-1- @--FlLLED CABLE The present invention relates to oil-filled cables,
both;nggIe and nmulti-core cables, and nore particularly to the insul ation
of the conductors thereof. - Wth paper insulated oil-filled cables operating
5 at hi‘gh voltages, for exanple at 500 kV and above, forced cooling of the
cable is necessary to reduce dielectric |losses. This requires the provision
of punping stations for carrying out the forced cooling which may not be
con- venient, or even possible, for exanple in the case of 10 | ong

| engt hs of submarine cables where the only suitable | ocations for such
punpi ng stations is on |and at each end of the cable. In order to avoid the
need for forced cooling, it has been proposed to formthe insulation with
tapes of 15 synthetic materials such as plastics filmwhich have a
dielectric loss factor which is |ess thart that of cellu- |ose paper tapes
presently used. But, owing to the diff- erence in the nechani cal )
characteristics between the cellul ose paper .tapes and the pl asti zsj_ f)|31132
tapes it has 20 been inpossible to make an oil-filled cable with insul-
ation formed only by w ndings of pleadu-FIS.LED @ABAMEe. I n fact, besides the
difficulties net in |apping the plastics filmtape, the resulting cables
have an insul ati on devoid of the required transversal softness essenti al
for mech- 25 - anical fl cdisigriasenthiigtyeind ifooumeliageshé&okndwnfddbedscahtee,
the insulation is JQunred fle 4 Wuidingsrel caelilky, !a%em_eaeegat-e@eala;rb?

i nsul ation of cable fornmed only by wndings of plastics filmtape is, In
fact, very conpactt@rid'&otasitiadbddn efadhe conductrescibreesh i nad- 30
mgsi bl e bending stiffnestith Mapeavdnsyledleddiofifli-€dlllieds cabled- operating

5 at high voltages, for example at 500 kV and above,-forced

cooling of the cable is necessary to reduce dielectric
losses. This requires the provision of pumping stations
for carrying out the forced cooling which may not be con-
venient, or even possible, for example in the case of
10 long lengths of submarine cables where the only suitable
locations for such pumping stations is on land at each
end of the cable.
In order to avoid the need for forced cooling, it

has been proposed to form the insulation with tapes of

2

15 synthetic materials such as plastics film which have a

dielectric loss factor which is less than that of cellu-
— ' lose paper tapes presently used. But, owing to the diff-

erence in the mechanical characteristics between the
cellulose paper tapes and the plastics film tapes it has

20 been impossible té make an oil-filled cable with insul-
ation formed only by windings of plastics film tape. In
fact, besides the difficulties met in lapping tﬁe plastics
film tape, the resulting cables have an insulation devoid
of the required transversal softness essential for mech-

25 anical flexibility which is found in the.known cables
where the insulation is formed only by windings of cellu-
lose paper tapes. The insulation of cable formed only
by windings of plastics film tape is, in fact, very
compact and so inflexible as to give the cable an inad-

30 missible bending stiffness. Moreover great difficulties

Y



have been found in inpregnating such a cable with in- sulating fluid oil -
ow ng to'the perneability of the plastic filmtape form ng the insul at'.(’)’l“i‘\\_
Abso, At is observed that the plastics filmtape swells to a greater I
| esser. extent depending on the type of the plastics material used wt
usual insulating oils for cables and thatathe swelling of the tape produces
aJurther increase in the bending stiffness of the insulation and
consequently of the cable. 10 Even if this swelling of the
plastics filmtaphave beey foahtl $6 hsptegiet trasswdr ed gudylle gviltihe int-he
conpact ness of the_insulation.:fo d_. | I | f440 t caused
the cable to havesflggggpgargglgeéglfng%s{,?f#ﬁi%?f%érg%%&lilcézg ﬁg?_‘eﬁ

To avoid this bensilagtici fihmssapeobpening vhe v Hrirsed s udd is

transversal ly corpygat-¢daPtRati €hefl pLakt 2065 DIm todes SWiLNdd drigiewtaes: of
cellulose fibres and_plastics fi

bres, but. these proposal s ve not .met with
success due t@ t hQr'né@éFFVee?ﬂéEﬁ&nﬁEB?“ghﬁga%‘f efrl'F)Pst we mq}ﬁ I}rtl"ri"ess"’élcfgorm;
of tapes and in t hateasalohsedpesthf therusnalaimsuldtaisig osi¥s [fnralcabldse to
the presence of thgql 2hde BHEDELPT1AEVbE! £ {ddehabdlldl la Wlheor m i 1

the cable in correspondence of rrugations o he tapes. . :
It has al so been pnepesse s the bapdingoshibliBgsa hrthmatin vl atdiauiasse
paper and pl ast iC%oUsLeEEhGhQ\%E' ¥f] ehBedabBet this proposal also has

dr awbacks, as the | am nate l.gh 1S _usua congstj.t ut .a fdl f_pl as-
tics material’%andw ched Bgf’v\égntmﬁ P'éf/i#’gn%f')?:eﬂﬂl ei;aes %’dé ; 'éplal[)me%,a&

wrj nkl es at the plianeergf smaildnsof ashtophpeconsideredinesligitlevdhe time

that; for any whatgg $8EnE2USEe OHE OhshiSt CONPPHAMNL & XNl ©TpIAYIIACt S,
for instance in consequence of nolsture or absorlEtlon of oil, due to,.the

different nature &filmh&apgseraupgdpthst Fakle; o hiaye too greatnp e
of such winkl es istiffifpelsap€dropractical use.
15 To avoid this bending stiffness problem it has

" been proposed to use transversally corrugated plastics film
tapes or tapes made with mixtures of cellulose fibres and
plastics fibres, but these proposals have not met wita
success due to the negative mechanical characteristics

20 of these forms of tapes and in the case of tapes of corru-

- gated plastics film also due to the presence of the
large number of cavities filled with oil which form in
the cable in correspondence of the corrugations of the

_ tapes. _ _ '

s 25 It has also been ‘proposed to use tapes formed by
a laminate of cellulose paper and plastics film closely
joined. But this ppopoSal also has drawbacks, as the '
laminate which is usually constituted by a film of plas-
tics material sandwiched between two layers of cellulose

20 paper, wrinkles at the planes of union of the paper and

- plastics film every time that, for any whatsoever cause,
one of the components expands or contracts, for instance
in consequence of moisture or absorption of 0il, due to
the different nature of the paper and plastics film.

35 The presence of such wrinkles in the tapes of



pl astic-cellul ose paper laninate forming the insulation of a cable produces
a‘redy¢tion inits dielectric strength and this rgnders t he use of sych

vé t apes suspect in cables to be used for high voltages. In this

t\=

ion it will be understood that it is very difficult to avoid
t he pr ce of winkles in such |anm rate-+tape in the manufacturing of .
oil-filled cables which involves drying and subsequent inpregnation with an_; -
insulating fluid oil, of the insulation. It will be appreciated 10 t hat
during the dryiﬂba?ﬁiﬁiﬁﬁil%#ﬂﬁﬁaHﬂﬂfiﬁ%ﬁﬂﬁﬁatfafpaﬂlngoﬁbelhnﬁhééunnnn5|ons
of cellul ose papfratdetilé pridiuddsasd ire @I An QFFFBthéEGr&érbB?Eﬁgtgh :
th t her hand Ing. the i eqnat i on pr.oces wel.lin akes ace, I.e.
anei ﬁcr ease of %Igl&e 1Q’lglrréenrselno‘:{ng"grrsof ri‘t%eusﬁl é’éffisé” oﬁrﬁ&r’r-"afg ;“aBﬁF. gu“fﬁ‘é%% t Wo
phenonena are the cxkes dfo hedwised dies ivighheollamigeate Tapebisf cbhgect-

| nsul ati on. s Nor gy ers i sl fddatldedon eEALE 4B SUEY A1pRYhRR! (bhe
reduction in the dj sions, which takes place in the Tellulose paper
conmponent of th%V?%£$ PTRAGRS Ofe "dipkdgSpiscsush famppatepbapeciny
count er bal ancecdctoy neemefptturing ofs @ idf- ftiha edi &aaabanﬁ?%racmnvalt?éspl ?ﬁet In
th | astic co fqit | ami nate in _consequence, of the s i ng a
th?splatt;r suf*érs Jgrhﬁgﬁﬁgauﬁﬁ%edﬁgffﬁﬁa iER fﬁghiﬁgufﬁfFﬁgtfPﬁld oi |

25 UnsBtuid aitlor yp fattheminsulatd obeen Innde 1iobéoappraeibssdl ati on

of a cabl ergu t il AShiGreldnd A5 1RRPBokRls!) LSS URET ErLhEPAPE o
conponent is da so, that the re- duction 1n’the di nensions sutfered Dby it
during the dryi#&?ﬁw%ﬂx&ﬁ?i4§ﬂﬁﬁi&PPfe8fbfeQH§1PﬁerEaBerthﬂFn%nstbﬁs of the,
30 plastic coriEsterd qﬂmﬁdmyn&hefswabltagetP?h;gakgf_pbacehfﬂggygp ﬁgﬁdbruj
subsequent i npr | wi.th t lLasul atin uid oLl . 0 unavoi dabl e
i rrper]gect i ons o¥ tﬁg f)q%aestl?ng’rgg?ﬁﬁgﬁéﬁt %SPC?ﬁs Fgﬁ}gé?ﬁ,él?%?se& #PFe the

presence of i.e. an increase of the dimensions of the plastic compon-

15 ent. These two phenomena are the_cause of undulations
in the laminate tapes of the insulation. Moreover it is
difficult to operate in such a way that the reduction in
the dimensions, which takes place in the cellulose paper
component of the laminate during the drying process, is

20 perfectly counterbalanced by an equal increase of the
dimensions which takes place in the plastic component of
the laminate in consequence of the swelling that this
latter suffers during the impregnation with the insulating
fluid oil. _ _

25 : Unsatisfactory attempté have been made to form the Nt
insulation of a cable with plastic-cellulose paper lamin-
ates where the paper component is damp so that the re-
duction.in the dimensions suffered by it during the drying
process is equalized by the increase of dimensions of the

30 plastic component during the swelling that takes place
through the subsequent impregnation with the insulating
fluid oil. . ' o

Also the unavoidable imperfections of the plastic

component of the laminate, for example the presence of -

35 microscopic bubbles or foreign particles and the like
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35 - mcroscoplc bubbl es or foreign particles and the |ike -4- thereln
that give rise to a.non-uni.formdielectric strength, suggest not to
| am nat es at those portions of the cable insulation where the el ectffi
field is nore intense, i.e. near the sem conductive screen covering
cabl e conductor. The present ‘invention-ajgnms to enable plastics material to
Ps~used in the insulation of an oil-filled cable so as to | ower the
dielectric | osses and the diel- ectric constant whilst avoidi ng or at | east
reducing 10 t hettadoomdon j rich atatgsiored rdwieatlos aasooe uat Edrnhdiehethridhe

i nvention - includgs 1 bl | SL4+ 0 n

whi ch is provided w?lﬂg‘f}? SJééﬁsﬁgr@of%eng\%m qumafntalgré%a%g ?ﬁgggeﬁgg%%ns
layers formed respectheetapke diseiatdiogs ahsasetheapdeshnipl hietesisirares
tape, each |ayer Dotgrses) nig @. Wient RfeOfsenlicbadalctane sapeenwbeveringhe
plastics fil tap has I|ed in a condition in which it has been
swol | en vm'th P nsuf ea‘f?bg ocﬁ o“*‘:tt%e sane specification as that used for -

i npregnating the cabl e. Te present iflvyentivenaies &bsenahdeuddssbieet hod of

manufact - uring %&@@:L:.eaﬁsbéiq;é Q?éied Nnf Reel 33sult %&%ﬁ' 8¢ Qﬁr a9iaphyugerein
the material of the 1E')%lastlcs filmtape is swollen bef ore bei ng bgplled to
e

“the cable in the $3HatTrRDIte HeWers gt 94K lesérdst 1p5SeRear eofiiebry

i mersing a pl asté@&-ﬂ | danst At iwElsat laﬁguajllngofort he 3eaetspedu&ingti on as
that to be u I npre nat.n th Qr .a_tine f | 0 cause
swel I i ng of ?ﬁe p‘f aest r%)s é (Tg“te{;rcg%eterm ngasgﬁﬁﬁﬁf% gir'g ? I;“é;ést sai d
predet er mi ned anount; al‘llhe3(1nvent10n ~eDihbljudegecan ohdufdlied @athldrom

thessurfaces of tﬂﬁ%ﬂﬂéﬁ§6‘¥% ghe conductor which is provided with in-

sulation formed with alternate independent layers formed

respectively from cellulose paper tape and plastics film
15 tape, each layer comprising a winding of at least one
' tape, wherein the plastics film tapé has been applied
in a condition in which it has been swollen with insul-
ating oil of the same specification as that used for
impregngting the cable. _

20 The invention also includes a method of manufact-
uring a cable as defined in the last preceding paragraph,
wherein the material of the plastics film tape is swollen
before being applied to the cable in the formation of .
the insulation thereof by the steps of: -

25 immersing a plastics film in an insulating oil of
the same specification as that to be used for impregnating
the cable for a time sufficient to cause swelling of the
plastics film of a predetermined amount, or at least said
predetermined amount; and

30 ' ~ removing excess insulating oil from the surfaces
of the plastics film. '



The step of renoving excess insulating-.oil fromthe surfaces of t he
pl astjcsNfil mmay conprise washing that filmwth a detergent to renove the

oi | there- after renoving any detergent remaining on the filmb5 .
surf &c ith air jets. The filmmy have the width corresponding to that
of a e plastics filmtape or it may have a width corresponding to a

mul tiple of that of a single plastics filmtape, in which |atter case the
filmis cut into 10 respective single tapes after said step of ‘renoving
excess insulating oil fromthe surfaces Said film Preferably the

i nnernost |ayer or |ayers of said insulation is or are formed from

|1 ul t d ly, the thigkn ft t
T5 171 mtape s groai or TRARCPRoO nf ERAELEEPRERES LR Pl BEEP Bt 15 i n |

adj acent | ayer s thien sarfaceshaf the phastiesnf iy rbeyveﬁxhpm&sierv&tsmd;g an
enbodi ment t her g@fyy \egllﬁhwﬁhgavagtgxggg% Bh PEREPLCLRD 11 vidd difukde

descri bed, reference el ng had t acconpanyi ng drawi ngs, 1 n which:
Figure 1 is a p@rfMCF‘PV‘éVvhswaBY dﬁtergentlreaae g orrighe 3m parts

partially br @e@@megowglaawah_}s sj;gucture Figure 2 is a lateral view
partially in section of | e, of Fj gure

h ure 3 shows to o
| arger scale than Figuré ? glgﬂt i Bfw?h ?n‘gh?}g‘? ?Sff‘H'e e tg'?ﬂf’ -
Figure 4 is a sofemnisinglecplettippafalmstépe cariyimagy hdveveelwidith of a

plastic materi alcoftjrle@p@wdﬁlgt 9039 m&?@“}f@t 6?”&191:'[@@ g@ifglésplastics
film tape, in which latter case the film is cut into .
10 respective single tapes after said step of removing \UJ
excess insulating oil from the surfaces of said film.
Preferably the innermost layer or layers of said
insulation is or are formed from cellulose paper tape.
Also, advantageously, the thickness of the plastics
15 .f11m tape is greater than the thickness of the cellulose
paper tape in adjacent layers. _
In order that the invention may be well understood,
an embodiment thereof, which is given by way of example
only, will now be described, refefence being had to the
20 accompanying drawings, in which:
Figure 1 is a perspective view of an oil-filled
cable length with parts partially broken away to show.its
structure; - . : O\
Figure 2 is a lateral view partially in section ef
25 the cable of Figure 1;
Figure 3 shows to a larger scale than Figure 2 a
detail of the insulation of the cable; and
| Figure 4 is a schematic view of apparatus for
carrying out swelling of a plastic material film prior to
30 application to the cable.

35



VM|Ist Fi-gur.es 1 and 2 show a singl e-core 0|I- filled cable it wll be
appreci ated that the present- in- vention is appllcable to all oil-fille L
cabl es;~\for ex- anple nmulti-core cables and so called "pipe" cables. 5 , + |
As shown in Figures 1 and 2 the illustrated cable conprises a netallic
conductor 1, for instance of copper, forneg hy a plurality of wires 2

sty anded together so as to define a tubular cavity 3 constituting a cable
oi | duct. Around the conductor 1 there is a first semi-con- 10 ducti ve
screen 4 obtai ned by vmruﬁhu}symﬁignne$udthmd papbowt apsinglgpecont| gitar bon
paper tapes, arourng Y 01D B LRBRCTALEANPHELT ¥R SEEEEBNE LheT e
is a solid stratlfle | NSu atlon escrib

her ei nafter, and eﬁﬁﬂﬁ?qqn¥§|iﬁﬂﬂkﬂﬁq%? 5°tﬁéﬁe°1§ filled cabdpg, for ex-

seni -conducti ve sc{mgere Gldwlrr&str@s dall!ﬂefsi ES)H $0Mcat®BdUeHiye"SeaBEss . by
wi ndi ngs of se conductlve er .ta the p aeﬁbousii deCéiged bl
el enents are ehcl osed wi tHi ‘ﬁbtéﬁ §ﬁ@§ﬁﬁ 7, apg; FPahcdU8rrPesa 62°-¢
alum ni- 20 um auhmrisdsE egrisaldd olvicomdactionsdl,afongihbtadcei 6f whopper,
also fills the t“%r@:{%e%wntay p1ur Sl We ng.rte? ?CQ'B!rSn%h E’Hgéthéfl L& Sas

nore general aspects t sul'ati on 5°has omnng structure

entirely constitut%Rl 9gfins aa%%h%k%ﬂ|Q§Vl&V i3ngepetdEntingt ar pabde 0i1

over | a]ppefl | ayers dnmtn:edlA&sbuudemgs:dﬁfdmIolruI1oaaepapii:5 haﬁﬁﬁsanseby vbnd-
ings of p astygs &rda pe ca as _sh Ln Figure
S Seach [ayer §° oG, Sttt goseined BYchphine, Bend epriiei Pe
material filmis smnpqnuﬂkntSyJtynmﬂmlﬂbem@rbpe peparateges; oarohed the
coqtd guous | ayers GAudter S oher ft@{é*%@uﬁxc%n%e@we etzra&nl gaghePPEi g APE

11 of cellulose p The wi ndlngs of pes 9 formn | ayers 8 and the

wi ndi ngs of the ta%e%"]ilf AT ot ingrdaties Srevhach Hﬁbé BcBFEAFALPED

t he usual Constrluin\ﬂbﬂ&ﬂﬂﬂhﬂﬂﬂiﬂﬂfter, and above this insulation § there
15 is a second semi-conductive screen 6 formed as the first

semi-conductive screen, by windings of semi-conductive
paper tapes.
All the pfeviously described elements are enclosed
withih a metal sheath 7, for instance of lead or alumini-
- 20 um, and are impregnated with an insulating fluid oil
which also fills the tubular cavity 3 constituting the
cable oil duct.
In its more general aépects the insulation 5 has
the following structure. It is entirely constituted by
LN 25 a plurality of independent alternate overlapped layers
formed by windings of cellulose paper tapes and by wind-
ings of plastics material film tapes. More specifically,
as shown in Figure 3, each layer 8§ formed by a winding of
at least one tape 9 of plastics material film is surrounded
30 .and therefore separated from the contiguous layers § by
layers 10, formed by a w1nd1ng of at least one tape 11
of cellulose paper.
The windings of tapes 9 forming the layers § and
the windings of the tapes 11 forming the layers 10 are

- 35 made according to the usual constructive technique of



- 7- the cable so as to | eave a space,.or so-called "gap", between adjacent
turns._In this way in the layers 8 there are the gaps 12 and in the |ayers
gf'e are the gaps 13. Al 'these gaps are filled with the insulating 5 .
‘il in the finished cable. In general the thickness S, of the tapes 9
of plastics material filmand the thickness S of the tapes 11 of cellul ose |
paper can be any val ue. However, in the-cZse in which possible collapse 011: W
the tapes 9 of plast- 10 ics naterial have to be avoided in the gaps 13 o
the adj acent | ayd% BP0 PedSoyonltfigifig? SP2E8k| AFoSe-papledt %@rR", it is
preferred that thHetwedc lateesent thensapeIndthisgwent @n thaniipers hg ckness

of the tapes 11. NSt e, i plasti.cs Li r_tapes 15 9,
high crystalini t‘ﬁfﬁ AT Tl gape’ 13, 2na i %E%e%gg%gﬁR?biggﬁrﬁSg‘Fﬁn%i e
the cel |l ul ose p#&aRs tlapes Madv&hgsehgarfesdse ERRledf whthithen ineylat tisgi cs
mra]tteri ?I Eav_g’ nlglfeh;iichalcgqlt rileC thSQiﬁ,Egg},@a L:g)g@g,t_haln 1{5_ wth r;aspteclt to
that of the cellu- ose paper .tapes and a dielectric constant | ower
than at | east 30%vvith%ﬁé@?aﬂotf'ﬁaggbfﬁf’ﬁés_i %er n’é{:‘ﬁdtég??u'? Pose :
tapes, can be. ugdastdrcs matieaiad Fiilm thd ehbothireRhesPl 85t bEsthateiped S
havi ng these chara I Styl r e I I ne as,
312§eeaﬁ§elug3s%p aki?eggmg aRP! YEGLL NORoRlE0 8510 the

pol yet hyl ene an 0 and orirnated plas mat eri al
such as pol yt et rSeudrbetrinhe possibl et geldepral efetpaptrreap@sofilplastis
preferred ti useadshefm dradINGhavie appaéeabodaa%tﬁ ehfreggbbe1gleaitshftée
Corpr | ses. cel | ISR dEVRRT 1 EPBs e pryaspasce) oriulaRtrpteer |
[ERR] ‘and 1 [ ERYaresd Haviisg prefermedbithatytbhe bbﬁv&beﬁss af 10iBe abap@s x 10\/
Emanuel i unit. 9 js greater than the thickness of the tapes 11.
For instance, using as plastics material for tapes
15 9, high crystalinity polythene tapes, fheir thickness S1

is 0.15 mm, while the cellulose paper tapes have a

thicknessISzlof 0.11 mm. _

Any plastics material having a dielectric loss
factor lower than 1/5 with respect to that of the cellu-

20 lose paper tapes and a dielectric constant lower than at
least 30% with respect to that of the impregnated cellu-
lose tapes, can be used for the tapes 9 in the embodiment.

Plastics materials.having these characteristics
are for éxample polyolefines such as polyethylene and

25 the polypropylene, and fluorinated plastics material such ot
as polytetrafluoroethylene. _

For the cellulose paper tapes li, it is preferred
to use those having an apparent density (i.e. the density
referred to the volume occupied by the paper whose struc-

30 ture comprises cellulose fibres and interposed empty
spaces) of between 0.7 gr/cm3 and 1 gr/cm3 and having a
permeability of between 2 x 10° and 2 x_lQS.Emanueli unit.

In the particular embodiment shown in Figures 1
and 2, the innermost layer of the solid stratified insul-

35 ation 5 of the cable, that is the layer adjacent the
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In the parti.cul ar enbodi ment shown in Figures 1 and 2, the innernost |ayer
of the solid stratified insul- .35 ation 5 of the cable, that is the A ay r
adj acent the -8- first screen 4, is formed of cellul ose paper tape; \a‘ﬁgf
as illustrated conprises a plurality of w ndings of paper tape. The

remai nder of the insulation 5 conprises algernate independent |ayers forned
omplastics filmb tape and .cel |l ul ose paper tape. As illustrated these

latter layers conpijse ¥ePEANUS, Ofs HbricPOf Wl uTsehpupeer tapepr and

wi ndi ngs of nore than_one tape, Figure 2 shows three oyerl.a wi_pdi ngs of
cel | ul ose paper téﬁegl}ﬁs'fﬁﬁp?%y%?'g%rd’j%%serﬁ. R afqi"r Jt © er"ﬁl—n@gﬁ ﬁc??ve 10

screen 4, but thepapebetapé.w Thk nusmainden of dper i:mpl(ag!wippi Secomprises .
exanple f1om1 t0,fecFRLclNE,dO0EMILAY Plydile ddiila Frol Bdlaq cal £aghl -

ul ose paper tapes Jjacen ITst sem’conductive screen it is preferable
that their apparehapeepndtgelluliase pamer rargg Ay iddaistradededBeEsety is
of 107 Emanuel i -U@E\%teﬁslﬂf@i«!ﬁs O¢lShyr B QwiddiEnd®lidf Wiy aeiper.i Sttheyomayhe
illustrated oil -fhl | ed cable is that éI S SO'{;d st ratél' - foin%d tié\rg)%ul atFi.%t&ries
formed with alter AQPEVERJIEPBRELRT “WHI1M&Y &t FUrTed Fediectivel'y of
plastics filmtape ahdwsethnteseveebappedpeindings aft aeld udlosst iPePefri | m

tape is applied ig, e%ogqi&ﬁgnlgyeMhégﬁaéénéﬁﬁhé“¥¥}éﬂ“ﬁédﬂld@dd&ckﬁ$ﬁ|ating
oil of the sanme speCi

i cation as that used%%gr_ | rq)regn_atl n%ﬁ; e cable. 25
Anot her - char 46t er BSFEENof >t BBt Pheshpmber ehppipdingsin Ih s may
cel lul ose paper tapapriaeg, fohcaxappleefirém 1 hieo cabl e, a noisture content
whose value is a function of the.a f i i i ]d; e ideiihe
plastics filmtapes on i EﬁFeBhgt F%ﬁgiy)ﬁ?ﬁeoé\é\%}‘% fgyé’w &' Mddm%rsc -
ulose paper tapes adjacent the first semiconductive’

" screen it is preferéble_that their apparent density is
15 0.85 gr‘/cm3 and their perﬁeability is of 107 Emanueli
unit. . .
As previously said, the main characteristic of
the illustrated oil-filled cable is that its 'solid strati-
fied insulation is formed with alternate independent
20 layers formed respectively of plastics film tape and
cellulose paper tape, and that the plastics film tape is

applied in a condition in which it has been swollen with
insulating oil of the same specification as that used
for impregnating the cable.
S 25 - Another characteristic of the illustrated embodi-

ment is that the cellulose paper tapes have, when applied
to the cable, a moisture content whose value is a
function of the amount of swelling which will occur in
the plastics film tapes on impregnation of the cable

30 with insulating oil.

' Owing to the great variability of the types of
cellulose paper tapes which can be used and the great

variability of the types of plastics £film tapes and of

35



30 withinsulating oil. Oning to the great variability of the types of
cel 1/Glqse paper tapes which can be used and the great variability of the
-typﬁs{/ plastics filmtapes and of 35 the inpregnating oils that can be ,
useey—ft is inpossible to give a mathematic expression for the above

indicated function. The relationship betwegn the noisture content of 5 the _
cel l ul ose paper tapes and the swelling degree of the plastic material filmy

t apes can be expethaeimﬁégnsl&néldnﬁrlsa&aiolém\&e 'Ehﬁedr,olﬁtt W Gl Sdib of

t he cellulose papg, Yo sh be. of _such a. va t he, r ductl n

in their t hi c‘lr’< %ss d?ﬂl"%“%ﬁatﬂc e’rﬁ%r%?%’c%%s ‘?’ tg'f aa Yuet ‘8

t he |ncrease in tfekbem. which there will be in the plastics filmtapes

due to the swelling, or Mt#@raM@Aénw%ew@ﬁfghM&mWr& nt of
ce

.inmpregnation of the cab]e.. For exanple ose paper tapes formng
15  the laye?s 18N6eSeLH1RR% iRAPST tAPes the swidiineegrsnph the

moi st ure cont ent pbistighesatéibal 204 by Nhepegéltcaﬂ\/rbé eeilger inasdd Xy fdd M
tapes formng theg * £’ Ss 8f(${]eo‘p£i or to application swollen a maxi num
anmount with in- ating o - 10 - The pre-swelling of the plastics
material film tapes for The noisturercoitente dhydhe @& ldiuldee ipapdnttapes

in the illustrateghs@i®ddest dscKkad L0LOWo UsH NI Mke fHJ AW S &ffeir

A pl astics eri Imtape s conpletely i nmersed
P ”Pé ngcﬂness uring tgg rylgg process is of a value equal

to the increase in thickness which there will be in the
plastics film tapes due to the swelling, or further swell ;
ing, thereof which occurs on impregnation of the cable.
. For example, the cellulose papef tapes forming

15 the layers 10 may be applied in an almost dry condition
having a moisture content not higher than 2% by weight,
while the plastics film tapes forming the layefs 8 are
prior to application swollen a maximum amount with. in-
sulating oil. '




ininsulating fluid oil, which is preferably heated, for exanple to a
tenperature of [ERR], and l.eft .in contact with the insulating fluid oil for

a*pre- established tine related to the anount of swelling 10 that ¥
has been determined is required.. Then, after having renoved the tape f

the oil bath, all the insulating oil existing on the surface of the tape
ivself is removed. The step of renoving the insulating oil fromthe 15
surface of the plastics filmtape can- be,garried out nechanically, for

i nstance by neans of brushes, or chem - cally, through use of a detergent.
In this latter case the nethod al so conprises the steps of renobving excess
insulating oil (that is oil 20 whi ch has not been taken up by the
plastics material) from The puetavedldhgtbe thpepl Ol nbatdrSid NG AROCESS

with a detergent; t areafte LAg. an et ergente repmyi.ni ng on the
surfaces of the tat.% Q'vsvi ?ﬁ) ai%gj g?gﬁgg#ncg?rg?%gi?% os§§ f%@?ufeneiqqsuqatmn 3
above- menti oned 237 thst fAddustrptegosnbpiiment {secatriehpurtatusing thgure
4, - 11 - As FeawewingFsgupe.4, a coil 14 contains a tape 9 of plastics
material, for exanpl lLypr.opyl epe, .t e, used aftfer swelling in the

for mati on of tie I aygr gqégg%cghgalgﬁghfgt Pb?\mSt?)?et?n% WP simmarsed n
Figures 1 and 2. 5 iboinstuletdngf flhédcoil, Ivhithheie preeferatily Iedtidd ed
with a hot insulatingefl dkdmBik. £t505 L83 flpi Ky,

tenperature of [ERR]. th hi !rrl'Bt, he tank 155%§€%ﬁ%réey_tévj\%a¢r’ol+{2&r gleith fairneel y
rotat abl e about thei F°8%@StaNdthotiitcinavlating Eluidimid ffayrma mreot t om of

the 10 tank itself estAbdtishtbetingkrdbatber€oitha dWAINNG 1 ahkll b

previ ded with.inl et oyt | cpndui ts, 18 for .a heating f]| ui Downst r eam
of the tank ?g there%ﬂgtagk ﬁ%s Qeen aetermlned is requi eAr (¥hen,

after having removed the tape from the oil bath,
all the insulating o0il existing on the surface of
the tape itself is removed. _
The step of removing the insulating oil from the
15 surface of the plastics film tape can be carried out
mechanically, for instance by means of brushes, or chemi-
cally, through use of a detergent.
In this latter case the method also comprises the
steps of removing excess insulating oil (that is oil
20 which has not been taken up by the plastics material)
from the surfaces of the tape through a washing process
with a detergent; and thereafter removing any detergent
remaining on the surfaces of the tape with air jets.
For carrying into. effect the above-mentioned

25 method it is possible to.use the apparatus in Figure 4.



tank 19 filled with a detergent liquid, for instance petrol eum et her -and
wi thin the tank 19 there are provided 15 two rollers 20 freely rotatable
alﬁm/_%.t heir axes and nmounted at a set distance fromthe bottomof the tank =«

ItS . Between the tank 15 and the tank 19 there is a return roller 21
f y rotatable about its axis to per-120¢ mt the renoval of the tape 9 _.
fromthe tank 15 and the forwarding of the same into the tank 19. W

Downst ream of t hikstshidwr int Hrguries 4, @oldeddt ilng comitlaid® andalpet @eefi t he
tank 19 and coil fggzéﬂ?é G r WP 7| 5t kI G %@Xﬁ%ﬂrv%rsbgf psed

conpressed air 9 provi di ng ai r(#ets for trace o

det er gent fromtﬁ%t?%ﬁ’@lc’drﬁﬂ@cﬁhe °’t"f?é“t°&hl€’f1§'h P(-YPF‘Ealsl 8f #B&ns,

not 3h0vvn in Flh gﬂﬁlguﬂatﬂxefsrwiew dawd riqrmsiﬁd alt?ad h&h&‘ﬂ@@&'i%tsusl aadonder
to ad- vance_.the_pl astics tape t, a.5peed .of sych a value,3 as to

| eave the polsypr?)g PRIt tf{’ 1?%ctal 4 AT W & Qlkky?{:‘ ‘iil A some
hours, which is whthta rieofSLﬁrfSchatm filori doleidi nifreg mmmmplaefimldl i ng of

the tape. Wen theyd pPEe %d CRAESHEdatiftid o1f486°0°en%rt?ﬁ%5t'h%t Qame 1§ank 15

filled wwth a hot i1nsulating oil,. pass- 35 ing below_the rollers 16 so as
to be entirely iFRRrecre rF"l?le"ﬂ?seLﬂ%t’i%gf’ﬁ%Yd Tatataple phoutotbgirng out
of 12 - the taRés lonasafse ey edt tmsdtoldle;ta&bevwﬂr@hx ehlav &% tioln bift @hkehe

tank 19 fil a. fl det.,er gent.. thetae9passes
bel ow t he r%ﬁ \r%é '556 tdmaul*ntf a"lgtnq-i tm"f’ergl d tehelsd& er gg'ntngfl uid. On
coming 5 out o:ﬁachetthhloli@itimd twith 9inledf mnsl b’e!tdgtCGIOInd@ltlé& a8 fhe

coi |l 22 passes bgtyNegdiAder LEIWT &S Slyrilitr d 4l %ff Y %%‘kl ;%ﬁe\e@ 58 aerm\@

any trace of detergent fEO{ntheteﬁ)e itself. 1the coi | t he tape
treated as indi-t2 nk led with a detergent liquid, for 1nstance

petroleum ether and within the tank 19 there are provided

15 two rollers 20 freely rotatable about their axes and
mounted at a set distance from the bottom of the tank
itself.

Between the tank 15 and the tank 19 there is a
return roller 21 freely rotatable about its axis to per-

20 mit the removal of the tape 9 from the tank 15 and the
forwarding of the same into the tank 19.

Downstream of the tank 19 there is a collecting
coil 22 and between the tank 19 and coil 22 there are
nozzles 23 connected to reservoirs of compressed air for

25 providing air jets for removing any trace of detergent
from the tape 9 coming out of the tank 19.

Motorization means, not shown in Figure 4, are
moreover ihcorporated in the apparatus in order to ad-
vance the plastics film tape 9 at a speed of such a value

30 as to leave the polypropylene film in contact with the
fluid alkylate for some hours, which is the time suffici-
ent for obtaining maximum pre-swelling of the tape.

When the tape 9 leaves the coil 14 it penetrates
into the tank 15 filled with a hot insulating oil, pass-

35 ing below the rollers 16 so as to be entirely immersed

in the insulating fluid oil. The tape 9 coming out of



cated by way of exanple above, is in a maxi numpre- 10 swel I'i ng _
condition. Instead of treating:individual single tapes 9, having a w
equal 1d that determined for the form ation of the |ayers 8 of the

i nsulation, the treatnent could be applied to filmnmaterial of transve
di nrens- 15 lons equal to a multiple of1¥re width of a single tape 9, a
Cw¥ter being provided to obtain fromthe coil .22 of treated filmrolls of

tape 9 of the Teduieed Wil pIbge 4S8y Ok upgep@ﬁi&m%mt A LS S Qker s

of wi ndi ngs of cellul ose paper tapes_and stics fi or the
formati on of a caBF‘é°sGF‘th§f‘l‘af9ffb%ll?‘i’\s‘m‘h‘?|‘bnf36H/3€ﬂ dibe‘terftgeftm-rratlinortmf
winkles in the tapak, 19hi ehei 6apbWaypassés %Mmﬂ&&dlm%ﬂsatzmwl%hformd

with wi ndings of t RE ef ¢ IIquse a | astics f|| nat es cl gsely
joined to one anof %23 it 1 ?)g ‘?Jvfélg ‘? e‘l%eeptbf ‘ancot“ [CAPINE

formed by wi ndi n99u§f ofl &bei tenki I9n tla@etsampw eftbriry bemmwcﬂeayem

of wi ndings of cekhl €561P2pChalBEHOGIELS Sehd é&)..a;; 413 A3 9550
t apes of cellul ose paper- gastlc | m | am nat es reduction
di mensi ons 30 of°ZAde§ap Y’h%?'éd"%“t’ﬁe AT itragR 9’?15‘111*@(!1&%“" tfd‘m hbe

cause the disti nctabapQSsbafe emttmx@kcmﬁls mmdﬂertat;iwrtrtém Qfs dnlggi nate

formed wth them causet euse stlnc.t tape ermts to these
latter to have a € |g ? o%’es sre’dhlaré’tfpr’ﬂ}“mtl?é'er'ornatlon

.35  of |an A&t essweﬂ-ﬂllhswondﬁlﬁ@m n a typ| cal lanminate in which the
plastics filmis di 5posedn9€w@eaf @mams%eﬁ;mm;aﬂm %erta#m els, the
ac

m-ni nrum t hi ckness,that ca i eved i s about and
t herefore the gapg K&De f‘hY’%SV&I 'Eu%“%\]g R ihay detmnmingdvded dbe Berasi ng
separate tapes itatdopoefi bhe 1ayeds a8 ofrithenuimstditdlonjapghe treatment

could be applied to film material of transversal dimens-
15 ions equal to a multiple of the width of a single tape

9, a cutter being providéd to obtain from the coil 22 of

treated film rolls of tape 9 of the required width.

The use of'indepehdent and alternate layers of

windings of cellulose paper tapes and plastics film tapes
20 for the formation of a cable solid stratified insulation

avoids the formation of wrinkles in the tapes, which is

always a risk when the insulation is formed with windings

of tapes of cellulose paper- -plastics film laminates

closely joined to ‘one another.

) 25 ' Moreover, the use of dlstlnct layers formed by
Windings of plastlcs film tapes separated by independent
layers of windings of cellulose paper tapes permits,
with respect to the use of tapes of cellulose paper-
plastic film laminates, a reduction of the dimensions

30 of the gaps filled with 0il in the insulation, both be-
cause the diétinct tapes have a thickness smaller than
those of a laminate formed with them, and because the use
of distinct tapes permits to these latter to have a
thickness smaller than the ones required for the formation

'35_ of laminates. 1In fact, while in a typical laminate in

| which the plastics film is disposed between, and connected

to, two paper layers, the minimum thickness that can be



dlnen5|ons down to 0.06 - O. 08 mm for a winding of 5 plastics film
bet {wo adj acent independent |ayers, each of which is formed by a
if a cellul ose paper. This fact, producing a reduction of the §
of the gaps anong the tapes of a solid stratified in- sulation
filledW th oil produces an increase-of3the 10 dielectric strength, and a_.
| owering of the dj electrlc I s of .the cable and.a | o r|n of. the o
electrophore3|san§§§§ i A5t A °Fﬁsﬂléf|ﬂﬂ 3NF PRFTTRGTSat B g&PRS have

oi | -filled cabl enwist haleryagoadnimehanadabl f Hémehsiony by obiagnsedpasang

al ternate indep ts15 ave:s18f +BaBEEat APSiANHuR! ASh m t ape due

to the erX|b|I?? g%fl%he c? %e ?nsu at?ona orn%g ﬂere% Jig?’hé%lemblllty

is better than ﬁhaﬁnéﬁoﬂﬁedkhﬁwﬁOCSbPés i - OB BR fﬁE Pn§ﬂPﬂ%P6n°fs f or med

by wi ndi ngs sof baagsleg Q@thb@%ﬁeﬁﬁp€&opha§£b8n{|iHHéﬁEhH@ﬁ@ fadets,
~conparable 20 wt gat oil -f.il whi ch the gggid stratlfled

insulation is f&f nV9159 &anPﬁﬂg o?’c%lVﬁPgéggpﬁ ef £& °Ffiis is
because t he frlphpen.coahﬁscfant beredeaibpeal agdustbbncef | thesthpakresand
the plastics ”aB?rkﬁ% ? LOWRLnENRRe! 08 %é'&?'?” ﬁ??ﬁfE€£§9£fP§E“§§” the
above- 25 nentl one Rlna apes Or between papér” tapes

appl ying the playﬂPéSOPlfﬁﬂﬂaﬁewiﬁhaOpiePPQGBF?énanhGFT¢®ﬁeuﬂﬁoﬁh?oIIed or

excessive gpel | gagietiirhe Rkashieh, taaesalnoabﬁlhasafaihendﬂgléagrfable I m
pregnation, and.the congeggent B&EUCtlon hn ca

bjlit
el iad °F nal | 3ooERE P, BRE  5APIFL Antor) LPESELPEBF TapLELBrErRENPESRiS of
the insul ati on heases tihether $hssdatiognditt filveéngcsakd gapsri ngt he cable -

conduct or where the el ggt | Breakghgdhg§bf gﬁféﬁGLeh?t99§Ht¥ec£§9g§§f the o/

ri sk of insul- ation own resul ting from the unavol
|nperfect-_|onsfé?*ﬁhé1BFasF$c9bﬁﬁFE?ﬂaPS1FEn?%ﬁﬁééatananéeﬁéﬂﬁéﬁt

di el ectricigtrengyBrisofhpapebt 8apedahar pdasoitsi rilmde 596! @ue to the
flexibility of the cable insulation formed thereby.
The flexibility is better than that of the known cables

in which the insulation is formed by w1nd1ngs of tapes

of cellulosé paper-plastic film laminate and is comparable
20 with that of oil-filled cables in which the solid stratified

insulation is formed only by windings of cellulose paper

tapes. This is because the frictiﬁn coefficient between

the layers of.cellulose paper and the plastics material

is lower than the friction coefficient between the above-
25 mentioned laminate tapes or between the paper tapes.

By applying the plastics film tape in a pre-
swollen condition uncontrolled or excessive swelling
of the plastics tapes in the insulatioh during cable im-
_pregnation, and the conseQuent reduction in cable

30 flexibility, is avoided.

Finally, the formation with cellulose paper tapes of
the layer of the insulation nearer the first semi-conduct-
ive screen covering the cable conductor where the electric
field has a greater intensity, reduces the risk of insul- -

35 ation breakdown resulting from the unavoidable imperfect-
ions of the plastics material filﬁ tapes, and a better
dielectric strength is thus obtained for an oil-filled

cable.



--14 - CLAIMS: 1. An oil-filled cable having at | east one conductor
which is provided with insulati.on formed with alternate independent | ayer r :
formed respectively fromcellul ose paper tape and plastics filmtape, ea A=
| ayer conprising 5 a winding of at |east one tape, m

fil mtape has been applied in a condition in which it wth
nasul ating oil of the same specification as that use r\ﬂ mmﬂm“mg the
cable. 10 2. "A cable as clained in claimai, vvh € Wnner-* nost

| ayer or layers of said insulation is or_afg forned from cel | ul ose paper
tape. 3. A cable as clained in claim1 or 2, wherein the 15 thickness

of the plastics filmtape is greater than the thickness of the cell ul ose
paper tape in adj aDAEMSI:ayers 4. A nmet hod of manufacturing a cabl e as

clainmed in clalm% wher ej rhg q;‘ eplas&ﬂisfltlmta a r
swol | en before befhg appl 'éa"% aé’ % e o &N °6F Fﬁ'e‘ tctd
i nsul ation thereothbyhthe stepsded wlthmuiqa;lplmfbrmsdf Wiitrhi plgarnate
insul ating oil of 1&%?5%2%@pf%ééscaéd%é‘%-ééﬂtctt&eﬁ‘i ¢38p £8M1ulose

i npregnating the ca a time sufficient to cause swelling of the 25
plastics fil mof RapeRdEIR® itk Piahins Grlmitanesst eaghd 1BV§HeF8F'RFh§EI“g

anmount; and resoVhngiRdLRg Sof Nst!l Pdd g id ddp¥) Whereihf 8aesplbsthiies film
pl astics film 30

cl ai ned .Cl ai.m 4 ereip.said
step of renoving 'é?B%s‘éa?n‘éﬁ?‘étﬂéﬂo? " S g9kt dJ‘sq;ur aéelswgf"\é?he%p ‘astics
filmconprises wabteéngswobled iwitini insulatding gdidt ofo themsamet Kpegifigagion
thereafter renovi pg gAYt dSLEd IEot nfid St A% P tiee cabh@.surfaces with air

jets. 35
10 2, A cable as claimed in claim 1, wherein the inner-
most layer or layers of said insulation is or are formed

from cellulose paper tape.

3. A cable as claimed in claim 1 or 2, wherein the
15 +thickness of the plastics film tape is greater than the
thickness of the cellulose paper tape in adjacent layers.

4. A method of manufacturing a cable as claimed in
claim 1, wherein the material of the plastics film tape
20 is swollen before'being applied to the cable in the form-
\_ ' ation of the insulation thereof by the steps of:
immersing a plastics film in an insulating oil of
the same specification as that to be used for impregnating
the cable for a time sufficient to ceuse swelling of the
25 plastics film of a predetermined amount, or at least said
predetermined amount; and
removing excess insulating 0oil from the surfaces
of the plastics film.
30 3. A method as claimed in claim 4, wherein said step -
of removing excess insulating oil from the surfaces of
the plastics film comprises washing that film with a
detergent to remove the 0il and thereafter removing any

detergent remaining on the film surfaces with air jets.

35



- 15 -_a4. A nethod as clained in claim4 or 5, wherein thé sa-i"d-film

has @ whdth corresponding to that of a sihgle plastics filmtape. 5 7.
A oY as clained in claim4 or 5 wherein the said filmhas a w dth 4
corr nding to a nultiple of that of a single plastics filmtape, and

said filmis cut into respective single tapes af ' I renoving .—.
excess insulating oil fromthe surfaces of said “mwmllﬂ““mm len b
oil-filled cable substantially as herein des- cribedwith"efer&nce to '
Figures 1 to 3 of the acconpanying draw,pgs. 15 9. A et hod of

manuf acturing an oil-filled cable, substaniially as herein described with
reference to the acconpanyi ng draw ngs. 20

6. A method as claimed in claim 4 or 5, wherein the
said film has a width corresponding to that of a single

‘plastics film tape.

5 7. A method as claimed in claim 4 or 5, wherein the
said film has a width corresponding to a multiple of that
of a single plastics film tape, and said film is cut into

respective single tapes after said step of removing excess

[

insulating o0il from the surfaces of said film. . O
10 .
8. An oil-filled cable substantially as herein des-
cribed with reference to Figures 1 to 3 of the accompanying
drawings.
15 9. A method of manufacturing an oil-filled cable,
" substantially as herein described with reference to the
accompanying drawings. ’ '
20



