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CABLE NSULATED WITH PAPER 
This application is a division of may application Ser. No. 

711,582, filed Mar. 8, 1968, and entitled "Paper for Cable In 
sulation and Cables so Insulated', now U.S. Pat. No. 
3,598,691. 
The present invention relates to an improved type of paper 

suitable for insulating high tension electric cables. More par 
ticularly, it relates to paper tape which is helically wrapped 
about a conductor and thereafter impregnated, and to the 
cable so insulated. 
The present trend to transmit electric energy at ever in 

creasing voltages - over 500 KV - has created a need for 
power cables adequately insulated for this purpose. One of the 
main problems which is encountered in the manufacture of a 
very high voltage cables is the selection of the material to be 
used for their electric insulation. A good cable insulator must 
primarily possess: (a) a high dielectric strength (in order to 
withstand high electric gradients and, therefore, enable cables 
to be fabricated with reasonable radial dimensions); and (b) a 
low dielectric loss factor (in order to maintain within tolerable 
limits the power losses in the dielectric which, the loss factor 
being constant, increase proportionally with the square of the 
voltage). 

In the case of paper which is to be impregnated, the paper 
must possess certain additional physical characteristics. For 
instance, the impermeability of the paper must not be so great 
as to prevent its becoming completely impregnated by the 
usual impregnating fluids, such as mineral oils, synthetic fluids 
or their mixtures. As used herein, the expression "impermea 
bility of the paper' refers to the paper's resistance to the 
passage of liquid or gaseous fluids. It is a quantity that can be 
measured and represented in terms of Emanueli Units (E.U.). 
In addition to its impermeability the paper must possess suffi 
cient mechanical strength and the like to permit its application 
to the conductor by modern wrapping machinery. 
To provide insulation that can withstand higher electrical 

gradients, one might consider the use of thinner papers, 
thereby employing the known property of such papers that its 
dielectric strength increases with decreased thickness, all 
other factors remaining constant. Unfortunately, in order to 
obtain an appreciable increase in the dielectric strength the 
paper would have to be made too thin and too weak struc 
turally for satisfactory handling by the wrapping equipment. 
A suggested solution to avoid the foregoing disadvantage is 

described in French Pat. No. 1,404,209. As described therein, 
thin paper is used and the elementary sheets are joined 
together at fixed points. In this way it is possible to reach a 
total thickness value nearly equal to that of the normally used 
papers, and at the same time to impart to the resultant paper 
mechanical characteristics sufficient to ensure a correct 
wrapping operation. A paper of this type, however, besides 
requiring a complicated manufacturing process, does not 
solve the problem of reducing the dielectric loss factor since it 
is not affected by the variation of the paper thickness. 
To obtain high electrical gradients, a further possible solu 

tion would be to exploit the fact that the dielectric strength of 
paper varies in proportion to its impermeability; however, this 
solution also has limits in its practical application. A paper 
having very high impermeability would have, in fact, so high a 
dielectric loss factor, that its employment for very high voltage 
cables would be impossible from a practical standpoint. 
Moreover, such paper, on account of its considerably high im 
permeability, could not be totally impregnated when wrapped 
on the cable conductor in a compact manner. 
An object of the present invention is to provide insulating 

papers for use in very high voltage electric cables having con 
siderable dielectric strength, equal to or higher than that of 
paper normally used for the insulation of electric cables, and a 
substantially lower dielectric loss factor. 

In accordance with the present invention there is provided a 
paper for insulating high tension electric cables comprising a 
plurality of layers whose individual physical characteristics fall 
into one or the other of two categories, there being at least one 
layer in each category, the first category being distinguished 
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2 
by an apparent density less than that of the second with a max 
imum value of 0.7 grams per cubic centimeter, the second 
category being distinguished by an impermeability greater 
than that of the first and equal to at least 10x10" Emanueli 
Units, the ratio of the total thickness of the layers in the 
second category to the total thickness of the layers in the first 
category being no higher than 11:1. 
Although satisfactory results are obtained with the limits 

recited above, it is preferable that the low density of the first 
category not exceed 0.6 grams per cubic centimeter, that the 
impermeability of the second category be no lower than 
50X10' E.U., and that the mentioned ratio be no higher than 
1:2. 
As used herein, the term "density" as it applies to the paper 

means the apparent density, namely, that obtained by dividing 
the mass of a given paper volume by the volume itself, thereby 
taking into account the air gaps between the cellulose fibers. 

Better values of the dielectric loss factor are obtained by 
gradually decreasing the density of the paper constituting the 
low density layers in the first category and by lowering the 
ratio between the total thickness of the high impermeability 
layers in the second category and that of the low density 
layers. Very good results are obtained with density values 
about 0.5 g/cm and thickness ratios lower than 1:3. 
As mentioned above, in the manufacture of very high volt 

age cables it is necessary to employ insulating paper having a 
dielectric loss factor as low as possible while high values of 
dielectric strength are required. The paper according to the 
present invention is admirably suited to this purpose since it 
can be produced with very high values of dielectric strength 
without exceeding the dielectric loss factor values of conven 
tional papers used for the insulation of very high voltage elec 
tric cables. This result is obtained by imparting to the high im 
permeability layers extremely high impermeability values, 
over 200 x 10' E.U. and preferably over 500 x 10' E.U. 

In spite of its being characterized by values of dielectric 
strength analogous to those of the very high impermeability 
paper, the paper according to the invention can be easily im 
pregnated when it is tightly wrapped on the conductor. To 
facilitate impregnation it is sufficient to impart to the low den 
sity layers in the first category an impermeability value lower 
than 1x10' E.U. and preferably lower than 0.5x10' E.U. 
The papers according to the invention may be constituted 

by two layers, namely, one high impermeability layer in the 
second category and one low density layer in the first catego 
ry. Alternatively, it may have three layers, namely, one low 
density layer sandwiched between two high impermeability 
layers. With the two-layer type it is advantageous to dispose 
the paper in such a way that the layer having high dielectric 
strength is directed towards the conductor. The use of paper 
constituted by three layers is advantageous when still better 
performance is required with respect to the electric gradient 
which can be withstood when the papers are wrapped on the 
cable. In the latter case, the sum of the thickness of the two 
high impermeability layers is equal or approximately equal to 
the thickness of the single high impermeability layer used in 
the paper constituted by two layers. A further advantage of 
the three-layer paper is its symmetry which facilitates the 
wrapping operations. 

Finally, it is advisable to wrap the paper which is in the form 
of tape on the conductor in helical fashion with the pitch suffi 
ciently greater than the width of the tape to leave a gap 
between adjacent turns. 
The invention will be better understood after reading the 

following detailed description of the presently preferred em 
bodiments thereof with reference to the appended drawings in 
which: 

FIG. 1 is a sectional view through a paper constructed in ac 
cordance with the invention; 

FIG. 2 is a view similar to FIG, 1 showing a modification of 
the paper therein; 

FIG. 3 is a view in longitudinal half section of a conductor 
wrapped with the paper of FIG. 1; and 
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FIG. 4 is a view in longitudinal half section of a conductor 
wrapped with the paper of FIG. 2. 
Turning now to the drawings, the same reference numerals 

are used throughout to designate the same or similar parts. A 
two layer paper is shown in FIG. 1. The high impermeability 
layer is designated 10 and the low density layer is designated 
11. The letters t and T indicate the thickness of the layers 10 
and 11, respectively. Similarly, a three-layer paper is illus 
trated in FIG. 2...having a high impermeability layer 10 on each 
face of the low density layer 11. 
Actual tests have demonstrated that the paper in ac 

cordance with the invention has: (a) a dielectric strength very 
near to that of a homogeneous paper having an equal total 
thickness and an impermeability equal to that of the high im 
permeability layer; (b) dielectric losses practically equal to 
those of a homogeneous paper having an equal thickness and a 
density equal to that of the low density layer; and (c) an im 
pregnation capacity equal to what it would have if it were con 
stituted by the low density layer only. It is believed that theim 
pregnation capacity is affected by the disposition of the paper 
layers in the winding on the conductor. In particular, referring 
to the arrangement of FIG. 3 in which the paper is helically 
wrapped on a conductor 12 with an interval or gap 13 between 
the turns, the path of the impregnant during the impregnating 
process is that indicated by the arrows 14. This path, in the 
low density layers 11, follows in part a longitudinal direction 
and in part a perpendicular direction with respect to said 
layers. In the longitudinal direction, the paper, which can be 
easily impregnated per se, offers very little resistance to the 
passage of the impregnant. This is due to the fact that the cel 
lulose fibers constituting the paper lie for the most part paral 
lel to the cable conductor and create, therefore, longitudinal 
ducts within which the oil may flow. Following the path in 
dicated by the arrows 14 in FIG. 3, the impregnating agent can 
reach in a very short time the layers nearest to the conductor, 
even admitting that the layers 10 are quite impermeable. 

Passage of the impregnating liquid, however, also takes 
place through layers 10 which, although having a high specific 
impermeability, even exceeding 500x10 E.U., have a 
reduced thickness (preferably less than one-third of that of 
layers 11) so that their resistance to the passage of oil, which is 
directly proportional to the thickness, is very reduced. This 
permits the use of paper comprising a high impermeability 
layer 10 on both faces of layer 11, as illustrated in FIG. 4. In 
this case, in view of the particular dielectric strength of the 
paper, the layers 10 may have a thickness of half the value of 
that employed in FIG. 3, and thereby further facilitate the 
passage of oil. This arrangement, moreover, is easier to handle 
since the paper tapes are symmetrical on both sides and it is 
not necessary to be concerned with the position of the high 
impermeability layer. The best feature of this arrangement is, 
however, its ability to withstand very high electric gradients 
when the cable is in service. 

It is a known fact that the weak points in cables having a 
stratified and impregnated dielectric are the butt spaces 13 
between the turns of the insulation. These spaces are also 
called "oil gaps', since they are totally filled with the im 
pregnating fluid. As the radial extent of the oil gaps increases, 
the maximum electric gradient which can be withstood by the 
stratified and impregnated dielectric of an electric cable 
decreases. The presence of a high impermeability layer on 
both sides (in the radial direction) of the oil gaps 13 gives rise 
to a better definition of the radial extent of the latter and, 
therefore, increases the maximum electric gradient which can 
be withstood by said dielectric. In fact it is to be noted that in 
the case of FIG. 3, the oil gaps 13 are bounded on one side by 
the low density layer 11 (low impermeability layer) which can 
be considered as an effective extension in the radial direction 
of the oil gap. 
As noted above, the papers according to the invention have 

a value of dielectric strength practically equal to that of the 
material constituting the high impermeability layers and vir 
tually independent of the value of the dielectric strength of the 

4 
low density layers. Thus, by reducing the density of the materi 
all constituting the low density layers and reducing the 
thickness ratio between the high impermeability layers and the 
low density layers, it is possible to obtain a paper whose value 

5 of dielectric strength remains unvaried and is equal to that of 
the high impermeability material but which is almost totally 
constituted of low density material. Consequently, such paper 
has a low dielectric loss angle and a low dielectric constant 
(together defining the loss factor) since, as known, these 
quantities decrease with decreasing paper density. These fea 
tures are particularly advantageous as can be appreciated 
from a consideration of the formula for the dielectric power 
losses with alternating current, to wit: 
P= KXXVX tan 8 

where: 
K is a constant depending on the size of the dielectric 
Wis the applied voltage 
8 is the dielectric loss angle of the dielectric, and 

is the dielectric constant. 
From the formula, it is evident that the only way of countering 
the rapid increase of the losses with increasing voltage is to 
reduce the loss factor (8x tan 8). 
To illustrate the considerable advantages of the paper ac 

cording to the invention, some examples are given below com 
paring the results of power factor and dielectric strength tests 
performed on capacitors perfectly impregnated and prepared 
from: (1) paper according to the invention, indicated with the 
letter C, and constituted by one high impermeability layer A 
and one low density layer B; (2) papers constituted by a single 
layer of type A or B; and (3) papers conventionally used for 
the insulation of cables having stratified and impregnated 
dielectric. In the table below the column headings are 
represented by letters in accordance with the following key: 
D = Impermeability; 
E = Thickness an asterisk (*) indicates total thickness); 
F = Density; 
G = Thickness ratio between paper layer A and paper layer 

B; 
H=The result obtained for tan 8 at 25°C.; and 
I = The result obtained for dielectric strength (impulse) 

O 

15 

20 

25 

30 

35 

40 

kV/mm. 

D E F G H I 
45 Paper (E.U.) (mm) (g/Cm) (tan 8) (kW/mm) 

Example 1 

50 
A 10x108 0.135 2.73 x 0-3 05 
B 0.135 0.7 2.4x 10-3 90 
C 40.35 1: 2.5x10-3 102 Example 2 

55 
A. 10x108 0.35 2.73 x 10-305 
B 0.35 0.5 75x10-3 80 
C 0.35 :1 1.9 x 10-300 Example 3 

60 A 50x108 0.135 3.4 x 0-320 
B 0.135 0.6 2.1 x 0-3 85 
C *0.135 1:2 2.5x10-3 19 Example 4 

65 A 200x06 0.135 4.02x 10-3 40 
B 0,135 0.5 1.8x10-3 80 
C *0. 135 1:3 2.1 x 10- 134 

70 Tests carried out on papers having a thickness very near to 
0.135 mm and chosen from the types most generally used for 
the insulation of electric cables have given the following 
results: 

75 Impermeability E.U. ( to 3)x108 (6 to 10)x10 
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tan 8 at 100°C (2 to 2.5)x10-8 (2.5 to 3)x10-8 
dielectric strength 
(impulse) kV/mm 90 100 

From the Examples it is evident that the papers according to 5 
the invention have: (a) a dielectric strength very near to that 
of a very high impermeability paper; and (b) a dielectric 
power factor equal to that of a low density paper. No paper 
among those at present in use shows a combination of values 
of high dielectric strength and low power factor comparable 10 
with that of paper constructed in accordance with present in 
vention. 
The papers described herein can be made in any suitable 

way. Advantageously, they can be manufactured by employ 
ing the technology already in use for conventional multi-ply 15 
papers. That is, use can be made of conventional paper 
machines of the multi-wire type, either equipped with Fourdri 
nier or cylinder forming devices. These machines, with the 
simultaneous manufacture of the individual layers, also pro 
vide for the uniting of said layers which, joining spontaneously 
to one another, results in a perfectly compact finished 
product. 

It is to be understood that, while for the conventional multi 
ply papers the forming wires are generally supplied with a sin 
gle pulp stock, for the manufacture of paper according to the 
present invention each wire is to be supplied with different 
pulp stocks intended to provide the desired characteristics of 
impermeability and/or density in the individual layers and 
consequently in the final product. 30 
While the foregoing description has made reference by way 

of example to certain preferred embodiments of the invention, 
it is to be understood that various changes may be made 
therein, as will appear evident to one skilled in the art, without 
departing from the true spirit of the invention as defined in the 35 
appended claims. 
What is claimed is: 
1. An electric cable comprising a conductor covered with a 

plurality of wrappings of helically wrapped paper tape with the 
pitch being chosen to leave a gap between adjacent turns less 40 
than the width of said tape and with the turns of one wrapping 
overlapping the gaps in the turns of the adjacent wrapping, 
said paper tape being made of a multi-ply paper, divided inter 
nally into a plurality of adjacent layers extending generally 
parallel to the surfaces of the tape and each being united with 45 
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6 
the adjacent layer throughout the extent thereof, said layers 
having different physical characteristics which fall into two 
categories, there being at least one layer in each category, the 
first category being distinguished by an apparent density less 
than that of the second with a maximum value of 0.7 grams 
per cubic centimeter, the second category being distinguished 
by an impermeability greater than that of the first and equal to 
at least 10x10 Emanueli Units, the ratio of the total thickness 
of the layers in the second category to the total thickness of 
the layers in the first category being no higher than 1:1. 

2. An electric cable according to claim 1, wherein the layer 
of said paper on the side nearest the conductor is in said 
second category. 

3. A cable according to claim 1, wherein said apparent den 
sity which distinguishes the first category does not exceed 0.6 
grams per cubic centimeter. 

4. A cable according to claim 3, wherein said impermeabili 
ty which distinguishes the second category is equal to at least 
50X10 Emanueli Units. 

5. A cable according to claim 4, wherein the first category is 
further distinguished by a maximum impermeability of 1x10 
Emanueli Units. 

6. A cable according to claim 4, wherein the first category is 
further distinguished by a maximum impermeability of 
0.5X10 Emanueli Units. 

7. A cable according to claim 6, wherein said tape has only 
one layer in each of said categories. 

8. A cable according to claim 6, wherein said tape consists 
essentially of one layer in said first category sandwiched 
between two layers in said second category. . . 

9. A cable according to claim 1, wherein said impermeabili 
ty which distinguishes the second category is equal to at least 
50X10 Emanueli Units. 

10. A cable according to claim 1, wherein the first category 
is further distinguished by a maximum impermeability of 
1X10 Emanueli Units. 

11. A cable according to claim 1, wherein the first category 
is further distinguished by a maximum impermeability of 
0.5X10 Emanueli Units. 

12. A cable according to claim 1, wherein said tape has only 
one layer in each of said categories. 

13. A cable according to claim 1, wherein said tape consists 
essentially of one layer in said first category sandwiched 
between two layers in said second category. 

xk :: xk 2k k 
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