.Electrlc power - cabl e i mpr egnat ed with |nsulat|ng |l iquid The present Uﬁ
|nveg;|on is concerned with.electric power cables of the kind- conprising a
conductor provided-with at |east one |ongitudinal conduit and surrounded by
solid layered insulation, the layered insul ation being 5 inpr egna??@#}@ﬁ
and the conduit being filled with an insulation liquid. The invent
particularly concerned with electric cables of this kind mhlch are sui t-able

fgsﬁpndermater use, particularly for laying at great depths. The
' lation liquid used in cables for submarine use should have at |east the
followi ng properties: - its density should be as close as possible to that

-of sea-water so as to prevent or mnimse any difference 15 between the
'-hydrostatic pressure inside and outside the cable which could cause stress
in the arnmouring and the covering sheath of the cable. The greater the
depth at which the cable-is laid, the greater thiss probl em becones; - the

viscosity of the insulation quuid shoul d be such 20 that whatever the
tenperature to which the cable is subjected and whatever the position and
attitude of the cable, the insulation liquid in the conduit should be able
to nove through the cable; - the dielectric loss factor, tgS , of the
I nsul ation 25 l'i quid mhlch affects the efficiency of power transnlsS|on
-2- .
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‘Electric power cable impregnated
with insulating liquid

The present invention is concerned with electric
‘power cables of the kind comprising a conductor provided
with at least one lohgitudihel conduit and surrounded by
solid layered insulatioh, the layered insulation being
5 impregnated with and the conduit being filled with an
insulation liquid. The ihvention is particularly
concerned with electric cables of this kind which are
suitable for underwater use, particularly for laylng
at great depths. o
10 The insulation liquid used in cables for
submarine use should have at least the following
~ properties:
- its density should be as close as poss1b1e to that of
sea-water so as to prevent or minimise any difference
15 between the hydrostatic pressure inside and outside the
cable which could cause stress in the.armouring and the
covering sheath of the cable. The greater the depth at
~ which the cable is laid, the greater this problem becomes;
- the viscosity of the insulation liquid should be such
20 that whatever the temperature to which the cable is
subjected and whatever the position and attitude of the
cable, the insulation liquid in the condult should be
able to move through the cable;
- the dielectric loss factor, tgé‘, of the insulation

25 liquid which affects the efficiency of power transmission,



be | ow and stable over extended periods of tine; - the gaScabsorptlon
adity of the insulation liqui-d, known in this art as "gassing", shoulg
ygod so as to mnimze the risk of breakdowns. There are- very, few ~
ds which have this conbination ofzpropertles and which are, therefore,
sultable for use as insulation liquids® i cables of ‘the kind referred to.
There are even fewer liquids which are suitable for use as insulation

liquids in subpRst"BelPowRhaS stabil g;,grt exite #ﬁégﬁiwt ths, since_

in this usage the density_and dielectric |oss
i nportant. The~dERe| 893nAbsorptien capasd tyoof the dasulation ddmuider so
as to reduce agnbwh £A BRESI Rie hhe"Eaahaak@ql shicH vy

dielectric 15 'ﬁg'qsﬂllact?é i ai as possi bl e so that ﬁ?’bf'ongest
possi bl e | engt g28praech '5e°Fa geakdownsounds whi ch have been used
as insul ati ?n li qui ds 'l‘nosubanél weryl feir 1§ qudldiscwhilch m&lﬂﬂﬁre m ner al
oils and al

| be ich the 0 cont gi.ns om9 to 12
carbon atons, %?éﬁ 83y$geﬁfgﬁgrt$ﬁ ﬂnggﬁgl a5t st b?ﬁ' SHfrunds
apprOX|nate1%;uiguhkblfbn ubosasrtquuladiohunihhadm doeablées vf the | |
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as reqU|red for"submarrne ca e used grea as been -
proposed in Emmeuﬁfhbbatfﬂjeuaélsat insulasiono liguids iz submdrizanes

having al LGANiaBis SPRPER! EreusRHCRALY) nBORERAR WapIRA Ul TpNC 1O

si x al i phatic non-cyclic carbon atons per I nc
1- phenyl - 1- xylsnietmseamenﬁﬂw#s}spmﬁyﬁieﬁpsﬁsﬂﬂ 1°&§ tﬂ!&ﬁ%lh?ﬁ‘?%

liquid in powgaredé€barly important. The density must be as near as
~ possible to that of sea-water so as to reduce as far as
possible the mechanical stress on the cable and dielectric
15 loss factor must be as low aa_possiblé so that the longest
possible lengths of cable can be laid.

The compoﬁnds which have been used as insulation
liquids in submarine electric cables of this kind are
mineral oils and alkylbenzenes in which the alkyl group

20 contains from 9 to 12 carbon atoms, such as decylbenzene.
The properties of these compounds approximate fairly well
to those required, but these compounds are still some way
from providing the optimum combination of properties,
particularly as reqpifed for submarine cables to be used

25 at great depths.

' It has been proposed in European Pateant
Specification 1494 to use certain aryl alkanes having at
least two separate (uncondensed) benzene rings and from

© s e e ..

one to six aliphatic non-cyclic carbon atoms per benzene
30 ring, including i-phenyl-i-xylyl-ethane and mono-isopropyl-
biphenyl, as the insulation liquid in power cables
comprising layered insulqtion.formed of wound polyolefin
tape or'papor/polyolefiﬁ laminate tape.
British Patent Application 2062671A describes the
- 35 use of inter alia 1-pheny1-1-xy1y1-gthane as the

econe par Qﬂﬂarly Nt
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conpri sing layered insulation fornmed of wound polyolefin tape or _
papelspol yolefin lam nate tape. British Patent Application 2062671A (2;)
deséri bes the 35,use of inter alia 1-phenyl-1-xylyl-ethane as the

insulation liquid in power cables conprising |ayered insulation formed of

wound ‘synthetic resin tape; such as pol ypropyl ene tape, alone or a

conbi nati on of such tape and paper Fap%.‘S We have now found that

- the uyse in conbination of paper tape alone to formthe | ayered insulation

and of 1-phenyl-1-xyl.yl -et:hane, and/ or nono-isopropyl -, bi phepyl as .t he |

i nsul at i QIEI) | i éﬁ'ﬁ%%ﬁ)%‘ﬁtﬂ 'b%‘?"?‘ﬁecﬁ’ﬁ iﬁ%%§f*’8ﬁ Sh‘ﬂ‘ 885 cabl es

whi ch are par insullatigm formad tefhwolid symtisetie nesinAtapedi sgcho t he
resent inventi.0 ' r td [ vide | abl e for

Eubrrari ne use?'wﬂ'i“% rl‘gne.s a ?hng%gnﬁcgoggﬁg%ﬁ%igﬁ Fgg?{“%ne

| ongi t udi nal &oPGuiand RARSIH AR and solid | ayered 15 insul ation around

the cohductgr, the Comﬂﬂﬂhﬂﬁﬂﬂﬁkffd&ﬁﬁ*ﬁ%ﬁf‘€ﬁbiﬂ§ﬂ|f%LgHTgiﬂHESoﬂﬂd t he

solid layered insulation being i npregnated therewt

i nsul ati on coRfi PapeF Fenepdanerteform pﬁb%rlﬂﬁpésdaﬁa'?hegrﬁguF&ﬁ on
li-quid consi sbifna -phedlyl-rSiy 131 HHENS knd/ of NBohSLIWbBropgLLEr 1] 3
3 or biyhcnyllas the insulation liquid in a power cable
of the kind ih qnoition provides cables which are parti-
10 cularly suitable for submarine use.
According to the prescﬁt invention, therefore,
there is provided an electric power cable for submarine
use, which comprises an inner conductor having at least .
one langifudinal conduit therethrough, and solid layered
15 insulation around the conductor, the conduit being filled
with an insulation liquid and the solid layered insulation
being inprégnatod therewith, the layered insulation
consisting of layers of wound paper tapes and the insulation

liquid consisting of at least one compound of the formula:

20
- CH
3
COpeXT
o CHy
or : :
25 | =3
\ 3
30 In'orde: that the invention may be more fully

uidirltood, a preferred embodiment of electric power
cable will now be described, by way of example only, with
reference to the single Figure of the accompanying
drawing which is a longitudinal section of a length of

35 the cable. '



36;9 In order that the invention may be nore fully understood, a
f

preferred enmbodi nent of electric power cable will now be described, by X
of exanple only, with reference to the single Figure of the acconpanyi ng
drawi ng which is a longitudinal section of a length of 35 the table. The

¢able shown in the Figure is of conventional construetion and conpri ses,
fromthe outside inwards, an arnourirngel ayer 1, a sheath of el astoneric
material 2, and a tubular netallic She&% 3 which is suitably formed 5 of ,

| ead. Coaxially within the sheath 3, there is |ocated a tubul ar copper N

el ectric conductor 4, tfife SOasEeShoRRN1hNEnGUFT gt eOfis! bF S ortmpnd
the nmetal sheath 3 beln filled by a solid Iayered i nsulation 6 fornmed of a

plurality of wiSRPsH® iﬁ&p@?dt%ﬂﬁpﬁhFBH’ frop the oytaide dnwanday an
i nsul ation I|qwgﬁpdﬂmhgrmiyéﬁr19fathﬁehuhubtfelﬁid%ﬁh@&c4diﬂiﬁfkﬁ

conduit 5 which i f|IIe W t h ane_in uid LS resent
the layered i n&R% @ JfrRe ‘Hﬁe‘“ﬁ%ﬁ&)ﬁﬂdghﬁfiﬁos ﬁ 4‘ gged ﬁyrlﬁprﬁj’q"EPQS
- 4 - the |n5emmtluiu£EJC¢iuiy11# withincthenshaathsil3jglther@iainds of

this fornul a on Wy es oner nula an be yse The
conpounds of for@‘iQ 4 éhb“fir eépSLr iccigi aletdr % Qhe space

between the outside of the conductor 4 and the metal
sheath 3 being filled by a solid layered insulation 6
formed of a plurality of windings of paper tape which is
10 impregnated with the insulation liquid. The interior of
the tubular conductor 4 provides a conduit 5 which is
filled with the same insulation liqhid as is present
in the layered insulation 6.
The compounds of formula I used according to
15 '



are nong- ksopropyl - di phenyl and single conpounds of 5 this formula or - i
nnxLy&es of isonmers of this fornmula can be used. The preferred isoners g

forflula Il are para- and nmeta- nono-isopropyl-di phenyl: M xtures
conprising one or nmore conpounds of forrmula | and one or nore conpounds of
formut-a Il can al so be used. 10 O these conpounds,

nmono-'i sopropyl - di phenyl is preferred asiit has very good resistance to
jei ng in the presence of netals, such as copper and | ead. The follow ng

Tabl e summari ses certain of the chenlcal and physical characteristics of

the conpounds P dmventigmeare ahephenyhdlenylylne thaneaans istngle of the

TSt w dely Ussadi dﬂ&ﬁtdﬁﬁﬂiﬂ%&&ﬁ%c@'ﬁxtﬂg‘é}" 82" 305er s Ue°

Characterlstlc henyl - x et hane no-i so-

propy! - |c%rgottygg@.[eﬂx? cgmpounds of forgude/LI
0.9841 0 aﬁﬁSdHnaui S5 répy 1= &YD: ax r

153 e 03 yé%f§f§205|ta 2 ’13??5 L33p°“nd' °f g3
9.5 Big farmula ax sixtures;of ’aPefErP this formula (. 0003
0. 0003 . Ocemobel usddd [Fhegareférredschers oEDiFormalh e ad@nsity of

o1 “docy! penyoRara-paBt Bt hddo! Sad5fbsyatds bhihy T, SfEHELSL (12 119

comprising one or more compounds of formula I and one

or more compounds of -formula II can also be used.
10 Of these compounds, mono-isopropyl-diphenyl

is preferred as it has very good resistance to agoing

in the presence of metals, such as copper and lead.

The following Table summarises certain of

the chemica} and physical characteristics of the compounds

15 of formulae I and ITI and the same characteristics of the
.most widely used insulation'liquid for cables, decylbenzene.

" Table

‘Characteristic Phenyl-xylyl-ethane | Mono~iso~| Decyl-

20 . _ propyl- benzene
: _ : diphenyl

Densgity at ' '

209C, g/cc 0.9874 - 0.9841 | 0.8613

Flash point - '

%n open cup, - :
25 | € ' 153 _ 155 124

: Viscosity at : _
- 200 C, CPe. . 8.3 . . 9.5 5

Dielectric:

loss factor,
30 _1oo°c S . 040003 0.0003 0.0001 |

It will be seen from the above Table that the
~ density of the compounds of formulae I and II is nearer
to that of sea-water than that of decylbenzene. A
' 35 submarine cable.including_a compound of formulae I or II
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submari ne cabl e including a conpound of fornulae | or T W - ,
g§ efore, be subject to | ess nmechanical stress than one ¢ontaining - gL¥.
i | benzene. It is accordingly possible to reduce the arnouring of a '
cebl e, while obtaining the same safety factor, as conpared-with an 5
ot herwi se simlar cable containing decylbenzene as the insulation |iquid.
At the same time, the dielectric | oss fadtor of the conmpounds of formulae I

and Il is substantially equivalent to that of decyl benzene. 10. QLJ
further advantagf of the caompounds of fornulae.] and Il_is that they ‘have a
hi gh gas absor pf#bhscABEEREPTEy BRasWHIACH R 1Rs2 ueehenhend| skEegn of

safety agai nst than' bfié ebnltheakdtwaec é?ﬁwndszﬂfﬂoaaubaaihg&?d Il
have hi gher 15 fl ash

Qi nt s | benzene, This enab
manuf act uri ng p?858§?28ft9h€4§§& ‘R%)ﬁﬂ?% $f?€d‘aﬁﬁLf€duUB§lfhe ri sk
of fire during ochtaiathgr ¢hel she eafety factdiJM ' cdmpared/witheahric

power cabl e ey (of0) e, | nduct or _hayi ng at
| east one 5 ongis#ggia%gP %ga"\ﬁh %Ie%rle% %%%%%fnﬂ?ﬁ agﬁﬂiﬁ?n?g?gdasngéfat i on
around the cond@nsnlptths ddqudids being filled with an insulation liquid

and the solid layered i njil 3hjeOkame time, the dielectric loss factor
of the compounds of formulae I and II is substantially
eqpivalent to that of decylbenzene.
10 ' A further advantage of the compounds of
formulae I and II is that they have a high gas absorption
capacity so that they provide a substantial margin of
safety against the risk of breakdown.
The compounds of formulae I and II have higher
15 flash points than decylbenzene. This enables the
manufacturing process of the cables to be simplified and
" reduces the risk of fire during manufacture of the cables.




belng |nppegnated therewith, the layered insulation consisting of Iayersé§§25
mou‘g«paper tapes and the |nsulat|on 10 liquid consisting of at |east on

canpound of the formula: [err] [err] 15 [err]

[err] or [err] 20 2. An el ectric cable according to claim1, in which
the i'nsulation liquid is a m xture of. oge @ nore conpounds of formula I
and one or nore conpounds of 25 formula I1. 3. An el ectric cable

ccording to claimi1, substan- tially as herein described with reference to
t i€ acconpanyi ng drawi ng. The text of the specification has been reproduced
by photocopyicaaIMs: applicants original typescript. It may containa few
-amendnments which are difficult to read. The original typescript containing
t hese anmendnents nmay be inspected on the prem ses of the Patent Ofice. *
C L M1t1e S An electric power cable for submarine use, which

comprises an inner conductor having at least one .

5 longitudinal conduit therethrough, and solid layered
insulation around the conductor, the conduit being filled

. with an insulation liquid and the solid layered insulation
being impregnated therewith, the layered insulation
consisting of layers of wound paper tapes and the insulation

10 liquid consisting of at least one compound of the formula:

15 ' 3 3
or cn—fc“3
CHy
20 _
2. An electric cable according to claim 1, in which

the insulation liquid is a-mixture of one or more
compounds of formula I and one or more compounds of
25 formula II. '

3. ~ An electric cable according to claim 1, substan-
tially as herein described with reference to the
accompanying drawing. '
!‘fututotmsponinuum has been reproduced hwphotocowiag tho;ppucﬁ-mm

typescript. It may contain a few assndments which are difficult to read, e original
typescript containing these smendsents may be inspected on the premises of the Patent Office
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