Re. 20,244

T. F. PETERSON
HIGH TENSION CABLE

Jan. 12, 1937.

Original Filed Nov. 10, 1925

\

3 ©

Fowss

(‘,]n'uc'n{’ ot

By

Htarne 1’,




Reissued Jan. 12, 1937

Re. 20,244

'UNITED STATES PATENT OFFICE
| | o mGnTE:I.S,zI‘(:NCANE' N

Thomas F. Peterson, Worcester, Mass.
; . Original No, 1,912,194, dated June 6, 1933, Serial

i T

electrical power transmission, and has for its
objects, among others, the following: -

(1) To produce & cable which may be used for

5 transmissionat voltages considerably higher than
those used at present; (2). to increase the allow-
‘able current density in copper; (3) to decrease
the dielectric losses; and (4) to make the dielec-
tric renewable. Iattainmy objectsin the manner

10 and by means of the apparatus and methods
hereinafter set forth: ’ ‘

Very briefly stated, this cable comprises as its
essential features a single conductor with an en-
closed fluid dielectric, preferably compressed air,

15 and the cable may be assembied, so to speak,
when it is Installed. More specifically stated,
the cable in one form may consist of &n envelope,
such as a tube or pipe of metal, lead, or the like,
preferably flexible tubing, in the axis of which a

20 round copper conductor or core is held by means
of hard rubber or equivalent molded spacer, the
space between the tube and the conductor being
filled with a fluld dielectric such as compressed air

) or oil. 'The material to be used for the outer cas-

28 ing or envelope 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, lead pipe, rein--

forced with steel tape, would be preferable for
30 Lulling into duets, (the difficulty of such pulling
in being taken into consideration). In so pulling

in, or in installing in new subway, the external -

tube or casing is first put in, then the copper
conductor is drawn in, and spacers are attached
35 tnereto during the process. These spacers are
preferably made in two halves of a design which

will prevent break-down of the insulation and -

eliminate surface leakage troubles. They are
placed on the copper conductor during the pull-
ing in operation, at intervals depending on the
configuration of the line, that is to say, whether
the duct is straight or curved and to what degree.
My invention is illustrated in the accompany-
ing drawing, in which: o
45 g 1 is a longitudinal section of a fragment
of cable embodying my invention. :
Pig. 2 is a cross-section on the line 2—2 of Fig.
1, with spacer shown therein.
Pig. 3 is a section of the spacer on line 3—3 of
50 pig. 1. o

40

‘$b in Figs. 2, 3, 4 and 6.

No. 68,089, November 16, 1925. Application for
reissue May 21, 1935, Serial No. 22,575

. 9 Claims. (CL 173—265)
My invention relates to high voltage cable for’

Figs.4,5and8arecomspondin8ﬂ8u!‘esshow- .
ing & modified form of spacer, and -

Fig. 7 is a longitudinal section showing & fur-
ther modification in the form of & continuous
spacer made in sections linked together,

In my design, the important features are:—

(1) Approximately & 3-1 ratio of diameters— .
pipe to conductor; (2) a spacer, either individual
or continuous, of such shape as to make any path
of electric flux have but a small fraction of its 10
length in solid dielectric of the spacer. (The
fluid dielectric is at all points the essential and
major insulation.) Ususally in insulator design it
is considered necessary to have the surfaces of
dielectrics coincident with the electric flux. Di- 15
vergence from this rule is allowable when solid
substance is of such proportions as not.to cause
too material a lowering of the pbreak-down of
other insulating substance such as compressed

_ gas. In addition, the slope of the spacer at vari- 20

ous distances from the center, as will be described
may be made such as to have flashover along its
surface occur at a higher voltage than across the
fluid itself. Since there may be some corona at
points along the conductor, with accompanying 25
formation of. ozone, which is injurious to most
materials, it is to be understood that COz2 may
be used as a substitute for compressed air. The
main points to be kept in mind are: That com-
pressed gases have their dielectric. strength. in- 0
creased practically in direct proportion to the
increase in pressure, and my device, now to be .
described, constitutes a means of applying this
principle to high tension cables in order to in- __
crease working voltages, reduce dielectric loss, 35
eliminate aging characteristics of different
cables, increase the current carrying capacity,
and to make the dielectric renewable, .

Referring to. the figures, first to Figs. 1,2 and
3, (1) is the external envelope such as a pipe or 4
casing enclosing the cable elements; (2) is the
current carrying conductor or core related to
the tube | in respect of diameters so that if
r=15"" then R=11%"’; and (3) is the spacer
formed of molded or pressed dielectric material, 45 .
such as hard rubber, mica, ete. -~ .

The spacer 3 is made preferably in two halves,
as clearly indicated by the division lines 3a and
The tube 1 is first drawn - _
or placed in position, and then the conductor 2 50
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- rence to permit of variable spacing.-

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 Figs. 4, 5 and 6, it will
be observed that while the general arrangement
is the same, the shape of the spacer is different,
for reasons which will be presently explained, but
the junction lines 34 and 3» are greater in extent
than the thickness of the walls of the spacer as
in the first form.

Referring to Fig. 7, the spacer 3’’ is here shown
in an entirely different form, being run-longitudi-
nally of the pipe, along the conductor; in sections
linked together at 3c. Any suitable linking device
may be employed, provided it is simple and in-
sures a firm joint. In Figs. 1 and 5 it will be
observed that longitudinal displacement of the
Spacer on the conductor 2 is prevented by a barb
or projection x entering a depression in the con-
ductor. These depressions may be made at regu-
lar intervals, sufficiently frequent in their Tecur-

In both forms of cable the space 5§ between the
conductor 2 and the casing or pipe 1, after the
conductor is drawn in, is filled at the cable end
with air or gases under pressure, or with oil, as a
continuous dielectric, the tube {, of course, being
sealed in any suitable manner, which ‘I have
deemed it unnecessary to illustrate,

Assuming that the round conductor is held at
the center of the tube, with fixed radius R for
tube, it is easily shown mathematically that when

R
;—E=2.73

the potential gradient at surface of conductor is
a minimum. This would seem to indicate that

the most desirable ratio to use would be 2.7, for

this value breakdown oceurs without corons, for-

mation. However, some divergence from this

must be made in practice. A gas surrounding a

circular conductor does not go into corona unti?

the potential gradient at a distance of

: 30147 .
from surface is=to 21kv./cm.; i. e., the voltage E

may be obtained from 21—
E

(r+.301/5) 16g.§-

Eisa meaximum (for R=1%’’) when
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This is the most efficient ratio but should not be
used for reasons indjcated below. On any line
there are numerous surges, rises in voltage, ete.
These may attain value sufficient to break down
cable despite designing with g fair safety factor.
With 3.05 as the ratio, the breakdown would oc~
cur exactly as in a sphere gap, 1. e, instantane-
ously, since there would be no dielectric time lag
of breakdown. :

To overcome this difficulty, I make

R

‘7 )
somewhat greater than 3.05. Then corona will
precede breakdown. ‘This furnishes a means of
dissipating the energy of the surge before actual
fallure voltages occur, )
- For these sizes, R—=1% and r=3%, voltage may
rise to approximately.115 times the corona form-
ing value before sparkover occurs. This gives a -
good range for dissipating surge energy.

20,244

With oil as dielectric, previous tests show that
B .

r

should be about 7 for most satisfactory results.
With the spacer 3 between the conductor 2 and
the pipe I, different conditions arise. The break-
down along the surface of the Insulating mate-
rial 3 is influenced by slight conducting films, etc.,
and so, at times, breakdown may be reduced to
one half the value.for an ordinary air column. -
For the spacer shown in Fig. 1, the potential

gradient along the surface of same at any point is

:—: cos @
(where

de

dr :
is gradient in air, and ¢ is angle between tangent
to spacer surface and perpendicular to conduc-
tor). To make surface of Insulator as safe as air

.column, cos ¢ should be % or less at surface of

conductor. It may increase as distance frem axis
Increases to a point halfway between conductor
and envelop. I have made cos 8=1 at the surface
of the conductor and 14 for point haif way be-

‘tween 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 g gas, it is obvious that stresses at “A”
will be higher than those at “C”, Corona will
form there at A first, but breakdown 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
therefore as shown. Instead of making ' these
spacers individual, a series may be made and
interlocked as shown in Fig. 7, and pulled in with
the conductor, ‘thus forming a connected system
of spacing. Such type is to be used where “bar-
rier” 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 gas below corona
forming voltage is practically at zero loss. Loss
in the spacers is negligible. (2) High current
carrying capacity due to exceptional cooling pos-
sibilities by convection currents in fluid and the
fact that the spacers may be made for safe opera-
tion 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 re-
newable—either gas, oil or spacers. ( 5) Simplic-
ity of splicing—making possible welding or braz-
ing of points, due to absence of paper, etc., which
may be charred in ordinary types.  (6) With
resistance grounded neutral system, faflure may
occur without doing very much damage to lead
pipe, conductor, etc., thus making renewal of the
cable possible by replacement of the spacers. (1)
Design eliminates the aging characteristics of
paper and rubber cables. (8) Although air has

no breakdown time lag, operating with suitable

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, ’ '

safety factor and with means of dissipating surge

10

15

20

25

30

40

45

60

65

70



10

15

20

20,344

Sample computations (atmospheric pressure) .
Voltage for corona formation at “Cc”, :

8= ‘o(l + %

r log.rg (r in cm.)
‘ .301 1.5
=21(1 ——————).952.1 13 364k v.
° t aTsx258 o8 375 v

PFlash over voltage=corona forming voltage for .

x=%+_voltage drop thru corona belt.=-v

- .301 1.5+
21(1 ———-——).5 2.54 log, —=
+Erca s/ (R Ts
: approx. 6.6=44 k. v.

To be very safe, it is well to compute voltage as-

suming that gradient at air fllm at “p” is 21 kv.
To allow for thermal expansion and contrac-

tion of the copper conductor, it may be made

. in sections with gaps or spaces between the ad-
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jacent ends of sections conductively
sections of flexible jumper cable.

bridged with
This jumper

' cable may take the form of several fiat, flexible

conductors brazed or soldered around the periph-
ery of the adjacent cable core ends, or it may
be spring like, or of any known or other form
capable of electrically connecting the adjacent
ends of the cable core sections while permitting
relative longitudinal movement thereof. .

A system using such cable as this would ob-
viously include certain necessary auxiliaries, such
as, air compressor, filters, oil pumps and devices
of that order.

Splices, ends, bends, etc., may be designed in
a way similar to that of the rest of the cable.

The term “cable” is used herein for con-
venience and is to be construed as & term of

40 inclusion and not of limitation, particularly as it
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- the core and the envelope,
“a surface curvature such that the cosine of the

75

from the core, the degree

would ordinarily connote an idea of flexibility. -

I claim: ) ‘

.1. A cable adapted for high transmission volt-
ages comprising in combination a core, a sur-
rounding envelope coextensive in length with said
core, a fluld dielectric medium between the core
and the envelope, and & spacer element between
the core and the envelope having a surface slop-
ing from the normal to the core and with a total
thickness of spacer material measured along any
normal to the core but a fraction of the length
of said normal through the fiuid dielectric. -

2. A cable adapted for high transmission volt-
ages comprising in combination a core, & sur-
rounding envelope coextensive in length with said
core, a fluid dielectric medium between the core
and the envelope, and a spacer efement between
the core and the envelope, said element having a
surface oblique to the lines of flux emanating
of obliquity being such
that the flashover voltage along the surface of
the spacer element is equal to or greater than
the flashover voltage through the fluid dielec-
tric, said element having a thickness measured
along any line of flux substantially less than the’
length of this line of flux in the fluid dielectric.

3. A cable adapted for high transmission volt-
ages comprising in combination a ‘core, & sur-
rounding envelope coextensive in length with said
core, a fluid dielectric medium between the core
and the envelope, and a spacer element between-
said element having

angle between any tangent to the surface of the
spacer element at any glven point_and the per-

1

_mately halfway between the

3

pendicular to the axis of the core at that point
is equal to or less than one-half -the ratic of

the distance from the point to the core axis and

the radius of the core and the wall of sald spacer
element being sufficiently attenuated to make any
path of electric flux through it in length substan-
tially less than one-half the length of the spacer
element. i

4. A cable adapted for high transmission volt-
agés comprising in combination a core, a sur-

. rounding envelope coextensive with said core, a

fluid dielectric medium between the core and the
envelope, and a spacer element between the core
and the envelope, said element having a curva-
ture such that the cosine of the angle between
any tangent to the surface of the spacer ele-
ment at any given point and a perpendicular to
the axis of the core at that point is approximately
one-half or less for a point at the surface of the
core, the value of sald cosine increasing as the dis-
tance from the axis increases to a point approxi-

velope and then decreasing, the wall of said
spacer element being so attenuated as to thick-
ness that for any line of electric-flux the length

thereof in the spacer dielectric may be but a frac-

tion of the length in the fluld dielectric.

5. A cable adapted for high transmission volt-
ages comprising In combination a core, a sur-
rounding envelope coextensive in length with sald
core, a fluid dielectric medium between the core
and the envelope and a spacer element between
the core and the envelope, said envelope being a
metallic tube and said spacer element having a
thin wall of formed insulation extending from the

core longitudinally of the cable in an expanding-

figure and into engagement with the envelope.
6. A cable adapted for high transmission volt-
ages and low dielectric losses comprising in com-
bination a core, a surrounding envelope coexten-
stve with said core, a fluid dielectric medium be-
tween the core and the envelope, and a spacer
element between the core and the envelope ex-
tended as to length and attenuated as to thick-
ness so that for any line of “electric flux the
length thereof in the spacer dielectric is but a
small fraction of the total length from the core

‘to the envelope, the spacer element being formed
- in parts circumferentially for fitting around the

core and being held against longitudinal move-
ment by engagement with the core and held to-
‘gether circumferentially by the enclosing en-
velope. . " ’

7. A cable adapted for high transmission volt-
ages comprising in combination a core, a sur-
rounding envelope coextensive with said core, a
fluld dielectric medium between the core and
the envelope, and & spacer element between the

" core and the envelope of solid dielectric ‘mate-

rial having a wall of substantially uniform thick-

‘ness and shaped to approximate the wall of an

hour-glass with the constricted portion engag-
ing the core and the outer extended portion en-

. gaging the envelope. . .

8. A cable adapted for high transmission volt-

ages comprising in combination a core, a sur-

rounding envelope coextensive with said core, a
fluid dielectric medium between the core and
the envelope, and a spacer element between the
core and the envelope of solid dielectric mate-
rial having a wall of substantiaily uniform thick-
ness and shape to approximate the wall of an

core and the en-

10

15

20.

25

30

70

hour-glass with the constricted portion engag- -

ing the core and the
gaging the envelope,

outer extended portion en-

said wall being suffictently 78
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attenuated. to make any path of electric flux
through it in length but a small fraction of the
length of the spacer element. : .

9. A cable adapted for high transmission volt-
ages comprising in combination a core, a sur-
rounding envelope coextensive with said core, a
fluid dielectric medium between the core and
the envelope, and a spacer element between the
core and the envelope of solid dielectric mate-
rial having a wall of substantially uniform thick-
ness and shaped to approximate the wall of an

20,244

hour-glass with the constricted portion engaging
the core and the outer extended portion erigag-
ing the envelope, said wall being suficlently at-

tenuated to make any path of electric flux through

it in length but a small fraction of the length
of the spacer element, and the length and shape
of the spacer element being such that any fiash-
over along its surface occurs at a higher voltage
than through the non-solid dielectric. )

THOMAS F. PETERSON. -
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