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My invention relates to high voltage cable 
for electrical power transmission, and has for 
its objects, among others, the following: 

(1) To produce a cable which may be used 
5 for transmission at voltages considerably 
higher than those used at present; (2) to in 
crease the allowable current density in cop 
per; (3) to decrease the dielectric losses; and 
(4) to make the dielectric renewable. 

1o tain my objects in the manner and by means 
of the apparatus and methods hereinafter 
set forth: 
Very brie?y stated, this cable comprises as 

its essential features a single conductor with 
15 an enclosed ?uid dielectric, preferably com 

pressed air, and the cable may be assembled, 
so to speak, when it is installed. More spe 
ci?cally stated, the cable in one form may 
consist of a tube or pipe, of metal, lead, or the 

20 like, preferably ?exible tubing, in the axis of 
which a round copper conductor is held by 
means of hard rubber, or equivalent molded 
spacer, the space between the tube and the 
conductor being ?lled with compressed air 

25 or oil. The material to be used for the outer 
casing will depend on subway conditions, 
e. g., for new installations of subway, iron 
pipe, brass or the like would be indicated, 
but on the other hand for existing subways, 

30 lead pipe, reinforced with steel tape, would 
be preferable for pulling into ducts, (the dif 
?culty of such pulling in being taken into 
consideration). In so pulling in, or in in 
stalling in new subway, the external tube or 

35 casing is ?rst put in, then the copper con 
ductor is drawn in, and spacers are attached 
thereto during the process. These spacers 
are preferably made in two halves of a design 
which will prevent break-down of the insu 

40 lation, and eliminate surface leakage trou 
bles. vThey are placed on the copper con 
ductor during the pulling in operation, at 
intervals depending on the con?guration of 
the line, that is to say, whether the duct is 

_ 45 straight or curved, and to what degree. 

Iat-> 

My invention is illustrated in the accom 
panying drawing, in which : 

Figure 1 is a longitudinal section of a frag 
ment of cable embodying my invention. 
Figure 2 is a cross-section on the line 2—2 50 

of Fig. 1, with spacer shown therein. 
Figure 3 is a section of the spacer on line 

3——3 of Figure 1. 
Figures 4, 5 and 6 are corresponding ?g 

ures showing a modified form of spacer, and 55 
Figure 7 is a longitudinal section show 

ing a. further modi?cation in the form of a 
continuous spacer made in sections linked to~' 
gether. 

In my design, the important features are :— 60 
(1) Approximately a 3—1 ratio of diam 

eters-—pipe to conductor; (2) a spacer, either 
individual or continuous, of such shapeas to 
makeany path of electric ?ux have ‘but a 
small fraction of its length in solid dielectric 65 
of the spacer. (The ?uid dielectric is at all 
points the essential and major insulation.) 
Usually in insulator design it is considered 
necessary to have the surfaces of dielectrics 
coincident with the electric ?ux. Divergence 70 
from this rule is allowable when solid sub 
stance is of such proportions as not to cause 
too material a lowering of the break-down 
of other insulating substance such as com 
pressed gas. In addition, the slope of the 75 
spacer at various distances from the center, 
as will be described, may be made-such as to 
have ?ashover along its surface occur at a 
higher voltage than across the ?uid itself. 
Since there may be some corona at points 
along the conductor, with accompanying 
formation of ozone, which is injurious to most 
materials,‘ it is to be understood that CO2 
may be used as a substitute for compressed 35 
air. The main points to be kept in mind are: 
That compressed gases have their dielectric 
strength‘ increased practically in direct pro 
portion'to the increase in pressure, and my 
device, now to be described, constitutes a 90 
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means of applying this principle to high ten 
sion cables in order to increase working volt~ 
ages, reduce dielectric loss, eliminate aging 
characteristics of different cables, increase 
the current carrying capacity, and to make 
the dielectric renewable. 

Referring to the ?gures, ?rst to Figures 1, 
2 and 3, (1) is the external pipe or casing 
enclosing the cable elements; (2) is the cur 
rent carrying conductor related to the tube 
1 in respect of diameters so that if r=1/~>" 
then R=11/2”; and (3) is the spacer formed 
of molded or pressed dielectric material, such 
as hard rubber, mica, etc. 
The spacer 3 is made preferably in two 

halves, as clearly indicated by the division 
lines 30. and 3b in Figures 2, 3, 4 and 6. The 
tube 1 is ?rst drawn or placed in position, and 
then the conductor 2 is drawn into it, the 
spacers 3 being applied to the conductor as 
it is inserted in the tube section by section. 
Referring to Figures 4, 5 and 6, it will be 
observed that while the general arrange 
ment is the same, the shape of the spacer 
is different, for reasons which will be pres 
ently explained, but the junction lines 3a and 
3b are greater in extent than the thickness 
of the walls of the spacer as in the ?rst form. 

Referring to Figure 7, the spacer 3" is here 
shown in an entirely different form, being run 
longitudinally of the pipe, along the conduc 
tor, in sections linked together at 30. Any' 
suitable linking device may be employed, pro 
vided it is simple and insures a ?rm joint. 
In Figures 1 and 5 it will be observed that 
longitudinal displacement of the spacer on 
the conductor 2 is prevented by a barb or 
projection a: entering a depression in the 
conductor. These depressions may be made 
at regular intervals, sufficiently frequent in 
their recurrence to permit of variable spac 
1n . 

atIn both forms of cable the space 5 between 
the conductor 2 and the casing or pipe 1, 
after the conductor is drawn in, is ?lled at 
the cable end with air or gases under pres 
sure, or with oil, as a continuous dielectric, 
the tube 1, of course, being sealed in any suit 
able manner, which I have deemed it unnec 
essary to illustrate. 
Assuming that the round conductor is held 

at the center of the tube, with ?xed radius 
R for tube, it is easily shown mathematical— 
ly that when 

the potential gradient at surface of conduc 
tor is a minimum. This would seem to indi 
cate that the most desirable ratio to use would 
be 2.7, for this value breakdown occurs with 
out corona formation. However, some di 
vergence from this must be made in practice. 
A gas surrounding a circular conductor does 
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not go into corona until the potential gradi 
ent at a distance of .301‘/r from surface 
is = to 21kv/cm; i. e., the voltage E may 
be obtained from 21: 

E 

(r+301,/F) log, 
E is a maximum (for R=11/2”) when 

R 

This is the most eilicient ratio but should not 
be used for reasons indicated below. On any 
line there are numerous surges, rises in volt 
age, etc. These may attain value sufficient 
to break down cable despite designing with 
a. fair safety factor. \Vith 3.05 as the ratio, 
the breakdown would occur exactly as in a 
sphere gap, i. e., instantaneously, since there 
would be no dielectric time lag of breakdown. 

To overcome this difficulty, I make 

somewhat greater than 3.05. 
will precede breakdown. This furnishes a 
means of dissipating the energy of the surge 
before actual failure voltages occur. 
For these sizes, R=11/2 and r=%, voltage 

may rise to approximately 1% times the 
corona forming value before sparkover oc 
curs. This gives a good range for dissipat 
ing surge energy. 
With oil as dielectric, previous tests show 

that 2 should be about 7 for most satisfac 
tory results. 
With the spacer 3 between the conductor 2 

and the pipe 1, different conditions arise.‘ 
The breakdown along the surface of the in 
sulating material 3 is influenced by slight 
conducting ?lms, etc., and so, at times, break 
down may be reduced to one half the value 
for an ordinary air column. 
For the spacer shown in Fig. 1, the poten 

tial gradient along the surface of same at any 

point is (51; cos 0 (where g; is gradient in 
air, and 0 is angle between tangent to spacer 
surface and perpendicular to conductor). To 
make surface of insulator as safe as air col 

Then corona ‘ 
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umn, cos 0 should be 1/2 or less at surface of . 
conductor. It may increase as distance from 
axis increases to a point halfway between 
conductor and envelop. I have made cos 
0:111 at the surface of the conductor and 1/2 
for point half way between the conductor 
and the casing. The latter is to make the 
path of the flux lines in the spacer but a short 
part of their total path. Since the spacer 
will invariably have a higher dielectric con 
stant than a gas, it is obvious that stresses 
at “A” will be higher than those at “C”. 
Corona will form there at A ?rst, but break 
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down will not in general occur there because 
of the high strength of the solid dielectric. 
The amount contributed in such way will 
also have to be taken care of by the creepage 
path along the joint 3a—3b of the two halves 
of the spacers. The spacer design is there 
fore as shown. Instead of making these 
spacers individual, a series may be made and 
interlocked as shown in Figure 7, and pulled 
in with the conductor, thus forming a con 
nected system of spacing. Such type is to 
be used where “barrier’ protection against 
breakdown is needed. 
Some of the advantages of this design for 

use in say 3 phase high voltage system are: 
( 1) Low dielectric loss. Compressed gasbe 
low corona forming voltage is practicall at 
zero loss. Loss in the spacers is negligible. 
(2) High current carrying capacity due to 
exceptional cooling possibilities by convec 
tion currents in ?uid and the fact that the 
spacers may be made for safe operation at a 
higher temperature than paper and the like. 
(3) High voltage possible. Limited only by 
the pressure which can conveniently be main 
tained, or by strength of oil. (4) Dielectric 
renewable-either gas, oil or spacers. (5) 
Simplicity of splicing-making possible 
welding or brazing of joints, due to absence 
of paper, etc., which may be charred in ordi 
nary types. (6) With resistance grounded 
neutral system, failure may occur without 
doing very much damage to lead pipe, con 
ductor, etc., thus making renewal of the cable 
possible by replacement of the spacers. (7) 
Design eliminates the aging characteristics 
of paper and rubber cables. (8) Although 
air has no breakdown time lag, operating 
with suitable safety factor and with means 
of dissipating surge energy, this point may 
be passed by. 

Losses in sheath constitute an item for con 
sideration. In one case these may be looked 
upon as similar to losses in ordinary single 
conductor armored cable. 
Sample computations (atmospheric pres 

sure). Voltage for corona formation at 
“0". 

ec=g,.(1+‘/$>rlog¢1—: (r in cm.) 
.301 > 1.5 = ———— .9521 ,-——+ 

e 21(1+1/.375><2.54 0g 375 
36.4k.v. 

Flash over voltage= corona forming voltage 

for 1" = 1—;+ voltage drop thru corona belt = ' 

.301 1.5 
21(1 +m>5 X 2.54 log, ‘5 

+ approx. 6.6 =44 k.v. 

To be very safe, it is well to compute voltage 

3 

assuming that gradient at air ?lm at “D” 
is 21 kv. 
To allow for thermal expansion and con 

traction of the copper conductor, it may be 
made in sections with gaps or spaces between 
the ad'acent ends of sections conductively 
bridge with sections of ?exible jumper cable. 
This jumper cable may take the form of sev 
eral ?at, ?exible conductors brazed or sol 
dered around the peripher of the adjacent 
cable core ends, or it may be spring like, or 
of any known or other form capable of elec~ 
trically connecting the adjacent ends of the 
cable core sections while permitting relative 
longitudinal movement thereof. 
A system using such cable as this would 

obviously include certain necessary aux 
iliaries, such as, air compressor, ?lters, oil 
pumps and devices of that order. 

Splices, ends, bends, etc., may be desi ed 
in a way similar to that of the rest 0 the 
cable. 
The term “cable” is used herein for con 

venience and is to be construed as a term of 
inclusion and not of limitation, particularly 
as it would ordinarily connote an idea of 
?exibility. ’ 

I claim: 
1. A cable adapted for high transmission 

voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, a surrounding envelop coex~ 
tensive in length with said core, a ?uid di 
electric medium under pressure between the 
core and the envelop and having recurring 
spacer elements between the core and the 
envelop with surfaces sloping from the nor 
mal to the core and with the total thickness 
of spacer material measured along any nor 
mal to the core but a fraction of the length 
of said normal through ?uid dielectric. 

2. A cable adapted for high transmission 
voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, and a surrounding envelop 
coextensive in length with said core, a ?uid 
dielectric medium under pressure between 
the core and the envelop and a spacer element 
between ‘the core and the envelop, said ele 
ment having a surface oblique to the lines of 
?ux emanating from the core, the degree of 
obliquity being'such that the ?ashover volt 
age along' surface of spacer is‘ equal to or 
greater than the ?ashov'er voltage through 
the ?uid, and said element having a thickness 
measured along any line of ?ux substantially 
less than the length of this line of ?ux in the 
?uid dielectric. 

3. A cable adapted for high transmission 
voltages with lar e current density in the 
conductor and wit low dielectric losses com 
prising a core and surrounding envelop co 
extensive in length with said core, a ?uid 
dielectric medium under pressure between 
the core and the envelop and a spacer element 
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between the core and the envelop, said spacer 
having a surface curvature such that the 
cosine of the angle between any tangent to 
the surface of the spacer at any given point 
‘and the perpendicular to the axis of the core 
at that point is equal to or less than one half 
the ratio of the distance from the point to 
the core axis and the radius of the core and 
the walls of said spacer being su?iciently at 
tenuated to make any path of electric ?ux 
pass thru it in a length substantially less 
than one half the length of the spacer. 

4. A cable adapted for high transmission 
voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, a surrounding envelop c0 
extensive with said core, a ?uid dielectric 
medium under pressure between the core and 
the envelop, and recurring spacer elements 
between the core and the envelop, each hav 
ing a curvature such that the cosine of the 
angle between any tangent to the surface of 
the spacer at any given point and a perpen 
dicular to the axis of the core at that point 
is approximately one half or less for a point 
at surface of core, the value of said cosine 
increasing as the distance from the axis in 
creases to a point approximately halfway 
between core and envelop and then decreas 
ing, the walls of said spacers being so attenu 
ated as to thickness that for any line of elec 
tric ?ux the length thereof in s , acer dielectric 7 
ma be but a fraction of the ength in ?uid 
die ectric. 

5. A cable adapted for high transmission 
voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, a surrounding envelop coex 
tensive in length with said core, a ?uid di 
electric under pressure between the core and 
the envelop, a spacer element between the core 
and the envelop, said envelop being a metal— 
lic tube and said spacer having a thin wall 

' of formed insulation extending from the core 
(5 longitudinally of the cable in an expanding 

?gure and into engagement with the envelop. 
6. A cable adapted for high transmission 

voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, a surrounding envelop coex 

. tensive with said core, a ?uid dielectric me 

55 

dium under pressure~between the core and 
the envelop, and recurring mechanical 
spacers between the core and envelop extend 
ed as to length and attenuated as to thick 
ness so that for any line of electric ?ux the 
length thereof in spacer dielectric shall be 
but a small fraction of the total length from 
the core to the envelop, each spacer formed in 
parts circumferentially and adapted to be 
?tted together directly around the cable core, 

' held against longitudinal movement by di 

65 

rect engagement with the core, and held to 
gether circumferentially by the enclosing en 
velop. 
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7. A cable adapted for high transmission 
voltage with large current density in the con 
ductor and with low dielectric losses com 
prising a core, a surroundin envelop coex 
tensive with said core, a ?ui dielectric me 
dium under pressure between the core and 
the envelop, and recurring mechanical s ac 
ers between the core and envelo of soli di 
electric material having walls 0 substantial 
ly uniform thickness and shaped approxi 
mately like the walls of an hour glass with 
the central constricted portion engaging the 
core, and the outer extended portions engag 
ing the envelop. 

8. A cable adapted for high transmission 
voltages with lar e current density in the 
conductor and with low dielectric losses com 
prising a core, a surroundin envelop coex 
tensive with said core, a ?ui dielectric me~ 
dium under pressure between the core and 
the envelop and recurring mechanical s ac 
ers between the core and envelo of soli di 
electric material having walls 0 substantial 
ly uniform thickness and shaped approxi 
mately like the walls of an hour glass with 
the central constricted portion engaging the 
core, and the outer extended portions engag 
ing the envelop, said walls being made su?i 
ciently attenuated to make any path of the 
electric ?ux pass through them in a small 
fraction of the length of the spacer. 

9. A cable adapted for high transmission 
voltages with large current density in the 
conductor and with low dielectric losses com 
prising a core, a surrounding envelop coex 
tensive with said core, a ?uid dielectric me 
dium under pressure between the core and 
the envelop, and recurring mechanical spac 
ers between the core and envelop of solid di 
electric material having walls of substantial 
ly uniform thickness and shaped approxi 
mately like the walls of an hour glass with 
the central constricted portion engaging the 
core, and the outer extended portions engag 
ing the envelop, said walls being made su?i 
ciently attenuated to make any path of the 
electric ?ux pass through them in a small 
fraction of the length of the spacer, and the 
length and shape of the spacer being such 
that any flashover along its surface will occur 
at a higher voltage than through the ?uid 
dielectric. 

In testimony whereof I hereunto a?ix my 
signature. 

THOMAS F. PETERSON. 
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