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1. Claims. 
It is well known that in high voltage cables of 

the paper insulated lead covered type, as at pres 
ent manufactured, the presence of remanent or 
occluded air or gas is very undesirable because of 
the risk of it being ionized at high electric stresses 
and thereby producing local conditions tending 
to the breakdown of the dielectric. 
By the common method of impregnation, in 

which the cable, previously lapped with paper, 
is dried and impregnated in vacuo with oil or 
compound (hereinafter, for convenience, spoken 
of as compound), it is recognized that it is im 
possible to eliminate entirely residual air and 
EaS. 
Further, this method imposes comparatively 

low limits on the viscosity of the impregnating 
Compound in order that it may penetrate the 
Wall of dielectric. 
The result is that, while the residual air or gas 

is usually finely divided and uniformly distrib 
uted as very small bubbles or in solution in the 
impregnating compound of the dielectric when 
the cable is newly made, and the dimensions of 
the Occlusions are such that the gas is not ioniz 
able until much higher stresses than those cor 
responding to the working voltage have been ap 
plied, the Said dimensions are liable to become 
altered by aggregation after the cable has been 
heated, so that ionization may then occur at 
lower stresses. 
This aggregation is permitted by the mobile 

character of the impregnating compound, which 
is necessitated, as mentioned, by the require 
ments of penetration in the impregnation process. 
On the other hand if it is attempted to im 

pregnate more fully, so that...residual gas is much 
reduced, the dilation of the impregnating com 
pound-unrelieved by gaseous compression in the 
dielectric-distends the lead sheath when the 
cable is heated under load, so that on cooling, 
low pressure spaces, containing gas ionizable un 
der working conditions, tend to form in the di 
electric. 

In order to overcome these drawbacks of lead 
distension and/or gas aggregation, producing 
conditions under which the residual gas in an 
impregnated paper dielectric may become ioniza 
ble under working conditions, in accordance with 
the present invention a new combination of con 
ditions within the cable is provided. One of the 
conditions is that spaces of definite and substan 
tially invariable dimensions are provided for the 
gas present in the cable. The other condition is 
that the gas is continuously maintained under a 
pressure substantially below atmospheric pres 

(C. 173-264) 
Sure. It is Well known that for each thickness 
of gas layer the ionization voltage falls continu 
Ously as the pressure of the gas is reduced until 
a critical pressure (hereinafter called the critical 
value) is reached; below this pressure the ioniza 
tion voltage rises rapidly. The pressure in the 
present case is made so low, having regard to 
the dimensions of the spaces, that the gas therein 
will not be ionizable in the conditions under 
which the cable will work. This pressure is ad 
justed to be below the critical value for the 
largest radial dimension of any of the gas spaces 
in the cable So as to take advantage of the rela 
tively high ionization voltage obtained in that 
region. 
The invention is applicable both to cases where 

the paper is impregnated and to cases where the 
paper is unimpregnated. It is also applicable to 
other dielectrics than paper which are applied 
in a similar manner, for instance, to the material 
known as varnished cambric. For convenience 
in the following description the solid dielectric 
material will be spoken of as paper. 
The dimensions of the Spaces are assured by 

forming the spaces in the process of lapping on 
the paper layers so that they are determined 
radially by the thickness of the paper, and lon 
gitudinally by the spacing of the lappings in each 
layer. Where impregnated paper is to be used 
steps are taken to provide that the Spaces be 
tween the lappings of paper are substantially 
clear of free compound, that is the compound is 
retained in the paper and On its surface. 
In preparing impregnated paper for use in the 

manufacture of a cable in accordance with the 
present invention it is impregnated before ap 
plication to the conductor with a compound hav 
ing such a setting point as to ensure that physical 
stability of the impregnated paper is maintained 
up to a temperature well above the maximum 
reached in the working conditions of the cable. 
The impregnation may, for instance, be carried 
out as set out in the specification of U. S. Patent 
1,752,972 or of U. S. Patent No. 1,958,984. 
In addition to the impregnation the paper may 

be provided with a lubricating film as described 
in the said specifications. This film is preferably 
applied to one side of the paper Only and is of 
very small thickness. It may, for instance, con 
sist of a coating of petroleum jelly having a high 
viscosity and Set point. 
The impregnating treatment of the cable is 

completed by the operations on the paper above 
described. There is no subsequent addition of 
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2 
compound, either during the lapping of the paper 
or to the completed paper dielectric. 
An example of a cable embodying the present 

invention is illustrated diagrammatically in the 
accompanying drawing of which Figure 1 shows 
a transverse section and Figure 2 shows a longll 
tudinal Section. 

In this cable the conductor f is covered with a 
thin metal tape or foll 2 and is lapped with layers 
or laminae of paper strip indicated by the refer 

Over the outside of 
this dielectric material is placed a metallized layer 
6 (preferably perforated) and over this the lead 
sheath T is applied. To the outside of the lead 
sheath is applied a metal reinforcing tape 8 and 
this is protected in the usual way by layers of 
impregnated fabric 9. 
The metal tape 2, the metallized paper 6, the 

reinforcing tape 8 and the fabric layers 9 will as 
usual be lapped on helically. No attempt has 
been made to show this in the drawing. 
The thin metal tape 2, lapped on the conduc 

tor , performs the known function of reducing 
local intensities of electric stress and also gives 
a definite inner cylindrical surface to the di 
electric layer. 

Instead of using this tape the desired results 
can be obtained by forming (either before or 
after stranding) the component wires of the 
outermost layer of the conductor in such a way 
as to give a smooth Outer surface to the conduc 
tor. Alternatively a thin lead tube covering the 
conductor as a whole may be used as described 
in the specification of U. S. Patent No. 1,256,863. 

It will be seen from the drawing how the 
dimensions of the gas spaces 0, between adja 
cent turns of the paper are fixed by (1) the Spac 
ing apart of adjacent turns and (2) by the thick 
ness of the paper laminae. The former deter 
mines the longitudinal width of the spaces and 
the latter, the radial depth thereof. The metal 
tape 2 forms the inner surface of the innermost 
gas spaces. The metallized paper layer 6 forms 
the outer surface of the outermost gas spaces 
It will be understood that any gas which may be 
found in spaces between the metallized paper 
layer 6 and the sheath 7 will not be subject to 
electric stress. The same remark applies to the 
gas between the tape 2 and the wires of the con 
ductor and in the interlor of this conductor. 
From the preceding description of a single core 

cable it will be readily recognized how the inven 
tion may be embodied in cables having more than 
one core. It will be understood that the pre 
cautions taken to secure the absence of free com 
pound must be extended to the material used for 
the fillers between the cores (where these are in 
pregnated) as well as to any belt insulation which 
may be used in addition to the insulation of the 
individual cores. 
Accurate predetermination of the spaces for the 

gas formed between adjacent turns of each heli 
cally applied layer of impregnated or unimpreg 
nated paper results from the choice of a suitable 
thickness of paper and the staggering of suc 
cessive layers so that none of the helical spaces 
are directly superposed. This last condition 
can be attained, for instance, by lapping the 
layers of impregnated paper on the cable by 
means of a machine of the type in which the 
cable rotates and the heads from which the paper 
is ald aut are stationary and the relative posi 
tins if h . p. 3r strip: accurately maintainable 
'n unde n . lnuous observation Such a mar 
chine is described in U. S. A. Patent No 1,591736 

2,067,170 
It is to be understood however that the immersion 
of the cable in compound during lapping, which 
is described in that specification, is not to be 
employed in the present case. The strips of the 
paper are lapped on the cable in air which is 
preferably kept below normal humidity and the 
cable is then sheathed with lead or lead alloy, to 
which reinforcement may be applied as protection 
against external influences. After this the air 
enclosed in the dielectric, which is chiefly located 
in the spaces provided between the turns of paper, 
together with the other air in the cable, is 
evacuated to the desired extent. It may be re 
placed by an inert gas, such as nitrogen, carbon 
dioxide, helium, neon or other suitable gas. The 
process of removal of air and filling with gas may 
be facilitated by a repeated flooding and exhaust 
ing of the gas into and from the cable and by the 
application of heat to the cable intermittently or 
continuously, either by external means or by the 
passage of current through the conductor or con 
ductors or by both of these. The final step in all 
cases is to evacuate the cable to obtain the de 
desired low pressure, the cable having been sealed 
at the ends in order to prevent leakage inward. 
The choice of the radial dimensions of the gas 

spaces and of the gas pressure will depend upon 
a number of conditions. It will however gen 
erally be advantageous to make the gas Spaces 
at the surface of the conductor of Small radial 
dimensions, for instance, one and a half thou 
sandths of an inch. By increasing the thickness 
of the layers or wrappings of paper from the con 
ductor outwards, the radial dimensions of the gas 
spaces may also be increased, taking advantage 
of the fact that the intensity of electric stress 
decreases from the Surface of the conductor Out 
wards. With such dimensions and with an ab 
solute pressure of the order of 0-10 millimetres 
of mercury, conditions can be obtained which per 
mit a very high voltage to be applied without ob 
taining ionization. It will be understood that the 
figures given are only by Way of example. 
Under no working conditions can the internal 

pressure exceed the external atmospheric pres 
sure. The expansion of the solid dielectric which 
may occur will be compensated by a compara 
tively small change of pressure in the gas spaces. 
Accordingly no sheath distention can occur and 
no reinforcement of the sheath to deal with this 
will be required. 
What we claim as our invention and desire to 

secure by Letters Patent is:- 
1. An electric power cable comprising a con 

ductor, an enclosing sheath and a laminated di 
electric layer between the conductor and the 
sheath, said dielectric having spaces of prede 
termined dimensions and positions distributed 
through the laminations, these spaces having a 
radial depth which increases from the conduc 
tor outwards, and gas in these spaces at a pres 
sure less than the critical value for the largest 
radial dimension of any of said spaces. 

2. An electric power cable comprising a con 
ductor, an enclosing sheath and a laminated di 
electric layer between the conductor and the 
sheath, Said dielectric having spaced apart in 
terstices in the laminations at predetermined in 
tervals and of predetermined sizes, the radial 
depth of said interstices increasing from the con 
ductor Outwards, and gas in said interstices at a 
pressure below atmospheric and less than the 
critical value for the largest radial dimension of 
any of said interstices. 
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2,067,170 
enclosing sheath and a dielectric material be 
tWeen the conductOr and the sheath, Said ma 
terial being constituted by turns and laminae of 
paper tape with spaces of definite and substan 
tially invariable dimensions between the turns 
and of increasing radial dimensions from the con 
ductor outwards, Said tape being fully impreg 
nated with highly viscous compound which is con 
fined to the paper under all working conditions, 
and gas occupying all said spaces, said gas being 
at a pressure substantially below atmospheric 
and less than the critical value of the largest ra 
dial dimension for any of said spaces. 

4. An electric cable comprising a conductor, 
an enclosing sheath and a dielectric material be 
tween the conductor and the sheath, said mate 
rial being constituted by turns and laminae of 
paper tape with Spaces of definite and substan 
tially invariable dimensions between the turns 
and of increasing radial dimensions from the con 
ductor outwards, said tape being fully impreg 
nated with oil compound which has a setting 
point above the Working temperature of the ca 
ble, and gas occupying all the said spaces, said 
gas being at a pressure substantially below at 
mospheric and less than the critical value for the 
largest radial dimensions of said spaces. 

5. An electric cable comprising a conductor, an 
enclosing sheath and a dielectric layer between 
the conductor and the sheath, said layer com 
prising wrapped paper impregnated with highly 
Wiscous compound and gas at a pressure Sub 
stantially below that of the atmosphere, which 
gas Occupies spaces in the dielectric layer of 
dimensions predetermined in size so as to avoid 
ionization of gas and which spaces are Substan 
tially invariable in position and dimensions and 
are substantially, clear of free compound under 
all working conditions, which spaces are distrib 
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uated through the dielectric layers. 
6. An electric cable comprising a conductor, 

an enclosing sheath and a laminated dielectric 
layer between the conductor and the sheath, said 
layer comprising Wrapped paper impregnated 
With highly viscous compound, and gas, which 
gas occupies spaces in the dielectric layer of sub 
stantially invariable dimensions which are 
bounded by the turns and laminae of the paper, 
which spaces are substantially clear of free com 
pound under all working conditions, said gas be 
ing at a pressure substantially below that of the 
atmosphere and less than the critical value for 
the largest radial dimension of any of said spaces. 

7. An electric cable comprising a conductor, 
and enclosing sheath and a laminated dielectric 
layer between the conductor and the sheath, said 
layer comprising paper impregnated with a com 
pound which has a high setting temperature 
above the range of the working temperature of 
the cable and which compound is thereby re 
tained in and confined to the paper under all 
working conditions, said layer also comprising gas, 
which gas occupies spaces of substantially invari 
able dimensions, which spaces are bounded by 

3 
the turns and laminae of the paper, said gas 
being at a pressure Substantially below that of 
the atmosphere and less than the critical value 
for the largest radial dimension of any of said 
SpaceS. 

8. An electric cable comprising a conductor, 
an enclosing sheath and a dielectric layer be 
tween the conductor and the sheath, said dielec 
tric layer comprising Wrapped paper impregnated 
with a highly viscous compound, said layer hav 
ing helical Spaces therein of mechanically pre 
determined locations and dimensions such that 
the dielectric strength of any radial dimension of 
Said layer is predetermined, said spaces having 
gas therein at a pressure substantially below at 
noSpheric and less than the critical value for the 
largest radial dimension of any of said spaces, 
the Spaces being formed between edges of ad 
jacent turns of paper and between surfaces of 
Concentric Wrappings, 

9. An electric cable comprising a conductor, an 
enclosing sheath and a dielectric layer between 
the conductor and the sheath, said layer having 
helical Spaces therein of mechanically predeter 
mined locations and dimensions, said dielectric 
layer comprising wrapped paper impregnated 
with a highly viscous compound, the spaces being 
formed between edges of adjacent turns of paper 
and between surfaces of concentric wrappings, 
Said Spaces having gas therein at a pressure sub 
Stantially below atmospheric and below the criti 
cal value for the largest radial dimension of said 
gas spaces, the dielectric strength of each part 
of said layer being predetermined by the dimen 
Sions of the Spaces and the gas pressure. 

10. An electric cable comprising a conductor, 
an enclosing sheath and dielectric material be 
tween the conductor and the sheath, said ma 
terial being constituted by definitely spaced turns 
and layers of paper tape of predetermined thick 
ness, which tape is fully impregnated with a 
highly viscous compound which is confined to the 
paper under all working conditions, all the spaces 
between the turns and layers of paper tape being 
Occupied by gas at a pressure Substantially below 
that of the atmosphere and below the critical 
value for the largest radial dimension of any of. 
Said Spaces. 

11. An electric cable comprising a conductor, 
an enclosing sheath and dielectric material be 
tween the conductor and the sheath, said ma 
terial being constituted by definitely spaced turns 
and layers of paper tape of predetermined thick 
ness, which tape is fully impregnated with oil 
Compound which has a setting point higher than 
the working temperature of the cable, whereby 
the compound is confined to the paper under all 
Working conditions, all the spaces between the 
turns and layers of paper tape being filled with 
gas at a pressure substantially below that of the 
atmosphere and below the critical value for the 
largest radial dimensions of any of the spaces. 

CHARLES JAMES BEAVER, 
EDWARD LESLE DAVEY, 
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