __l'roa 1.00 kilovolt onwards upto 9.00 kilovolt •• lUlgher

voltagoscould not b. reached because the 1ntenc:i.tyof the discha-

rges increased so much so that hissingsounda (due to diacharges)

could b. heard at about 10 kilovolts. ACter this value of.voltage,

the dischargos from tho IUgh-voltage conductorcauaed an arc to

the guard rins.
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THE FORMULA UTILISED:

The capac~tanceof the sp~c~men ~sobta~n.d £romthe
forlllUlA8)

s~-1 P.If.

Where P.f. denotes ~he power Cactor.
Tlhen.the eott~ng8 of tho CIjd~al.eis less than 0.1 microfarads

(alS Jon this case). the capac~tancecan be :found from ,the
equation

Here C1 ••capacitance pC s'tandard air-capacitor

•• 100 P ,.,:r.

•• is obtained trom thedial se:tU.ng in ohms.n,
The d~al settings of C4 on

gives directly the value ot the
the br.idge panel .1n 81tcrof'arads.

lose tangent. tan S, •

•
\



•

39

SPECIMBN: POLYTflENB CO.AX1AL CAIJLE ;

J.l~NGTn : 4,.6"9 Ct.

VOl.TAGG I R oMa, ' Ie" '.1. j~• e2 .,~K.V. .I ' . I tEinS" C4' ')I.. f It Ct' P. JJ. of
I I

,
1.00 2277.5 o.ootOt 11ix 10.6 13!h98

2.00 2276., 0.0014 + 10 x 10.6 140,052

,.00 227!).4 0.0016. 10 x 10.6 1110.107

'.l.oo 227"'.1 0.0020 ••• 10 x 10.6 140.181

5.00 227.3,2 0.0022 • 000 140,:!t..,

6.00 2272.0 0.0024, ••• 8 x 10.6 11.1:0.))17

7.00 2271.2 0.002.5 ••.70 x 10.6 11:l0.366
8,00 2270.4 0.0026 .• /,to :It 10.6 1lto,U6

9.00 2269.6 .. 0.0027 • 96 x 10.6 140.434
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<::> C.APAC/TANCE"

" DISSIPATION FAC TOP.

0.00/0

'r,

2 " If, 8 /0

I<ILOVOLTS U?/'1SJ--

FIG.32.VARIATION OF CAPACfTANCE AND DISS).PATION FACTOR WITH

V~LTAGE FOR A HIGH-FREQUENCY POLYETHYLENE CO-AXIAL CABLE
(AT POWER FREQUENCY).
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3.2 DISCUSSION ON THE DATA :

,.2.1DISSIPAT:ION FACTOR:

Frolllthe data, it seen that at 1.00ki.lovolts,tbe di.ssipation
t'actor is about 0.0020, which b'egi.nll to increase gradually, and

slowly, as the voltage is increased, at 9.00 kilovolts it is about

0.0025. The increase could be due to discharge,s, tokinS place in

the voids; and could a1so be due to the preseDce ot' adcU.tillfes,lIhich
are addod to it. The increase could be due to shout~g ot' discharg-

ing voi.ds. The rate of: increase .i.sapJ,roxi.mately linear. (Dotails

aboutthi.s is gi.ven in Append1x C.).... ).

3.2.2 CAPACITARCB DENAV:IOUR:
The capacitance is al.~ £ound to incrotlile wi<thvoltage.,-the

increase being much more rapid all compared to that ot' tho dissi-

pation factor. Moreover, in this cone, the rate of'increase 1s not
very .11nelU'.Thill confirlllS the thoory that as disch8rges take pl.a-

ce in the voids, however small they may be, they short c1rcuit
the air Ilpacein the voids, and thus relmlt in the increase ot

the ,capacitance. Since the number of'discharging voids increaso
with the appliod stress, the capacitance increase will depend
directly on it~
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CUAPTER_XV.

nm STUDY OF THREE CORE U-K.V. PAPER J:NSt1J,ATEDLEAD COVERED

(PILe) CADLE:

~.1 INTnODUCTJ:OH:

A '-core l1-E.V paper insuln~od lead' covered cable WAS

~ak.n to study tbe behaviour of oil-i.pregna~od paper insulation
under di:U'erent condi.tion,s of atrclIIsings. :rhe cabl.e was studid
to invcstigato 1nto the bohavionr of the dissipation factor and
capacitance with the application of high-Voltage.

Exper~cnt8 wore performed to study the variations with
voltage of: the core to core Slid core to sheath dil!s1.pntion factor
(loss_tangent) and Capacitance.

Study was done u.nd~r three dif"f'erent COllditions: (i) bet'ore
any sort of 8'troBsins. ,and normal conditionl5i (i1) a£tor appli-
cation of stress in excess of fOUr to £our and a half time. the
nor_l work:l.ng,voltage i readings wer,. taken J.lII!Ilodlatelyat"ter
a1:ros.il18and 20 and "'5 hours af'ter stressing 1 and (,ii1) a t:ew
days after the breakdown of the oil-iqpreanated paper insulation.
The application of' strclIses on dit'terent OCCasions worof'or dif't'-
erant durations •

.4.2 PllEPAltATJ:ON OF' TIlE SAMPLE :

To atudy the behaviour of 011 impro&nated paper 1neulat:l.on.
a length of' 2.10 ••etrelJ or •••• ft. of a tl1re•• core calbe was
taken. (A groater length could net be used becuase tho charging
current exceeded the maximum current limits of tho high-voltage
transforlller secondary; earlier a length of' 26 feet was tried.)

To .ake connection. to tha corea. a portion of 'the anDOured
ateel and lead sheath was stripped offi thon the outer paper cov-
ering the core. wal5rcmoved. The throe core. were 'then -separated.



by turning their ends in different directions, SO that no

discharges take p~ace between them. The terminals were converd

with wax. Th'e insulation was then covered with '011 res1sting

plastic tape to avoid whe ingress of moisture into the insula-

tion (paper is very hygroseop1c), as this would 1ncrease the

diss1pation factor and lower the breakdotn1 voltage. Similarly,

Bome port10n of the lead sheath was stripped off the other end,

the cores separated by bending them in different directions.

Plastic tape WaS applied carefnlly, and the ends lfere covered

with wax, so as to stop the entrance of moisture from th18 end,

and also to avoid discharges from conductors between them and to

the sheath.

4.2.1 GUARD RINGS AND SCREENING:

To obtain accurate data, it 1s required that suitable guard

rings be Provided at the end of the lead sheath; and also that

the sample under test ,be screened complete~yin order to avoid

extraneous effects.

For the purpose of making a guard ring, a gap-about one

:inch wide -is cut in the lend sheath. The length of the guard

rings obtained 1s about six 1nches. ( The guard ring should be

at least eight times the thickeness of the insulation, and nvver

less than 4 inches ). The gap 1s then covered with a p~astic tape

so that moisture does not enter the cab~e. The length of the cable
. , '

under test was enclosed in a metal screen. This .screen 1e kept
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apart €rom the ca~le by surrounding portions o€ the cable with

jute. The metal screen is connected to the guard r:l.ng.

F.ig ••tt.1 :Schema tic diagram showing cable with screen
and guard ring.

1./:.2.2 CONNECTIONS AND GROUNDING:

The low voltage term:l.ualof the spec:l.men,(the sheath tor

core to sheath measurements; and one o€ the cores tor core to core

measuremcntshvas connected to the SJ'ECIMEN term1.nal o€ the bridge

with a sh:l.eldedw;ire, the shield at the bridge ends was connected

to a GR terminal next to the SPECIMEN~erminal and the other end

of: the shield (at the specimen) was connected to the guar.d rings.

The low-voltalfe termi.nal o€ the standard air ••capacitor is

next connected to the SPECIMEN terminal. TIlis is done with a

shielded wire, in the manner similar to that in the case ot:

specimen.

The high-voltage terminal o€ the specimen (any o€the cores;

each is marked separately .f:or identi€icat:l.on) is next connected

to the secondary o€ tho high voltage trans€ormer. Tb:l.sis done

with a shielded wire; the shield at the trans€ommer end is connec-

ted to ground, wh:l.lethat at the specimen end connected to the
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'Tho higb-vol tage t;crm.inal' of t.hosl:andard capac;itor .:I."next

connected to the secondary of' the higl1-voltage transformer. Th.is
is 40ne with a shielded wire with the shield at the transformer
ondconnected to ground and that at the capacitor end connected
to terminal 2 on the capacitor,.

The ground connections for the shields at 'the tran.Carmer
end, and the ~ounding of' the transformer, ,arc all taken to the

same point.
The amplifier is ,next catlnoctot! to the bridge at points mar-

ked DET. The shield of: this connecting wi.ro, .is connected to the

GR terminal adj.acent to the nET points.
An Oscilloscope, connected to 'the output of: tho amplifier,

" ,

is used as the null detector.
J

Defore .uiking l'lloasttrelllun1:l!I. the br,ldge has to be balanced,

for restdu.alcapllcitance in the Ill~ner indi.cated in cbap. 2.
(The details of the procedure of !linking mflasur,cments ,i. to be

:found in 1:he bridge manual(8J.>

The oil-1mpregnated paper insula'tion-PZLC cable_was studied
undor varying conditions : ot £i.rst, the dissipa1;ion factor and'C(lpocJ

£01" Voltage upte 25KV. Then, the dielectric was stressed for
dJ.f'f'erent voltagsB-abc,u'l: :Caul' to :tour' and a half' times the

working volta3e-. and different durations---at times for 2 to ,
hr., and t:l'r; time. Cor a few Illinite:s. All those have been olaborate-

l:y given in the data.
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The :i.nsula1:i.on bettfcen corel] 1) und ,sheath 'Was nmdeto

breakdown by stressing the ,:insulation for n 1ongpot1:lod.'
. , . . -

Cumul.l1ti:ve hcat:b~ and d:i.acllargesl.Gnd totbe ,:l:"upt-ure.
" .

It may be mentioned. that .attempts' tota1te data lit sil111

h1ghor voltages £~i1od ~eCCll.U~ediGcl111:l:"jtes started taking place

at 'the terminal of the bigh-vttl.1:rige transformer fafld/orw:lthin

the shielded cabl.es from tbe transformer totheatandard air
capa.citor and the specimen). ~vi.dentl~.these d:i.scbarge.awould
af'Cecttbetrue dicssipation f'actorof'the specimen.

.,
~
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INSULATIOI\l"nE'I'WEEN ONE COIlE(.' COnE .:l)A:ND SImATfl
, ,". -. . ...

UNDER STRESS.

C\
.ll.
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TAUL£_2. (T(1)J
DATA TAKEN UNDER NOflMALCONDITIo.NS .WITHOUT .ANY
PREVIo.US STRESSING OF niB INSULATIQN.

~PPL:rED .1R~ o.hllls 1 1:an~ :SPl:CIM&N It) ~ ~'~a ~..;

VOl••TAGJ~~ ;. j eli mF CAPAC:ITANCB.
ltV I I IIIIIIF

.0.0. 60.0.0.0. 0..0.0.1 531.3'3
7.0.0. 598.50. .0.0.25 '5'2.665

9.00 .597.00. .0.0.40. 534.0.0.3
10.. 596.00. .0.0.10. S3li.899

11 595.20 .0.0.74 535.618

12 .593.0.0 .0.101 531.60.5

13 590..0.0. .0.120. 540..'39

1{t, 590..60. ~0.14 539.790.

15 587.55 0..0110. 51,i:.l.592

16 586.40. 0..0.190. Sli3.656

17 585.64 0.020. 54".362
,

18 ,83.39 0..023 .5li6.l.t61
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TADLE-3. [Tea)]

'lHEINSUI.ATION BEEN CORE I AND SUEA'1'lf, HAS !mEN

STllBSSED (IMMEDIATELY AFTEIt STReSSING) AT SOP

(R.MS)FOfl A FEWMINUTES.

1\P1'.I.:lf.\D t RS,oh.s I tan ,6 I SJ:';.,;CXUEN I J!~; •.• " .••' ••J

I'OLTAGEJ • c4,1IIF I CAl'ACITANCI I
~v I I I IIIlIF

:hOO 609.00 .0129 52:","8

.00 608.80 .0128 523.65, .
.

.• 00 608.30 .0126 529.08

.00 608••SO .0197 524.08

~o.oo .606.20 .0169 525.90. .
1.00 579.1 .0270 550.51.
2.S0 580.0 .0337 5lt9.66

I&It.oo 579.00 .0370 550.74

,.5.00 577.00 .0920 552.51
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TADL&.Ic. [T( 4) J

READInGS TAKEN 20 Houns AFTER THE ABOVE SET.

APPLIJ>D R
OIUlU!I 1 tan $ :SPECIMEN '~ .~•..;.~.hU•.~

, VOLTAGE, ' ,. I" C,.,mF CAPACITAllCEJ
KV. i_F ~

, 8.00 639 •.0026 lj,96.90

9.00 6"., .00la8 501.81
>

10.00 632 .0087 5M.4,
,

11.00 621 .0125 508.45
, ,

12.00 623 .o16lt 511.72
, ,

l:'l~OO 620 .0190 514.19 ,
,

IIt.OO 616 .0211,0 511.SJ !

,

15.00 61la.O .02Sl,o 519.22 "

,

16.00 6110.0 .0285 SIU.77
,

..



REAOXNGSTAKBN ~S flOlinS ,AJl'T.ER STRltSSING ~

lNSULAT:IO~ BETlfEF:N COM l AND SltEAm,

, ,.

. iiPPL:tCD , ------

H,.Ohms. I'tanG ISPECDmN i lutMArut$,itOLTACin. I c= :~.emF CAPACI:TANCE~ IKV. . t I, ,!' i iltmt" '; , I

S.oo 660
c

483.034tQSlte:;
, ,

,

9.00 .Lm 656~5 .0062 SOO'86, - ..
: 10~OO .• 633.4 '0075 ...' $03'32. ' ,~ "

, ,
11.00 628.0 .O1~" 501.64

, ," '. ,. " ;,- '. ~014S
.

12.00 62.5.0 " Slo.08
'"

, -

1:5.00 62'1 •.5 ;016,5' ,512.9S -
14.00 616~, .0195 S17~2a

15.0' 615.1 -.0'216 ,518.19
~

"

.. "



TIlE INSULAT~I)N DETWEEN,CORB-I ANI>S1IEAnl liAS ne:EN

STRESSI>D AT \5 ltV FOR IlALF nOUR.

.
11~AJ'I'LIED R,. ObJq Tan Z; SPECIMEN

VOLTAGE. • c•• ., CAPACITANCe J.
KV. ..,.. I

7.00 61t6.8 .0019 1t92.8

8.00 6'0.1 .005' "98.05

9.00 6',." .0081a '01.7'
"

10.00 6'2 .0105 501t.',

11.00 629.0 .01"" 508•.••'

12.00 631., .0190 '12.05

1'.00 617." .0217 516.'6

llt.OO 61. .0241 ,t9.22

15.00 611. .0260 521.77

16.00 608 .0290 52••,4

I



DATA TAKEN AFTER APIlJ.YING '5 XV VOR TliO AND 11ALF

Houns DETt/ERN conE x AND SI1EA'i'H.

AVPJ.IJ,;D ' R3• Ohllls tan G sJ:>ucuum I kl>J.IARl'.S
VOLTAGE. •• CIt.IlIF. ' CAPACITANCE. I ,

KV. 1IIBlt' I
, .

7.0 64"'.5 .0038 49l.t.6S ..
8.0 638.2 .0057 "99.53. , . ,.

"

9.0 633.9 .0110 503.~7 ,

10.0 631./j ,.0132 SO"~91. . ,
" .

11.00 627.0 .0176 508.lt5
" I,

12.00 621.7 .021" S12~79. . . ,
13.00 619.0 .o2t.t6 515.02

,

14.0 614.6 .0278 518.71
, .

15.0 611.0 .0293 521.77
"

16.0 608.4 .0306 ,52t.t



MADINGS TAKBN 45 nouns. AFTER TUE .PREVIOUS SET.

APPLIED R,.Oh2na I 'tan S 511': CJ:MISN I REMARKSVOLTAGE, • C~l'. a\& •• CAPACITANCE. IKV. I • lIIIl1IF • I,

,
8~oo 6'7.7 .0079 lj99.92

10.00 6'107 .0125 SO~h67
li.50 625~5 .0171 509.67

, ,
1:5-00 621.0 .020 51;>.37

• ,
14~50 6t6.1t .024, 517.20
16.00 61hO .0278 521.77..
17.00 607.5 .0304 524.17

•



TABLE_9 [T(9))

DATA TAKEN nlMI';DIATEI.Y AFTER APl'LYING ~1 KV(mfS)

FOR S HOURS BETWEBN COIlE I .AND SHEATII.

APPLIED 1 R • Ohms I ~an S Sl'BCIMEN ~ IU..:::.•••. , .-~
VOLTAGlh I I••C~.Illf' • CAPJ\CITANC& .1
RV .• I I I JI1l1lf. I

7.00 6l.l8.7 .oofi~ ~91.~~

8.00 6901 .011) l.l97.SS. •

9.00 6:;:; .0175 503.6:;.
10.(j() 629 .022 506.8li

11.50 620.7 .0274 513.61.
13.0 610.4 .0'20 522.28
1".5 607.0 .0350 525.21
16.0 602.0 .0:;62 529.57
17.' 598.8 .'0373 ':;2.%0



MEASUroU.ll~NTSTAKEN AFTCR 5TIU~SS:tllG TIlB INSULATION

BETWEENCORE :U AND snEATH AT (l5 XV FOR 2 nOURS.

STRESSED ON 21.10.16 DATA TAKEN ON 26.10.76.

APJ'LJ:ED Re,Oh1ll1! 'tan S SP60iDmN IltEMAltKS
VOL1:'AGE. '" Ct.!' rat' CAPJ\.CJ:TANCEJ
xv. mIIlf' • t

2.50 6!t5.0 .o;;I!6 "92,.26

'.00 6.2.0 .O~27 1!96.!$7

5.00 662.' .O281! 481.',
6.(:0 670~O .o2M 1t75.82

7.00 616~4 .025 %71.'2
,

6.00- 68o~, ~O2' %68.62

9.50 68,.6 ~O227 466.35
11.00 68:;.a ~O279 '!67.51
12.':50 68'''0 ;0:;1 466.76
11.1:.00 682.'0 .0" '!67.1.l2

15.'50 680.0 .0:;!,15 !t6B.S2

17.00 677.~ .0355 410.69

,
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READINGS ARE TAKEN TO INVESTIGATlt INTO nm DIELECTRIC
BBIIAVIOR AT DIFFERENT VOLTAGES. THE DATA IS FOR 'tHE

INSULATION Dn'1'Wt:SNONE CORK(CORn II) AND SflEAI'll.

APPLIn 0 R,. Ol'uu tan be SPEcnU;N
VOLTAGE.KV. C"". &I\€. CAPACliANCBt

Ca"C1 n4(mmf:),
C.1," 100 1llIIIf'.

:hl0 63••3 0.0012 502.601
'.00 631,,'., 0.00125 502.601
6.00 654-.2 0.00125 S02.681

7.00 6sli.a 0.00130 '02.6131
8.00 6'1.7 0.00180 50".669
10.00 630.0 0.0061 S06,.OS2

11.00 6M., 0.0077.5 S06.S95

12.00 627.6 0.0110 S07.967

13.00 62S.6 0.0129 509 •.591
1/•• 00 622./1 0.0152 '12.211
1'.00 6ao.oo 0.0180 51(,£.194
16.00 619.00 0.0190 515.024
17.•00 618.5 o.oal'J 51,.4:4t
18.00 616.6 0.0220 $17.029
19.00 611t.7 0.0255 518.~S8

20.00 612.6 0.0267 529.405
610.0

,

522.62321.00 0.0290
22.00 606./1 0.0303 525.726
23.00 604.0 o.o:UO 527.81'
24.00 602.0 0.0320 529.568
25.00 600. Oft 0.0330 531.333
.~

,



DATA TA1"Etl AFTSlt TilE :'l:NSUI.AT.ION DE'IWE&N CORE :U:,AND

SIIEATH HAS BEEN ST~SSED AT SO KV (lUIS) FOR A FEW

.MIUUTBS.

,
,

APPLIl::D H,.OhmS. I. tan S ., SlJECIMEN
VOLTAGe, <:"".' IIIf

,

'. CAPACITANCE.
KV. . , Immf'. ..

. .
'.00 59.3 .016 5,8. ..

.016
.

5:;8 •'.00 593 .
7.00. :592 " .017 S/,tO ,_.

" .
10.00' .588 .022 .,!';(*3 .

11.00 586 .026 546 .,

..
12.00 S80 .031 551

, ..

.036 SS~
,

1'.00 577 .
l1,a.oa 57'* •040 . 55? .

, ,

15.00 510 .011:6 56.S .
.

16.00 566 .058 :570

..------------------------------



~l

DATA TAKEN 20 Ims AFTl::R STRESSXNG nu: INStJLATION

U&TIfEENCOIlE II AND SIa;ATU AT 50 xv (RMS) l'loH I<

FEll MXNUTES.

~'PJ.IJ.;D R, • Oha•• t:an [, '" bJ'lI.CDIl.N
rvOLTAGE. C.' .t. CAPAcx'rANCE.
~v. IIIIlf' •

2.00 591 •0185 "9.li2

.'.00 590.8 .0195 539.61

5.00 590.5 .0202 53,.88
6.()() 590.1 .0201 5ltO.a5

7.•00 591.0 .0202 539.ft2

9.00 589.7 .021" 540.61

to.oo 588.9 .0227 SU.35
11.00 58, .02%6 ,%1.26

111.50 ,ao .0268 54,.66
t4.()() '78 .0;514 SSl.S6

15.00 575 .0372 5Sli.",

16.00 570 .oltl 559.30



••

DATA TAKEN AFTen STUESSING THE :INSULATION DETIi&EN
COHE :II AND bliliATU AT 41 KV (RUS) FOR TUREE nouRS.

Al'PLIED R:i,Olmls. tan S = SlJECDtEN
VOJ,TAGE Cit'sF. CAPACITANCE,KV. IUlF •

7.00 6,6.8 .0016 soo.6S

8.00 6'0.9 .00,*, 505.'1
9.00 626.:; •<?oa3 509.02

10.00 621t.O .0094 51O,!90. •

11.00 620.8 .0124- 51' ••5)
12.00 617.' . .Ot/,t:; 516.%%

1'.00 61li.G .0166 518.71

14.00 610.0 .0190 522.62

15.00 607.0 .0231t 525.21

.16.00 601:6.1 .0266 527."

17.00 601.' .0291 S30.18



DATA TAKEN 1t5llHS AFTER STUESSiNG TUE iNSULATION

BETWEENCORE IX AND SHEATH AT 41 KV(RHS) FOR 'DIRER HOURS.

APl'LU;D R,' Ollall tan ti • SI'gCIMEN
VOLTAGE C4' lIP. CAPACITANCE
KV. _F.

9.00 6'2 0066 504.4,
10.5 6a6.1t 011' .508.9\
12.0 621.2 0148 51'.20
1'.5 616.4 0182 517.20
15.0 6u.6 0217 521.26
16.5 607.0 0253 525.21

TAIlLE••16. [TC"J]
READiNGS TAKEN IMMEDIATELY AFTER STUESSING INSULATION
BETWEEN conE :.t AND SHEATH AT 'U KV (RHS) FOR 3 IJRS.

APl'LXED It,' OU. tan i:> • 1 SPECDtKN
VOLTAGE Cit' .tI. I CAPACITANCE
KV. I ..,..

8.0 621.' .0087 512.95
10.2 614.1 .0125 519.1'
12.0 606.0 .0172 '26.07

1'.5 600.0 .0226 531."
1.5.0 59.5.1 .0258 53.5.71
16.0 .591.5 .Oa81 ,53S.97
17.00 .587.6 .0300 .51t2 • .5.5



TABL£-17. ["T(l7)]

MEASUHBM~NTS TAKEN D4MED:iATEJ.Y AFT~:R APPLYING

"5 ltV (JUIS) FOR 2 HRS ACROSS INSULATlf)N Bli:TlmEN

COIlE II Mn> SHEATH.

API'LIED IR,' Ohms tan 6 ,. SPECIMEN
VOLTAGE C~,mF~ CAPCACITANCE
KV., I . IIDDF. .,

, , "98.".".8.00 6'!h6 .0103
10.00 631.2 .0152 50S.0?
11 624.6 .0197 510."'1
12 618.5 ~0270 515.44
13 61".lj .0:;00 518.88 .
14 6u.3 .0:;32 521.51
15.5 603.:) ~03"2 528."3 ' .

- --
17.00 598.1 .03'0 53J.02 .



TABLC.18. [T(Jg)J

READINGS OBTAINED 20 HOURS AFTl:R STRESSING CORE II •

SHEATH INSULATION AT 4, XV FOil TWO HOURS.

APPLI.KD R,. Ohms •. ~an l:> • SPECIMEN
VOLTAGE C4, .r. CAPACTIANCE
XV •••••

10.00 6:;1.6 .010 50lt.75

11.00 627 .01'5 508.4S

12.50 619.' .0185 514.77
14.00 612.0 .0255 520.92
15.S 606.5' .0'01 525.64
17.0 601." .0'25 530.18

TABLE-I? IT(tq)]

DATA TAKlm FIVB DAYS AFT1.m BREAKDOWN OF nUl: :INSULATION

nETWEE1l C01tE(I:[) AND SHEATII.

APl'LIED R,.Ohlas. bn S • S}'J::CIMEN
VOLTAGE Cit'-.F. CAPACITANCE
KV. IUIF •

3 5lt2.6 .0,46 582.54
S 562.6 .030 566.65
6.5 562.0 .02h 560.28
8.0 577.0 .0210 562.26
9.5 579.0 .0225 550.60
11.0 582.' .0257 547.'0
12.5 580 .. .0278 549.66
14,.0 572 .0'0 550.60
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10

DATA TAKEN FOR THE INSULATION 8ETWEEN

COilE-III ANDSHEA1'J!.



If

TAnLE_20.L.,(2.0)J

DATA TAKEN AFTER STRESSING. TUS INSULATION

lJETWEEN CORE II AND SHEATH AT "1 KV (lUiS)
'=""'FOR 3 HOURS.

APPLIED R,to~l!I. tan'S = 1SPECDlEN
VOLTAGE C"t raP. J CAPACITANCE
KV. aunF. "

8.00 620.3 .0035 51".9'*
,

9.00 615.4 .0076 518.0%

10.00 612.1i .0096 S20.S7
.

11.00 608.2 .0134 52".17

12.00 603.6 - ", .~150 528.16
- ,-',

13.00 601.3 .0182 - 530.18
1".00 598 .0210 533.11
15.00 595 .0230 535.80
16.00 592 .0253 538.51
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TABLE-21. L,(:2.1)]

DATA TKEN 20 MRS. AFTila STRESSING THE INSULATI.ON
B&TWEEN CORE I AND SlIEATJi FOR A FEW .MINUTI>S AT

50 KV(RMS).

APVLII;U R,. Ohms. Tan b•• I>l'ECIMEN IVOLTAGE C1I.mF • CAPACITANCE
KV. lIIIlIF •

9.0 2121.~ .0001 150.27

10.0 2118.0 .0009 150.52

11.0 2111.0 .00" 1.51.02

12.0 2099.0 .0090 151.88

1'.0 2086.0 .0112 152.8S

111.0 2075.0 .0151} 15,.6,.

15.0 2066.0 .0183 154.,1

16.0 2058.<1 0.0198 15".91

TABLE-211. [,(~~]
READINGS TAKEN 45 MRS APTER Stt£SSING TUE INSULATION

BETWEENconE I AND SHEATH AT 50 ltV FOR A FEW MINUTES •

..
APPl.,:IBD R,. OblllS. tan 6 •• : SPECIMEN
VOLTAGE C". mF. CAPAC:ITANCE.
KV •. I IIIIIl1' •

3.0 2113 1l}9.lt6
7.0 2112.0 150.95
10.0 209\.% .0011 152.22
11.0 2085.5 .005" . 152.87
12.0 207'.0 .0102 153.79
13.0 20511.0 .0120 1.55.21
1".0 20115.0 .0150 155.89
15.0 20112.0 .0200 156.12



•

'DATA TAKEN A FEW MINUTilS AFTeR APPLYING IjS KV FOR
1/

2
HRS BETWEEN CORE ,1 AND SHEA'lll.

APPLIED Us. Ohllllli tan 0 = SPECIMEN
VOLTAGE Ci,t. IlIF. CAPACITANCE.
KV •. '. " IIlllIF •

1,00 21'1,1 '. 149.39
< 1"9.7\ .8.0 2129 .00025

• .,
9.0 2123 .00080 150.16

,

10.0 2:lt.'.9, .0032 150.81,
11.0 2100.0 .008S 1.51.81

12.0 .... 2092.S .OU2 152.39

1'.0 201'7.0 .01.53 153.49

14.0 2068.0 .0187 1'''.16

1'.0 2060 .020" 154,,76,

'16.0 20S0
.. .0210 1SS.51, ,



'16

DATA TAKEN ItS nouns AFTER STRESSING AT ItS KV

FOR 1/2 lIoun, THE INSULATIONS.! BETwEENCOHE ••]:

AND SHEATH.

~I>LX&D :RS,OhlllS : tan:;; •• t SPISCIM&N
OLTAGE ~ " t CA.PACX'l'ANCE,
KY. I I

~l.t' .1lIF.
t IIIIIIIF•

8.0 2121 .pUl1 150.'1

10.0 2112 .~)O3'" 150.93
,

11.0 2107 .0069 1.51.31

12.0 209$ ".9112 1S2.,2
"

13.0 2087 .olS6 1;2.76
.' . -

14.0 20G? .016S 1S'".OS_.

15.0 2062 .0189 151t.61

16.0 2056 .~210 155.06

17.0 2047 .on:55 lS5.14



TAHLB:"2:? IT(2 c;;)]

DATA TAKEN AFTER APJ'LY:ING 35 KV FOR 2
1
/0 fIRS •••

DISTWEEN COIlE ZI ANI) SHEATH.

APPLIED
VOLTAGE
.KV.

8.0

9.0

10.0

16~0

17.0

I R::s. Ohllls~

2178.5

2164.0

2105

2087
2081

t tan £> ••
Ic,.. IIF •

.0005

.0164

.0188

.021~.- -'

.0228

I sPECD1J,;N
Ii CAPAC~NCE.
I:IlIIf' •

,
150.27

I



TABLE-26. [T(H.)]

DATA TAKEN 48 HOURS AFTER STRI::SSING.1lfE :INSULATION
BETWEENconE II AND SlIEATli AT }5 ltV FOR 2~ lIRS.

,
APPLJ:EU • R,' 0Il1D••• Tan G '" : Sl'ECUlEN
VOLTAGE t ~ C4' .v. CAPACITANCE.
KV. . t . i IIIlIIF •

11.0 21}5.1 oolt'* 1'*9.'1
12.7 2110.9 0089 151.0'
14.0 2096.9 0145 151.89

15.5 2056.8 0180 152.811

17.0 2079.0 0220 15,.,4

TADLE-27. [T(.l7)]

DATA TAKKN A FEW MINUTES AFTER Al'PLTJ:NG.41 ltV

BM'WEEN CORE J: ANU SHEATH FOR , I1RS•
•

APPLIED : It,' Ohms. t Tan 6 '" : Sl'l,C:IMKN
VOLTAGE I C,*' alP CI\PACJ:TANCE.
KV. • i IlIIIIF •

10.0 2175 .0075 1'*6.57
11.5 2147 .014 148.'*9
1'.0 2126 .017 149.95
llt.5 2110 .020 151.09
16.0 2100 .0215 151.81
17.0 2087 ' .02'0 152.76



READINGS TAKEN I~IMI.,;o:tATELY AVTER APPLYING %S KV
FOR 2 }IRS ACROSS CORE 11 AND SHEATl:l.

IIIAPPLIED •R,' Ohms Tan & •• SPfl;CIMEN
VOLTAGE ~Cit. III F I CAPACITANCE,
KV. • -I I IIltlIF •

9.00 2200 0080 1%~.91

10.00 2192 0095 l,*,.lt~
11.'0 216% ' ,. .0160 147.32,
13.00 '. l1A9.182137 . .02'7
11.1:.00 3122 .0250 1.50.211

15.5 210:; .oa80 151.59
17.0 2091 .0:;0 152.~6

!hBLE-a? [T(lS)]

Rf;ADl.NGS TAKEN 24 HHS AFTER TilE STRESSUlG THE

INSULATION BENSEN CORE n AND SHEATH AT ,., KV

FOR 2 uouns.
APl'LII.H) t R" Ohllls. 'T~s= : SPECIMEN
VOLTAGE I IC". m.F. C~ACITANCE
KV. I IGIF • .

9.50 2188 ,0019 tlA'.70

11.,00 217'*.' .0050 146.61
12.50 2160 .0120 llit.59

lli.OO 2135.0 .016, 1"9.,a
IS.' 2117.0 .0220 150.59
17.0 2097.0 .02:;' 152,03

.



80

TADLE-jO. [Tl~o)J
DATA 1'AKEN FIV~ DAYS AFTgR THE DREAKDOWNOF '!lIE

INSULATION BflTWEEN CORE II ANO SnEATH.

Al)PLIl:>D IRS_ Oluns W Tan 5 to ISPEcoom-
VOLTAGE • • • Cij' m.lI. • CAPACITANCE,
ltV. • • J lllIIIF.

'.00 aos8 .0068 15",.91. ,.

4.50 2076., .00496 ISS.S4, ;

6.00 2093.7 .00'2 152.27
7.00 :UO:;.1 .0022 1;i1•.59

. I "

8.00 2112.' .001:; 150.9:;, ,

9.50 2118.3 .0010 1'0.50

t1~0 2114.3' .008:; 150.'(8,
12.5 2106.0 .01S3 151.:;8

14~0 2089.7 .0186' 152.,6
,

15.' 2078.0' .0196 15:;;."2
17.0 2067.7 ,0203 154,16

)

If'

(



n

8f

)35

)30

)25

-)20

1IQ15

)10 .

00)05

VOLTAGE

5

........
. '\ . \.. .i
'".-., .

.ii~li~,;'
, ' .•...,' ,

'.10
\', '. . '. .

kv(rmsl

15

T(26)

! .

. I

20

, ' ..... '.
FIG. 4.5.:.0. VARIATION OF DISSIPATION: FACTOR WITH VOLTAGE FOR INSULATION BETWEEN

\ . "

CORE I AND 11 ,FOR DIFFERING CONDITIONS.



82
~I.,' ,.:"

160'

T(30)
155

-E
E T(22)150
w
u
z
<l:
I-

u 145~
<l:
u

i
5

VOLTAGE. kv (rms)

10 15

VOLTAGE OF THE INSULATIONFIG. I..5.b .. THE VARIATION OF CAPACITANCE WITH
~,

BETWEEN CORE I AND II • UNDER DIFFERING CONDITION

•



,._-' ., ,.--.,-'
• -- J II ' .~ . _I

L •••.~ ._" L..•

83

"

\
\

•
. c' ;#';:- ,'. /: "'~. ~ r::.' rj~. ,,",

,~ ' ~~'EA~,~~',~~~~NS,ULA:!~N_~~~EE~::':,~
COHSIIAND "IiI. ';rAI{EN UNDER

, ,

',DiF.FER15"r',;T CONDlTio:rls ~ -',-~
..••.•. ~,~_ •.•.~ •.•. ~ -0:;" ~~'~_,..-- '.

\ '- .
, r 1

<-- ~

"



84

DATA TAKEN AFTER STRESSING THE INSULATION BETWEEN
COnE 1.1 ANDSHEATHAT"l KV FOn :; lias.

APl'LIED I RS.Oh•••• I Tan 6 a I SPECIMEN
VOLTAGE. I I,C~••• F. I CAPACITANCE.
KY. l lIIIIlP' •

8 2099.1 .001' 1.51.82
,

10.0 2089.4 .0028 1.52.58
11.0 2078.1t

, .0013 '1.5:h39
"12.0 2073 .0110 1.53.79

1'.0 206.5 .0136 154.,8
14.0 20.54 .0163 15.5.21
1.5.0 204, .017.5 156.0.5
16.0 203.5 .0196 1,56.66
17.0 2026 " .0211 157.35



TABLE_S2. [T(32)]

DATA TAKEN IMM£OXATELY AFTEll AP1'LY.ING '5 ltV
FOR 2111lIRS BETWEEN CORB I AND SIIEA'DI.

APPLIl>J) : N,' Ohms. I Tan S •• 15Pll:Cnnm
VOLTAGE, I c,,' • F. : CAPACITANCS~
KV. I I ...,..

8.0 21lJS.8 .0008 lIt8.,S

9.5 2135.' .0023 1"9.29
11.0 2123.1 .0051 150.16

12.' 2112. 0.oc8S 150.95
lli.o 2100.0 0.01" 151.61
15.' 2085.0 .0187 152.00
17.0 207".0 .0210 15'.71

lAOLE-3;f. [TCH)]

DATA ODTAlrmn DlMEDlATE1,T AFT1:R APPLYING Itl ltV

(RMS) OETWEENcone I AND SlJEA'D1 FOR' RRS.

APPl,:WO . IN Ohms. I Tan ~. I SPECIUEN
VOLTAGES, " IC", III F. I CAPACITANCE,KV. I I _f'.

9.00 2187.' .0007 1"5.7"
:1.1.0 216'.1 .0017 1'*7.:$8
1'.00 21U .0060 148.90

1".' 2126 .0100 I"!>. 85
16.0 210n .0130 151.81
17.0 2090 .01"0 152.9"
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TAIiLE_,4. [,(:o4)J

MEASUHEUENTSDONE IMMI;DIATELY AFTER STRESSING THE
INSULATION DSTWmm conI;; II & sm;ATU AT "5 ltV FOR 2 HRS.

APPLIED : R,_ Oh.'1e I Ton S •• t SPECIMEN
VOLTAGE, : Cit. _.F. t CAPACITANCE.
V. I I.-F.

a 220Q ,.00'" 14'h91.
9, 2187 ,.0065 llt5.n

10 2169, ,.oU3 1\6,.,8
11 2161, .015 147.52
12 21/U, .020 148.90

l' 21,4, .022 llt9.'9

14.0 2115 .025:; 150.73

15.5 2100 .0277 151.81
.

17.0 2084 .0295 152.98

TABLE-SS. [,{o")]

READINGS ODTAINED 20 HIlS. AFTER STRESSING THE
INSULATION' BETWEENCORE II AND SJIEATll AT "5 KV
FOR 2 IIOURS.

WPLII,;j) TR,' Olllllll' -r Tan S= I Sl>ECDIEN
VOLTAGE, I C", _.F. I CAPACITANCE,
I:V. I -V.

10 2189 .0016 145.64
11 2182 .002' 146.10

12.5 216:; .015 1"7.'9
14.0 21"4, .018:; 1%8.69
15.5 2128 .02' 1'*9.81
17.0 2095 .0250 152.17
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DATA TAKEN FIVE DAYS AFTeR TIfE DREADDOWNOF

Tm~ :INSULATION BCTWREN CORE :II AND SiR:A'l'H.

AI'PLIED IRS' OMS. I Tan b <: I SPECDiEN
VOLTAGE, I I CIA' m..F. I CAPACITANCE,KV. • I ",mF •

3.0 201J9 .0079 1.55•.59
.'.0 2082.5 .OOIJI 1".096., 210'.9 .oo21A 151.53•
8.Q 2118.1 .O~~9 150.51.. .- , . ,-.

•
9.5 212'.1 .0008 ' , - 150.16, -

, 11.0 2120 .007'* 150.,8
- -12•.5 2109 .012 , 1,1.16

',." - .
14.0 2l0'! .0155 151.52
15.0 209'* .Q175 152.21A

17.00 2072 .0193 153.85



35

88

30

25

15

10

005

.
l VOLTAGE

5
kv (rms) •

10 15

T(34)

T (32)

I...•

...J
I
1

21

,
I

I•

FIG.U.o. VARIATION

BETWEEN

OF THE DISSIPATION

CORES II AND III •

FACTOR WITH VOLTAGE FOR THE INSULATIO

FOR DIFFERI N G CONDITION.



160

89

VOLTAGE •

5

kv (rms ) ,,'.;.'

,
10

I

15

FIG.~ .6.b. niE VARIATION OF CAPACITANCE WITH VOLTAGE FOR THE INSULATIO~

,
BETWEEN CORE II AND III UNDER DlFFERI NG CONDITION .

. "



-.'.1 11'\
, . 'A'.

.•:~.'J--\-~

~~.'--., ---.., ,
CORE, x.' . \

,-



9f

, TABLE;';'31. IT(3?)]

lUi:ADING TAKEN AFTER'l'I:IE INSULATION BETWEN CORE J:
AND SHEATH liAS BEEN STRES51~D,AT ,50 KV FOR ,A F.E\i MINUTES.

"-. --.

,.

. !. ~

...r-.,I .-"1
.'i -, ,

.... - .

,APPLXED ,I R .Ohms. r Tan.so: I SPECIMEN
VOLTAGE' 1 ;; , 1 Cl&' m.P' 1 CAPACITANCEi. . 'I,

IKV. 1 mmF •.

;)~O 1960 '.0002 162.65
5 •.0 1986 .0016 160.52
7.0 200;)

, ,•.001$ ls9.U, ,. ,

i1~O 2180 .011 14~.91
"

1~6.:V"13.0 20ltO .,022:
.. ,

.djl14.'0 1990 159.1;;8
•

"63ftI 15.0 19B1 160.9;; ,
"

, ,

, , ' '

'AJ'PLII>D-I' ,~ Ohlns. • Tan 6=' .j.SPEciMEN!'
\tOLTAGE;"" - • Iclt" m.F. l- 'CAPACITANCE; .

" ,
KV. .. ' I. mmF.

,, .
,

3~O 2178 , 14'6 •.,1'
.

1l.t1••8?5.0
,

2156.0
7.0 2'1~0.O tlt9~.67

. '.0 2117.0 150'.59
"10.0 2114.5 , .. 150.77

11.0 2100 ~OOS1 , 151.81
12.'0 ,.0096 " ,

152.'Sl.i2090
1:5.0 • 201l.l .013 1S;;.71

,
1l.l.0 2066 .017 1S'l.;;1

, 15.0 2056 '.020 155.06

r'-'- _~. ~ ~ -'~ TABLE-sa .• [TC?>?)]' ~~ _', '.:" __"_
~ ,.:_~: r-_\', .~, \ .:-"" . _ ':.::.::> /\\ ":'\.:.':','. ," .,~:'.. l
-' I r- ' Rl>ADING "TAi(EN,45 IiRS. {\F~£RiSTR!3SS:WG~Tl$ ll'iSULATION'

. --:--,~." " .' . '" "',." '---~'~' " ~,.-~ '. - ",., .••. "--,' ' .. ', <, . "',~' ,.
, ,BEti/E~N 'CbRE '1 'AND SHMTU .AT 50 ,KVFOR 'AlrEl:.' MINUTES.

.l i I

,',

.'

••-'S~~>...! .

-
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READINGS TAKEN iMMEDIATELY AFTER APPLYING 45 KV
"

FOR 1/2 fiR; BETWEENCORE I AND SHEATH.

AI'PLIED I R:;, Ohms. ITAN f; •• t SPKC1.MEN
VOLTAGE. I : C~, nt.F. I CAPACITANCE,
KV. _.

:;0'0 2140 148.9'7
S.c, 2129 149.'74
7.0 2109 '.0026 151'.16
9.0 2095.:; . . .0046 152.15,,
10 209" •00"7. 152,.21•

"

11 2076 .0108 152.56
•

12 2064 .OlM: 15'.'.6
1:; 2051 .0180 155.'*4

20'.2.0
, • .156.1214 .0210

1,5 20 2.5 .0225 156.85
16 2025 .0250 157.43.'

"
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TADLE-t.lO. [,(40)J

DATA TAKEN IMMEDXATELY AFTER APPLYiNG 35 KV FOR

21& HRS BETWEEN COllE 1 AND SHEATH.

APl'LJ:l::D I It:; Ohllls. ~ Iranb = I Sl'ECIWN
!vOLTAGE, I . , I C4, !D. F. ICAPACiTANCE,
XV. I

I -".
B., 21t.1B .0028 It.18.~2

10.0 212" .0071 150.09
11.'0 211' .01'0. 150.88
1'.0 2096 .01BO 152.10
It•• 5 208, .0213 1".05
16.0 2077 ¥ltu.oa,6 1".86
17.00 . 2062 .0255 154.61

DATA TAKEN 45 lilts. iU"TER STRESSING CORE Z AND

SUEATH INSIDJATION lIT " (KV) FOR 2li HOURS.

APPLIED I R, Ohm•• ITan6 •• I SPECJ:M&fl
VOLTAGE, I • IC,., JII.F~ I CAI'ACITAl~(;E.
KV. • 1IIll1P.

10.' 2124 ooolt . 150.09
12.0 2109 005 151.16
1'., 2091 uio071 152.'-6
15.0 20'111 0089 15,.36
16.00 2061 0120 154.68
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TABLE.lt2. E:r:8levJ [T(42)]

DATA TAKEN IMMEIJIATEI.Y AFTER APPLYING \1 KV FOR

FOR 3 fIRS. DENEEN cons I AND SHEATH.

APPLUD I it,. Ohll'ls. I Tan $ •• ISPECD1£N
VOI.TAGG, I I C%.,m.F. I CAPACITANCE.
KV,. I I I_F,.

9 2149.5 .0070 llt8.:;1

10. 213' .0113 :tIdl 1"9.\6
,11.5 2106 .01SS 151.,8
.'13.0 2093 .022.5 1.52.32
.11t•.5 2073 .021t.5 1'3.'79
16.0 20.55 .0265 1555.1:5
1.'7.0 2046 .0278 155_8a

TABJ.E."': [T('+3)J

DATA TAKEN FIVE DAYS Ar"TEn 'niE BREAKDOWNOF TUE

INSULATION m;TWEE:N CORl:: :n AND SHEATH.

AJ>Pl,.XEp 1R,. Ohlllll. 1Tan ~ •• I SPECIMEN
VOLTA~E 1'-- • I Cit. _.F. I CAPACITANCE,
KV. I " -,

I ~_ ,

.3.0 2018 .0110 157.98
5.0 ao-h .0082 1.56. 0
"6.5 2060 .0063 15%.'76

8.0 20'7' .0053 153.79
" ,

9.5 2078 .0050 153.%a
"11.0 20'70 .0109 151t.Ol
12.' 2062 .0150 154.61
1%.0 2051 .020 155.%It

15.5 2MIt .023 155.97
17.0 2032 .025 156.89
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4.4 DISCUSSION ON TliI<; B DATA OBTAlllED IN conE TO SHEATH MEA-

SUlUnmNTS:
i
I,

4.4.1 -DISSIPATIoJi FACTOR BEHAVIOUR DEFORE BREAKDOWN: ,

Tha data was takon for the behavioll~ of tho 1nSulatio'ns)'
, II

".I
I., ~

after different stressings. These strOS.1ngS wero at t~es '

excess of " to 41& times the wor1:1ng voltage,

different durations. Ultimately, the insulation broke down

These wil)poBseas qualities di.£erent £rom the earlier originaal

dielectric. This'is discussed in details in Appendix oct.
It has boon observed that before any stre ••ing. the 1oniz-

after ,some periods of' stressing.

This repeated stressing for long durations, ,in excossof-=:=0- '.
the working voltage will cause .ionization and will 'result: in

the degradation of the dielectric; newer PrQducts will Corm.
. \

,:

•

ation curve shows a practically conllti:lntvalue oC dissipation

£actor with incrOalll8in voltage upto a certai.n value. After

this, t.he :l.ncreasein the dissipation factor is abaorved. Th.

ionization po:l.nt(the voltage at which the dissipation t'actor

beginlJ to incroase with voltage) 1n the two casee (core 1-

Sheath arid Core II-Sheath) is so~hat d1fCerent. IlOwever, the
,

rattloC :increase oCloss tangent with voltage is about the sam.

in both tIle cases. Fot" the data <lbtailledon one core (core-II

-Sheath) ,:it :I.sseen that, at hi~her voltagea, there is a
,

trend :l.ntho loss tangent to slightly decrease the rate of'

change with voltage. Evidently, at still higher voltages--- -

provided the insulation does n~t broakdown---there will be a

lIIaximulllin the .108s tangent and then the loss tangent vill.

decreaso with voltage •.This :1.5characterist1c of polar materials, l
which possess a peak in their dissipation factor, and paper 1•
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a p,?lar material, although the :1lDpregnantmay not be fully so

( The structure of paper and its e~£eets on losses :1. discussed

indetoils in Appendix-D)

With diCferent strcssings, on difCerent occasions Cor

different intervals, it has been observed, that there is a

gNldual deterdloration of the dielectri.c. The fJtressings (in

excess of the working. voltage) produce d:ischarges, which adver-'

.ely aCf'ect the oil.:illlpregnatedpaper insulation. 'lhasa d:iechar-'.

gos could be seen to form near the ionization point, and have

been observed on the oscilloscope. Evidently, with increase :in

stress, the discharges will 'I!'; Itltiply :inflUlllber,and elso the1.r,
amplitudes will :increase.(For a ciil5cuss:ionon discharges, reCer~. . ,- - - -- ~ - -

to Appendix-'C'). :It is observed thntthe rat.e ofli.ncro(\8. of

dissipation factor decreases somewhat at higher voltages after

each stressingsi it. ie observed that the dissipation factor

(108S tangent) increases in value, which indicates thai; the

cond*ctivity of the dielectric :is increasing,--a sign of dctorio-

ration ofthein8ulation.

The data obtained five days aftor breakdown is very d:iffo.

rent from the curlier datas.ln this caso, it its seon 'that the... "

eurves are 'v' curves. 'rho dissipation factor (loss 'tangent)

starts €rom a high value, at lower voltages, ond begins to

decrease as the vol"tage iainereased, and t.hen :it.increa6c. as

the voltage is raised still higher. TIlis may possibly be due to

the formation of newer mat.erials, having behaviours and response

which are different. It could also possibl.y be due to space-cha-

rgo eff'ects. Ue also find that although t.he dissipation factor

begins i;o docreaae, it.does not. como down to very low v.l.ue••
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4.4.3: CAPACITANCE DEIfi\Vlotm DEFORE DREAKOOWN =
For the behaviour oS: specimen capacitance with vol.tage,

under different conditions, first data was taken before any

sort as: stressing. It has been observed, that for both sets of

data (Core I-Sheath and Core-I1-Sheath).,tbe variation of capo-

ciatance with voltage is smooth, and its increase with vo1tege

is not rapid. This increase is cftpacitance ~th voltage. is due
to discharging voids, wllich short-circuit the voids. It has alllio

been observed that the overall cRpacitance of one ogre to sheath

(1-5) is greater than that of the other one, (1.Z-S).fIowever, th.

rate 'of increase is found to be ~imilar.

For data obtained; .nintermediate dates, after di£ferent

stressings. it w..s observed, that tho rAte of' increase 01: capaci-

tance with llIi:resl.lhas increase<t. Moreover, in one case {J:-5),

it >'i'••• observed that. t.ho ovorall capac:ltance of t.he insulat.ion

has decreasod below the value obtltined be£ore any sort. at:

stressing. In the other case (11-5), it has 'been observed that

the Value of' the caPcitance of' the dielectric has increased in

Value. and has bQ~o •• groater t.han thatbof'ore any stressing.

4.' ••4 : AFTER DREAKDOWN :

ACtor the breakdown of the insu~ion, it was observed that

the lIaluno£' ot: cpacitanc. curve has changed. :In one caBO (1.5)

it is observed that the valuo of' the capacitance has decreased

con~iderably. It is also seen that'at first, the Capacitance

slightly increases with voltage {upto R certain value).takell

a peak value, and than begins '1;0 decrease aliithe stres. is

incroased. l.foreoV'er,tho rate of' decroase 18 very rapid. Thon,

there is a ~endency in the behaviour to increaso with voltage;
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but the rate of increase is very graduaJ.. This is probabJ.y due

to tho Cormation ot: newer materiaJ.s, whose behaviour with stre-

ssing is dift:erent. The vaJ.ue of the call",citanco in ~heother

case (ZI-S) has increased very lIIUchafter bl"eakdown. Noroover.

the shape o£ the curve is nearJ.y the same as the one in the

previous cas(~.

For au intermediate set of datas in both CtU!lCS ( CQre-I

Sheath and Core II -Sheath) it is observed tl~t tho.data for

both the 10ss-tangent and the capacitance does not conf'irm with

the manm,r in which the other datas behave •.In t,he}case of dids1-

pation t:actor behaviour, there is slight d.ip in both 'the cascs,

which in indicative oCtile fact that saPce-chargc cf'fectl'5are

predo~nant 1n 'this region. Moreover, ~n both the oas08, it ~s

Cound that"tho Value ot the dissipation factor at J.ow values is

qu11:e high. l<foreovcr, th(,vo1ue of the dissipation,. at a parti-

cular stress, is also higher thon in cases obt~ined_~ter.

As for tho case of' the capacitance behaviour, it is observed

in one Case (I-S) that the behaviour is not systellllllatic.At :first,

the incroase in the capacitance is slow, and then, at A certa.:in

stress. i't increasea!lruptly to a higher va1uc, f'romwhere it

begins to increase s1owly.This cou1d pOBsibJ.y be due tho fact.

that a greater number of: dischargBs have occurred, and have

short-circuited tho voids, thus r28u1ting 'toan increase 1n

the capacitance .•
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For the Case of capacitance behaviour, it is observed that

Cor an intermediate set o£ data, it capacitance is much greater

than in other Cases obtained bator. the breakdown. The capac i-

tance curve show a condition whon tbecapacitance inc~easell but

slightly with voltage, and then it begins to 'increas(\at •.

greater ratQ. Then also. there are S<>IIIQirregularities present

in the variation. Moreover. it is observed that the variation

18 analogous to that o:t:th••loss tangent, becua,s. where there

is a dip in 'the ionizition curve. there is a slight dip in the

data po:l.nt.eol>'tnimui.tho sallro sort o£ :lrregularities are

present in both 'the c~sos. The curves.that are presen'l:edin the

graph are no'l:made '1:0 pass through a1.1 points. By ,JetU.ng the

curves ,as8 through al1,tbe po:lnt~.the unl1ulat:1Gnlllcould b.

observe~. One cannot ru1.e out thtl efCect of: enran'eou$ capac:i.-

tive coupl:l.ng,vh:1ch could affect the data. Care had always

boen taken to ensure that 'the screening isproper1y done. May be.

it could be ,so, by accident sometime. the screen:i.ngbad not been

properly domr.

It remains to .be mentioned that not each core to .heath
insulation had been stressed Cor the same voltage and duration.

Also it the number of' stress~gs were difCeront. Fina1.1.y,under

stress £01" sonle bours, breakdown of'one core to sheath insulation

occurred.

Due to ~crea8ed .stressing tho insu1.ation below tho sheath

has borne much of' the deterioration, beca~se in each stressing

1t had to be present. Since the number of' stressing, thoir magni-

tudo and duration were di££eren'l:.it is assumed that tile deter:1o-

ration :In the diCCerentcore to sheath pores(due to discharges>



have been d:U'£er.mt. This re ••u~ ts i~ 'the,forlllat.ionof'carbon

part.ic~es and oth~r products.

The e~ectro-chemica~ effect.s ot' ionization and the d1sch-

arg1ng voids is that they gradually deteriorRte the oi~ by
, (~

oxidizing it. Moreover, a8 a result of' oxidation and other

chemical change,II,newer chemical. materials are known to form.

Electrical. discharges in the gas space in the environment of
;

the .liquid die~ectriccause a more or ~ess permanent increase

in the conductivity of the die~ectric.

4.5: DISCUSSION ON DATA FOR CORE TO CORE EXPERIMKNTS:

q.5.t : DISSXPAT.ION FACTOR BEHAVIOUn BEFORE BREAKDOWN:
,

From the data, for different core to core measurements,

it is found tho rate of' increase of ~oss tangent (dissipation

f'actor), aCtor the ioni~ati.~n point,increasos after each st.ress-

ing of the insulation. In one case, it ,is obsorved that the va~ue

of dissipation :tactor is greater than that obtained l.ator because

in this case, a maximum o£ 50 KV(RMS) had be APplied Cor a few

minutes across Core I and sheat.h insu~ation. The curve for I-S

datao£ the same da1:e :isa~so a bit dif'f'erent.Moreovcr't,in t.he

.loniza1:1on curve for this data, we find a small. dip at lower

voltages before the ionization point. This indicates that; spac.-

charge et'f'ect.sarc tak.ing place at.t.hose val.ues'of stressing. At

higher vol.tago's.it is abserved that the rate of' increase o£

dissipation Cactor decreases'witb increase in voltage. This is

also the Case with other .set of'readings. If t110 voltage is

Curtller increased, one wou~d observe that at'ter passing through

a peak. val.ue, the dissipation f'actor will decrease wit.b an

increase in voltage. This is the case with polar dielectric,



w~ch possess ft peak,in their dissipation €actor. T~s peak

value is a €unctton o€ tcmper~ture, €requency

4.5.2 : AFTER BREAKDOWN :-

The behaviour ot" tho dissipation €actor w:1'thvoltase

after breakdoWn 1s dif€erent from the curves obtaLned earlier

and before breakdown. Tho pattern is however similar to tha't

obtained in tho Case of core to sheath measurementa. It is

observed, that 'V' curves aru obtained : first, at low values

ot stressing., the dissipation factor begins to decrease as

the voltage is incroased. It goes through a minLmum valuo and,

then risos as the voltage is increased turther. The portion o€

the 'V' curve whiCh shows an increase ot" dissipation factor

with voltage is however similar to the other ionization curvos.

Moroover, the rate of increase is also similar.

The curves Cor tho three core to core .easuremonts are

similar. except that .Cor core I -.111 data, the value of the

minimu. in the ion.iza:tioncurve, after brealtdown, is greater

than that in :the other two Cases. This could possibly be due

to tho tact that both cores I ami II had been repeatedly stre-

seed by applying voltagos, in excess of four to four and a

half-times the working voltages, across the rellpect1ve cores

and sh.th. Moreover, since the corell to she.:th insulation

was aft"ected by breakdown, it is evident that greater do••••••

has been occurred to the core II insulation, as comparod to

that of' core I, since til I.•.. core did not breakdown.

4.5.3 : CAPACITANCE BEHAVIOUR BI!lFORE BllliAKDOWN:
The vaZiation of the capacitance of' :the specimen with

'1"1,,.,
voltage, shows a gradual decrease in itst-with increase in

voltage after each stressing. lIowever, the general trend"";'

increase of' capacitance with increase in voltage-.il!! present.



There is exception prescnt in the case of'core 1'- lXl: lIJeasure-

ments. For the data obtained on 11.10.76, the behaviour is not

in con£1rmity with otherdatas. This 3i8 a1so observed with the

data obtained on 11.10.76 f'or the coro-I-5 .easurements. One

cou1d presume that the oi1-impregnated paper insu1ation of' Core-

l:is somewhat "dif'f'orent" from those around other cores,

1ot.5.1ot I AFTER UREAKDOWN:

For the curves obtained from data taken a~ter the breakdown,

it 1s observed that the capacitance a1so decreases in Value w.l.th
"increase in stress upto some va1uos of' strossings, then it begins

to increase as tho stress is increased, nle portion showing the

increase in capacitancew1th voltage lies in the region between

the values obtained for other cases. Tho curve obtained in the

case of' core I-III measuremen~ is a b~t diC£eren~ Crom tbe other

two curves-(t'or core I-Il: nnd XX-Ill: data) Here, :initially,

there 1s present a peak in the curve. This 'is also found 1'or ~he
•core l:-S capacit.ance curve obtained af'ter breakdown. The decrease

in the capacitance wi~h increase 'in voltage, Cor the initial

portion o£ the curve, is also mor.e rapid as compared to the

o~her two cases. Moreover~ ~he va1ue of' capacitance 1s greater

~han tha~ Cor ~he other two cases. It may be men~ioned. that the

pat~ern of' the capacitance reverse voltage curve for the Core

l:-5 measurements ob~ained aCter breakdown, was also dif£erent

frOID that obtained f:or 11-5 measure.ents under similar conditionsl
,

~.6:CONCLUSION:-
The effect 01' discharges that tal<e pica."e in the gas pockets

in oi1-impregnated paper insulation manif:ests in a gradual change

in the composition of' the dielectric material~1). As a resu1t of:

the discharges, newer materials are £olUll.d due to electro-chemical



etr.cta. Electrical dis.hargos in the gas apace within a dio14-

ctric liquid cause a permanent damage to the dielectric-and

results in an increase in its conductivity. The increased elec-

1:rical conduct1vity ot deteriorated oils Illayin some casell

reault f'rolllthe f'ontla1:ionof' subs1:anees that are .1ectroly1:i-

cally dissociable, uaua.ly it results trolllthe £ormation.of'

colloidal 1on.(1). A f'eature co••on to such colloids i. a con-

stituent.that by itsolf' ia inauluble in. theoil. Examples of

such ma1;erials are'solubl.'. sludt;e, asphalt, cuprons aoaps or

oxides, and c<>Jldensation.product.s 'that rellul1;froID electrical

discJ~rge reactrons involving oxygen, nitrogen as well as

hydrocarbons. Xt has boen(1)observod th~t the conductivity

kedly increases when hydrocarbons ar. subjected to electrical
•d1scharge in the absence o£ air. oxygen usua~~y accelerates the

process.
.. (2'> (2'>Balsbangh and Co-workers have investigates between

the amount

dielectric

at oxygen absorbed and the conductivity. the
(26) •constant and color. Dalsbangh haS also observed

that tor both oil and oil-impregnated paper, subjected 1;0

oxidation in the presence ot X copper catalysts, the conductivity

in the early stages of oxidation increased more when the supply
• •

oC oxygen WaS ~illlitedthan when it was un-limited. The e£.f'ectof

copper salts in causu1g high power-tactor in seriously deter-

iorated oil-fiiled cable bas been pointed out by Hir.shfeld. N

Meyer, and Wya'tt(27).Evans and Do.'lenpo['l;(28)disco'Vored
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evidence for the presence of' strong acids as wellae

weak ones in oxidised insulating oils.

Piper and Co-workers(29)have' investigated into the

'effect of lead soaps and copper soaps at different

temperatures. Tbey have reported that these soaps

caused high power factors at temperatures appreciably

above those at which their solutions became visibly

,heterogeneous upon cooling.
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CHAPTBR-5.

EXPERIMeNTS ON LIQUID DI£LCCTRXC SAMPLES:

5.1 : THE OXL SAMPLE:-

To study the behaviour of Jiquid dielectrics, commercially

available transformer oil was taken. This oil .sample was used

bet'ore :i.ntransformer. To prepare the specimen-so that no

vis:i.blet"oreign particles could be present-the following

procedure had been used :

The o:i.lsample, taken from the stocle kept :i.na drum, was

heated upto 1200C 80 that d:i.ssolvoed gases and moisture could

escape from the oil. Tb:i.sWaS done because. breakdown occurred

(many times) in many samples. The breakdown voltage WAS about

120 volts/mils, and even lOBS on many occasions. After breakdown

it would be observed that carbon particles would depoist on the

electrodes; at places on th.{ electrodes -betwoon Which discharge
\. "

would take place (probably).larger dark spots could be observed.

5.2: CLI~AtnNG 01~ TIlE SP~CIMEN HOLDER :-

Xt has to be mentioned here that utmost care was needed to

clean the specimen holder otherwise impurities would present

dit'ficulties in taking data. To thisef'f'ect, carbon tetrachloride

was utilised as a cleqning agent. It is a very useful organic

soluent. Standard qual:i.tyot" the sol~ent was used. The following

procedure was ut.i.lizedto clean the specimen holdor(8): First.

some CC1~ WaS poured into the specimen holder, then covered and

shaken so that the soluent could reach all the places. The cover

was then removed and both the electrodes were s~rubbed with a

piece ot" clean cloth, and the specimen holder clo.sod again and

shaken. The CC1", was poureq out (thrown away). Then a further
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quantity of CC14 was poured into the specimen bolder, and the

specimen holder thoroughly rinsed. Finally, some more o:C the

soluent was punred in,and :final rinsing ,,,,sdone. the soluent

was, poured out. The specimen holder was then heated, with the

lid on, upto 1200C for sometime. This process has been :found

to be quite e:f:fectivein cleansing tho specimen holder :Cree

from soluble and suspended impurities which could be present
in the specimen holder(8).

BeCore taking the liquid sample Cor. experiments. the

specimen holder was rinsed with some of the liquid to be tested.

and (the liquid) thrown out. The hot sample (at 1200C) was then

poured into to specimen holder in su:rCicient quantity (about

15 CC). The specimen holder Was covered, and the liquid allowdd

to cool upto thetermperature at wbich readings were to be
taken.

,5.3.t:MAXNTAINXNG CONSTANT ELKVATED TEMPlmATURE:

Since different readings had to be taken at dlCferent

elevated telllperatures, it was necessary to keep the termperature

constant. For th~a purpose. the Bpec~men holder had to kept on

a hot brick (whicb had to be heated Cor a pretty long time).

The temperature would come down in a s~ngle set of: reading.s.

Then the brick wall asain heated to ',obtain the roquired tempera-

ture. This process is qu~te cumbersome. Another process is given
(El)

below (as presont in the bridge manual) :

5.'.2 : ANOTHER METHOD:
Place the assembled specimen Holder (containing the speci-

men) in an air temperature both on a surCaco wbich is insulated

Cor:;OOO to 4000 (and remove handle' ).'1'hen place a thermometer

in the "ell in the spocimen holder.
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Haise the termpera.ture of the test spocimen(by'means of

the tempcratur.ebatb)upto a value of' 100 to 10SoC as indicated

by "the thermometer. Then allow the.temperature'of the specimen

to drop to tbe value at which "themeasurement is to:be made.

~- J." .' .• .~'",,-~'. ,"-'~ .,~",",,' . I I
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DATA ODTA~NED ON LIQUID DIELECTRIC
(TRANSFORMER OIL) SAMPLES AT

OIFFEftENTTEMPEH.I\TURES •



I

1f1

TADLE.'tt.l rT(44)]
DATA ODTAINING ON TRANSFOHMBn OIL SAMPLE (SAMPLE-I>

AT nOOM TEMl'lmATUUE ( 21oe).

PPLXED ~ Us,Ohms. ~ Tan [; I Temp. I SPECXMENOLTAGE. I I "C" ,IIIF I ~C I CAPACITANCE.
.lV. I I I I JmI1l'

2.73 1899 21°C 167.88
4.09 1881 169.48
5.45 1870 170.48
6.84 1865.1 170.9S

8.18 1902.' 167.59
9.55 1899.2 ~OO12 161,86
10,91 1897.5 .002ft 168,01

.
12.27 1896.,5 .0035 - 168.10.
13.6, 189ft.7 .0046 168.26
15.00 1893,6 .0059 ._~bi ...•.) 1 168.,6
16.35 1892.9 .00736 168.ljz



•

(l2

TAIJLK-4S. [1'(45")]

DATA OIJTAIN&D ON TIlE ADOVE SAMPLE AFTEU DISCHARGE,
AND AT nOOM TEMPERATURE.( 21°C)

APPLIED : R:;, Ohas. ~ Tan [; • SPl:CnZll
VOLTAGE, IC"," ••• CAl'ACITANCE,
KV. mnF.

,,'

9.55 1866.4 .0017 170,81
10.91 1364 .0029 171.03
12.27 1362 .0046 171.21
1:;.63 1360 .0059 171,40
15.00 1857.5 .0075 171.63
16.35 1854.0 .0094 171.95

TA6LE-%6. [T(4G»]

DATA OUTA.INEll ON SAMPLE I 2" lIRS. )..AT:.ll. AlIO
ROOM TI;MPJ~RATlJnE.(220C).

A]'J:>LIED R" Ohms. t Tan & or t SP&CUlltN
VOLTAGE, I C4, 1IIi'. ICAP"CITAt:'CE,
KV. IlIIIIF •

,.48 19°' 167.52
4.99 1877 169.85
5.45 1878 170.21
6.82 1870 170.48
7.57 1869 170.1t8
8.25 1868,4 .0001 170.6:;
8.86 1867.2 .00075 170.74
9.55 1866.:; .00147 170.82
10.,6 1865.1 .00213 170.93
11,:;2 186'.3 .00287 171.09
12.27 1861.1 .00'52 171.'0
13.'5 1859.7 .00498 171.%:;
llt.83 1858.1 .00613 171.57



TAOLE.li7~ [T(47)J

DATA OBTAINED ON A FRLSII SAMPLES(SAMPLE 2)
of TUAN5FcJH.Nl.R OIL AT 85°C.

APPLIeD 'Ii' R3.ObJaa Tan G = 51'll.CDlMi
VOLTAGE. Cli••• F. CAJ'ACITANCE.
KV. auF

1.36 1957 .051 162.90
2.59 1920 .065 166.011
3.28 1910 .070 166.91
4.09 1892 .082 168.50
Ii.61 1888 .102 168.86
5.1S 1813 .105 170.21
6.li1 1871 .113 170.39
7.02 1860 .121 171."0
8.32 1859 .128 171.49 A
8.69 1864 .128 171.03

TAULS.liS. [-r(4e,)]

DATA OBTAINED ON SA}U)LE-2 AT 73.'OC.

APl'l.I"D !l,.OIl.a. Tan £,. SP1.CnmN
VOLTAGE. Cli••• F. CAPACITANCE.
ltV. ~.
1.36 1869 .0125 170.57
2.32 1831 .0218 171t.11
3.ltl 1810 .0275 176.13
Ii.61t 1795 .036 177.60
,.1t5 1790 .043 178.10
6.lto 178, .oli9 178.80
7.72 1781 .057 179.00
8.li6 1775 .065 179.61
9.20 1766 .071 180.'2
10.23 177,* .078 179.71
10.91 1770 .082 180.11



•

fl4

TAUU-1t9. [T(4q)J

DATA OBTAINED ON tiAMPLB 2 AT 69°C.
APl'J.:lI>D R,' Ohms Tan f, •• S!'~CIMIm
VOLTAGB, Cit' m.V. CAl'ACZTAt;CE.
KV. mmF.

1.,6 1366 .0004 170.8,
j.lfl 1799 .0193 177.21
5."5 1780 .0276 179.10
7.06 177'* 0.0'7 179.71
8.18 1764 .048 130.73
9.68 1161 .063 181.0,
11.05 1753 .066 181.66
12.06 , 182.171150 .071

TABLE-50. [T(!:;o)]

DATA OBTAINED ON A llEU SAMPLE (SAltI'LC ,) OF
TRANSFuUU.CR OIL ,AT nOC).

APl'LII!:D I R,' OhID •• TanS. 1:I.l'i-CIUEN
VOLTAGE, C4t m.1'. CAPACITANCE,
KV. .mmF.

1.'*5 1750 .071 182.17
2.21 1777 .•060. 179.%0
'.15 1793 .059 177.80
4.78. 180' .06'* 176.82
6.1l.t 1806 .071 176.52
6.8'* 18u .076 176.04
6.9:5 1818 .079 175.36

.



'rADLE.51. [,(5"1)J

DATA ON SAMPLE .3AT 6SoC. ANI) AFTER REMOVl:NG
IMPUnITY ,PAHTICLES FROM THE LOW-VOLTAGE ELeCTRODE
SURF ACE BEFORE MEAStJR.eMENTS"

APPLIBD R,' Ohllls I Ta;n S •• I Sl'ECDlEN
VOLTAGE C".. m.F. CAPACITANCE
r.V llIMF •

1.,611 1908 167.°9, ,
1.95 1878 .00115 169.76
2~92 1858., ~o089 171.55 f.t

4~09 1843 :00170 172.51
5~81 18:n .~0211 17:'-92
6.14 1836 :026 174.11
7.60 1825 :028 174~68
7.55 1825 .030' . , 174.68,

6.32 1621 . .033 175.67

TADLE-52. [T(6-2)J

DATA TAIWN ON SAHI'L& 3 AT l16°e

-APPI.:WD Tan £, II Sl'"ClM1&NU, .Ohllu.
VOLTAGE . CIi, III.F. CAPACITANCE
KV. m.m.F.

,
1.65 1906.1 167.08

,
2.50 1880 169.58
3.86 1862.5 .0001 171.17

,
4.92 1857.7 . .0028 171.98

"5.45 1850.' .0040 172.30
, .

6.14 18l!6.2 .0052 172.68
7.02 i842.5 .0066 113.03
7.86 1839.7 .•0078 173.29
8.n 1836.3 .0099 173.61
9.27 1833 .0108 173.92
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5.~ : DISCUSSION ON THE JU!SULTS OBTAINSl):

Transt'oi'tOOr oj.l(eolJ!lmerc:inllyavailable thot 004 ,alrGady

been used. but eontr.Uuged) was .taken tostudyite dissipa~ion

and caJ)acitance bclla'ltlolll" under .atrtrlJs. Temperature wae taken

as a purameter. 1)01:6W£lstaJ,ennt difrerent .elevated temperatWl'e,

sa is given :in Tables~"-52. Thedata was taltenon three differont

days. Xthas tobo mentj.oned that the samples had to b0 changed
bccuascthe dischargos within1:bo l.iquilj l.edto tbo formation of'

impuritJ.es •. The et'teet of' di,scbargns on .liquid dieleetrics :i.e

d1scussed .10 .ApJ>ondix c•.....

'5.4.1 • IlISSIPl~TZ()N FACTOR: ••

Xt hasbocnobSorvodthat no dissiJ)Citi"On factor Jrcadin3
•., ---..,.. , ...•. ~ ••• _ .••• ,r_ 0>, • ....~-- ~', ,,....~,c" r., ~'.W' .-.

b,,;obta.1tledat ~owevV61tages."an<l :at210C iuld22oC. At

0.0KV(~ltedi-;si~~t1~~£ftet~rco~~-i)e '~~~d.att~~~ilCb

it be$.1:ns to i.ncrea5ll.witW'v01.tagc~ In,rom,- Bot"of','datn, 1:t was, - " J' / I ,.-;"-~,_.',~ .. ' .-\_J .... , .. '.'~-
tCl\Uldtbat tho dissipat:ion tactor1ncroasosllI61"Jtedly.nftot' the
occurrence of' discharges (tho datnswcre ia~on on tho same day).
Whenthe readings WCJ:'O taltcn on the SlWcsatllPle •. tho nO)r;tday,

it t~nsfot1nd 'that thodisslpatioil factor haEldeerCased. below

those obtll:l.nod. the, pr,cw;ious day. However, .thoIt'OOl:1' tompora tUro
. 0

in this case Was :l C highor. The CUJ"ves in the t1U"oo,cascs are

all simj.lar.' ThClso curves arc shown .J.n f'ig~

Another £rcoh sl!Iliple 'filS' taken',tlnd nfterperforming tho

f'uneU.ons IIlentionod in section S~2, data uas ,takon at three

dif'f',!rent temptlraturo.-8:SoC. 7,.,oCand690C .• tt was found 'thai:
o 0at 69C and, 7'.' C. we get curve a whieb are paraU.el, .and the

dissipation {'actor j.ncrelleee with v()ltnge.ttviden.t1y,. the one at

higher tCUllJ;lerature eholfs n groater, dissipation factor, The dlss:L-

pation£actor £.or tho tempcwaturc of' .8Soc are very much greater.



,

Tho points obtained are irregllJ.nr.bu't call b. Ilpproxiamted by

a .traight 1ino curve •
.Th.curves for another _llIpl•• obtained fro. data taken

at ,.6°<:.. S7°e. 6,oe and 77°<:, show only a alight QJ:lomd.ly. The

data obtined at 77°C gave etV' curve. whil. t.hat at l.t6°c save

an increase ot' dissipation factor with voltage which i. 10.11"
than "that Cor 57°e and 6,oe.
5.4.2: CAPACITANCEUGIIAVIOUIl:

The capacitance data obtained on tho throe samplos. at
..

dit'foro.nf: f:eBlI)Oratu.r'ut,ahowsa BOl1lewhat irrogular bohaviour •

.ht the caso of sampleI. it is found. that there is a gradual

increase in capacitance. On one aeen.sion (before disct~se)•.,, . .
it was f'ound that the .CBJlllci.tance i'l1Crea80S wIth voltage to somo

extent.' after which it comeo down to
inereruio8 but 81'8dllo1.1y. Tbosr.,!i.s no

a lowor value, and again
I . -

.irregular behaviour o£

•

Capacitanco 1n tho data obtainod ~or sa.plo 2. The capoe1taneo

incroase is curY'llinear, and cOllllpari.tivoly .• the capacitances at

higher temperatures, are lowor. The data obtained on .ample'
ind1co:te an ll'rsgul.nr C411).c:itance behavi.our.

In this Case. it "aB found that at"highor tempcratt1r6lt.the
capnc1tances aro Mgllcr. This ls just tho opposi be of: that 1:01"

samplo 2. In one Cllsn (at 77°C)it is found that. tho capacitance
starting £orol1l a h1ghe value at 10\1 voltage, docrea.ea as the
applied stress 1.:increasod. In tho othor two sot. 01: data Cor
the 8a.o satll}>le, it is found that 'the capacitanco IncroA"e. 1n

the manno': ot."that £01"soaple 2, but the capacitanco 11..lowor at
lower to.perature; that ill.thecllpac:aance at 46°(:. 1s lower than
f:hat at 65°C •
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~.5c CONCi.USXONc_

Frolllthe dnta obtained. it has been f'ound tbat tho di •• ipat.i-
Oil factor ot' the 1.1(}u1ddie~cctric is very low at 10• ..".luo~c

-of' streB. and ,lower t0l81)eratures and IIIr,enot. C1eallureable uptu

gee. and tho increase 15 linoar in'general. Moreover" it. was

obi!tilned f:hat at. biuher temperature tho d.1ss1pai:1on t'tlctor. in
general. possossos at higher .va~uG; aleo. the dissipation t'actor

u _ G\~ \OWlet" vol~Q.t3es .
in obt.aintlUlek This is duo to tho fact that, at higher tOlllpera-
turas and higher stress, the impuritios increaso'in mobility.
and also there is a dissociation a! the impurity moaOCtlloa and
those of the diel4)ctric l1.<IUid itself' i.nto iona, Which contrl.- " -.. .
but. to the increase in the >C<>ndllct1v1ty of: the J.lquid. The

'.conduction.Mcchanism 1.nliquid dielectrics is discussed in
greater det.aU. in AppOndlx '1"). _,

As for the <capacitance behaViour. no ret;ular data could be
obtnined. For tbe three .Ilftlllples studt.cd (theRe are taken fro.

the saae stock)the ~Qhaviour is, somewhat different. Out it haS

been obsorved that at higher telllp(lratur.es, tho capacitances ere
higher, 1n genoral. nl1s r(lsult~ Crom tho £ac1: thatB~ elevated
f:elllperaturolil that. tI1IU'O ,:is a sllf.\l"p incret\lIo 1.n pend:ttlvlty.

Thi. 1s b,ccftuse the v:i.8coaity £a11 to • lower vaJ.ue. Tid.•

contributes to theincrense in capa.citance. ,

D1electri.c l*quitb behave vory peculiarly bocuao. 01: tho
prusonce of J.C1purit,LQa;illlpurit.iesoven ion slight:_unu Tory
IlIUchaffect; tlu•.behnvlour oS: liqui.d dJ.eJ.cctr.1c,II.Di.f'1'orent

investil.gator 11I1Vein general havll obtainod coni'li.ctJ.ng data •
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CONCLUSI:ONAnD StJGGESTI:ON Fon PURTH/ill wonK:

6.1 : CONCLUSXON:-

To study d~elactrlcs under differing conditional tho

followins di.l~ctric8 wore taken : (i) Polyot~l.ne high-

Crequoncy cable.(ii) l1-KV , core oi1-i-vregnated paPer cable,

and (U.i) 'transf'o1"lller011. These WCIOO studied W1dor dit:fer~

conditions and a't high-voltages to observe the behaviour ot'

their difSsipa'tion £actor and capac~t;.nce. The data obtained

durinl£ the investigations 'tally w1th tho theoret<lcal interpre-

tations in nearly all casos. The cable behaviour after broakdown,

though not repres ••ntative ot,tho data taken prior to breakdown,

indicatos tbe f'or"Q,tion. to a considerable extent, of newer

IllAterlals. (This broakdown took place .£tor _ny stresslngs at

"-"')II U."es the work1ng vol.tago). "'1'1.;'110 aaterials :form as 8

rfll'Ju,lt of: ioni.c dlachargesielootro_chewioal changes take plAC ••

Although, no ohoaieal. analysis Was done. it is preeumed tbat

water in 8o££1018nt quantity is present during moa.ureNOnte

(beca,u,n on ono occassion while studtt1na tron.Cormor 011,

simllar 'V' curve .••.as obtained. Lqter it was :found that droplet.

of water were present in tho specimen holder). Or lt could b.

that newer materials contributing to spaco-charge polarization

bave f:o~.d (Ref. Appendix 'E')

6.2 : SUGGESTlm.S Fon FUTURE WOnK:

The formation of discharges and th4lir behaviour can be

fur'ther investigated by lu,ing the Schuring Bridge, proftded

that certain otber auxiliary apparatus, such a. Cilter circuit

end also ampllfier for high_frequency, are added., It 1s hoped

• that further studies on dielectrics of diC£eront typo •• to .ult

our condition-would greatly help in the proper utilization.
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Investigations canalao be carried out to determine the

behaviour of amter:i.••l. not generally used as dielectrics hut
wblch possess insulating properties.

Xt ls suggested that the study ot: powor lo.s-using an

electrostatic wattmeter-together with tho B~dy ofdis.i~atioD

factor behaviour. at different voltagoa(and d:i.tt'oring cond1tions}

wout.d help lIlUchbecnBsG Wlder stress ond dur 10g iomzlllt:i.oD nower

materials are formod which possess different pormittivit1es. nlia

sort of: study would throw light on the foranU.oD of' nower

aaterials .,

The usual practice hud hOODto study the disalpa'U.on tactor

(or power factor) behaviour in ardOr to determino tbe behaviour

ot' dielectrics at high vqltages. Tho study ofC4P"Ca~anc.
buhtlv1.oUl' will. al.80 be u.oCull 8S has beon S11gS01J~tid by

Da~tnill(17)•
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APPENDIX - A.

11m Ol),.'>EIlVATlt)}iO/l' lUSCIiAUGES ON TIiE OSCILLOSCOPB.

w. have used an oscilloscope 8S a null detecto~. The slgnal

vibration 8ftlv~omctor or a d-a .1cro-aamote~. usa haa been
Nade ot: tho osc,1,11osC6pe. Tile vJ.brat1on galvanometer bas not

beeD'l1sed bocullse 1ts usC) bocollles very cumberl!lo.eand dl££iculQ
tics arise ftS regards tbeot:fects of .oebanical vibration. on
the •• MorceveJ.'. tne B1.udllm'y aPJll'll"fttlla supplied to be uDed

,,1t11 tho blbratj.cm galvaJlOmet;or. wore JU>t in operat;s.n.q conditions.

Ad-c 1II1cr01ff~ott'!r had' been alsO tried, but it. use, near point.

whoJ.'o belonco has to be changod £1'0111r<lsistivc branch to cttpae1-

tnnee branch. becoJ:)csd.l1't'ie\1~t to :find 1;hoproper 'Value 01: a

particular su1;t.illEh hocomes Q little di€f'ic\llt. Finally, VII tfJied

:tIUl vibra'tion galvanometer., and it has boen f'oun.d that i.t :LISeasy

to use it. 11t1 a Illullindicator.

By using on oscilloscope, discharges wereobsorvod f)n the
oscilloscope. ThOBedischargGe increased in _pli-tlla. alt tile

appliod voltagowas increased. It may be mcnt1~ned,~ldtth.sft
diBchaJ"ges -having a t'ro quoucy very ;:wub larger than the supply

frequency,--could not have been obsorved with either Q "i~atioon
galvanollleter or a d.c. m1cro-allll:llef:or. 711eae discharges curt"ents

nre superposed on the 50 cpa frequency. As tile Il1'lIPli.:fier and

bridge bod not be doidgnod for their balance,they ware even

prcsont \4hon 1:he bridge i.s balanced. At balance,these diacltarge.
<11'0pr.50nt, but instead at: being superposed on the supply Wave-

shape. they are 8'}/lll11lo:tr1calubC)ut a straight line. Anoth.~



0.c~110acop. (with botter sensitivity bad cleo beon. but this
doe. BOt. at't'ect tho value. of' the datu raach) bad also boOb

used. Tho bobaY1our ot the output. illS .oon on tbe oscUlo.copo.
it unbalanco. near balance and at bulanee carO shoun .:i~UDlIG-

tical1y in tho t1gnros bolov. Horoover. It la ab.~~ tl4tthere
la no appreciable chanse in the amplitude of tho_ cU.sclwrgo ••

At Unba1nnc.

•

"""" ,,111\00 1\001\0 01\0 nnf\ OM\v v u 0 v v" vO v '" \:Iv 0 (j v v4:lv~ v", c

It _y be "ntloned that tho f'ormat:lon ot' dlechurgc5 in the

apoclacn bec••• obeorvabl. on tho o.c:lllo.copo at about 10 KV. aa
1. notod tor "Iu.ure_nta tuken on 1-9-76. In ol1cbcycle 1£ two
d1acharSe!. take place. thon ror " SOcpa input. there are 100
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APP.ENDDt _ B.

STRlICTlJR/~ OJ<'l)OLn:T1IYU~NE : A I3UI.GF DeSCRIPTION « -

Polye"thyleno (1) han a eroBs-U.hked type ot 1lI01ocu1.ar

IItrllcture~ This rosolllblna a t.hree-dimensional t'ishnet,. Inllt.oad

at' being long. thin and t'lnxi.blo. tho molecules roselllblo an
irrjgular threo-dicmensiQnal £lllbnet. and the proportice are
vnry lIIuch dopondcnt on tho size and d'!l distribution ot' tho

lIIeshlinks. Wilen the meshes nre vcry large, with very t'ow ero-
.slinks, tho propertics are like tbolJoof: linear chained .true-
ture.An eXaIIl})le iauncured rubber. with :1t8 higb el.ugatJ.on

and recovery. On the othcrhand. very -any eJ"ollslit1ks make the

material hard and IIti££,and probably brittle, as in tho Case
of' hard-l~ubber or phenalt'orlllal.dchyde" -1.es1n.

The £1.shline type of IJItOloculo :i.ncludesllo fld. var.ioty of
chemical. structures. J'91.ye'tbyelel1e is IlU1d4by :U.n1d.ng lurgo

. . I,
nUllIbor ot ethyclenelllo~ecule in a chain.Thds 1s dOllO by a
procoss Immm as polYl\'Ior.i;z;ation. Polyotheydene in tbelil:i.mpl~st

vinyl.type rcs:i.n. It basexeollent .: e:loctrlcal propoz.ti.es. The

d:i.oloctrie laB8 a.ngle is v(n~ylaw. since .:1.1; 1s a oon-po1_
lIIIateria,l tho diolectr:l.e losses ftro also low.

n Jt Ii H /I .11
i -I :1 -I -1 I- STRUCTURe OP
(; •• c •• G - C - C C '... ,..
-/ '-1 -1 1 + .1 POL Y1Vmn.ENE

£I Ii Ii II II n

PHYSICAL/'llopenTIHS:,

Thestructur", of pol.yeth!-,ylene is very 81.llIp10GIld

uniform. It is a compound of high molecular wotsht and ts

crystalline • .It has been reported that it is "'0 to 60 percent
crystalline at roollltemperature. It decrcasus at ~gher tempor-

•
atltt'es and boeoJlleo l/ioro at about 105°C. 'nti.l!l cry.tablivity at
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roo. 'temperatul'O IIIQkes tho polyothy161l& inert to llI4nYof: the

Rolvonts and chelllical!!!.••.hich would be oxpocted w attack
hydrocnrbonea. Tho :foct .bat it is a saturated hydrocarbon

!!Iakosit: resistant to chollL1calattack also.

IlJ.CCTJUCAL PROPRRTll>S :-

A number of obsorved electrical propertios ore not; entirely
consistent with the st;ructur., ",hown. UeCUOSQ it has'a eyanetrical
.tructure. :It is non-polar. TIt,ulO wewouldexpect D<Jdipole _nt.

and hence thore should })eno 10s8. Commercial sample a have e low.
but not ~erolosB. particularly after the plnetic

~t unuergoes structural change. under the action

CONCLUSION:-

boa been milled.
. (S>of: high volt.gee.

;:11
«

•

When considerin.g; polYGthylene os usod ;inldgb-:rroquoncy
cables. itnlUst be borno in mind thut 8.cOlllpoundedmaterial i.8

being used. Th;is is so beOaUAe stabilizers are added to m.iniJuizc
tho degradation due to heat. 8unl1ght etc .• Thus the values obtai-

nod and reported arc on 8ue.h a ,m';,c!,u~e.

j'olyethylone has £ound ",1do useB i.n h:l.&b-t"rtJquoncy ftpplica-

tiona such "as radar cables m1d 111ao Cor the insulation of.

commun:i.caU,on and sublllQr:t.necc.les. In its '1'190 £or POYOrc.blos

two w weaknessos must be guarded. against. Altboush polyethylene
is ozone-prooC. it is very susceptible to corona. possibly
becuftse the corona rai.IJ()s A portion of the pitlyethylene above it3

.eltin3 point. and dielectric €a11ure ~nSlwes. A polyethylene
cabl. ,t'urther.ore. will no't with.tand ovp.r-hol1'tlng. by short-

.ircuiting c,u-rtmt ot: more thAn IWlllcntary durat1on •
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{2.9

nm PUBSENCROF VOIDS. ANI) l'U&l:n. ;W'LUENCE eN nm

DISSIPATION FACTOn ANI) CJU'ACITMlCR OF AN INSm.. •••'l'1NG MCDIVM.

VOIDS AND 'IUCIR PHEsnnCB IN SOLIDIN$Ul,ATINGIJJU)IUM#

Voids and gas pocket" are :1nvariat)ly j)l'\lsent 5.n aol.:i.d ond
U,}

o:Ll-l.pr0t;11llted paper 1%1oul••1;1£1no • These Voids ere Prculent 10

the cel1ul,o:l8 st.ructure llu4 when oil 18 added to :i.t 88 QJ11LlllprQa-

Dant. it is l'Iblilorbod into tile hollow (10111:110.•• t'1.brea 4:IJld'their

intorstices, nnd alsO <mthe ~mrf'neoat: the pnpC'1"., Thta resul'ta

in an ulmost hOIll()g;oneoulil die11'lctric. 'the 1ll!lpJ~egnant 1nct-eaaea

tho dielectric .strength bllCl!lIIlIQ the gas voids fir. now f'Uled

with 01t (the prescmco at' voids reduces the d.i.olectrJ.c IIrtrangth).

Voi.dll a'till rCl:la1n. lind :impose an upper J.imi.t upto which stress
can bo applied without brcnkdown. 1b<t prOlllenco Of i:hestl 'Voids are

due 'to duf'ecicncie. '1n the llIanU£flctlU:"1n# proc~UJs or to tho una'lrO-

dahle physical changelJ brought about during operation. l.o!1J.c

d~scbargcs takQ place witb~n the voids. however. &0811 they --7
bo. Above (lcertain cr:l.ticftl .trolls intehsity. 'those discharges
Cause sovere J.oeal dalllAge and dost.ruction to tho c:1iclectr:i.c:
leading to breukdown.

nil: FORMATION Ol'VOIDS AND 1'HtIRMtJLT:Il'J"ICA1'101h.-
No discharges are present in oil-impregnatod paper insulation

at lower vo1tttSos. Hownvttr. "llon the 81:r•• 8 is raise4 abovo a cer-

tain value. a 3tH!bubble (o••••s :in the diol(tet.ra.c. DJt"charge. (16)

take place within tho voids. Th'Hl0 discharges ul!lually oceur .in

aamll 8f:eps over a rutlltoot: llJ'plied volt.age dur.ingoach half'

rgos arC!! dcpondent. on ,1St;lchf'aetor. as the highlR.trttlce res1tance15
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of' tho insulation .:racing of voids. the existonce o£ IlIOra or less
active poi-uta at' discharge ;.1na:tiat:lOu. the Ilros.nc. of: surf'ace

charge concontraU,ol'l trom prov1.oua d1sclu.rgftlh ltrawcb:l (18)

lnt'orJ:lS 'that the presenco 'of' lllOi.turs appears neco81Sary tor tho

f'otrJ:lrl'U.on of'll;asbubble. SomoreIUu'lrCher.\ 19J&a". ahGWD tbat

oloctr1caJ., discharge. occur above 0 eertail'lcriticAl value 01:

applied .tresa. &1" oven it' the papor is so _11 1"P1"ogftetod that
no void. nre presont initially. If tho valtnco bo malnteined at
the discharge inception voltagclevol. tho diecharae_ increaso
rapidly 11i _g~i tude. Bomot:.imost() sevoral ti__ tbo initial

vaJ,u. vi'th.1.n tho !'1r4t few III1nutosl and lifo llII1Y be vory latted.

This. discharge i.ncoptlon vol.tage ill dopendent on the hydrostatio

pr'.uumre on the oil. llowB'¥or. it bns been shown that. i:ho ct£ects

of' dcnaitY4' and tho type of papor. and the vlll5caalty and Lodin.
nlUllber01' 'the oil on 'the dlsehargo j,ncep'tion volt-ego are rcll'l'tively

1$1lI1l11.
Og,19)

Tho authors bave lllso lIlrown that tho &as J.nl't1ally gonerated
in ,electrically otrollsed poper amprcGftatod w1tb a dielectric liq-
quid :illl doriv"d f'1"oe tho wl.\ter retai.ned by the ce11ulose (which

is hygro.capic) 'thrOl1gbabsorption f'orcea.hmr.ver •••11 the pnper

.i." dried. Prmrided tho gOlll bubble" lU'O "at prosont initially.

- ,-

•
wnter be prclScrrt in the liquid £01'''1. it caD be eJ.ectrolyaed read-

ily into 11:8 COJlsU,tueuts at po~mr {-TcquoJluies and suitable curr-

ent den151.t:ies. The ()xygen $0 evolv.ed .lIItlyreact with the oil.reBu-

lting in the de1;orioration ()£ the oil-illll)regnated paper.• Rep•• tetl
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e~octricl11 discharges in larger nUlllhers and ,,11JOoJ.ocrGcblPdc.al

rOl'lctiona."h.l.ch could load to the do"t.ruction oC the inau.1at.1t13

pl'opertios o£ t.ho oil-blprognatod PaPClt:" insulation.

When(10) clactrJ.ea1. d1achar,ge. t.ake place within II gil. bubble

already proBcnt. thny genm'at~ fnrtbcrga. t.hrough tho decompoai-
tion ofthe oil. and tbo gas bubbl* ineTon••• in eizee Tho rate

'0£ gaa cvolutlotl is dependent on the lltlturo ot tho oil. and the

pruscnee o£ additives.

Tm; nnsm:r OF l:lXSCftAfiGES:

("0)It haa boftn reported" that ionic d18cbargos result in

car~on1htlon. vapo.'.iaation.Thia carbonizatiQu .hortcircuit.

the discharging void. It.hillS also been observed tbat ehllnses take
p1.&o"l dUll to tho cumulative ot:t'oct of local cl'l:C!1l11caldoterioration •

..Vftpour:U'at:f.on andrfll$ulting lIochanieal dnlllanOwhicb nay u1t:f.1:IIotely

produco • condition wtun:'", failure C!!Jl 'Occut'. perhaps by ADovor-

voltage.
EUt1XV'J\LRrrT cxnc'V!T 1U>PRESCN'tATION OF. A SOLXD INSUJ,ATIOn

CONTAINING voIDS:
It. d:l.electriccontaining '\I'o1da _y bo :rnlr1y ropresonted ••

•F18' a... i. ..; Circuit )foc1el.of'an Insulation COtltl1ut:lrlg
of Internal Voids.



and tho 1n1:0:l:'11801void .• by IUlshaded capac:!.'!:oJ:'lh Each gall IIpace i.

divided into numerous .l1lnl1cupllclatancos aeparat.oclby relJiatot'1l
which cor.respond to tho 8ur.tacerOBist ••nce ot tbe :1nsulation

t'acing the gail space. tfot all t.ho aaa voids discherge stmultaneo-
"tully. The dililchlU"ge ,,1/;tI11nthe voida i. dependont upon tile $1;re• .II

devoloped within the voida. 411 a result ot' the applLcatlon ot

V<'ltllgO. Arens that hAve act.ivc points di.charSG :rust..and ere

followad by othor area. as the voltage 1s J:'n.ised higher awl
higher.

Oltrnier( l(;)hns S01vun a. r.ather simple circuit analomr o£ the

1nsul"tlon IUlder conditions of stress. Ho considers ',the sas spaces.

in uhich discharges occur. a. acapllcli:or shunted by a resistor.
Th. value ot: tbis rosistor. :it. !resistanco_vari •• with the app-

decreAse 118 tho voltdge is rai.sod above tbe coronastnrt.i.na volt-
age. Tho cepaoii:or---sas .pace--ie in series with a capacitor

i:bo voltage. "roll! an J)nalYlIis. 4t bas been obscu-vod that a _x1llaum

in dtsl!llpllt:lonfactor (tangent o~ the ditllectr.le loss anglo) will
occur asthtl voltl:lge is ra.:i.sod above the eorl)ua stert.1ng ',,"ol1:aae.

nm I;1"FCCT OF D.ISClfAn(UlS ON 'nIB ll:tSSIl'ATIUN FACTOR ••

Tho discharges taking place in tbl\voids represent and irre-
versible nbsorpU.oD ot: power andcontrihuto to the dielect.r.1c 1.0.8S-

Ii' thoro wore no I<Hul"s in 'the! di"ltlc tr Ji.c med£UI'lI,. theft the

anglo between 'the voltage across it And tho current through Ji.twould
bo 111SlUnrdl4ature (aO~ 'In an actual dl.electric.th.1s .14 not the CGI.lfl.



oronce botwoon the Quadrature ant,l. ond the angle actually presont,
ill known «Ult the diet.atrie 108s "lans,je,1.. The 'tangento'/: this los •

.lUtgl.o, (;, 1s called tbo dissipiltion £oc1:or. 'l'bodlaslpatLon

Leaving out other :tactorS,Qvo shall eonsl<1(1r the var;lat4nn
of'diasipat;lon factor with voltaao. This .i. 01:conoldorable i.lDpor-
tanceeS},lecially f:or the insulation ot" hlgh-volteg1tcabl •• , elec-
tric IIIt.Ichino"and othor application •• nUl goneral tendency 01: 1;bia

relationship, for a dielectric containing voids.!. ropresentad in
t"lgure (C.).); >. 1119dissipation t"actor, tan 6, i. 01lllo8t constant

UJ~to Gcorta1n )".ange of: voltnge V' upto Vion,.ftu 1fhich 110bogina

'toincrease rap~dly.

I
I
I
f

I"

•

P'ig : G. 2. j - Tho Ionization Curve ot: an Insu1.ftti.o:b bovine

nlr or GIIS l~n.trapped !n it •.



The curve ,1$110w1og 1:he(19) rela1:ioJlship between di •• .:I.pation

factor and vol'tnseis called the lionization CurYet• PotntA
.It

lIIorlul t1tft thre.hould ot ion1""n1:10n .in 1:ho voida trapped ina.i.de J'.

the insulation. Those voidelncrea8o :innumber as tho opplled
stress i. incroased. Thia loniaatlon 1el1esociated 'II'ltha consi-
derable absorption ot: (mergy wh1chcauecs a .harp r.i..a in the

disa1patlon factor. It IlIi\Ybe Illontionod 1:hot1:ho h1gber the
ionization point. ,and 1:he flatter the ioniltat1on ctu"vo beyond

poin1: A. 'the be'tt:or 1. tho quol1t;y ot' the1nsulot:l.o:ne
TIm POWEll LOSH:m j)II~l£CTJ:t1CS ~al)

medt-It. is g1von by

••p", V"'2 1<" Ie tan b

where V a applied voltago 1n volta
Ii • €requencyot: tllo ePlll1.ed voltage .1ncps.

The 8peci£1.c d1.eloctrJ.c loea pOl' unit vol1.1lllC of d1.electric,

is given by

P •• Kat' e tan 6 Watt./e.'
1,,'t.8 :.10"

whore }> ruprosonts the spccUic diolcctr1c loss per unit. vnlu••

of the dielectric 1n w/cm'

E •• olectric f'.tell.! intensity at 'the siven poUlt of: tho

1nllu141:10n in VIeD.

S ••perm1ttivJ.ty of tb~ d1.nlectric.

TU& BF1'£CT OF 11ISCll)\lltlIllG. VOIDS uN '1'IU\ CAPAG:ITA.fJC.£ OPA

. .DIEU:C TJ.lIC J

The ovnro.ll capacitance of a d1electric in which void. are

prescnt(or como 1nto being a. ax. result of: 8't1:"085in3 or otherwise)
is a combination ot: the capncitnnce of: tho 80lid 1nsu1ation as



_11 a8 the ccpftci:tuncft 'of th~ voS-de, whieh _,. contun e1r or

any otheJ" gns, 'I'h. representation ot: such a d:1electrlc by A

circuit I:II()dolhas baencuu"lier in f'igure.
" (16)WhonIIIvoid discharges' ,1t .illatantllUeous1y ehort-circuit.s

in the void a small.'.aroa of' tho gas spnce, or the whole void. Tbi..

result. in tbo i.ncroaae of' thill capacitance of' the dielectric medi.-
um.; beCU8eft the so gas space. aroin eeriee with "the 8011d (11el.0-
tr.ic~ Since the nWllber of: d:iachargoll lncroa80 DS the applied
.tresa 1111ncro88od, ,it. ill evident that the capltc.ttAilce of' the

EqUIVALGNT CIRCUIT JtIWncSp.NTAT1'ON OF ADISCUARGlm VOID:
(22)While hoad has reprosontod a discherging void, as ehown

1n ~iguro (~.~.);. by an equ1valcntcircuit lI:Iodol. All lnternal

di~cl~rge involves tho partial or cOQplote discherge of the ccpa-
cJ-t.Ahoe of III void in ,l! VIU"Y.•hort timecoJ<lparo(2 to charge. tho

capacitance by tbo vQJ~;1ationlOt tbe APplied VOJ:tDP, excoptllt

bigh frequencies. In the f'iguroCo ropraftcnts the sa.~t111ed
void 1n II 80114 dielectric. wbere Cb 18 the 80114 dlelectrJ.c 1n
sor1 ••

11
•

Fig' .,C,9'; • l>qtllvalont Circuit ot: tl D1scharg.inJl; Void •

. .
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with it and ell ,1s t:lle rellllllnlng dlclocll1c:.It: now <the Sa. 1n the
void break. down t:b~ voltage QCr08aCc wi.l1 fall by f::,. Yin a t1lll.

not DOre than 10-7 soc when tho dlschnrco 1s extlnsu~.bod. tho
energy d1.as1patoCl 1s appJ:"oxiJ:lntoly

whero V 18 IIh. d18'clltlrse vol ta80.

TJ:,.lshappons provided Cll and ,fbi Cc are l:IIticb greater thll1ll1 Cb.

THE l>FPI;CTS Oll'IOrJICflISClIAnGBS :lll TIm VOIDS oN nu: Llyn

(.iF 'l'U1~ IItSU1A'1'XOH:
;(1)Ionization orcorOhA i8 d~tril\lentalto tho dielectric.

They shorten t.ho lit'e of th. insUlat.ion. The et'£octs of corolla

may manif.st in a ehango J.n the chemical cOlllpo.l'ti-on of'tho
diolectrlc,resulting ,in thodetor:loration o'Cthe same. 'Ods is

a volUJllo ot'foct. and .:rt:ect.. t1\o whole 1nlllulat1on. 1'boof'f'ec-t.

of: those d1l11charge. can be observed by .eosur.ing :tbo chenao :La

increase. a. the appl1.od stross 115 i.rIcreased. •

•



TlU;; .VACTOR5 CON'l'RXnlJTXnG TO Tim J,()SSISS Ilf on.-
XMPJmGllATnl) I.tfSU1,ATING SYSTEMS:

GfmnUAL I)ISCI)S5ION ;

Tile <11.c1'.r10 ~oss behaviour :in o1.1-illlpr'ocnatod :paper insula-

tion oro J.nnuenced both by the .g~~llWtryand tho .poco-chargo•
. (23)

whick 1" traPl,ed 111 the solld ••llqu1od 1ntort'acO. Tho 10•• 0B are

also ftC~octed by the behaviour o£oftch componel1~form1ns the
111tor£aco. Three types ot 10". _cltan1SlS are s;ehorn11y tound 1n

111llulatinS IJ.qulc1s. Th."e a,r. : i) ionic con<1uc"t1oJl •. uJ dipole

orJi.entllti.ol1 MId i:U.) space-ChilrSlJ pOlaril>::atlon. 011. co111;.1»111&

aJ:'omat1c. napthanS.c. paraCt1nlc conati.tuentsexh1b1"t a11 the three
types ofloss. Ionic conductlvity pr.lll1arily deterlllinc the 10"1$••

in cable. at J~oworfroquencies and at nbout room. temperatures.

TIlls ionic conduction !neroll.eS with the !ncrcasu in t.OtIlpcra,turo.
apl>1io4field atrength. the polnr contents or t.ho ~18. GDd alao
the o:ld.dat1on »rOfJuctevh1ch tore .in the i.naulatiog l.iquid.

THR l'fATtJllB OF 1>APi'm AND HOW.XT .AFF&CTS .lONU? CONDUCTION LOSSitS:

The mecbani.m 01' lons in kratt paper a•• ume. ill 90ry compl.ox
.!'or. due t.o the 1'"ct that tbocholllicn1 and ph:falca1 structure 01'
the krntt papor ,t\tt'ects the los. _chan1 •• in oJ.1 .I.lIlpr.Clanatlld

pnper 1nsulation •• yetc));. The c8111l1080 mo\e:e", 1!'i5 of the paper.

"0...1
I
Io ,
//X

aJ:' .hown in the t'1gure bellow :
,,-
", CH,.Ok
I 0 H

I " 0"
'-0 0
j
I, H

\. H 0"
• \

t::.H2.0H

".1c: 1>.1Kraft l'apor Structure:



o
The repenting units ATe each ot the order of lOA, bav1ns an .p~-

o
ox:lltlate width at 9 A. and a thickness of: Sl. Th. polymoloctllar
n.turl.l o~ the papor t1_0. prevent an exact detor=1llat:1on at: the

I'lIOlecu1ar _13111. and chaln-longth. but catunt •• -ana. from 105

tor the 1'•.•r_r and 10',,° f'Qr the latter. 11t(ln thoro are tho
carboxyl group which have not baen shown in thoti.SUro obonv ••
'Z'heyoccur at the rate of: about on por. I1lU1drod, gluco.o .*, unite.

Thoir presonce CftU50a tho cellulose to beJ1Civo as a weak acid.
having All ionizationn canetan1:ar 2.x to-11i•.1'hue. 1£ one vie"s
10nic conduction as ft rate process. the carboxyl groupa may, to
aotlleextent. otf'oct tho 10n:ic loases wit;hin tho 1IPCPer .t p_r
t'rO'41l0Jlulell. 1'ho Slliallost pore within 1':.. ;. '•• 1ng10 col.lu1ose

" 0tiber varies in length £rom 10 to 100A • The collu1ose £.lb.rs
fOrM aooQplex interwovon ChA~.l llysteDwithiD ~bo ~cver. and
hene. enough spaco 1e there for long-t"'"ngCl ;ionoxcur4l1oW!l 1dtbin

oil-iMpregnnted paper. with. ot co'trlle. the size o£ the ione

THE PnlUI&NCn OF llA".nm DUE TO AUSOnP1'ION;

There .is so••e 'fatar present in the pnl}Gr. even a£tcr tbe

best.ethodsof: drying have beon 1I110d. for a long dtlrationl!l.

by hydrogon bond. 'that
hydroxyl groups o£ tho

",.;li..tbetwoon the H,,()dipole". 8nd tbe••
cellulose molecules. 1'beso wiLl contribute

•

to the 10nic conduct1vity it dissociatod. Xt 1s goneroJ.lysoon
tbfltevcn w.itb tbc bos't drying. O.,-t.C) " of tho bound _tel' ill

rc'tnincd by tho PAper fibers.-



SPACE CHARGE E1l'Fh:CTS;

11ut space-charee ef'€ect. Gan b. fIIacroscopically descr.1bed by

WaSn<trequ&t1ona. it' the properties of: the :bumlo:tiJ:\: mediWll

t'o:rmin,g the :lnter1'aceare known.

The Vagner CHluationa i$ ;

Tnn 6 ••w'l'lt/ (1 + ",2 'l' 2 + K)

where T and }{Arc the rclaxa1l:ion tillle and 1:11.absorption f'actora

Here

•

tiviti~" of the two contiguous layere.

Thus, it. is lIeeft that tlUl6 is QJlexplicit fuuct:lon of'the

frequency. w. and an Dlpl:lclt function of: the tell.\JlOrature and
tho 1'Leld strength. becucsc thealll determine the va1ues of:

'I
<f And E •

FrOlll the above cquaU.on t:or X.it :le seeu 'that K ::Lao£ f'init.Q

v111ue. .0 Ion. as
tl

,( 21 cf'n - Ug() 1 ) ~ O. «hen an intert:acla1 .space..ch#ge loas

rolJUU"s. It aagnltude. at powex-,t'x-equencle.s. depends _rked1y on

the value of: 'T"'.co 1/271 t. At thisvalu6. the peak 1%.\teen 60eew:'s.

'I'hevalue ot: :tanb caD thus rise or fall with t:retue1lCJ' .• temperat.ure.

and the field a:trcn~t.h. It has been shown tbat the appll'Cati.on of'
Waper'8 analysis. in practice • 1" rendered iflIposslb10 haeua.sa

nUl3berous .interfaces. having dielectric parameters who•• values
cannot.be e"tabllshedand def':l.ned with cer'tlll.ln:ty. are preaen.toj



charco effects. but none 01' these can Cully detcera1.ne over6ll

dJ.elctrlc response ot' the coaplex .olid-U.qu:ld.1S:1I5ulatln~, sysreln.

i'be." .e:cbani ••• are known as U.) Garton ~d U.l) Bon:ln&o£.(;'eotll.

!'he t':lgure given below, dep.c'ta a typ1c41 apaco.charge

effect obta~ned wlth II practically 'dried Cable mod.l.1Dpregnatod
with • lov.viRcostty pipe-tliling all.

•

",.

.DIP()LE ORIBH'l'ATION,

1110third o1'£.ct ttl.t contr:ibut.. totbe ovdra11 10Ba.. in

the oil-1lllpreane.tedpap.r :lnl!Ulation .ystem U tho etCect ot

d:Lpolo rir:Lent.4lU.on. This reault;. t'r'0llI tho alipment ot ,induced

and per._ent dipoles 1n thl!l fora ot bii,.,qoll and chains. An

electron can trav.l w:ithrolative ease .long tbeae cho.An.. and

this contributes to the ~onductlon current. Since tbo d~etor.
of: tile dipoles are 15t!al1, an aliamaent o.f peZ'lllaaent d1pol.. in

'the u$oual type of cable insulating oila is not po••J.ble over
lIoum+af;e :field-strengths. n_fw"r, induced dipoles,. the llIajori.ty

ot which consists of:paper f'ibre. susponded in tbe oJ.1 wltMn
f;hoporos of the paper,

,.



the por"l1 oC the paper. are sufficiently large to form bridge.

,
j,;
1

Accord1ng to hoke th ••

[

L" ~,&:.2 - 1111

K' + 21:'2 1

condition

J .'La •
C('r induced dipole alignment i.

•

, ,
••hore I: and L aro there"l perll'lit ti vi tiell at: the i"'l'regnated1 2

lUlU the illduced dipole. and h is the v"lue of: the "1'1'.1 ied £i"ld,

}; is th •• HoItZlIl.ulmCOllst<1ntanti T is the tump"raturo in d"lIr"58

ab.olute.

In the abovo dl.sc\uI.ion, II .emb••r 01' 10sII mechanismahave

b••en deacribed in brief'. TIles•• 10S8 _chuni_a nccoullt Cor the

TIle f:••ctor. contributing to the loss.s. hLlyebeen shown to be

depended on the aobility 01' the oil. the £101d etrength. the

t •• pernture. SinCe a larg. nUlllber01' {'actor. aol"1iIUlvolved. a

quantitative ap)roach to the probl •• i. dif"£icult. ilence. the

treat.ent 01' the I'rohle ••• ho"ld be along phenomenological

tim••••



142

"CALCULATION OF £Rl10RS IHJ?lUlHITTIVXTr AND POllEn

FACTOR "OR FLAT EI.J:CTROD& SYSTEMS".

~eCalculat~On& given be!~cahov the difference ••batween
the~ lInd measure<l value.ot: the dj,electr.1c con.stant and

dissipation £actor. AJ.though, nofla1: elect.redoa wero UlJlJld,

thia .-ootLon 1.& given to 1'401.11tll':l:0 t'urtber _aaurolJ:leJ1t. and

calcu1fttfonlh

PERMITTIVITY MCASURENaNfS:
Lot C •• e.qu.iva.1ent .eri.. cupacl tance In .1iJ11' of the contact

efCect pc;r ..c.2 of: area.
Zr II e~ivalent seri.esresistance per em of arca. ;

contact.
t ••'thickne.. of the apec1aen in J.

The overall capacitance PDr 0.2
SII •

.~ x 0.91

Gnd the capacitAnce, C.a, ot the specilllOn iteolt per =2 1.8

obt.1n.4 1'ralll.

t _1 1______ a ~

0.088S g C •
ie., C.. 0.0885 Be

----- J1 J1 t.tc - 0.0885£
Obaer-ved J>erlllitti vi tx:
Per.ltt1vlty of tlluDlelectric

••0.0885 B
t

x(tc••o.o88SB)
O.088SEC

•

-Ll -:~088S} f&'Olll vbleb ~.

error introduced 1nt.e the perlll1tt.ivlty ••• sur_nt Ji. •••• 11y

obtaine4 •

"



• where 1f' '" 2

1403

POWER FACTOR MBA5UREMENTS:

With roaarda ~o the power factor .oasurem~~.. the tansents
of th~ phaso ang~esaro con8~dorod.

Let fl. be the ang1oof.'current lead for the materiel a101le •

•••t 'T be the ovorall anglo of current; 1004 .£or the
specimen nnd contact.

Them the !Jar-Los c'l,uivalontresia'tanco(n:) o£ thc specimen

and contact Is
1012 -
, " EW x 0.08857 Un lifT

Then the eql1iv"lont 8eries rosi.tanc.of the .atertal a10ne i.
(n - r )

nenee.

SO"'_ ~,~ tan f'.r
tAn "n

:.. W x 0.088, Ee
t ,,,-a.oMss )
w x 0.088' _8•••' _ R

t

•

••(i-r/n)

(1 - 0.0882 E) ••
Ct

Frolll1:b1aequat;i,on tb.error in POWOrfactor ean be

found out.•



C~NDUCTION IN LIQUID DIELECTRICS:

INTRODUCT:WN:

The conduetill'1t;y of purf' H.'ltU.d diclectr:i.ce .till very 1011

at low Yalues at: voltagos.the conductivity can. however. be
increased by i.Dcraaslng by

eonductwc 'pe.rticles' in-to

the ~pplied .1:1'••• Or by injecting
. (:U)

the liquid by Bc_proca.Jh Many

worker. havo reported their invelltJ.a:atton& un ;tho conduction
pheno_noD in .eakly conductil1& l.i'lui.da. It IMYbemtl1'ltioned

tbs.t tbey ba"e used ditter-ent tecbnique. and lllecbcniClll. in tbG1r

investJ.gation •• ThQY have a180 reported t;hat tho conductance ot:

liquid d1.o1eetrlc•. increases due to t.be presence of 1oIJmr.iti•••
inclu.ding cf1slSo1v8d fti.r. and also upon the material 0:£ tho cell.

el.ectrodea.
LO\f-PIEUJ CONDUCTioN:;;"

bas

In bibS1.y purified ~at.lng J.3.'lu1ds• .such .Be hexeD•• U;
(,d

been observef1 ~hAt. at low£1e14 .strenetha( « 10KVom-1).

•

tbe resideualcondu(l,tlon current .is duo to vace CIlIOunt. ot

~urltyion8.and that the lower l~lt of current ls ultimately
deter.ined by tb. lonJ.zatlon of the liquid ~locu1cs tb..-.lve.
by external coSllt1c radlation

UIGH FIELD COl<DUCTXONt

At high f1el.4a (.> 0.1 MYc.-1) the(3t)conduc"tlon proce ••

1s known to involve emission of electron.£ro. the cathode by

eU:her (1) c014 emlssion.aOillotae.called field e.u.slSl.on. :in

whicb the electrons tunnetf through the surface pQtenUa1 ban-ier.

OJ.' (2) by f'lelden1l.~cod tbenaoion:1c e.ission. usually refered to

as acho'ttky eU.ss1on. 'fb. latter process i. a cOnllequence ot the

low ••r1ng o£ the work £unct:i.onbArrier by the appllod £1eld. This



reau1 't. in thee ••• ton o£ app1"ec,table 'tberaol.onle current. even

at roo. temperature.
In adctitlon to(:U)'the above .e.U.oned eloetrodeproeeBsea.

the dissociation of the liquid molecules. at high .tre•••••

wlll in itself' at8nerllte cbarse carrierls. This e:tfect: results

fro. the fact that tho .Quilibrium constant: oC an andis.ociated
1IK>1ecuJ.e,and' :its lima rill mcroase with increA8ug field.

'ffl};, CONflUCTIO!l' ..lN ,lMPlJllE LI9Ul.9

Since expfiriIMnt. here _re performed OIl ClI'dJ.Dal'Y trana-

£01"11191"oil,. 'Ilb1ch contarns:i.fllpurities :in lIIan7 :rOnDa_such a.

dJ..solved 8_es, suspended particle •• othorIU.aolw:ed im.'/ilurlties

_. discussion 011 conduct:lon ph.no_non on IlUch UqulddJ.elec,-

trio. 1. prenn1;ed bere.

a l~quid dielectric can be 41v14.4conducU.~tj' of
(22)roup. :(1) the

'lbe
into two :i.ntr1ndc conductiri'ty and (a)the

( i
so-col10d i.purity conductiv~ty.
l*quid molecules the.selves which dissociat. into cberged
carriere at. sufficiont!.y hia11 t'10148 and which :is dllpel..'dent

upon the applied stres •• This intrinsic conductlw:1ty of liquid
dlelt1ctric5 Ie not equal to PAra, no llIAtteJ:' how thorougbly 1'.b97

are purified; th&re 4s alway.st'ouud to ex1$1; a corta,1n •.'eJl'idua1

conductivity. ~ intr~Ble conductivity i. 1on1c ~ nature.
and relJUlts .f1"Olllthe :trtm1Sport. hy the ol'f!:ctriLcfield. -of J.an.

forlllod by pnrtilll dlSlloci.at1.on otthe b•• ic 1IW)1eClllo:ll ,cOlBPr.i-

sin~ the U.qu1d,.1'he degreo ot: diss6ciation depemSa upo.n tho.o- \

'l,J~ulas lIt;ructure; neutral. OIo1.<JcuJ.ife ar" less Cli!l'1>i<b10 of: di;aao-..

•
low d.i.electr:i.cconstant exb:i.b1t poorer elect:r;lcI11,conduetJ.v:lty
.?""
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/
/

/
rOIll!.due.l ,cohductf.V.i1:y ot' the

IMPtffiZ'1'Y CONDUCTIVITY

/
;-//.(' .J'., f '.f

, '/ , .
';' j,'

\.l¥" ./ /

The iIIIpuri.ty cO:itductivitY-fUI tbe name it.elC .u.r;gea'~' :'
I j ~ .

;is due to the pres,enclll ot the i.flIpuriU.tlB in liqut4 dlel<.l1:r~ca.'
"

lwldently. the lUI-tour. oC these iJlpurJ.t.ioa. Ithfl1r behavior At
electric fieldS. con,tribut. di€forently to the i18Pur:t:ty (l:l'l,~U(:-

1\
tivAty, Thus. those lIapur,iU.OB that are df.asoc1A'b1a ellsJ.lyjW\ll

contributo aor.thtm those \fbicb are not di$a~lllhl. eIl811~.\.

lfon.•polar one. will contr.ibute lea. than polar on••• !toadily

(neutrel) trana£oramr oil has a
-1tl-1 -1ord.r of 1 :¥ 10 . ohlll CIlI •

-polar di<llc-ctr1cs liquJ.da because tl>o,i1" deFee of: dLa8ccS.at:i.on

10.wch Ii-quids 18 Glore tlUd\ in non-pol.arGnea.

MOLAR-llONIC COND!1CTIVI'l'Y:
S.ulail.C1ed water. BQlid pnrt1cIel!l. lind other cent_inants

give 1"i8t'1 to still another form o1:addU:1ond olectrical condu-

ctivity under the action of an applied electric a~ •• , droplets
of f!llIul6ified water and suapend6d 4011<1.pax-tllel •• u;1.11 become

electrically charged; they can therefore act a. cu:rrent CArTier ••
Such conductiv.lty may be teraod fIlOlar ionic ••:In ceneral, ~o11ei-
d.l particles(aa v611 .s larger suspended particles)becoaeposi-
tively chaDScd by the electric field of tll9ir di.lctrie conBtaat
ill ,p-ea.ter thttn that of: the l1qu.:ld tbey arG sWJp.endo4 in. IC the

liquid dielectric hall a higher d1el.ctric const4nt. th. particl ••
bel(ollle negatively chars.d. This.alar-ionic conduc'tivity will
risG with increase or temporature, due to decreaae4 viscosity •

•



n.pond1ng on ~he 10nlc conc&n'trats
ivlty oor ft U.quld •••y be expressed by

the olectrical eonduct-
(22)

tbeequatiOn

(J. flo art" ( It "" .•K -)
where No '" Ilulaber 'Of' 10n pairs I c.s

q •• cbargft por ton

K+ '" llIo¥li,ty of: tbe pOGit1V6 iolUl

K- •• _ability of the negative tons.
MobU&:tiea of: tile positi.ve And neC{ltive iona ara not ,equalOl11'iq

to ~he difterence in their massea.

charged carriere, 'the
Cl-1)

C4U1 be cl.,.en bytemperature

Ionic condllcU,v.1t;y $-nerea.ee lIIharply wJ.tb U1cr4ia•• jn

te.'pllrft.ture,. :fhi. i15due to grea'ter d.1ssoclatloD and. bigher .ion

MObility with increase in te.peroture. I€ it 1•••• uned that the
IIObili.ty 1. the a&\1\tIt Eor both t.ypellot:

A ••
N~ :t2f'

(J.- __

6 itT'

where N.. total nulllber or ione/e.:'
1 ..'ditltanco between the ParticJ.a& in tbe J.;lqu;S.,J

t:.. trequency ot: na'!:ural 11'llUiltions or partiole ••
K '" llolt:uaann <:on8 tan.t

~.. absolute to.porature.
a '" il/.,..
V '" activation energy.

Tbo activation energy is tho umoWlc a£ onergy necelSsar)' for

,separation 1)1: an 1.on :traQ a 21oi&hbow-ing t'ololec:ule to which .it

bec"tlIos attached during:lts 1II0VQllHmtin the eJ."ctr:.i.c field.

All ft £:l.r8t ap,rox:l.cnation. the <llmnt:ity I. l'IlIY be ~nlSidere<1

•
lnd"pendtlDt o£ the tor*"perature. ospeciully in r.l ••t:ion to the

_,p.r'
quantity" e ;;'T.



SOME FACToRS RESi)ONSXIlU Fon INCREASeD COl'mUCTI.'VITY.

Heac1:ion between tho .liquid dielilctric and 0::liO'aet\ also

con1:ributoll to

carried out by

an increase 1n the conductivity. :J:nvoetigati.ons
(27)

Dalsbangb and his co-workers pehtt to the ,fac't

•

'that for bot.h oil and oil-j.lllpregnated peper suhject.ed to ox1-

ditlon 1n the presence '€It: '" cOP1l1'F ,cat.alyst. :..l,~he! du"- t conduc-

tivit,. in tho ~I oar~yatftgoll of andatioD :i.r<croAsed lllI>ro ",'hen

the supply or. oxygen If.elslbd. ted thftJ1whenunli\.lri.ted.Oavenport, .

and 'E.v ••",(29) havo shown tba.t botb, weak and atrons.; acids ~e

prcaent in oxidisoc:t 1.nsu10t1ngo1.18. AlltO. organic. Acida occur
naturally in. transformer oil. wlticbla III .ixturo or non-polar
hydroC#bons.

Iq,&CTJUCAL UXSCllAHGI;5 ZN LIQUID DILJ..IiC'i'lU.cS. AliO TIWl!!

EFFI;CT ON C01WUCTIVl:'l'Y:

Blectrical dil!cJlarges in dielectric ;U,qutd.result 1u

eloctro-choRllc)lllreac U,ona. Iaportaut to thoir behav10uria

'tho Coa."llIation ot' ga8eolul i'ons, .ga•••• and condensation prOduct ••

Even :t'oJ:'~:l.1IP1.hydrocabron£29), like belUl:one ( C6H6>. it haa
been shown that a great variety of saaeons ion. aro £or=~d.
Tho volume of: tbcgas evolved d.pends upon tho etructure.
volatility. end viscosity of the 011. and tho partial proeaua'.
of' the gaB in contact with it. In general, paraf'f'inie hydroet>r-
bOlllsevolve the greatest a.aunt ot: g0.8 and f1t".orsat:i.clll tto .teast.

AS judgod by the overall resultsn!' the vqrloul't invl"ll'ltJ.:Zft.tor ••
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Blectrical disch.rges u8uaU.)t produce more pol:p:1erlzed or

condensed, hydrocarbons 1;htl%lgas. •• has boen r.poll"~od £cr
decalin. (I)

(
EJ.ee1:r:ical discharge. '" ..'m the gAS !space. .1b the

.enviro.IUllGni::of li'l'dd dic~ectrie. generally causo a £lore or

1.~. pormanent increase in the conductivity o~ the dielectric
(31)

liqu:i.d.
(1)

Al.thQugh tho conductivity lincreastUI very IllUch when

bydrocarboJUI are aubJected to elcct.diacblU'g •• .in the
ohsonee of air. oxygen ;, ; usually accelerates 'l'be protloss. It

bas been also 8hown. tha't .nitrogen or carbon dioxide
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APPItNDXX. G•

BUIDGB NETliOUKS GENlUlALLY usn» FOlt nIB M&ASU1!DmNTS

OF DISSIPATJ:ON FACTOR "ND CAPACITANCE 0' DIELBC'I'RZCS.

xmrnOOUCTZON:
A brief' doser:ipt10n:l. given here of sOllie .bridge •• thode

'that have been Wlc(1 for the lJt:udy ot: dielec'trica, partiA::u.larly to
t'And theA.,.capnci'tance and d1a81pa'tlon factor (tho .tangent ot: the
.dielectric 10BsllJl.lP.e). B. Hngue's book(2) ,"Alternati.ng Curr;ent ..

Dri.dfJeMethod8", describes aevoral devices f'or.such._a:auremtlnts.
A ,Cewimportant. method. are included bel-olfe

1.1 WIN-DE SAUTY'SnRJ.PGE: De 3auty'. {a~sb.lple bridge, nth

reat.taneeratio arIaS,as 11$provod by Vein is shown i.n ti.gure t.l.
Dalanee can be secured by var.yiong <the res1s'tance D and the variable
,resistance S. i'l: being in serie", witb i:ho standard air capac1t:or.

C.' rs• at balance,
(a) ten .5 • (IfCxrx )

•• 'tan £, + we( II •
and (b) ex •• BC,,/A.

,
WEIN-DE SAUTYS BRIDGE,
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,
Maxilllua •• naitiv.ity i. l!Ioc\tred when A • B. Thel!le_y be Ad.utica].

r.,aia'tance (loil., tinal balance being eecure<1 by altef"nately 'Vary

C<lI'and S •

1.2 ATKINSON'S DR'II>GR:

AtkinaoA5)ha •• 01'.1£led the Wein Dridj;eby uaing an aWd.U.al"y

transformor on one side. Thie enable. tl18 W1knowna of: thecl\l'acit-

or. a length of higb-voltasecable, to b. deter.ined ~ terDa of:
tho ratio arm., n1 arid Ra ,< Fig. A.ln, a lOT-voltage at4tldard dr-

capftcitorC. otfixod value and provided with a var~ble reai.tance
r.. and the ratio ar•• T at: auxiliary tr£\naf'orlllor to _in transfor-

•• r. By uSing. l!IubaU.tuU.on.othodlind an air capacitor of known

capacitam::e Co' the transformor ratio ter. drop. out of the expre-

•• :ion
C •• Cx a

•

Pig-A.2.
Atkinl!ona' tiodU:;l.C,;l:ionot t:h", linin Bri.dge For MfHUIU1"ing
Dielectric 1,058 1n Cables•



1~:;1.

,
It Ra is changed only in steps, so that Ra IRa i. ~

inte&er a, then ,
ex. III C•• R1 1111

Pi-nally, tan 6> x • 'If r xCx • wes (r a-1':> .•. (n1- R~)( 1-1')J•

Thillbridge can be IlI;lded.1rec't-readi.ngaa to capacitance, and
Atk1nson baa i.ntrodueed ill Illlllthodtor lIJaki.ngthe value o~ rs read
per cent power tactor dlroctly.

1.' DAWSAND nooVmt'S IlRIDGG.

Da." •• and JlOove~6)have added a autu.l :iJ:lductorto tho b_ic
De sauty'. bridae. Their bridge Is shown In ~l& I.'.

Ne.loct1J11 •• 1:t-1nductanoe M, "e aot

•

F1&-A.,. 0._. and 1100"er'. Bridge •



(1)A 'traDs€Ol'I:lQJ' Bridge bas been designed by DO)7'lttand Sa1t.or •
In 1:his llle1:bod. the principle o£capAcJ.tauco-tr.am motho~Uused'to

dotermino t.he ra1:.1c of mfll'trument. pro1;ent1al. trtlns£ormera)., 10

reversed a tranl!lf'oJ:'fIlor 'f11:11known trnns€(>J,'aatlon 1"41;11.0is used 1:0

compare 'tho ~al>llCit.ance under test. <ex' r xl. w.11:ba stand:ar4

capacitor Crt Uy !:taking 6l!1oc'ond bn1.anco with II los ••. loill& air

capacitor C. tho ratio of' the trnnsfonller isolilllinated. and
8

• I c
P

C.x" C. Cr. r ~

The application of' the Aryton shunt to 'the ahunt1.ng rea.i.lIlt.snce

R • across C!!" .perml1:8 the determination of: tan

t.lon 0.£ the loss tangent or ,oi$aipatlon £actor

If Cr ns
••• .1

•



•

is ~ho multiplying power o~ the Aryton Shunt.
Thls method ha. a ~onslderl'lble ad.vantagebeeauae the guard

plate ot the tfuJtplece. and also all «uarda and .hilda. can be

covnocteddlrectJ.y to earth.
The above equations (t:••r the dit::l:erent 1l:ypea of' bridge.

aenttoned) are approxlma"te. IU1d or,!,correct with1n 0.1" far
capacitors ~~th power factors below about '.0".

SCHERING DRliJGB:
A de:tal1ed. description of -t111sbrid,;e h•• 'beol1,s1'Veu'J.l'1 d,e;

Chiil>ter"2;r-. bocJ'\usoit ;,as used in tboe¥JUITi:aentlh



DIBLIOGRAPJlY

(1) Von Hippel, A.R.(Editor)

• "-.• if
.'.. .

•

Dielectric Materials and Applications(book)

The M.I.T.Press, Cambridge Ma~sachusetts, 1961.

Chap ?, Dielectric Measuring Techniques. Page-%7-1%6.

Chap 2, Dielectric Materials and their Applications,
Page 1%7-282.

(2) B.Hague - Alternating Current Bridge Method.(book)

Sir Isaac Pitman and Sons, Ltd., London, 19%6.

Chapter %, "The Classif'ication of' Bridge Network"

(3) Russell M Kerchner and
George F.Corcoran

Alternating Current Circuits (book)

Wiley Eastern Private Ltd., New Delhi, 1970,

Chap IV, pp-107-1%1.

(%) Karandeyev, K.

"Bridge and Potentiometer Method of' Electrical Measurements~'

(book), Peace Publishers, Moscow,

Chap 9"Control of Stray J>f'f'ects"pp 2%7-262.

(5) Atkinson, R.W."A High-tension Bridge f'or Measurement of'

Dielectric Losses in Cables" Electrical Journals,

Vol. 22, Feb. 1925 pp 58-66.

(6) Dawes, C.L. and Hoover, P.L."Ionization in Paper Insulated
Cables"

Transactions of' the American Institute of' Electrical

Engineers., Vol. %5, 1926 pp 1%1-159.

(7) Doyle and Salter, "Three Methods of'Measuring Dielectric

Loss."_ Transactions of' the American Institute of' Electrical

Engineers". Vol. 45, 1926, pp 63% •



, ,

. ,

•

(8) Bridge M~lnual (bookle~)
Published 1;or,LCledsand Nor~hrup Col L~d. as a guide for
~he use of'Modified Sohering Bridge.

(9) Behr. L. and Tarpley. R.E."Design of Resistors for Precise-

High-F.requency Measu:nemon~s".

Proceedings of ~he Institute of'Radio Engineers.

Vol 20. 19'2 pp 1101-1113.
(10) Kouwenhoven. W.D. and Lotz.E.L •

•Absolute Vower Fac~or of Air-Capacitors". Electrical

Engineering. Vol 59. 19'2 pp 766 -772.
(11) 8ak,er, II.F. "Electrical insulation Measurements" (book)

George Newnes Ltd., London. 1965, Cap 6, page 98.
(12) E.R.A.Report "Directions for the Measurement of' tho Power-

l'actor ot' Cables at Low-fre'luencies and at Voltages upto
200 kV."
Journal 0(' the InsU.tute'!t: ElectriCal Engi~eers.
Vol -. 19'5 page 845-850.

(1') Salter.'E.U. "Gaurding and ~ Shielding for Dielectric Loss.
Measurements on Short Lengths of UiSh-tension Power Cables."

~
Transactionll of the American Institute of Electrical Engineers.
Vol 48. 1929 pp 1294-1299.

(14) Cotton,lf. "Electrical Technology"(book).
6th Ediction. 1955. pp. xii.

(15) Hollingworth~ O.U."Paper Inaulation in the Electrical
Industry". Proceedings of the Institute of Electrical
En~i~eer,s.Vol~ U3. 1966. pa~e. 92.

(16) Dakin. T.W,"Tho Relation of Capacitance :Increaso with High
, .' , ;.

Voltage to Internal Electric Discharge and Discharging Void
Volume."
American :Institute of Electrical. Engineers. vol 78, part-:III,
-0, pp 190-794 •

•



•

(18) Krasucld .• Z •• Church. II.F., Garton,C.G.
"A New Explanation o£ Gas Evolution in Electrically Strosed
Oil-impregnated Paper Insulation".
Journal or Electrochemical Society Vol 107,No.7, 1960, page-598.

(19) Tareev.B.M.nMate*ial~ Cor Electrical Engilieera" (book) •
111gh School Publ:i.ab1ngHousa.' Hoacow.Cbap-1, "InsulAting
Materials " pp Q 9-29.

(20) (Authors not mentionod).
"Raport. Insulat:i.onPapers Scheduled Cor Cancelled AmE Fall

, , ' ' .

Genernl Meeting." Inaulation,D.c,19S8, pago.'''.
(2t) Korit.ky, Taa,

"El.ectrical Engineering MatcriBIs"(book):
Mir Publiehors,Moacow. 1970 (PhysiC. or Dielectr6ca) Chap-a,
pp 16-101. ChQP- •• ~ (LiQuid Dielectric) pp 114-122.

(22) White head, S."Di.l.ctric Breakdown ot: Solida".
OXCord at the Clarendon Press, 195'. page-171 and 187.

(23) Barstnikas, n."Dioloctric Loas.s in So1.id-Liquid 1nau14tin&
systemsn.-Part-1. A.IEE Transactions on Electrical 1nsu.tion
Vol EI-.5, No.4.Dec 1970, page 113.

(24) Dalsbengh. J.C.,AssaC,A.G •• and Pendleton,W.W.,_Industrial
Engineer~ng Chemistry.,Vo~-33. 19~1 page 1321.

(25) Dal.bangh,J.C.and Qualey, J.L._Industrial Enginoer~ Chemistry
Vol-,l. 1939, page 318.

(26) Dalsbengh.J.C. and Aaa~ A.~. AlEE Transaction,Vol.62,
1943. Page 3U.

(27) Uir.hf'eld C.P., Meyer, and Wyatt-
"Study oC Mechanis. or Cable Deterioration",
~th Progre.s Report, 19'0. P-~~.

(28) Evana.R.N.' and Davenport. J.E.-
Industrial Engine.ring Chemiatry.(Annual Edition)
Vol-9. 1937, page 321.

(29) Piper, J.D.,Fleiger. A.G ••Sm1th.C.C., and Kerstein.N.A.;
Industr1al Engineering Chem1stry,Vol-31,1939, page, 307 •



(30) Birks, J.D. and Ilart, J.(ll:ditora)
Progress in Dielectrics-Vol.1t (book).
Heywood and CO.pWIY, London, 1962
Cll.pi "Conduction and Ilreakdown in liquid Dielectric.,

pp-199-21t8.
(31) Sticber, J. and Tho.as, D.E.F.

Trensactions of the ~erican Institute of Electrical
Engineers, Vol ,B,1939,page 709.

(32) Robinson. D.M."The Breakdown Hecha~ia. of x.preg.nated P.p*r

Cables." lEE Journal,Vol 77,July,193',pllge-90.

(33) Churchcr.n.G.,Dannatt,C. and Dalgl.ieah,J.W.

Journal of: Institute 01: Electrical J::ng.ineers

Vol 67. Peb 1929, PP 2*J 271-290 •

•
•


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173

