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' HIGH-VOLTAGE CABLE 

BACKGROUND OF THE INVENTION 

In the manufacture of electric cables for use at very high 
voltages it is customary to apply the cable insulation in the 
form of paper or plastic tapes which will eventually be satu 
rated with insulating oil. Many layers of tapes are required to 
be wrapped under carefully controlled tension and with 
precise spacing, and the machine for applying the tapes will 
have a hundred and more mounts for pads of tape which are 
rotated around a horizontally advancing cable conductor. The 
conductor must be advanced in a straight line during the tap 
ing operation and, in manufacturing practice, as the number 
of tapes has been increased with the increasing voltage 
requirements of modern cables, the ?oorspace required for 
the taping machine has become excessive. Humidity and dust 
control of the area of the taping machine is necessary and this 
adds to the cost and complexity of tape-insulating equipment 
so that any reduction in length will represent a considerable 
saving in equipment costs. 
The core leaving the taping machine is talten up on a cable 

reel and it has been suggested, as, for example by Thevenon in 
U.S. Pat. No. 2,988,467, to make more than one pass through 
the taping machine, building up the insulating wall in a plurali 
ty of operations and thus making use of a shorter taping 
machine. The means suggested by Thevenon for preventing 
damage to'the core by the extra reeling and unreeling are, 
however, entirely inadequate in terms of the electrical stresses 
encountered by modern cables and the demand for absolute 
freedom from creasing or bunching of the tapes, which would 
occur when the core was unreeled for its second passage 
through the machine prior to impregnation. ‘ 
From time to time it has been suggested, as in Volk U.S. Pat. 

No. 3,090,825, to apply one or more conducting layers within 
the insulation. Horn, in U.S. Pat. No. 2,854,500, has suggested 
that such a conducting layer should be impervious and should 
be over and under laid with semiconducting tapes. These prior 
art constructions are intended to provide a more uniform elec 
trical stress distribution within the cable insulation. Where the 
conducting layer is impervious, however, it interferes with the 
cable impregnation. In no case are the prior art conducting 
layers substantial enough to equalize the temperature as well 
as the voltage distribution in the insulation. ' ' 

SUMMARY. OF THE INVENTION 

l have invented a high-voltage cable comprising a conduc 
tor, a plurality of layers of insulating tape helically wrapped 
around the conductor to form an inner core, and a layer of 
electricity- and heat-conducting armor tape helically wrapped 
around the core. An additional plurality of layers of insulating 
tape are helically wrapped over the armor tape and a shielding 
layer is applied over all. Preferably, my cable comprises layers 
of semiconducting tape helically applied over and under the 
armor tape which, preferably, has a potential half that of the 
conductor when the cable is energized. My cable can com 
prise a plurality of layers of armor tapes spaced at equipoten 
tial steps between the conductor and the outer shielding. 

In the method of manufacturing my cable the length of the 
required taping machine can be reduced by reeling the cable 
core directly after it has been armored and paying the ar 
mored core from the reel into the same or similar taping 
machine. Thus my method will comprise the steps of passing a 
conductor horizontally through a plurality of insulating-tape 
winding heads, thereby building a multilayered wall of insula 
tion around the conductor to form an inner core, passing the 
‘inner core through an armor taping head and therein applying 
a layer of electricity- and heat-conducting protective armor 
tapes. I then take up the armored inner core on a cable reel, 
pass it horizontally from the reel through a plurality of insulat 
ing-tape winding heads, which may be the original heads, 
thereby building up a second multilayered wall of insulation 
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2 
over the armor to form a composite cable core. Then I apply a 
layer of shielding over the composite core and take up the 
shielded core on a cable reel. In preferred embodiments of my 
method semiconducting tapes are applied over and under the 
armor tape and .the shielded core is immersed in insulating oil 
to saturate the layers of insulating tape both over and under 
the armor tape. I 

By means of my invention I have provided a cable of higher 
dielectric strength and temperature uniformity. 
By means of my invention I have provided a cable with great 

structural strength and stability. 
By means of my invention I have provided a reduction in the 

length of taping machine required for a given cable insulation 
thickness. ' 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows a pictorial view of a cable 
tion. ' 

FIG. 2 illustrates the steps in the method of my invention. 
FIG. 3 shows a section of cable comprising another embodi 

ment of my invention. 

made to my inven 

DETAILED DESCRIPTION OF A PREFERRED 
- EMBODIMENT 

Referring to FIG. 1 a cable indicated generally by a numeral 
10 comprises a hollow conductor 11 of copper or aluminum, a 
semiconducting strand shielding 12 comprised, as is usual, of a 
wrapping of carbon black paper tape, and a wall 13. built up of 
a plurality of layers 14-14 of dielectric tapes, helically ap 
plied. The illustrated layers 14 of the cable 10 are paper but it 
is also known to employ plastic tapes such as polyethylene, 
polyester, polycarbonate, polypropylene, polyphenylene-ox 
ide, and polysulfone and my invention includes plastic tapes 
within its scope. Indeed, because of the structural instability of 
plastic tape cables compared to paper cables my invention has 
particular utility for such plastic tape cables in that, as shall be 
shown, it provides a strengthening member in the structure of 
the insulation wall. 
Over the wall 13 there are applied semiconducting layers 

l6, 17 formed from helically applied carbon black paper 
tapes. Over the layer 17 I have applied a plurality of armor 
tapes 21 with-a pitch or lay length exceeding the lay length of 
the other tapes in my cable structure. For the tapes 21 I prefer 
copper, bronze, aluminum, or aluminum alloy of which many 
suitable types are known that combine good electrical and 

- thermal conductivity with high tensile strength. So long, how 
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ever, as the tapes 2] are not magnetic they can be selected 
from‘ a wide range of metals within the scope of my invention. 
It is important to my invention that the tapes 21 should have 
sufficient thickness to provide the necessary structural rigidity 
and heat conductivity and, in general, the armor tapes 21 will 
considerably exceed in thickness, the thickness of the layers 
14. The tapes 21 are applied close to each other, but because 
of their thickness and relative stiffness, compared to paper 
and/or plastic ?lms, they do not form a ?uid tight barrier and 
oil will flow between the adjacent tapes when the cable core is 
impregnated. 
Over the tapes 21 I have applied conventional carbon black 

paper tape layers 22, 23 and over this a large plurality of layers 
27-27 of insulating paper to form a wall 28 having a thickness 
such that, when the cable is energized, the conducting layers 
16, 17, 21, 22, 23 which are equipotential, will have a voltage 
approximately half the difference between the conductor 11 
and the outside surface of the wall 28. This will also approxi 
mate the temperature midpoint of the section through the 
cable insulation, calculation of which can be done by well~ 
known mathematical principles, that will result in a wall 
thickness 28 greater than the wall thickness 13 which is in 
keeping with the established knowledge that the electrical 
stress on the insulation is greater at points in the section closer 
to the conductor. A layer 29 of semiconducting carbon black 
paper is applied over the insulation layer 28 in the usual 
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manner and the cable is completed by an extruded lead sheath 
18. My cable can also comprise a plurality of layers of armor 
tapes spaced at equipotential steps between the conductor and 
its outer shielding as shown in H6. 3. 

A 2,500 Mcm (thousand circular mil) 550 kv pipe-type 
cable core with an insulating wall under the armor tapes hav 
ing a thickness of about 0.62 inch and an insulating wall over 
the armor tapes having a thickness of about 0.86 inches is 
made up by winding 30 layers of 4-mil paper; 48 layers of 5 
mil paper and 40 layers of 6-mil paper over the conductor 
strand shielding and 40 layers of 8-mil followed by 50 layers of 
lolk-ymil paper over the armor and its carbon black paper. The 
armor ‘itself is made up of 43 aluminum strips 40 mils thick 
and 200 mils wide. Two layers of carbon black tape are ap 
plied under and two layers over the armor. 
My novel cable structure has the essential feature of a layer 

of armor tapes within the insulation wall and this feature can 
be applied to high-voltage cables of different known types 
such as oil-?lled cables, solid-type cables, and pipe-type ca 
bles and the conductor ll may be also solid or sector shaped 
within the scope of my invention. 

In the manufacture of my cable it is advantageous to use my 
novel method exempli?ed in FIG. 2 where the conductor 11 is 
being paid from a reel 31 through a long taping machine in 
dicated generally by the numeral 32. The machine 32 com 
prises a large plurality of taping heads 33-33 for applying 
paper tape, all enclosed in a chamber 34 so as to keep the hu 
midity under control and exclude dust. Within the chamber 34 
a ?nal taping apparatus 36 applies the armor tape 21 
whereafter the cable core,‘ designated by the numeral 37 is 
taken up on a reel 38 which, preferably, is also maintained 
under controlled humidity. Thereafter the reel 31 is replaced 
by the reel 38 and the core 37 is passed through the machine 
32. This is possible because the armor tapes 21, due to their 
strength and rigidity, support and protect the insulating wall 
13 and keep the layers 14 from wrinkling or crimping. In the 
absence of the armor 21, however, the demands for perfectly 
smooth tapes in high-voltage cables would preclude any extra 
handling of the core 37 prior to impregnation. For the second 
passage the tapes in the taping heads 33 are replaced with 
paper tapes having a greater thickness so that a cor 
respondingly thicker layer of insulation is built up over the ar 
mor. In this second passage through the machine 32 the head 
36 is not operated but an outer layer of shielding tape vis ap 
plied in a known manner and the cable core taken up on a reel 
39 similar to the reel 38. Thereafter the reel 39 is placed in an 
evacuating and impregnating chamber 41 in the usual manner. 
The illustrated impregnation of the cable core on the reel 39 
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4 
follows standard practice for pipe-type cables but my method 
has application also for cables where a sheath is extruded over 
the core prior to impregnation. In this case the core will be 
paid from the reel 39 into a sheath extrusion machine, or even 
paid into such an extrusion machine directly from the taping 
machine 32 prior to ?nal reeling, within the scope of my in 
vention. 

l have invented a new and useful electrical cable and 
method of which the foregoing description has been exempla 
ry rather than de?nitive and for which I desire an award of 
Letters Patent defined in the following claims. 

I claim: 
1. A high-voltage electric cable for service at 500 kilovolts 

or higher comprising: 
A. a conductor, 
B. a plurality of layers of insulating tape helically wrapped 
around said conductor, to form an inner core, 

C. a layer of electricity and heat conducting structural 
armor tapes helically wrapped close to each other around 
said core, ' 

D. a plurality of layers of insulating tape helically wrapped 
around said armor tapes to_ form a composite core, said 
electncity and heat conducting tapes being free to assume 
the potential determined by the overlaying and underlay 
ing layers of insulating tapes, and 

E. a shielding layer applied over said composite core. 
2. The cable of claim 1 comprising layers of semiconducting 

tape helically wrapped over and under said armor tapes in 
electrical communication therewith. 

3. The cable of claim 1 wherein the potential of said armor 
tape is approximately half the potential of said conductor 
when said cable is energized. 

4. A high-voltage electric cable core comprising: 
A. a conductor, 
B. a plurality of layers of insulating tapes helically wrapped 
around said conductor to form a wall of electrical insula 
non, 

C. a plurality of layers of electricity and heat conducting 
structural armor tapes helically applied close to each 
other at different radial distances within said wall of insu 
lation, and 

D. an overall shielding layer, . 
E. said armor tapes being spaced at approximately 

equipotential steps between said conductor and said 
shielding, and each being free to assume the potential 
determined‘ by the overlaying an underlaying layers of in 
sulating tapes, said cable being energized. 

5. The cable of claim 2 wherein the potential of said armor 
tape is approximately half the potential of said conductor 
when said cable is energized. 


