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PATENT SPECIFICATION (~l) 1315 666 
~- DRAWIN~S ATIACHIID . 
~' (21) AppHaillfun No. 51781/69 (22) Fiierd 22 Oat. ·1969 = (23) Oompldt:e Specffication ftkfd 22 Ck11:. ·1970 
~ (44) Complete Specifimtim ~ 2 May 1973 

. .-( (Sil) I111t:en1altim:al Olusifidalllion HOlB 9/00 
~ ' (Si) Index at ~tance 
~ ·m~ -·~~ ~~c2E2Bl 2E~D2 3E 3M s 

(72) Invcnuors EDWARD HENRY REYNOLDS iand RA)'MOND 
JBFFREYSLAUGHTER 

(54) IMPROVEMENTS IN ELECTRIC CABLES 

(71) We, BRITISH INSULATED 
CALLENDER'S CABLES LIMITED, a 
British Company, of 21 Bloomsbury Street, 
London, W.C.1, do hereby declare the inven-

; · tion, for which we pray that a patent may 
be granted to tis, and :the method by which 
it is to be perfonned, tQ be particularly des­
cribed in and by the following statement: -

This invention relates to insulated electric 
10 power cables having a lami1m.tcd d'ielcctric 

made up from !dielectric tapes impregnate<i 
with an insulating compound:, and more parti­
cufarly it ·relates tJO non-draining cables. 

The <term "non-draining cable" as used 
15 herein refers -to a cable that wbcn'8U!bjccted 

·to :the drainage test specified in Motric 
British Standard 6480 Pan I 1969 exhibits 
a d'rainage within the limit specified' in: Table 
3 of that specification, It includes fully im-· 

20 prcgnatcd cables in which the dicloctric is as 
full of imprcgnant as possible, ·at least the 
surface· layer of the tapes being impregnated 
and the butt spaoes between the turns and 
layers of itape being fiHcd with insulating 

~- t:ompound, the object being to ensure rthat the 
possibility of the existence of voids within 
the dielectric enclosedl by the surrounding di­
electric screen is reduced: ro a minimum, and 
pre-impregnated cables- in which the butt 

.30 spaces are not necessarily filled with ·com­
pound ·but it does not include gas-filled cables, 

· which are the SUlbjecr of co-pending Appli­
cation No. 51782/69 (Serial No. 1,311,866) 
filctd on the eame day as the present appli-

35 cation. . 
It is difficult to C0119truct a non-draining 

cable in which the posmbility Olf migration of 
the compound under all possible working ~ 
ditions, including overload Conditions is 

40 avOidcd sill'Ce such a cable would be inher­
. ently inflexible or the nature of the com­
. pound would be such-that full impreguatiee 
·as defined above . or satisfactory pre. 
impregnation would be unattainable. 

45 The principal object of the present: inven-
tion is to relduce me small amount of migra-
[Priocr 2Sp] . 

tio11 of compound which can take place in 
non-draining cables as a'I: present commercially 
available. · 

In accordance with ithe present invention, 50 
in a non-draining cable having a laminated. 
dielectric impregnated with a non-draining 
insulating compound, at least part of the · · . 
dielectric is built up from a composite mpe -~ 
or :tapes comprising a plastics film bonded . SS . · 
:to a sheet or sheets of fibrous insulating 
material. 

The preferred form of composite tape. con­
sists of a plastics film sandwiched between 
and bonded ro ot.wo layers of fibrous insulat- 60 
ing material. The fibrous material is prefer-
ably paper anx:l the paper layers are prefer-
ably bonded to the plastics film in such a 
way as ito produce a pre-stressed laminate,. 
that is to say by trapping an extruded mol- . 65 
ten web of plastics material, a& it leaves an 
extruder, between two paper sheet'S fmm-
~ng pan · d1 the laminate. 

The paper layers can be loaded with an 
active material of the kind described in the 70 
Omiplete Specification of United ~ingdom 
Patent Specification 1,185,474, that is alu­
minium oxide or another . active metal oxide, 
hydrated meod oxide, hydroxide, ·carbonate 
or basic carbonate that has s0rptive powers 75 
comparable with that of aluminiurii oxide, in 
ord'et to minimise the deterioration in electri-
cal properties due to contamination of the 
impregnant by residues from the plastics· 
material. 80 

The plastics .film is preferably of polyethyl-
ene or polypropylene but alternatively poly­
carbonates, polysulphones, saturated linear 
polyesteris (e.g. polyethylene terephthalate), 
polyphenylene oocide, poly 4-methylpentene-l, SS 
polytet:rafluoroethylene, ethylene-propylene co­
polymers, fluorinated ethylene-propylene co- · 
pelyme-a, ·· polyflnommrrene or ·poiyvinylcar- . , . 
bamle can be used. ~....; · · -· · 

Whatever . the nature of the composite 90 
tape, we· prefer to use paper as the. fibrous 
material and preferably . a -thinner paper than 
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: is nonnally used! for ca:ble insulation, that pootion of plastics material is most . ad.val!-- . 
.... is paper of a lthickncss · not greater than 25 tagcous in the central part of the dielectnc 

.um such as insulaoting quality pure' Kraft where the electrical stress is greatest. It may . 6S 
:·. paper. Coil winding paper ,\laving a. thick- irheMore be desirable to fonn the dielectric · 

. 5 ncss of 20-25 ~un is preferred. from a number of different composite tapes 
Two forms of non-drain-ing cable are at such that irhe proportion of the dielectric ·· 

present in use, namely the mass impregnated that is constituted by plastics material de- . . 
cable (M.I.N.D.) which is a fully impreg- crease6 with increasing distance from the · 70 

1' natcd cable made by impregnating the in- cable conduatot. The number of steps d~ir- . .- . · . 
~- .10 sulating tapes in situ on the cable conduotor ' able will increase with the dielectric wall .. · 
\·. ·· .. wkh a compound which can be rendered liquid ·thickness and therefore with the working v0lt- ; : 

.. f:Jt semi-liquid at an elevated itempetature, . age of the cable. - .. · .. ___ . 
- and the pre.;impregnated type of cable which · Although it wiU umally be preferable at 7S 

is . made by impregnating the paper tapes least at the lower voltages for the whole 
IS in a separate process before lapping them dieleotric to be built up from the composite · 

.on to the cable conductor. tapes specified, it may be advantageous for 
An additional advantage of the present in- pan only of the dielectric to be formed of 

vcntion is that it ds possible ro use compounds such itapes, the .remainder in such cases pre- 80. 
of the kind used in M.I.N.D. cables to manu- fera.bly being formedl of paper :tapes. Thus 

20 facture cables by ithc method normally used · in one example, the dielectric may through- ·· 
_. , for making pre-impregnated non-draining out its length comprise an inner paI'l: of the 

cables. In the modified process, a sufficient composite tape and an outer pa'l't of paper; 
-excess of dte M.I.N.D. compound or of a and in another example the composite tape . SS 
slipper compound (that is a waxy compound may be uti&ed omy in restoring the dielec-

. 25 confer.ring low friction coefficient) can be tric at joints and: terminations. It will usually 
· carried on the surfll'Ces of the pre-impregnated be preferable to use the composite tape in 
. tapes, at least partially to. fill the butt spaces. joints · or terminations whenever all or part 
Sui12ble M.I.N.D. -compounds are described! of the original: dielectric is of the composite 90 · 
in United Kingdom Specifica:tions Nos. tape, but the optimal thicknesses of the plas-

30 581,830; 698,055; 757,395; and 767,836. tim and pa.per layers of the composite tape. 
.. . In non-draining cables of the pie- used in the joints and terminations may dif-

impregnatcld type having stranded conductors, fer from the optimal thicknesses of the · cor- · 
it is normal to fill the or eaclt stranded corr- :responding layers in the cable oWing. to the 95 · 
ducto-r of the cable with an impregnating diffe.renlt stress distribution. 

· 35 compound but in cables of !thi9 type in acmrd;. · In a low voltage joint it may be. desirable 
•. • ance with the present invention, when the · to use a composite tape that has been creped 

whole of the dieleotric is built up from the Ito increase iits elasticity to facilitate applica- · - -· 
oomposi~ tapes rc!ferred to. above, or even tion rro shaped components such as ferrules · _ 100. 
the inner part of 'l:be dielectric only, it is in that may be present in the joint. · 

40 some circumstances possible to omit the fill- . The cable may include a conductor screen 
ing of the straµded conductor since die inner . or a dielectric screen or both formed from 
layers of the composite tape provide a barrier at least one layer of laminated tape similar· 
against migration of the compound from the · .. ito that used to form the whole or· part of lOS. ' 
dielectric into the interstices between the . ·the dielectric suitably metallised and/or_ 

45 strands of the conducror. ; loaded with conductive material. 
Also in noo-draining cables in accordance Although; as indicated, the major advan-

'_Yit:_h the inveinion, instead of U&ing a tight tage obtained by the present invention is the . ' • 
fitting sheath over the dielootric screen it is reduotion in radial migration of compound, 110 
possible t:O use a corrugated ~heath, owing to an additional advantage is that the thickness . · 

SO · the fact that the risk of migration: of the of the dielectric can be considerably reduced. 
· ··· compound into the spaces between the screened The percentage reduction obtained is illus­

cable ~ and sheath is reduced to negligible itrated by the following table which refers to 
propornons. · a 33 kV M.I.N.D. cable having a conductor 1~5 

The plastics film wiH nonnally be swolle-.1 of 0.3 in' (185 mm2) and of the constniction 
SS to some extent by contact with :the impreg- &hown in the accompanying drawing in which 

nating compound, and this &welling is con- Figure 1 is a rut-away elevation and 
trolled in part by the resistance of the paper. Figure 2 is a cross-section of the cable. 
tapes to elongation. This function is of In the drawing 1 i1t a conductor, 2 . and 120 
greatet :importance in outer parts of the di- 4 are semi-conductive screens, 3 the dielec-

60 electric, since inner parts · will be restrained tric, 5 a binder seeming the cores together, 
also by. the overlying rapes of the outer parts. 6 a ·metallic shea~ and 7 ·a proreicnve ptas.; 
On !the other hand the presence of a high pro- tiai oversheath: · .. -

. , ~ .. · 

·'"'"-' ______________ ..... ________ .,.Rlllll~l!ll!ll!ll!IJ!lllllll!!IJll!ll.l!lll .. ~ .. ,_ 
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Insulation wall thickness nun 

Total Laminate Paper 

6.8 0 6.8 . 
6~2 1.4 4.8 

5.6 3.1 2.5 

5.2 5.2 0 

A funher advantage of the cables in accord­
ance with the present invention is 1hat the 
thermal e:\-p:msion coefficient o{ the lapped 

5 composite tape differs less from that of the 
imprcgnanc than docs that of conventional 
paper tape. This means that on heating there 
is less tcndcnc..-y to squeeze out imprcgnant 
from the dielectric. The use of composite tape 

10 thus minimises loss of impregnant by ex­
pansion cocflicient mismatch as well as by 
drainage under gravity. · 

WHAT WE CLAIM IS:-
1. A non-draining cable having a lamin-

1!5 atcd dielectric impregnated with a non­
draining insulating compound in which at 
least pan of 'lhc: dielectric is built up from 
a composite l"npc or tapes comprising a;. plas­
tics film bonded to a sheet or sheets of fibrous 

20 insulnting material. 
2. A non-draining cable having a "laminated 

dielectric impregnated wiith a non-draining 
insulating compound in which a'1: least part 
of the dielectric is built up from a composite 

2S tape or tapes consisting of a plastics film 
sandwiched between and bonded .to two sheets 
of fibrous insulating material. 

3. A non-draining cable having a laminated 
dielectric impregnated with a non-dra·ining 

30 in.<iulntin~ compound in which at least part 
of the dielectric is built up from a composite 

. <ape or tapes comprising a pre-stressed lamin­
ate consisting of a plastics film sandwiched 
between and bonded to two sheets of fibrous 

35 insulating material. 
4. A cable as claimed in: any one of Claims 

1 to 3 in which the said fibrous insulating 
material is paper. 

5. A cables as claimed in Claim 4 in which 
40 the paper is an insulating quality pure Kraft 

paper. 
6. A cable as claimed in Claim 4 or 

Claim S in which at least one paper layer of 
a composite tape is loaded with active alu-

45 minium oxide or with another active metal 
oxide, hydrated. metal ·oxide, 'hydroxide, car­
bonate or basic carbona~ that has sorptive 
powers comparable with that of aluminium 
oxide. 

50 7. A cable as claimed in any one of the 

% reduction on % dielectric 
total wall wall which is 
thickness laminate 

0 0 . 
9 22 

18 55 

24 100 

preceding Claims in which the plastics film is 
of polyethylene or polypropylene. 

8. A cable as claimed in any one: of Claims 
1 to 6 in which the plastics film is of a 
polycarbonate, a polysulphone, a saturated SS 
linear polyester, a polyphcnylcne oxide, poly 
4 - mcthylpentcnc - 1, polytctraftuoroethylene, 
an ethylene-propylene copolymer, a fluorin-
ated ethylene-propylene copolymer, poly-
fluorostyrcne or polyvinylcarbazole. 60 

9. A cable as claimed in any one of the 
preceding Claims including a conductor screen 
or a dielectric screen or both formed from 
at least one layer of laminated tape similar 
to that used ro fonn :the whole or pan of 65 
the dielectric suitably metallised and/or 
loaded with conductive material. 

10. A cable as daimed in any one of the 
preceding Claims in which the dielectric in­
cludC'S at least :two different composite tapes 70 
such that the proportion of the dielectric that 
is constituted by plastics material decreases 
wioth increasing distance from the cable con­
ductor. 

11. A cable as claimed in any one of the 75 
preceding Claims having at lease one strand- --...__ 
ed conductor -in which the composite tape 
const:i'tutcs at least the inner part of 'the 
klielccrric adjacent to the said conductor 
throughout the length of the cable and in 80 
which the interstices of the said conductor are 
free of impregnating compound. 

12. A cable as claimed in any one of the 
preceding Claims having a corrugated sheath. 

13. A cable as claimed in any one of the 85 
. preceding Claims in which the part of the 

dielectric that is constituted by the composite: 
. tape comprises a part of the dielectric that 
has been · restored irr making a joint or ter-
mination. 90 

14. A cable as claimed in Claim 13 for 
low~voltage use in which the composite tape 
in the joint or termination is creped. 

15. A cable substantially as hereinbefore 
described: by way of example with reference 95 
to the accompanying drawings . 

16. A method of making a non-draining 
cable in which at •least part of the dielectric 
is built up !from a composite tape or tapes 
oomprising bonding to_ a plastics film a sheet 100 . 
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Insulation wall thickness mm 

Total Laminate Paper 

6.8 
.. 

0 6.8 : 

' 
.".-:t: .. . 

6~2 1.4 . 4.8 

5.6 3.1 2.5 

5.2 5.2 0 

% reduction on· 
. total wall 

% dielectric 
· wall which is 

thickness laminate 

0 0 
a .. 

9 22 
':-

18 55 

24 100 

A further advantage of the cables -in accord- tpm:eding Claims in which the plastics film is 

ancc with the present invention is ithat the of polyethylene or polypropylene. 

· thc:nnal expansion coefficient of the lapped 8. A cable as claimed in any one of Oaims 

-------

' 5 composite 1£apc differs less from that Of the: 1 to 6 in which the plastics film is of a 

,_ impregnant than docs that of conventional polycarbonate, a polysulphone, a saturated 55 

paper tape. This means that on heating there linear ·polyester, a polyphenylene o~ide, poly 

is less tendency to squeeze out impregnant 4 - mcthylpcntcnc - 1, polytetrafluoroethylcne, 

. 10' 
from the dielectric.. The tise of composite tape an ethylene-propylene copolymer, a fiuorin-

thus minimises loss of impregnant by ex- · · ated ethylene-propylene copolymer, poly-

pansion coefficient mismatch as well as by fluorostyrene or polyvinylcarbazole. 60 

drainage under gravity. 9. A cable as claimed in any one of the 

preceding Claims including a conductor screen 

WHAT WE CLAIM IS : -=- or :a dielectric screen or both fonned. from 

1. A non-draining cable having a lamin- at least one layer of laminated tape similar 

·· 15 atcd dielectric impregnated with a: non- · to that used itO fonn !the whole or part of 65 

" · · draining. insulating compound in which. at the diele:ottifc suitably metallised and/or 

·:· 

20 

25 

30 

35 

40 

45 

lea.c;t pan of the dielectric is builit up from loaded with conductive material. 

a composite tape or tapes comprising a,:. plas- 10. A cable as cl'aimed in any one of the 

tia film bonded to a sheet or sheets of fibrous preceding Oaims in which the dielectric in-

insulating material. cludies at least II.WO different composite tapes 70 

2. A· non1..draining cable having a famina-rcd such that the propo.t'tlon of the dielectric that 

·dielectric impregnated wiith a non-draining is constituted by plastics . material decreases 

insulating compound in which at least part with increasing. distance from the cable con­

of the dielectric is built up from a composite ducror. 75 
-~ tape or tapes consisting of a plastics film 11. A cable: as claimed in any one of the 

sandwiched between and bonded to itWo sheets preceding Claims h~ving at least one strand­

of fibrous insulating material. · · ed conductor fo which the composite tape 

3. A non-draining cable having a laminated consti'tuites at lea.st the inner part of it:he 

diclcotric impregnated with a non-d'mining lclielcctric adjacent to the said conductor 

insulating compound in which at least part: throughout the length of it:he cable and in 80 

of the dielectric is built up from !l composite which the interstices of the said conductor are 

itape or irapcs comprising a pre-stressed Jamin- f.ree of impregnating compound. 

ate consisting· of a plastics film sandwiched 12. A cable as claimed in any one of the 

·between an!d bonded to two sheets of fibrous preceding Claims having a corrugated sheath. 

insulating material. 13. A cable as claimed in any one of the 85 

4. A cable as claimed in any one of Claims ipreceding Claims in which the part of the 

. 1 to 3 in which the said fibrous insulating dielectric that is constituted by the composite 

· material is paper. tape comprises a; pa.rt of the dielectric that 

5. A cables as claimed in Claim 4 in which has been restored! in making a joint or ter-

thc paper is an insulating quality pure Kraft mination~ 90 

papet. · 14. A cable as claimed in Oaim 13 for 

6. A cable as claimed in Oaim 4 or low-vol'tage use in which the composite tape 

Claim S in which at least one paper layer of in the joint or termination is creped. 

a composite tape is loaded With acave alu- 15 .. A cable substantially as hereinbefore 

minium oxide or with another active metal desc.ri'bed by way of example with reference 95 

oxide, hydrated metat oxide, hydroxide, car- to the accompanying drawings. . 

bonate or basic carl>one that has sorptive 16. A method of making a non-draining · 

powers comparable with ·that of aluminium cable in which at •least part of lthe dielectric 

oxide, . . . .. is built up !from a composite tape or tapes 

· 50 · · 1. A cable as ·claimed in any one of the comprising bonding to a plastics film a sheet 
' 

' 
I ' ' ' 

100. 
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, or shcots of .fibrous insulating material, pre­
imprcgnating the. fibrous insulating ma:tcrial 
with a non•drairiing impregnating compoond 
and fonning on the surfaces of tllC tapes a: 

5 , coating of excess non-draining compound. or 
of a slipper compound, and applying the pre­

. :impregnated an~ coated tape directly or in-
>.' diRctly to !the cable oondua:or. , 

,,, · 17. A method as claimed in· Claim 16 in 

which the plast:ICsfttm---is_san'd.wiIDed--be- 10 
tween two sheets of fibrous insulating material 
as it is extruded so as to fonn a:. pre-stressed 
laminate. · 

R. F. TARBOX, 
Agent for ithe Applicants, 

21 Bloomsbury Street, 
London, w.c.2. · 

Printed for Her Majesty'* Stationery Office by the Courier Pres•, Leamington Spa, 1973. Publiahed by the. Patent Office, 25 Southampton Buildings, Lcmdo.n, WC2A JAY, from 
which copies may be obtained. ' . .' .. 
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