Hk GH VC]_TAGE D. C.~ ELECTRI C CABLE The present I nvention rel at es%@%h@%o
el ectric cabl’e having a dielectric which conprises conpound- i npregnat ed
|n%uhat?on tapes which are either fully inpregnated or under pressurized
gas, the cable being 5 for carrying direct current at working voltages
bet ween 200 and 1000 kV. The invention relates particularly but not solely
to submari ne cables for covering | arge di stances underwater (for exanple
over,~100 km}. As is known in the art, a critical condition 10 in a high
voltage (H,V.) cable arises upon the formati on of voids or bubbles in the

i nsul ation during operation of the cable, owing to thermal cycles during
the cooling phase. Htherto, oil-filled (O F) cables, having their

i nsul ating tapes inpregnated with a liquid dielectric of 15 | ow
viscosity, have offered the best protection agai nst bubbl es being formned:
when the tenperature is increased in such cables, the liquid dielectric or
fluid oil expands into conpensation tanks, preferably at a variable
pressure, which are provided at one or both ends of the 20 cable. During
cooling, fluid oil flows back into the cable fromthe tanks. Accordingly,
in the insulation of these O F.- cables, no bubbles can form the OF.
cabl es are independent of any variatioms }mtenperature - or in other words
they are thermally stable. Mrreover, since 25. the fluid oil normally used

has a specific r.av b (-1 se.to_that oé the water, the pressure
i nside the O thgng—é§§EQana4nﬁiﬂ ABLE{ hat of the anbient in which
the cable is laid. The OF. cable therefore does not have any practical

Irnrts as regards t he depggs %;

rasent invention relates to an electric -
cable having a dielectric which comprises compound-
impregnated insulation tapes which are either fully
iﬁpfegnated or undef.pressurized gas, the cable being

5 for carrying direct current at working voltages
between 200 ;pd 1000 kV, The invention relates particularly
but not solely to submarine cables for covering large .
distances underwater {for example over 100 km). _

| As is known in the art, a critical condition

10 in a bigh voltage (H.V.) cable arises upon the formation
of voids or bubbles in the insulation during operation
of the cable, owing to thermal cycles during the cooling
phase. Hitherto, oil-filled (0.F.)} cables, having their
iasulating tapes impfegnated with a 1liquid dielectric of

15 low viscosity, have offered the best protection against
bubbles being formed:. when the temperature is increased
in such cables, the liquid dielectric or fluid oil
expands into compensation tanks, preferably at a variable
pressure, Qgieguare provided at one or both ends of the

20 cable. During cooling, fluid oil flows back inis tho

' cable from the tanks. Accordingly, in the insulation of

these O.F. cables, no bubbles can form: the Q.F. cables
are independent of any variations in temperature - or in
other words they are thermally stable, Moreover, since

25 . the fldld 0il normally used has a specific gravity very




5 whichit may be laid. In the cooling phase the fluid oil nust flowfromi

the end or ends of the cable tovxgrds its mddle. Onng to hydraulic

resi stances and, in part, to the“viscosity of the oil, considerable A
pressure drops are 10 generated al ong the cable Iength. It will be
appreci ated that these pressure drops will be in.proportion to the |ength
of the OF. cable itself. - Hence in the case of very long cables, for - -:

pr eventilngearty dxtﬁeissaﬁ‘/eﬂptesstuﬁe,rebscpmmndwlmﬁmechbaeodﬁm ng the ™ !

Coollneaaliaeses' ijpl':koxiéa SEQ&X%t@o' RERIAST t&eef%@teﬁeswe of the

fluid oil. however, eed pressure cann e I ncreased

i ndef | Wpa&hy | ihamcfath?e? gprkaife Fhe Pabl-c vl adheneBorecaPes imtation |
as t0 hit MARA! N forpiéal cA1S18AERS ba Be G Es othbYa£pPhesat20 there

has been proposed t he use of cabl es having paper tapes pre-inpregnated W|th
%o Hdt 5% R%-18idrating in a pressurized gas atnosphere. In -

part | cuI ar, these mgues ckoDAg ggblg@ aa»_rrte mﬁ(gv.eiltmetcab.lo%) corrp(rjl se';
paper e- | ed wit nd, | sposed 2 L pressurized gas
at mosphé&rE %re a?ﬁ')l %"‘?8 ?I,)Qlégt ﬁé@“ﬁﬁ%"a‘?ﬂf@% i‘;t?ﬁt ’?’1$ﬁg§e cables with ;
pressuo'mlem das }wck'mliappeepsitaheefaoradtfe.yiing paryetd dvpths; - they  °

cannot eséoagifquatoiﬁo{ﬁggﬂ]g éU&;%xﬁ%%%isee m{sgcgrﬁggdlarrl .ons 30 theyi-

woul d- not™ be over enever “t ernal“water pressure :
edfeedg e gindkrakengathpr es’s&pelemlbabliet owlfbl kel kapreciBtsal i ence . has

shown haly, tHdde apfépt&rﬂaatagsawmt Ydaly %so;E’6P§ y{,,etodep,tehs of over I’

250 neters cannot “be exceeded Mor eover, of the C over type
bubbl edength of the O.F. cable 1tself Hence in the case of

very long cables, for'prevénting any excess1ve pressure
reduction within the cable during the cooling phase it

15 is necessary to increase the feed-pressuré of the fluid
0ii. Clearly however, this feed pieasure cannot be
increased indefinitely, end therefore the O.F. cable
has some praciical 1imitation as to its length,

[ .

For great dzstances to be cavered by cables, _ f%
20 there has been proposed the use of cables having paper . E
tapes pre-impregnated'with a eompound-{hat is non- ?
migratihg in a pressurized.gas atmosphere. In particular,
these cables (known in the art as Glover type cables)
comprise paper pre-impregnated with compound, &nd disposed
25 in a pressurized gas atﬁcsphefe - for eXample'N
14 and 15 atm. o
These cables with pressurized gas are not
sppropriate for laying at great depths: - they camnot be
laid at working pressure, because under such conditions
30 they would not be flexible., Moreover, whenever the

X between

o — e §

external water pressure exceeds the internal gas pressure, ]

the cable could collapse. Experience has shown that,
with a cable having an internal gas pressure, depths of
over 250 meters cannot be exceeded,

35 Moreover, in a cablc of the Clover type, bubbles
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can be forrred duri*ng the cabl e manuf acturg _in the gaps between adjacent
turns of ¢ tﬁéﬁlnsulatlng t apes. The tapeS ¥npregnated i n conpound, -when
woursd* and stretched -tightly over the cable, squeeze out the conpound and
the 5 issuing conpound just partially fills the gaps between the tapes -
| eaving smal |- cavities. This is not critical for alternating current

(a.e-) where theadi dter ifisymieh diripgt thei akbieavront ascdve® pligcetlae gaps

f undtion of t he ydisgleR6t rd e &9&?%3{%51-82 bfethasihabhatn rg*gv%e e 10

d.c. cables, it is known that 1 otentral distri utlo nsupon
resistivityl an&%l’é@r%lm%e'éab% BEFEBBﬁdad}"E@é‘nt"Oﬁm%§!!ﬁ gipetched .

i nsul ating tapes jWHid RIeSeNEnE00sh 8! th@eéh%k%uftOH:tﬁJ el hidha déﬁ&h%@e
I h fact, th% resistivity of the_ -voids or bubbles bein ractlcal
infinite, tHere s aF‘?’Yi&%‘F“Qe@I“@FaEPﬁﬁFaMVCﬁ‘illéa\/gtlve BapE B \}'/r‘[ﬁ%Féd

wth the gradi erthd Ratp davoill Te ot DegeBe1EX caviith elshe wiwra@rndhecbﬂbbhea
were filled with.the d.nsulatin ound, Cabkes,t hat-- t;T,.;nct on, wel | fop_
o)

lbng 20  di stadc®s kPRt ﬁ?ggfnaeﬁ?h§ Dar B I % puticn of " --
i Tpr egnat ed and:icdaahﬁlfaehtmaanthtekbbeplacel lawlmri\mciaimmltbfptheal

cross-secti on. d‘g@eﬁn@cﬁajgéeé ?tQQn QE‘V% %”3,{ \ﬁ%ttai al ”Hctwé’wy"%ﬁé ther

t he Iongltudlnal sense radi sense.
cycl es, 25130 t hah areehiles; n&t—elﬁh@m éks&nsf-if@ns’wfem r%ﬁoﬁhub#ophe

i nsul ati ng CO”pQR&ganJQ g%&élﬂs@x&-@i?a' aREC B 6 W Yh & NgapBabbBGeaRd

consequent t her mals.- radi expansi on of 'the cqonpound, there is an increase

in internal pre@‘?—?gﬁrﬁ‘ﬁﬁnﬁ hef c&Be H&S&ﬁd‘té%é‘(ﬁﬁﬁﬁ Yol depresent

contraction, t h&&&idé#&meahekgssui»e ened4eazdiNtdistarge! al DnpoRBES
reachi ng an absog ute vacupym , At t gg orm.in the

0i n voi dg .can f
conpound, and in he reriptieity pf, FVB ggkggwﬁéﬁﬁi being practicelly

15 1nf1n1te, there arises a localized gradient which is very
high compared with the gradient that would otherwise exist
if the volume of the bubbles were filled with the
insulating compound.

Cables that can function well for long

20 distanhes gnd also at great depths, are fully compound-
impregnated and lead sheathed, with either.a circular or
en elliptical cross-section. These cables do not have
any substantisl-flow of oil in the longitudinal sense,
but only %im the radial sense. During the thermal cycles,

25 there are alternate thermal expansions and contractions of
the insulating compound; for a given externél'pressure,
during the heating and consequent thermal radial expansicn
of the ¢tompound, there is an incresse in internal pressure,
During'the cooling and cansequent.thermal contraction, the

30 internal pressure reduces until at certain points reaching
an absolute vacuum. At these points, voids can form in
the compound, and in d.c. cabies electridal breakdown of
the insulation ¢an occur. D.c. cables fully compound-
impregnated, were used in the past for'vgltages below 200

35 kV and usually around about 100 kV. Howeﬁer, the working
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the insulation can occur. D.c. -cables ful ly conpobtfid- inpregnated, were
used in the past for voltages beIQM@ZQO 35 kV and usuaIIy around about
ORI et e T ROT R g R O =g e e Il Ao (4 0 i
i ncreased. Wth the increases of the morklng voltages t here has been a
gr adual adaptatlon of the insulation to neet the |ncreased stresses,
i nvol vi.ng_k reaS|n e insulatio t hi ckness .and e pl oyi ng conpounds
- havi ng i nf® @ﬁﬁﬁuéﬁ $Tﬁg EﬁgiﬁftgFW§U&ﬁf 94#@ it eeBf IPRreasee o
-occur r encwiah drm:tinméabéeakdoms m&}ﬁ:@&t&ltﬂéeéhetﬁakeCWses has not
been - been f nd L mept t hat wher eas
in a sanple%% %F? e? a?ﬁgufafea Q% (ﬁ%é%ﬁgg? ?8 ﬁgFéd%%ﬁ | ul ose
paper. andiMQNQEfQﬁt#ﬁtkaess.oinQO&wnnu«anqn&nﬂinksthargesuda¢dmmed at an
applied t [ %g Wi th the sane
Il cih okl 108 Obo2898hel Bblbdifiad Hadidle SimbRBLE

|nsulat|on . ss”.of "1 ectrica r eéakdown occurred
with a teéﬁﬁ%}QRﬂnSmﬁheraeﬁPylaﬁéGPo600 [err] instead of the expected 800

KV. This phenomenon cgq Bgiger bl ahed Withe tmmgaeeoarofegwtqgm ch

becone verified to a greater extent and wWith nore serious effects
accordlngqﬁ? et er290” r&ﬁﬁﬁﬁt°5fﬁﬂﬁﬁﬂﬁﬂuFY%¥6FveE&5aﬁettMQﬁqrmweases
thg possi b:l'b:cﬁz]fal}téﬁ brm&dewsataraagbrﬁ&pqa%& wpnéﬁgu?meegtl Itrl;ﬁa(t

su ine_.fu regnat e is laid at, a s i ent _dep say over
120 A, t A&S é”)&%srr‘??fj HradTRofe® g g “fo ﬁ?@qv%t"‘e‘? ‘ég?\‘r: %Hsﬁl tted through
the 25 mqmgnunﬁfim@tégnatbheceaﬂhada;tﬁupemsmhathaﬂ;nkhusqmuakﬁﬁsmg )
the above Janenqmenaes Bul rs HRACRE WBRLSIghs (RLodEPLESa0  abPapAl Uy 120 M the

effect of th extb rna
testing voltage of about 400 kV, for &8 d.c. cable with

the same insulation but of & thickness of 18 mm, electrical

15 breakdown occurred with a testing voltage of only sbout
600 kY instead of the expected 800 kV.

This phenomenon can be.correlated with the
formation of voids which become verified to a greater
extent and with more serious effects, according to a greater

20 aMOunt of ccmpound involved, and this increases the
'possxbzlzty of breakdowns taking place a&s a‘consequence.

If a sﬁbbarine, fully-impregnated cable 1is

laid at a sufficient depth (say over 120 m), the external
-pressure'due to the water can be transmitted through the

25 piastiqs sheath of the cable to the insulation, thus
preventing the above phenomena. But, unfortunately, for
depths of less than 120 m, the effect of the eXternal'
pressure is insufficient, and any good reeults with high
voltage fully-impregnated d.c. cablea of considerable

30 length, are purely by chanca.. .

‘We have now dev1sed a high voltage d.c. cable,

particularly but not exq1u51ve1y for long distances
"unﬂerwater, giving good performance even vhen not aided
by the pressure of the water in which it is laxd.
35 ' - In accordance with the present invention, there




pressure is insufficient, and any good results with high voltage

fully- |npreghated d.c. cables of considerable 30 | ength, are purely by
change.® W have now devi sed a high vol tage g.c. cable, particularly but not
excl usi vely for lang di stances underwater, giving good performance even
when not aided by the pressure of the water in which it islaid 35

I n: accordance with the present .inventian, the;e s s provided an electric
cable for carryln direct,current. at_a,worki Ita t.ween. 200, and_100
[err], conpr|3|ndwﬂPq%%ﬁ§e n@P cBhaatT e, © hﬂ- °F'seﬁry Léh?%%tsﬁ?ﬁgﬁng

a. dielectric corglr iesiwmgrkheg ovolrbagel hgtweenl 208 laOSOPRPN ; | esubaiElgg
tapes wound hel | C@é%ﬂ?”{k&’ Sé‘bﬂd{lEQgL Sey is NQUGEdaE. SGIREN ADD

i npregnated with 1 npregnan an ou sém -conductive screen di'sposed
around the diel ecteteenangl ézﬁ%satréne&pnprm:dxa mReRmmeraciayeny af

| east one subst ancey KON 8 NhAPePOL AELIRRYRF &Qpémdna e BHE £ 1 PPELERARE
at the operating tenperature foreseen a, sufficiently Iom/re5|st|V|ty and

at least 100 ti At d GiRper napmingaengpcddiveé BEMaAD I DATRT EEpaLFdshaftas

to exercise an elsfgFéepdhy, SEhEEENERT s eilREndUL Ve @RS &al d1¥9b9§dor
bubbl es formed in said,i odénents

i nvention will noﬁf%"é“‘aen%r’ ggaEeB§YMy S Yiisik i 0% By g8t e?"@?ﬁﬁéé‘ant
t-o t he acconpanyiirgeXidiifigoat Leawhki ehe quﬂﬁhﬁbéEbdhf%&miﬁﬁlpoldregwﬁhpa

L enath of T4y IBERIRL Py oy BBk Rt ot the gperELIMES Zgfbcbtare
dlagran1wh|ch|Ilfnt¢agen¢ihaff1czently low resistivity tand at least 100 &

times lower than that of seaid cgllulose paper tapes)} such

éih;o.éxerczﬂe an electrically screening effect on any °

_gfentual voids or bubbles formed in said zmpreénant.
Embodiments of this invention will now be
described, by way of examples only, with reference to the
accompanying drawings, in which:

- Figure 1 is a schematic view of a length of

rully-xmpregnate& d.c. cable;

15

20 Figure 2 is a schematic view of a length of

gas pressurized d.c. cable; .
Figure 3 is a d;agr&m which illustrates the

resistivity-with-temperature variations of certain

impregnants relative to that of the paper; and

25 Figure L is a diagram te illustrate the
discharge intensity in a test cable impregnated with an
impregnant according to the invention, with respect to the.
electrical discharge intensity in a test cable impregnated
ﬁith an jimpregnant previously known in the art.

30 Figure 1 shows a cable for carrying d.c.
(direct current), comprising a conductor 10 which is
provided with an inner semi-conductive screen 11 formed
for example by winding a semi-conductivé tape around the
conduétdr 10. Over the semi-conductive screen 11, there

35 is provided a dielectric comprising one or more layers of




Tesistivity-wth- terrperature varlatlog of certain inpregnants relative to
that of the paper; and 25 Figure 4 is a diagramto |Ilustrate
the discharge intensity in a test cable inpregnated with an inpregnant ** ¢
according to the invention, with respect to the. electrical discharge
intensity in a test cable inpregnated with an.inpregnant previously known
in the art.c8flulose paper'iﬂﬁﬁlﬁfiﬂgsﬂﬂﬁﬁ azcabh&dwnexﬁﬁdyiﬁg d.c

dir ect cicf . d £l
ner sen - SSRGS, FOF asr ey B e ErSaRiRgl FUsP WA ae e ™"

sem - conducsubetaape.around t he conductor 10. Over the sem conductlve

screen 11, there 35 | In;qi?)a?zdlg;egw %ECQ,[}DE,_ J%.fg

| ayers of ceIIquse paper tape wound y E\ ound t he
screen 41 ah@si apr egﬁ&maéﬂm#-wwﬂﬁmtiﬁ’at angesabéaan@e Provetdedeatdyer or

layers of ipaykabbld @ ike, Wor kO EE, aeWoun@ Qi Vo ELEE w3 1S

provi ded and this may conp rise, for exanpl e a wound _sem - conductive tape.

The cabl e eFEHEntsTTG-E?@%%a%%ﬁﬂ?ﬁ%ﬂ %Prﬁﬁnaﬁel@Q&@ﬂﬁﬁﬁrFﬁﬁbln fhe latter
nay . be COVelEddV\fahI%thpriﬂlt ectm@ i@t«eér whiChel Solidrhar J@a\ﬂml n the art or
10 el se di ct g artlcul umst gces I n the e shown in
Figure 1, tﬁ€° §%é 95? Edebg gFﬁﬁﬁ(iPrﬁ ?gngv%rsheath
15. V\emaveeauepﬁmm@eﬁ ftgumhﬁtmulérl swa&sﬂsb;la&dﬁs.ob\aﬁtehéhe ri sks -
gg;lecei %nx?;cé’a’%} or Ies |n Lﬁ%u ? ?heg?rﬁgrrr%%l csycﬁaehd{ff g%ngg?’g%rg:?‘ngl;he’
t he |npregnhmtapn&mmﬁ&iqn*nrnneﬁminelayea&hpeﬁatures
: ¥We have surpr;sing 1y found that it is possible
teo obviate the risks posed by voids or bubbles in the
15 impregnant,_whether-formed during the cable manufacture
br &as a result of the thermal cycles during service, if
the impfégnant presente et the operéting temperatures
foreseen, a sufficiently low resistivity which is _
| mainteined constant throughout the working life. We
20 have found that an impregnant with these characteristics
is able to screen electrically any eventual voids or |
bubbies therein. We have found experimentally that, for
aéhie?ing an effsctive screening effect, it is necessary -
for the iwpregnant to have a resistivity at least 100
25 times lower than that of the cellulose paper insulating
tapes which it impregnates. Preferably but not
exclusively, the resistivity will be about 1000 times -
lower than that of the paper tepes. An appropriate '
impregnant can be obtained by addzng to the hydrocarbon
30 o0il, which is commonly used for jimpregnating electrical
cables, at least one substance'(usually organic)
cortainzng one or more polar Eroups. A defznitlon of
what ‘is meant by & Ysubstance containing polar b.oups"
: ~ dis"to be found in Samuel Glasstone's 'TRATTATO DI
36 CHIMICA-FISICA' from the American Edition - page 114-115




foreseen, a sufficiently lowresistivity which is maintai ned constant

t hroughqut the working life. W 20 have found that an inpregnant with

t hese®*’characteristics is able to screen-el®ctrically any eventual voids or
bubbl es therein. W have found experinentall'y that, for achieving an
effective screening effect, it is necessary for the inpregnant to have a.
resistivity at |east 100 25 times | ower than that- of-the cell-ul ose paper

i nswt ating tapeéfweaehuklwp{ Wﬁ%tﬁﬁf@f@%y bftcapioeiaskawem' y, the
resistivity will be about 1000 times | ower paper. tapes.

An appropri ate Edbteygaant (Ezp l?é-S(?ot'Iéﬁ’#étP‘By %ﬂoﬁ’ms%eaihﬁhﬁ?élﬁé@é{rl?dh 30

oi I, which is csmekyemse@tfowe | I Eonad I¥h e1 966 " {BabmehheS e @b .l,east
one substance (usuall ani c) cont al ning one or nore. polar groups. A

definition of whgpdep P &% 107409 <bst ance contai ning pol ar groups is

to be foundsin Samuel Ciassm@n@thﬁmyﬂayﬂixix Bopre hdhik ClohpPiGAs FhaBous
t he Arreri can Edi_‘t iLon -

................ yafoeaxBBh olh 1n rie nrongRtien P8.oF, AAsrL: 590 PARISP Y
Carl o Manfredi EODtbysweli§he ol sionphoogrbook afidpbysi onl mEhrenmosgapnity Sanuel

‘d asstone, 2nd Fﬁhébggdp@%n(t'\ﬁw TTF# %ﬂ@groﬁﬂdgﬁlh Qge%&%l]x]ycﬁc) arid

One exanpl e of | npr egnant co I"ses Vi ocarbon ol
proportion or aBrPBRst 6@ P4t tamgunt 190 ¥y bHei bﬁtpef‘tﬁnpre@gﬂ@rﬂ barhd*%irﬂa""(f)r

nore organige CORROWRES 3! G:?ﬁtéﬂrfblrf’lg. pOi@raQ&;%'PénS'ﬂGhtﬁ%s%aftb@()&ldﬁ aci d
groups , in an anount to 40 parts per 100 by weight 10 of the

i npregnant. | nCRERPEEHT & (?ff Hase #Wﬁ&?h“%@nﬁﬁhéﬁt §ubf5*1aﬂ’éﬁ5rrrﬁaé};r?d¥ﬂ°
other substancepeC@iedles®, for example for controlling the viscesity of

the impregnant, in proportions up to about 15% of the
total weight of the two main components.

15 : - In particular, a preferred iwmpregnant

| composition which has given excellent results, comprises
63 -parts by weight. of & hydrocarbon oil havipg an index
of viscosity 75 and a viscosity at 38°C of 800 cSt., 27
parts by weight of an organic composition consisting o

20 essentially of a matural resin.with an sbietic acid
base, mnd 10 parts by weight of microcrystalline wax having
a melting point of 103o - 10700. This particular impregﬁant
composition has prbved'itself-to be particularly efféétive
not only for the cable shown in Figure 1, but also for

25 the cable shown in Figure 2. The cable shown in Figure
2 has a conductor 16 covered by an inner screen 17 and
a dielectric vhich comprises cellulose paper insﬁlating
tapes 18 wound helically around the screen 17. An outer
soreen 19 covers the layer of insulating tapes 18, The

30 ceable elements 16-19 are enclosed by a metel sheath
20, - fbr example a corruga{ed'éluhinium sheath. As
shown, the sheath may be covered by one or mare protective
sheaths 21. The insulating tapes of the cable in Figure
2 are iwmpregnated with the impregnant under gas pressure -

.35 | for example Nz up to ?5'atm. In Figure 3, there is shown




be present, for exanple for controlling the viscosity of the inpregnant, in
proportions up to about 15% of the total weight of the two nai n conponents.
15 . In particular, a prefer$ed i mpr egnant conposi ti on whi ch® =
-has given excellent results, conprises 63-parts by wei ght of..a hydrocarbon

oil having an index of viscosity 7.5 and a viscosity at [err], of Boo

cSt., 27 parts by weight of an organic conposition consisting 20

‘essentially at eaba&hhahdﬁ¥ﬁﬂldht&faﬂhabrekleta&ﬂi#ﬁﬂﬁftﬁﬁmhéﬁréghhﬁtbﬁyﬁ
wei ght of m crocr stakllne 3?§ihaV|Q%ta neltl O'Q} ggrr] Thi s
oar Ui cul ar | Afr SghRRE teSHh S 14 TP HELF By ety 831 (2 P ’b%ﬁ? PHr Iy

ef fective nowiohl § etuprertatewrcalf etlstonesi atEvgtye ok, ﬂhﬁ maperfor 25 t he

cabl e shown .gur . ble shown in Figure 2 bas a conductor 16
‘covered by a% Eﬁggagé%ggnh fﬁgnd a dielectric which conprises cellul ose
paper inSul ating tapes -Bridbpreferied igpueenaat fasgieen ¥¥ryAn outer

screen 19 CO%QEEs&Q%Hd%#”ré%?i£§“% QQedtﬁﬁ%% Q%e -prigudP %ngble

el enents 16-19 are encl 6sed a neta sheat ffor exa

corrugat ed afk¥hifieuviesridne) A@n%’hﬂd Pﬁe"?ﬁem B'EI%CE?eﬁ By Josador
more prot ect pyavsbeaiing &dd J&&nd»ﬂwlaaleag(tzw o) tdved RRl-éngnaFi gure 2

) T s SRsiE LRL S l SBln Ll S B, SR 81 o
t he resustlviwpanddﬁnartﬁmgmant as a func n of erature and at (b)
&PShV?EIaglon W iz%égd pr fﬁ?ﬁL regna Wﬁw grv ggigéggregnated
satlsfactorydiesmang@mnpamakaw@hulhebpﬂp@dc@tﬂlﬁ;atm as a functlon

of the applied voltage gradient E (XV/mm) for voids in

test cables impregnated with the respective iwmpregnants:

15 even up to a gradient three times greater than that |
at vﬁich discharges occur in the cable impregnated with the
ILO3, no discharges occur in the cable impregnated with )
the preferred impregnant in accordance with the invention.... ...

~ (curve a). _ ' '

20 .- Other preferred impregnants are those con-
stituted by -~ apart from a hydrocarbon oil having a
viscosity at 38° of about BOD ¢St. - also one of the
following organic acids, in proportions up to 10% by
weight: _ . _

25 oleic acid, linolic acid,'recinoleic acid,
paelwitic acid, stearic acid,vﬁriousnaphthenic acids and
various terpenic acids. -

Other impregnant compositions which-may.be
used in accordance with the invention comprise, for

30 example, viscous hydrocarbon o0ils to which have been
edded salts of organic acids having a good solubility in

the hydrocarbons. " An exawmple of an impregnant composition

of this type comprises a hydrocarbon oil having a
viscosity at_38°€ of about 600 ¢St in the proportion of
35. 95 or more parts by weight per 10D parts by weight of




(white vasel ine) supplied by the company WTO (U.S. A.) and previously and
commonl y. used (curve d) and having a resistivity close to and above that of
t he: pdper which it 10 i npregnates (curve c) Figure 4 . intensity
el ectrical discharges in pico-Coulonb(pO-at 14 atmas a function of the
applied voltage gradient E (KV/mm) for voids in test cables inpregnated
wth the respective inpregnants: 15 even up to a gradient three tine;
greéafer than that at which discharges occur in the cable inpregnated with

the 1LO3, no ischargeg ocgc rcion t he ca It}é ng){e\g/ggt erq V“},Qnﬁch% prteof erred
i npregnant i n-aecoFdaRce &FEh SORE ST RERT O LLT vet ST 29 P

QO her preferrgdpanpereypares ghts t hose con- stituted by - apart-froma

hydr ocarbon oil havi ng i i t JoIlig Q TN one of
the foll ow ng organic agf'élg’%?ﬁ_t o%oorff%'omrfg'tﬁ%bt:g 1 &Bg%@ﬁ&ﬁt If%%S

‘oleic acid, |vpslin AbedinvesiticreicompriBedpat Mydroaertonseddri—c acid,

variousnapbt hgpbf a6l @3 =304 LR WISt E PN LoRs | fRamPi BRI, bkfRr @FRANT
conposi tions which nmay be used in accordance with the invention conprise,
for 30  exanPFeRO¥PsEoHD MG CHHH B8 RO 8RCRRTe BOEFDaSPEY SIS

of organi c achd¢ehayiRInate@ i Wididyrimiébe PyHepCRRPRRS +HAMAXDVPS £
R ol e L U
nore parts bycosdghtipanyl@d fardms 5 wig@mﬁSIEHENSQ- For de't:ermining
- 10 the aquecus extract and for measuring its conductivity,
reference is made to the ASTM D 202-62T method. The
conductivity of the aqueous extract of the paper can be
defined as a measure of the amount of electrolytes which
are soluble in warm water and which are found in the
15  paper. |
While we have specifically described certain
types of impregnants, bylway of example only, the
invention extends to all types of impregnants which provide
the deéiréd characteristics, either for use with fully
20 impregnated caﬁles or for cebles having an external

pressure.




[ nd copper naphthenate in an anount up to 5 parts by, weight.

Anot 1 ' ghant conposition for use in the invention conprises a
hydr Hm“ﬂ ““ such as desc_ri?&d_i n the previous exanples, and ohé -
or

conpownds cbdntai ni ng pol ar groups, which conpounds have ori gi nat ed
~fromthe cellul ose paper tapes thenselves, when said tapes are of an
~agueous extract having a conductivity of from50 to 200 SI EMENS. For e
determ ning 10 the aqueous extract and for neasuring its conductivity,
ref erenceCl-AIMfde to the ASTM D 202- 62T net hod:” The conductivity of the
aqueous extract of the paper can be defined as a neasure of the amount of

el ectrolytes which are soluble in warmwater and whiich are found in the 15
paper. Witke we havéTsFGTrche | abtecFPheFarEPEdIS 45588t of i npregnants,

by way of carxgepite adnlay wdeing\eoltapecetndern @00 lady pesoOf kv pregnant s
whi ch provide the desi r§$I characteri s&i Ci, either, for use with fully 20

i mpr egnat SGTREBIEESE A Y re D T S0P RY CARTax & TR £8Tt 6. CLAIMS 1.
An el ect r condabitd vieorscxaresy] g di edettricr enmpati minwrdmagorombage bet ween

200 and 1 g errle. Conpf.j-Si ast . sondyctor.: Lpner seni -
conduct i vgg grLger?!f é:e?éjf%:%?i'%é%%ﬁp?%g?‘%%tg‘%% oucra-p gre& ay‘grs of cellulose
paper insteatesdlyapenwndimehd| ivarry semdetdrehictiveescsenn- sodductive
Screen a“@meE%%&&%&?Q@Mﬁ*&&ﬁ?é&ﬂgﬁ@E’a%Pd%%é? SEH] < EORAUERE VG Screen
di sposed around the dielectri'c, and a netal R
screen disposed around the dielectiric, and a metal
sheath, said impregnant including at least one substance
conteining poler groups to iwmpart to said impregnant at
the operating temperature foreseen a sufficiently low
resistivity {and at least 100 times lower than that of
said cellulose paper iapes) such as to exercise an
electri;aily'screening effect op any eventual voids or
bubbles formwed in said impregneant.

2, An electric cable according te Claim 1, in
which said iﬁpregn&nt has a resistivity suﬁstantially
1000 times lpwer than that of sgaid cellulosé paper
tapes. ' |

3. " An electric cable according to Claim 1 or 2,
in which said substance containing polar groups is an
organic substance, |

Wb An electric cable according to Claim 3, in
which the polar groups comprise carboxyl groups, and
wherein the impregnant comprises up to L0 parts of
said substance{s) and at least 60 parts of a viscous

hydrocarbon oil, per 100 parts by weight or lmpregmant.



sheath, sai d inpregnant including at |east one substance containi ng pol ar
groups to ihpart to said inpregnant at the operating tenpérature foreseen a
suffdcPently low resistivity (and at |east, 100 tinmes f
said cellul ose paper tapes) such as t o exer Cise an elmmw“ﬂu"ymlgml ng
effect on any eventual voids or bubhles fornmed in said | apregnants. 4.
An electric cable according to aim1, in which said inpregnant has a
resistivity substantially 1000 tines |ower than that of said cellul ose.
paper tapes. R '~ AnAsg| ederitsicaldledlaccorainding BhaCheid 38, 2nin

W ch sai d subsizp aj, i ol QHS 4 ggg:i C t a -

-An electric cable&§c§8$g[%gh?%iglg?nf F’ln @ﬁ?éﬁqFﬁ% po aFéggguggggghprise
~ carboxyl groupdPoRngbintie acide PR afishtimrirgsnant cpmppigespabostof

sai d SUbStaUC%_§)ﬂaﬁdsa§e|Q@ikb@ooﬁ‘arat hydr e M B&HPUSL DY pRagbon oi |, per
100 parts by welg t gr | ppr.egnant . - 11- 5, _oAn el gctrl c cable
according to (YLRPRPBItYniRAREnoEa7d Sshirecamistantt 38 6 aft PR oSdsin
based upon abi2?igartsi By wedghdi ¢fi HH L PIHUNLONPIDLSEEn8BQURNES 102 as-the
wei ght of a hy. ro‘garbg o%l W t.h a visc si]%t\éi ndex olfk 7% and vi §§Q5|ty at
[err] of 800 c¥.%¢2¥ ga? § b HRECTIRTIST e T gAY P 3UbBE aflcB S *aid =10
parts by wei ghpobhtacfii ¢05- ctpsti87 Cne prarx TCVipwrtis Nyt wagghAtpeoitnt of
[-err], per 1OQiQ§;g§ngxtweight of i npregnant. '

6. An electric cable according to Claim 1 or 2,
in which said impregnant comprises a hydrocarbon oil
having a viscosity at 3B°C of 600 cSt. in the prbportion
of 95 parts by weight or more, and copper naphthenate in
~an amount up to 5 parts by weight, per 100 paris by
weigﬁt of impregnant.

7. An electric cable according to .Claim 1 or 2,
in which said impregnant comprises a hydrocarbon o0il
having a viscosity at 38°C from 600 to 800cSt. and at
least one substance containing polar groups, said
substance origin#ting from the cellulese paper tapes
which present an agueocus extract having a conductivity
from 50 to 209}0 SIEMENS.

8. An electric cable according to Claim 3, in
which said ofganig substance is anorganic acid, and
the impregnant comprises up to 10 parﬁs by weight of
the acid per 100 parts of impregnant, the iwmpregnant also

comprising a hydrocardbon oil having a viscosity at 38°C
of 800 c¢St.




6. An_electric cable according to.Claiml or 2,.in which, said
i mpregnant conprises a hydrocarbon oil having a viscosity at [err] of . QOO :

cSt of 95 pagbs_by weight or nore, and copper
naphtumﬂﬂﬁllﬂmﬂmuuﬂtnt up to 5hparts by wei ght, per 100 parts by wei ght
of |rrpreg‘ha 7. An el ectric cable according to Claiml or 2, in E
. Which said inpregnant conprises a hydrocarbon oil ‘having a viscosity at 33“%&,;
C fro? 600 to 800csSt._ and g Iggi one supstance’ cont ai gl ng pol ar groups, ™.
sai d Substance orYi HEEFHE:Fr GAPERe 3CAT e T fet®1®pBs WwRich present an
agueowhiet radld avgagi @ sopdutii vwitiey of a0 to [err] SIEMENS. 8.
An electric [err] according to Claim3, in which said organic substance is
.anorgani ¢ acid, and the inpregnant- conprises up to 10 parts by wei ght -of
the adiOd per 100 fpareteotrinprepianmcadmifinpregnany pksoeddmy icliangs a

hydr ogay R | Y1 NLSCOSI & f An
el ect (rir o gg't??{e saccoré;?mgot o3 %r mxgae I \}@\%ﬁo %ﬁg%ﬁéﬁ%?ggﬁr'c acidis oleic
acid. 10. An el ectric cable according to any preceding claim in

whi ch y558i d conpouygl efeatﬁﬁé BYba dautUBIP £11Y las hereinn €l ectric
cabl e substantr al | erei n descri bed wrth ref erence to Figure 1 or

Fi gur & {%nﬁﬁﬁﬁrﬁﬁcﬁrm figgure 1 or Figure 2 of the

ac comp anyzng drawings.




