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The present invention relates to a type of cable 
comprising a strong walled pipe inside of which 
are supported bare or uninsulated conductors, 
said pipe being filled with an insulating gas which 

is is continuously maintained under high pressure. 
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In such a cable, it is necessary to employ me 
chanical means composed of Solid insulating 
material to support the conductors within the 
pipe in Spaced relation to each other and to the 
wall of the pipe. 
expressed in volts per mil, of insulating gases 
under high pressure is much greater than the 
disruptive voltage similarly expressed of solid in 
sulation of suitable character for the required 
purpose and of the necessary dimensions, shapes 
and mechanical strength. Stated another way, 
if for example the radial spacing or distance of 
the conductor from the wall of the pipe is two 
inches and the gas pressure is high enough effec 
tively to insulate the conductors, then the Solid 
supporting insulation to have the necessary in 
sulating effect must be much greater than said 
length. The extent to which it must be greater 
is much more for alternating current cable than 
for a direct current cable and is more for a high 
periodicity system than for a system employing 
low periodicity. Since these differences due to 
the kind of current are very great (varying in 
any materials to such extents as 5 or more to 1), 
it is impossible to make a brief quantitative 
statement. To ensure that the solid insulation 
shall have a life of many years when subjected 
to a 60 cycle voltage stress, the volts per mil 
should be very low indeed, in many cases well 
below 100 volts, whereas for suitable conditions 
with compressed gases, stresses of many hun 
dreds of volts per mil may be employed. Be 
cause the pipe for reasons of initial cost and of 
installation should be as small in diameter as pos 
sible and because the radial distance between 
conductors and pipe is limited, it follows that 
the solid insulation to be effective cannot be lo 
cated in a plane perpendicular to the axis of 
the pipe but must be otherwise disposed. The 
problem is thus presented of devising ways and 
means whereby the Solid insulation may be So 
disposed or arranged within the pipe that its 
resistance to the passage of the high tension cur 
rent from conductor to conductor and from a 
conductor to the pipe shall be of approximately 
the same order as that of the compressed gas. 
The object of my invention is the provision 

of an improved high tension cable in which bare 
or uninsulated conductors are mechanically sup 
ported by solid insulators within a metallic en 

The specific disruptive voltage, 

(C. 174-27) 
closing pipe which is filled with insulating gas 
under high pressure, said insulators being of 
Such character as to interpose to the passage of 
high tension current through their mass located 
between conductors and between the conductors 
and the pipe a resistance which is approximately. 
of the same order of magnitude as the resistance 
interposed by said gas. 

For a consideration of what I believe to be 
novel and my invention, attention is directed to 0 
the accompanying description and the claims ap 
pended thereto. 
In the attached drawing which is illustrative 

of my invention, Fig. 1 illustrates a length of 
three conductor gas-filled cable; Fig. 2 is a sec 
tional view of a portion of such cable; Fig. 3 is 
a perSpective and partially diagrammatic view of 
the solid insulator for supporting the conductors 
inside of the pipe; Fig. 4 is an end view partly in 
Section of the structure shown in Fig. 2; Fig. 5 20 
illustrates a modified form of solid insulator for 
the conductors, and Fig. 6 is an end view, partly 
in section, of the structure shown in Fig. 5. 

In Fig. 1, illustrates a length of gas-filled pipe 
cable containing bare conductors. 
both ends is a terminal structure 8 through which 
the conductors enter or leave the pipe, and 9 in 
dicates tanks or other apparatus for supplying 
highly compressed insulating gas to the pipeline. 
As an example, I may use clean and dry nitrogen 30 
gas which is cheap and has fairly high dielectric 
strength under the required conditions and is 
chemically suitable, but other gases having favor 
able characteristics may be employed. O indi 
cates controlling valves of suitable construction 35 
interposed between the gas supply apparatus and 
the pipe line, 

Referring to Fig. 2, indicates a pipe made 
of steel or other suitable material capable of 
Withstanding the pressure of the insulating gas 
that is used to insulate the conductors 2, 3 
and 4. The conductors are bare or at least are 
not covered with any material which is effective 
as an insulator for the high voltages to which 
the conductors are subjected. The conductors as 
are spaced 120° apart as best shown in Fig. 4. 
The conductors are supported in spaced relation 
to each other and to the wall of the pipe by 
means composed of solid insulating material 5 
of high, dielectric strength. Solid insulations are 50 
subject to two kinds of limits: (1) creepage over 
their surface due to limiting surface resistance, 
and (2) disruptive breakdown due to the passage 
of current through their mass. As previously 
stated, the high pressure gas has high dielectric 55 
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2 
strength per mill of thickness, much higher than 
any solid, insulation in use at the present time. 
In order to approximate the insulating value of 
the gas, it follows that the length of the leakage 
path for current through or over the Solid insula 
tion must be many times greater than the radial 
distance between conductors and between con 
ductors and the Wall of the pipe. This is attained 
by SO constructing the Solid insulation that rela 
tively long distances are provided between the 
conductors and the pipe. A desirable way to 
attain this result is to make the solid insulation 
in the form of a long pitch spiral or helix of spe 
cial shape. The helical insulator may be molded 
to its final form or otherwise constructed to at 
tain the desired longitudinal spacing between 
points of support and the bare conductors. Be 
cause Substantial distance between conducting 
partS is required, it follows that the points or 
areas where the helix engages the pipe should 
be as Small as possible consistent with the load 
to be carried as represented by the weight of 
the conductors, and the electrodynamic stresses 
occasioned between them by the currents they 
carry. This is best shown in the more or less 
diagrammatic Fig. 3 where the turns of the helix 
are shown as relatively close to each other. In 
other Words, the pitch of the helix has been 
Shortened for simplicity of illustration and de 
Scription. The outer surface of the helix is ar 
ranged to touch the wall of the pipe at small 
Widely Separated points, or areas only as indi 
cated at f6. The portions of the insulator be 
tWeen the small curved or suitably shaped areas 
6 are straight as indicated at f 7 and each of 
these portions is tangent to a conductor so that, 
except at the ends, they are in spaced relation 
to the Wall of the pipe. Each straight portion 
in effect forms a chord, said chord being in 
clined to the axis of the pipe. In each of the 
Straight or chord portions of each turn of the 
helix is a socket 8 to receive and support a con 
ductor. The effective insulation for each con 
ductor is the part of the insulator 9 located 
between the socket 8 and the adjacent curved 
parts 6 which engage the wall of the pipe. From 
One point of view, that portion of the solid in 
Sulation 7 between its points of support f6 forms 
a bridge, and in order to obtain the necessary 
length of material to properly insulate as well 
aS Support the conductor, it is inclined at an 
angle to the axis of the pipe. By changing the 
length of the bridge which also means a change 
of angle, the amount of length of solid material 
between conducting parts can be increased or 
decreased to suit the requirements. 

Figs. 2 and 3 are good illustrations of the fact 
that the construction is capable of use for differ 
ent voltages and this over a wide range. In Fig. 
2, the pitch is relatively long, being of the order 
of three feet while in partially diagrammatic 
Fig. 3, it is much less. Obviously, increasing the 
linear distance between the sockets 8 and the 
areas 6 of contact of the turns with the pipe 
means that the insulation may thereby be in 
creased. The effect of a maSS of solid insulation 
of greater length can also be obtained by sup 
porting the conductors not by every turn of the 
spiral but by every other turn, or by even greater 
spacing. In general, it is desirable to support 
the conductors at intervals by solid insulation 
throughout their entire length but where for any 
reason this is not necessary or desirable, the 
spirals may be made in relatively short lengths 
and the lengths arranged in spaced relation. Fig. 

2,215,290 
3 may be taken as an illustration of such an ar 
rangement. 

It Will be seen that the desired results are 
obtained by the provision of solid insulation hav 
ing relatively great length in a direction which 
is generally axial to the pipe as distinguished 
from an insulating means located between the 
conductor and the pipe in a plane perpendicular 
to Said axis where the mass in a radial direc 
tion is necessarily relatively small. Stated an 
other way, there is interposed between the con 
ductor and the pipe a relatively great length of 
Solid insulation whereby the volts per mill stress 
are reduced to a value well below the disruptive 
value corresponding to the kind of current used 
and to freedom from aging deterioration during 
an economically long period of years of Service. 
The reason that the radial dimension of the body 
of gas between the conductor and the pipe may 
be so much less than the linear dimension of the 
Solid insulator is found in the fact that high pres 
Sure gas has much higher dielectric strength than 
the solid material, that it may be maintained 
dry and clean, and in the unanticipated event of 
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any contamination or other depreciation, can be S 
cheaply replaced with a fresh supply. 
In Figs. 5 and 6 is illustrated a modification 

of my invention wherein the advantages of long 
paths for Creepage over or discharge through the 
Solid insulation by the current are obtained but 
the specific means for accomplishing the result 
are different. In these figures, the solid insula 
tion is in the form of a rod 20 made to form a 
Series of chords 2, each chord progressing 120 
degrees around the axis of the pipe and being 
tangent to the conductors. The areas of contact 
with the pipe as indicated at 22 are small for the 
Same reason that the curved parts 6 of Fig. 3 are 
Small. To stand firmly within the pipe, the 
chords of insulation should be of a length at least 
twice the pitch of the spiral. The conductors 
are each Supported by the chords by means of 
Saddles 23 which are firmly secured thereto. The 
rods may be made of comparatively short lengths 
with abutting ends or in long lengths as best 
Suits the conditions of a particular cable. In 
this form of the invention the conductors are 
located inside of the solid insulation whereas in 
the other form they are located between the in 
Sulation and the pipe. 

It will be seen that the characteristic features 
of my improved construction reside in the fact 
that the mass of Solid insulation between each 
high voltage conductor and another is long as 
compared with the radial distance between a 
conductor and the wall of the pipe and as com 
pared with the direct normal spacing between 
any two conductors, that the contact area be 
tween the insulation and the pipe is small, that 
the shape of the insulation embodies a trend 
to a very long pitch helix to give the necessary 
length to the through disruptive path and to the 
Creepage Surface, and that high pressure gas is 
employed to fill the pipe and to act as insula 
tion. Since the dielectric constant of a gas is 
unity, a cable made in accordance with my in 
vention has much lower capacitance than a ca 
ble insulated with solid or liquid material and 
thus has much less charging current for a given 
voltage between condiuctors. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A cable for transmitting high tension elec 

tric current for power purposes comprising an 
uninsulated conductor, an enclosing pipe, a filling 
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of gas for the pipe under such pressure as to 
have high insulating properties, a solid insula 
tor for supporting the conductor inside of the 
pipe, the insulator being in the form of a long 
pitch helix.composed of a series of relatively long 
thin members defining chords, each chord hav 
ing a length substantially greater than the pipe 
diameter and inclined at an angle to the axis of 
the pipe, there being parts of small surface area 
uniting the adjacent ends of the thin members 
and forming the sole areas of contact with the 
inner wall of the pipe, the portion of each chord 
between the conductor and pipe being of such 
length as to interpose a resistance to the pas 
sage of high tension current through its mass of 
the same order of magnitude as that of the gas. 

2. A cable for transmitting high tension elec 
tric current for power purposes comprising par 
allel uninsulated conductors, a filling of gas for 
the pipe under high pressure, a solid insulator 
for supporting the conductors inside of the pipe 
in spaced relation to each other and to the in 
ner wall of the pipe, the insulator being in the 
form of a long pitch helix made up of long thin 
members defining chords, each chord being in 
clined at an angle to the axis of the pipe, there 
being parts of small surface area uniting adja 
cent ends of the chords and constituting the sole 

- areas of contact with the inner wall of the pipe, 
and conductor holding sockets in the chords mid 
Way between the connecting parts of small sur 
face area, the material in each chord between 
a conduct and the nearest portions of small 
Surface area interposing through its mass a re 
sistance to the passage of high tension current 
of the same order of magnitude as that of the 
38S. 3. A cable for transmitting high tension elec 
tric current for power purposes comprising three 
uninsulated conductors arranged in 120° relation 
to each other, an enclosing metal pipe for the 
conductors, a plurality of individual self support 
ing solid insulators extending longitudinally of 
the pipe for supporting the conductors, each in 
sulator being in the form of an open helix to 
permit passage of gas, the pitch of the helix being 
greater than the diameter of the pipe, the helix 
having axially extending members, each defining 
a chord inclined at an angle to the axis of the 

3 
pipe, each two members being connected at 
their adjacent ends by a part of small surface 
area which is the only area of contact with the 
inner wall of the pipe, sockets for supporting 
the conductors located one in each of the axially 
extending members midway between its ends, 
the sockets holding the conductors in angular 
Spaced relation to each other and the pipe, a 
filling of gas for the pipe under such pressure 
that its value;as an insulating medium is greater 
per unit of thickness measured between conduct 
ing parts than that of the parts of the insulator 
located between each socket and the small areas 
of contact with the pipe, and means for main 
taining the gas under high pressure. 

4. A cable for transmitting high tension elec 
tric current comprising electric conductors, an 
enclosing pipe for the conductors, a rod of solid 
insulation of relatively small cross-section lo 
cated within the pipe and extending lengthwise 
thereof, the rod being shaped to form a series of 
connected chords, the chords progressing in an 
axial direction about the axis of the pipe and 
diagonally with respect to the conductors, the 
connecting portions of the chords having small 
areas of contact at spaced intervals with the in 
ner wall of the pipe, axially spaced sockets lo 
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cated on inner surface parts of the chords be 
tween the contact areas for supporting the Con 
ductors, and a filling of high pressure insulating 
gas for the pipe. 

5. A cable for transmitting high tension elec 
tric current for power purposes comprising a bare 
conductor, an enclosing pipe, a filling of gas for 
the pipe under high pressure, a solid insulator 
for supporting the conductor inside of the pipe, 
said insulator being in the form of a long pitch 
helix consisting of a series of thin sections joined 
together, each section having a length substan 
tially greater than the pipe diameter, the junc 
tion points of said thin sections providing bear 
ing surfaces of small area constituting the sole 
points of contact with the inner surface of said 
pipe, the portion of each thin section between 
the conductor and pipe interposing a resistance 
through its mass to the passage of high tension 
current of the same order of magnitude as a di 
rect path through the gas Space. 
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HENRY M. HOBART. 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 3, first 
column, line 33, claim 2, for the word "conduct" read -- conductor--; and 
that the said Letters Patent should be read with this correction therein 
that the same may conform to the record of the case in the Patent Office. 

Signed and sealed this 29th day of October, A. D. 1940. 

Henry Van Arsdale, 
(Seal) sting Commissioner of Patents. 
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