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Lo Lavrotuciisn,

The system laminated in pariss: oable paper-polyprorylene foll-cadis
paper was investigated on the start. Such a2 insulation is called in En-
glieh FFL - polypropylene laminate. |

The laninar insulating systen papsT-aynthetic fou-paper. is used in
the capecitor and in the cable manufasturing, ia order to improve the

7 constructions appliad 80 far. In the cuss of ineulation of oil-pressure

cables, meds of polyolefines plastic tapes (polyethylene, polypropylens),
there was some troubls with the correct camotic propagation of oil in the
whole. volume of the insuleticn. Dn.urtnx the work of the cable, in spite of
the use of s special technolosy, which made 1t poasible to obtain a sui-
table for the oil damping synthetic foll surface, local drylag of the in-
sulation ocoursd; it could lead consequently to its failure, Therefore,
papar mterlaryara began to be spplied for the proper damping of the insu-
lstion aystem,-

After carrying out mnatiaatim l.u the aysten with laminar insula-
+ion, invaatigations were pearformed in tb! waﬂn containing only the po-
lypropylens foil, Thesa investigations were performed in order to estima-
4e¢ the influence of particular paremsters of the tested insulation eystem
(size of tne gap, height of voltage) on the time to breakdown, and also
indirectly - in order to iavestigate changes in the aham.ical strnctura of
polypropylens, ceused by the action of yurtiﬂ. dim:h:rges.

The system consisted of eable papar-pclgprmhm foil-cable psper of
total thickness of 180 am waa investigated.
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Thnpolyprmimtfhilmnbt-inﬁﬂb}dmtnmm#nwm
ribben. To obtain the PPL, hot foll is extruded directly betweon two rel~

hunwniohw enhhsn.pcrmna. Smk&ﬂu!'bondﬂng' of this three
layers with each otber follows, A uniform insulating material is cbiained
of smaller total thicknees than ths thicknesw n:r'm:muhr coupenente.
Thetintabrnﬂdmn:tmm,-mdb:pnrmmm was &dofined
in the investigeations in-the syetem of plane elsctrodes.: An sixr-gap of
0,5 mu was creabed above the surface eof the investigated sampls. The tan &
measurements, for the unaged samples and for a :pa:t‘t of samples aged by
partial discharges, wers performed with the use of Schering’s bridge, ty-
pe 2801, Ths modification #° the polypropylene structure, caused by the .
influence of dischargzes was followsd by appl:mg the method of infrared

spectrophotocetry, .
The values of time to breakdown of the insulatian paper-fell-paper sy-

stem, sged by pariisl discherges with Irese cccess of sir, are zhowm in
the teble. These values have been deteymined for different levels 0f vole
tage applied to the system, in which other parameters wers conatant,

The time to breskdown was determined for the voliage equal to 33 3,5 §
4 and 5 k¥, The inoception voltage of measurables discharges was agual &t 7
2,0 KV, ' ' .

If we assume, foT the investigated system, the time to breskdown de-
termined at the voltage equal to 3 kV, as the value of 100%, then, am it
was stated, this time is diminished in 5% at the voliage of 3,5 k¥, and
in 22% for 4 kV. The strongeet reduction in this time, as much as €3%,hag
hesn obaerved -ixi the ocsse of ageing of the PPL by partisl discharges-at
the voltage egual to 5 kV. The figure 1 showa the change in the time to
breskdewn of the PFL, according to the changes in the value of the volta-
ge epplied to the tested system,

The determination of the time to breakdown ef the PPL semples aged by
partisl digcharges is e meihod destroying the materisl. That ies why, the
meassuremsnt of the dielectrie loss factor was performed for anaged samp-
les and only for a per% of samples aged by partial dischaxrges. It wae per
formad after 10, 15 and.zo nours of discharge sction, breaking the sgelng
process for the given ssmple, The figure 2 shows the changee in the ten §
value of the PPL during the action of partial discharges vVersus the time
of partial discharges action, When loaking at the relatively great tan &
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walues sven for unaged sexples, it should be kept in aind that the system
s agod and investigated with fres acccu of ‘air, Under true conditions,
(m onbles} ‘this kind of '.‘..nsulatinn. works in the state of saturation with
insu.latiag o:l.]., mmt:l.nx saong other things the absorption of moisture
by the paper.
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Pige2. Tan § aof PFL versus the time of dipcherges action

Unsged samples as wall as this mged by discharges were analysed. On
account of the non~transparency of the cable paper, it was restricted to
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Seking apediXiosrens only of polypropylens foil. Partial dischargss iz the
congidered l!'ﬁﬂl Anfinvenced First of all ths top llvﬂr'ﬂt the cable pe-
Ghnmintbnmhua:tthcpapn, mndhythtucuunotprthl
d:l.qahs.rgu. oould b stated by She unedded eye, even at the slortest age- -
ing time, \Yh.exm, the polypropylens foil,-as the IR analysis hap showmn,
chm:god its chemical structurs snly art:er thl action of discherges during
the period of et leani 20 hours., Howsver, it mmt be emrhasized that in
true insulstion aysteno (in cavlee), the paper layer showe a& much higher
registance to discharges owing to ite insuletion cil, -

Iz spectrograms of samples, for which the longest time to breakddwn
was obtained, it wae found that there was a alight increase in invensity
of tbe band in the range from 1710 to 1730 m“_, i.e. an ineresse in the
carbonyl band; this is the first evidenoe of the fellowing process of the
foil oxidation, ' '

The snalysis of gpectrograns of the polypropylene foili, aged indlrect-
1y by discharges, has shown that apart from changes tesiifying the ini-
tiation of the oxidizing destrwction procese, @ certain increase in in-
tensity of bands, connected with the process of bonding satcromolecules,
fellowed, The ocourrence of this proces ocsk be concluded on the basis of
absorption bands of wave number 1160 - 1130 @', oontiected with the es-
ter groups O-0-C in which the oxygen miom merves as bridge creating the

eonnection betwsan molecules..

3. The investigation of Eartial disecharges

Sgmples c;f polypropylene foil, about 104am thick, were investigated.
Psrtial discharges wers generated in the aireger in the systém of plane
electrodes of the test chamber; figure 3 shows .3 dimgram. Above the top
surface of the foil, o air-gap was made, from 0,2 t0 2 mm in Teguleted -
thickness, Alternating voltage of 50 Hz of velue U from 1 k¥ to 5 kV was
applied to the %op electrode, Pertisl discharges generated in the tested
system were inves-tigateu by means of g meter of the MUY 6 type. The total
Q ch.arge of discharges, appeering iu one peried of a.l‘barna'l:ins valmge,
Mmeam&d. The measurements were-performed in time ‘tP trem 1 to 180 mi
nutes, start_.f:,qg froz the moment 0T appiying the reguired fl;_nt‘k voltage up
to the moment of Beaple breskdown.
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Pig.3. The test cell
1 - alectrodes, 2 - polypropylens foil, 3 -~ air gap "4"

. Por the sssumed air-gmp, at a given measuring veltege, a batch of 5
polypropylens foil samples was investigated, The number of gamples wes
tmus limited, on sccownt of the rather good repsatebility of results -
scotter did not exceed 10% of measured sizes of the charge of partial
digcharges,

Pigure 4 shows the repults of messurements of the total Q charge ver-
sus time of the sction of partiel discharges, ee well as according to
the size of the airwgep sbove the investigated folil sanple.

It was found thsat only in one case, l.e, for d = 0,2 mnm end Up = 2,0
KV, initial incresse in partisl discharges wes observed, and after about
2 mimutes from the moment of applying voltage, intensity of discharges
diminished, until the occurrence of foll breakdewn. In mll the other ca-
ses, the total charge of discharges diminighed together wiith the pmesage
of time,

Indepsndently of the size of the air-gap, it is obvious that, the 1o~
war the test voltage mpplied to the system ip, the smpaller the intensity
of partial dischargees is. Xoreovar, 1t‘was showr that the greatest die-
charges occurred in the chaaber with the d = 0,2 mm gap and then diminia-
hed together with the increase in distance 4 betwsen the invesiigated
£0il and the top electrods, Whea the air-gap was d = 2 mm thick at volte=
ge of about 5 kV, in the xyetem, a breakdowm destraying the foil followed.
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This breakdown was preceded by discharges of ingignificantly small value
of the charge, of the order of scee tens of pico-coulambs. The ncrease
in the thickness of the gap sbove 2 ma oaused that the discharges, gedes
nmmmqm,wmmamammﬂtuunmwnm
of ths applied msasuring systea. mmnnmmmuthmozu
alr-gap, d:l.&uhnmn started at the voltage of 0,8 kV, whereas the bmlu:-
down, producing -ths breakdown of the foil, foliowed at the voltage of
Bp"’ 3 X7. Investigations for this gap, wers performed for a lcng time,at
ths voltages Of 2,0°k¥V {66% Up-)‘, 1,5 XV {508 up) and 1,0 k¥ (33% Up). In
the wrstem with the d = 0,5 mm, the breskdown voltage amounted to 4,0 k¥,
whereas the measuremsnts of partial discharges were mads for voltages of
2,5 k¥, 2,0 kV-and 1,5 k%, . I.... for -:I.l:i.hr proportional paris of Up Y]
umuuutmo,zu;ap. - .

‘The dilchug\tl!n thgytt-nth the d = 1 sm gap were produced at
the voltage of 2,6 kV, wheregs-breakdemn acourrsd at Up = 4,2 kV. The
teet system withstood the measuring voltage equal %o 3 kV {71% Up) for
sha periold not longer than 2 minutes.

On comparing the cotained resulte, it cen be stated thet the investis-
goted pol;prowlmn foil showed a much grester resistance to aliding dise
charges of conisiderabls intensity, developing in the systeam with the d =
0,2 ma, in comparison with the dischargeg of the corons type, produced in
8aps greater in thickness.

The samples of polypropylens foil uﬁdtrmt spectrographic analysis
each time, The cbtained spectrograms ware compared with thome of unaged
polypropylens, The IR investigations showsd that the polypropylens foil
changed its chemical structure only after a fairly iong time of action of
partial discharges, An analogioal ﬂcnﬁanon was abtserved for the FPL ayo—-
tem, but in this case changes in the structure followed at least sfter
10 h of ageing by partial discharges. In the cass of considering the mys-
tes with the fo1) only, already after a dosen or sq mimutes of action of
partial discharges the ccourrence of bloem oo the surface was observed
(more or less intenaive, according te thé height of voltage and sisze of
the gap over the sufece of the sampls), Whereas the polypropylens foil
itgelf, ss the IR analysis showed, changed its chemical structure only
after the action of digcharges, at least during the period of aome teéns
of ainutes. Changes in inténsity of the carbriyl band (of saximum in the
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