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The present invention relates to electrical ap-
paratus and more particularly to electrical con-
ductors comprising an insulated conducting core
and a surrounding conducting sheath and to a
method of manufacturing the same.

The invention is directed to a shielded elec-
trical conductor, which conductor is also par-
ticularly suitable as an electrical heating element
ber se or in combination with other electrical
apparatus such as radio antennas, in which lat-
ter use the conductor serves as a de-icing means,
said shielded conductor being also particularly
suitable as an electrical condenser capable of
operating at high temperatures, While the in-
vention will be described in connection with such
uses, it should be well understood that the inven-
tion is not so limited but is equally applicable
for other electrical purposes.

Electrical heating elements comprising g cen-
tral resistance metal conductor, a surrounding
heat-resistant insulating layer, and an enclosing
metallic protective casing have been proposed.
However, the prior elements have not been gen-
erally satisfactory for several reasons. More
particularly, because of tha inflexible character
of the insulating layer and/or of the casing, such
elements have been generally restricted to com-
paratively simple shapes and have been limited to
uses under which the element is subjected to
little or no deformation. For purposes requir-
ing heating elements of substantially complex
shape, the prior elements had to be formed into

. the desired shape simultaneously with their man-
ufacture, which procedure considerably increased
the cost thereof.

Moreover, because of the bulky character of
the insulating layers heretofore used and the
resulting poor heat-conducting path through the
same and through the casing, it is necessary to
operate the central conductor at substantially
high temperatures in order to obtain sufficiently
rapid heat transfer to the body to be heated:
this results in a large temperature gradient
through the insulation and subjects the insula-
tion to maximum temperatures considerably
higher than the average temperature thereof.
Furthermore, since the central conductor must
be operated at high temperatures, the usefu] life
thereof and correspondingly of the heating ele-
ment, is seriously impaired. A further and im-
portant disadvantage of such prior heating ele-
ments is that the comparatively great stiffness
or rigidity thereof makes it difficult if not im-
possible to obtain an intimate contact, and cor-
respondingly a good heat-conducting path, be-

10

20

30

40

45

65

tween the heating element and the body to be
heated, thereby necessitating further increases in
the operating temperature of the central heating
conductor to produce a desired amount of heat-
ing in the body to be heated,

The prior heating elements consisting of a
bare resistance wire are even more restricted in
use. For example, because of the lack of any
protecting shield whatever, such elements are
easily short-circuited by contact with a piece of
metal or by immersion in g solution and must
be well spaced from the body to be heated. Fur-
thermore, such elements are exposed to the sur-
rounding atmosphere and hence are highly sus-
ceptible to oxidation.

In many uses radio antennag are subjected to
atmospheric conditions which produce thereon
accumulations of ice, particularly when mounted
on an airplane. Previous attempts to prevent
such accumulation of ice on the antenna or to
remove the ice once formed, have consisted in
a proper alignment of the antenna with respect
to the direction of flight or in passing a large
electric current through the antenna itself.
However, the first method does not completely
eliminate the possibility of ice formation and the
second method requires inconveniently large cur-
rents and special apparatus to generate the same,

It is an object of the invention to provide g
shielded conductor in which the central core js
insulated from the shield and which is character-
ized by a high degree of flexibility, 2 high break-
down voltage, and a high rate of heat conduction
away from the core,

Another object of the invention is to provide
a flexible insulated electrical heating element
characterized by a high heat transfer efficiency
and low cost.

An additionsal object of the invention is to pro-
vide an improved radio antenna principally for
aircraft use, although not limited thereto, hav-
ing self-contained heating means to prevent icing
thereof under even the most adverse weather
conditions, and which requires only moderately
small electric currents for proper operation,

Another object of the invention is to provide
an electrical condenser characterized by a high
specific capacitance and breakdown voltage andg
which is capable of continuous operation at high
temperatures of the order of 100° C. or more,

A further object of the invention is to provide a
novel method of manufacturing shielded electrical
conductors having an overall diameter less than
about 075",
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These and further objects of our invention will

" appear as the specification progresses.

The insulated electrical conductor in accord-

" ance with the invention comprises & central core
. of electrically-conducting material which is usu-

ally but not néecessarily fiexible, an electrically-in-

sulating coating sround the core-and suficiently -

thin to permit rapid heat transfer, and a sheath
of durable material having high thermal conduc-

_tivity positioned over thé ‘electrically-insulating’

coating and in such intimate contact therewith
that substantially no air layer exists between the
two. Such a conductor being substantially en-
tirely de-aerated permits very rapid heat con-
duction throughout. As the sheath consists of
an electrically conducting material, an electro-
static shield for the inner conductor, or an elec-
trode for a condenser, is realized.

The invention will be further described with
reference to the appended drawing forming part
of the specification and in which:

Pigure 1 Is an enlarged cross-sectional view of
an insulated conductor in accordance with the in-
vention. : :

Pig. 2 is an enlarged cross-sectional view illus-
trating another embodiment of the invention.

Referring to Fig. 1, the insulated conductor
there shown comprises a central conducting core
10 which is generally, but not necessarily. flex-
ible. This may consist of any of the well-known
metals or metal alloys capable of conducting an
electric current. Metals and metal alloys of this
character may have either high or low electrical
conductivity, depending upon the purpose for
which the resulting structure is to be used. A few
of the many metals and metal alloys com'ng with-
in the foregoing category are: Covuner, aluminum,
bronze silver, nickel, nickel-chromium, nickel-
iron, etc.

Surrounding the core {8 and in intimate con-
tact therewith is an electrically-insulating coat-
ing {{ permitting rap'd heat {ransfer there-
through. and positioned thereover is & sheath of
deformable metal i2. The electrically-insulating
coating should be in intimate contact with the
core {8. and as 2 general rule should be extremely
thin. For optimum results it is advisable to se-
lect for the coating those insulat'ng materials
and to apvly an amount thereof which is svfii-
cient to provide the required electrical insulation
without undulv reducing the heat transmission
proverties of the coating. Insulating materials
meeting this requirement and the manner of ap-
plving them are well known and need not be de-
seribed herein in detail.  For purposes of ‘lustra-
tion, however, a representative few of such ma-
terials are mentioned. such materials being fiber
glass impregnated with heat-resistant electrical-
ly-insulating varnish, ceramics such as tale or
china clay used alone and/or in admixture with
one another and/or impreenated or coated with
a resin or material of a resinous nature such as
formvar, silicone, or any of those materials listed
in Chemical and Engineering News, vol. 20, pages
536-538 (1942) ; natural fiber such as silk, cotton
or hemp impregnated with insulating varnish,
lacquer or the Tike; aluminum oxide electrolytical-
iy formed on the surface of an aluminum wire in
the form of comparatively thick and thin films
together or singly; insulating plastics or res‘nous
materials (used singly or mixed) such as form-
var, silicone, or any of those listed in Chemical
and Engineering News, vol. 20, pages 536-538
(1942) : any of which may contain plasticizers.

1t is to be understood that the thickness of the
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electrically-insulating layer 1 will 'depend to & .
great- extent upon the particular purpose. for
which the resulting structure is:to be used and the

. material from which this structure is made. Asa
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general rule, however, it may be stated that this
layer should. be extremely thin, approximsting

©.020"’ orless in thickness. ‘For optimum resulis

over & wide range of conditions and with & wide
variety of materials the layer 11 sho_uld be be-

.tween-.002’* and about .005’" thick.

In general, coatings of the above thickness
ranege lack sufficient strength at least under oper-
ating conditions to maintain intimate mechanical
and thermal contact with the core 16. In accord-
ance with the invention, the deformable metal
sheath 12 is so formed about the coating 11 as to
be in intimate contact with coating [f, so that
it fixedly positions the coating {1 in intimate con-
tact with the conductor 18 and maintains such
contact under even the most severe flexing to
which the conductor may be subjected in opera-
tion.

Furthermore, as previously mentioned, the core
{0 after being coated with the electrically-insulat-
ing layer 1! is covered with a sheath of deform-
able metal in such manner as to produce a de-
aerated conductor. Particular care should be
taken In applying this sheath to obtain such inti-
mate contact with the electrically-insulating lay-
er throughout its entire surface so that substan-
tially no air layer exists between the adjacent sur-
faces of these two layers: otherwise the thermal
conductivity of the structure will be appreciably
impaired due to incomplete de-aeration.

To meet the above requirement and in accord-
ance with the preferred embodiment of the in-
vention, the sheath is applied under compres-
sional stress. More particularly. the sheath 12
consists of a material having a larger coefficient
of expansion than the overall coefficient of ex-
pansion of the insulated core and is epplied at
o relatively high temperature whereby the re-
sulting differential shrinkage on cooling causes
the shecth to contract relative to the insulated
core, causing the same to fit tightly around the
outside of the insulation and thus aiding the
process of de-aeration.

Numerous metals and metal alloys, as well as
related thermally-conductive materials, may be
used for the sheathing element 2. A few of the
many materials within this category are lead,
zine, tin, alloys of lead, zinc and/or tin, copper,
aluminum, silver, gold, etc. We have found that
for optimum results over a wide range of condi-
tions it is generally preferred to employ lead for -
this purpose.

The thickness of the sheathing {2 will likewise
depend to & considerable extent upon the par-
ticular purpose for which the conductor is to be
used and the materials from which it is made.

.Since this layer has, as a generel rule, excellent

thermal conductivity and also serves the func-
tion of protecting the more delicate insulating
layer I, it is possible to vary its thickness widely.
As a general rule the sheath is made approxi-
mately .025’’ thick, or less, although it is under-
stood that this figure is not critical and may be
exceeded considerably without departing from
the scope of this invention. <Customarily, par-
ticularly where the sheathing element is com-
posed of lead, it will vary in thickness from about
.010’’ to about 020",

For the manufacture of the insulated condue-
tor of the invention and to obtain a de-aerated
structure in which the core 10, the coating {i and
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the sheath 12 are in intimate mechanical and
therma] contact with each other, we have found
the following procedure to be particularly ef-
fective:

The insulated wire passes through a chamber
containing the coating metal under a very high
unit pressure of the order of 20,000 to 45,000
pounds per square inch, which should be main-
talned constant to an accuracy of about 5% dur-
-ing the extrusion. The metal and wire together

are extruded through a die and the high unit

pressure with which the metal is pressed against
the insulated wire substantially entirely prevents
the formation of an air layer at the interface.

The metal in the chamber is maintained at a
temperature sufficiently high so that, at the pres.
sures used, the metal exhibits an adequate amount
of plastic flow to permit reasonably rapid extru-
sion and the differential shrinkage on cooling
causes the sheath to fit tightly about the insu-
lated core further obviating the possibility of the
formation-of an air layer af the interface. When
lead is to be extruded, this temperature is within
about 30° C. of the melting point. In any case,
the temperature should be accuraiely controlied
to within about 8 to 5° C. of the desired tem-
verature,

When the insulation layer 1§ contains a 5ub-
stance that s {0 be heat-treated, such as a vaking
varnish, preliminary baking therecs is only par-
tially completed so that §he completion thereof
takes place as the coated wire passes through the
hot metal,

The thickness of the meial coating 12 is deter-
mined by the size of the extrusion die and by the
speed or ifnsion of the drawing of the wire,

Preferably the speed or tension of the drawing

is so regulated that the overall diameter of the
coated wire Is kept less than the diameter of the
die. By this process is produced » metal-coated
conductor whese outside diameter is less then
D75,

Other reguirements which we have found %o be
necessary to produce a sabisfactory coating on
insulated wires or rods of small overall diameters
above referred to are the following: The length
of path of the coated wire through the hot metal
must be kept comparaiively short; i, e. in the
nelghbornood of %’ or less, not only to prevent
the insulation from becoming hot enough to be
dameged during the extrusion, but also to prevent
the motion of the hot metal under high pressure
irom stripping ihe wire or rod of its insulation.
Moreover, to proteet the insulation from excessive

hesting, the aperture in the tip of the hardened :

cone through the cenier of which the wire or rod
enters the hot metal chamber, should be of such
g diameter as to only loosely At around the enter.
ing wire or rod and at the same time should be
small enough so thai the exbrusion metal is not
forced out through this hcle during extrusion.
SBuch precautions against heating of the insula-
tion are not necessary in the commereial sheath-
ing of cable, its size being sufficient protection,

It is furthermore necessary to provide accurate
constant-tension drawing means for drawing the
sheathed wire or rod out of the press to aveid
excessive and irregularly applied tension leading
to breaking of the conductor and to avoid varia-
tlons in the thickness of the metal sheath pro-
duced. Withdrawa] of the conductor at consfant
speed does not in genera]l provide sufficiently
brecise tension conirol, and s device which main-
tains constant tension by means of appropriate
changes in speed is required. Accurate tension
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control is not important in commercial sheathing
of cable due to the strength of the cable and the
greater thickness of the sheath.

The length of the metal coating which can
be so applied is essentially limited only by the
metal capacity of the extrusion apparatus, and
lengths of more than 8¢ feet having an overall
diameter of .040’’ may be readily produced.

In & conductor fabricated according to the in-
vention, any air layer under the sheath having
been substantially eliminated by the methods
herein described and the sheath being in very
good contact with the insulated core, the result-
ing frictional forces are so grest that it is ex-
tremely difficult, if not impossible, to move the
sheath of & de-aerated conductor relative to the
insulated core, even when the insulation useqd is
relatively incompressible,

An example of a conductor of the type pro-
duced by the above process is as follows: An in-
ner wire of diameter .010"*, covered by a layer of
insulating material .0035’" in thickness, over
which is extruded a metal sheath .011’* in thick~
ness, making a total outside diameter of .039"" for
the complete conductor.

An important use of the conducior of the In-
vention is for spplicagions requiring & compaci
electrical condenser cepabie of operating ot tem-
peratures of the order of 100° €. or more. Re-
cause of the extreme thinness of the Insulating
coating and because of the intimate contact ex-
istlng between the central core, the {nsulating
coating and the surrounding sheaih whereby air
pockets are substantially eliminated, a high
capacity value per unit lengh of conductor and
2 bigh breakdown voliage are realized. For ex-
ample, in the case of a conducior heving 3 cen.
iral core consisting of @ copper wire 0107 in
dlameter, an insulating Iayer consisting of a layer
of fiber glass impregnated with insulating var-
nish and .0018’’ thick and a2 surrounding sheath’
of lead, capacitance values of the order of 30
micromicrofarads per inch of conductor length
and g breakdown potential of the order of 70§
volis is realized even under operating conditions
of 106° C, or more.

GOther advantages characierizing a condenger
made in accordance with the invention are the
following: The condenssr lends itself to close
tolerance adjustment of its capac'ty value, such
being effected by the simple expedient of adiust-
Ing its length. Moreover, the sheath effectively
shields the condenser from external electrostatic
fields. Purthermors, by using both ends of the
central bore or electrode connected together ag
one terminal and the mid-point of the sheath
as the ofther terminal of the condenser, & non-
inductive condenser is obtained. Sl another
advantage is reslized by the inherent flexibility
of the conductor which permits the condenser to
assume any desired overall shape.

Because of the unusually rapid best transfer
between the central conductor and the surround-
ing sheath, made possible by the extreme thin-
ness of the insulating coating ang by the inti-
mate contact between the central conductor and
the sheath, made possible by the de-aerated
structure, the conductor of the Invention is par-
ticularly suitable as an electrical heating element.
Furthermore, because of the flexible and deform-
able character of the sheath which permits the
element to be deformed without damage into the
most advantageous shape with respect to the
body to be heated and permits an intimate con-
tiguous contact to be realized between the sheath




and the surface of the body fo be heated, & high
thermal efficiency is obtained whereby the heat
generated in the conductor is rapidly trensferred
to the body to be heated and with & minimurm
temperature gradient. .
Because the sheath swrrounding the insulated
" heating element is contiguous and of impervious,
heat-conducting metal, it is possible to im-
merse the conductor in any Liquid or solution
which wil] not damage the outer sheath, without
destroying the insulation or causing the heating
clement to be short-circuited. Furthermore, for
the same resson the conductor can be attached
with solder or other binding material to an ob-
ject to be kested, providing excellent thermeal
contact without short-circuiting the hesting ele-
ment. Still further, because the outer sheath is
of heat-conducting metsal, good thermal contact
is realized between the healer wire and the ob-

ject to be heated even if only one side -of the :

skeath is in contact therewith, as heat flowing
out to any part of the sheath from the heater
wire can ,be rapidly transferred around ihe
“sheath to the body o be heated. It is thug readily
seen that the rapid transfer of heat as sbove
pointed out, permits a very low operating tem-
perature for the heater wire and o very shor?
time lag between the generation of hest in the
inner wire and its trensfer to the desired point.
_ since there is substentially no air layer be-
tween the insulating coating and the outer metal
sheath of the de-aerated conductor, according to
the invention, & capacitance per unit length of
the conductor is realized which is nob below an
appropriate minimum value, according to the ma-
terials employed in the insulating coating and the
thickness of this coating. For example, if the
center wire or rog is 010’7 in diameter, and if
. the insulation consists of fiber glass impregnated
with & good beking varnish, the instlating layer
being .0035’’ in thickness, & conductor produced
in accordance with the invention ezhibiis & mini-
mum capacitance of ot least of the order of 6
micromicrofarads per inch length,

In Fig. 2 of the drawing there is shown g radio
antenna embodying & heating element according
to the invention and in which the heating element
serves as & de-icing means for fhe antenns or as
a means for preventing the formation of ice on it
under adverse weather conditions.
shown comprises a multi-strand conductor 20
formed by 2 plurality of wires of copper, bronze,
or similar metal of high electrical conductivity
wrapped around and enclosing & hesling ele-
ment 21,
of resistance metal, for example, & nickel or
nickel-chromium alloy wire, & coating 23 of heat-

. resistant electrically-insulating materiel such as
fiber glass impregnated with insuiafing varnish,
and a surrounding deformable metal sheath 24 of
lead or a lead alloy. Sheath 24 is formed in the
manner above described so as to provide intimste
thermal contact with coating 23 end fizedly posi-~
tion and maintain the same in intimate contact
with the core 22.

To insure good thermal contact and a short
heat-conducting path between the sheath 24 and
the multi-strand conductor 28, the conducior 28

The antenng

The element 21 comprises s core 22 ;
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- conductor and the sheath is effected by wrapping

(218

10

the multi-strand conductor about the sheathed
conductor under tension. Preferably, to insure
optimum thermal confact between the sheath
and the strands 28, the so assembled structure
is then drawn through 2 die whose diamefer is
less than that of a circle circumscribed about
the cross-section of the multiple strands 28 and
the sheathed conductor 2§ when in parailel con-
tact. . '

Because of the good heat-conducting proper-
ties inherent in an antenng constructed as herein
described, 1t is perfectly feasible to use the com-
plete cabled antenna, with a plurslity of outer
metal strands, as & heating element in the same
way gs above described for the metal-sheathed
conductor. It is also perfectly feasible to use the
complete eabled antenna as 2 condenser in the
same way as above described for the metal-
sheathed conductor. Since it is obvious that
other uses for a conductor constructed like the
antenng herein described may occur to one skilled
in the art, the term “antenng” as uused herein
is intended to apply to any conductor so con-
structed, regardless of the use to which said “an-
tenna” may be put. The invention is intended

~ to include use of a so-constructed “antenna” in
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any application in the same fashion as the de-
gerated metal-sheathed conductor herein de-
scrived. )

It is seen from the above descriptions that the
de-aerated conductor of this invention is very
versatile and will fulfill 2 variety of purposes ac-
cording to any particular design of the conductor.

3 With a low-resistance metal as core, it is useful

as g shielded conductor for electrical wiring or an
electricel condenser with easily adjustable ca-
pacity. With a core of resistance metal the con-
ductor provides e heating element which has a
small total heat capacity and good heaf con-
duectivity, meking for rapid heat transier with 2
very short time lag. This heating element may
e made fexible so as to conform minutely to the
surface of & body to be heated or be cabled into

.2 de-iceable radio antenna. Our novel method

of manufacturing & small shielded conductor per-
mits its fabrication in & manner which eliminates
substantially all air from inside the metal sheath,
which de-geration is responsible for many desir-
able properties.including rapid heat transfer,

While we have described our invention in spe-
cific embodiments and by means of specific ex-
amples, we do not wish to be limited therete for
obvious modifications will occur to those skilled
in the art without departing from the spirit and
scope of the invention.

What we claim is:

1. A flexible antenna adapted to operate under
conditions conducive to the formation of ice de-
posits thereon, comprising a central flexible core
of electrical resistance metal, g heat-resistant
electrically-insulating coating having a thickness
not substantially greater than .020’’ on said core
end in intimate thermal contact therewith, a
flexible deformable metal sheath surrounding said

- electrically-insulating coating and de-aerated so

is at least partially embedded in the sheath 24.

This is shown in Fig. 2 from which it appears
that because of its deformable character, the
sheath 24 permeates not only the spaces between
the strands of the conductors, kut also the spaces
between certain of the wires of the individual
strands. Such contact between the multi-strand
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as to be intimate thermal contact therewith, and
a plurality of flexible electrically-conducting
wires surrounding said sheath and at least par-
tially embedded therein.

2. The method of manufacturing a flexible an-
tenna adapted to operate under conditions con-
ducive to the formation of ice deposits thereon,
comprising the steps of helically wrapping & plu-
relity of flexible electrically-conducting wires
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around a heating element comprising an electri-
cal resistance metal core, an insulating layer
thereon and a deformable metal sheath surround-
ing said layer, and drawing said wires and heat-
ing element through a die having a diameter less
than that of a circle circumscribing the so-

wrapped wires and heating element so0 as to at

least partially embed said wires in said deform-
able metal sheath.

3. A flexible antenna adapted to operate under
conditions conducive to the formation of ice de-
posits thereon, comprising a central flexible core
of electrical resistance metal, a heat-resistant
electrically-insulating coating having a thickness
not substantially greater than .020’’ on said core

and in intimate thermal contact therewith, aJead

sheath surrounding said electrically-insulating
coating and de-aerated so as to be in intimate
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thermal contact therewith, and a plurality of
flexible electrically-conducting wires surrounding
said sheath and partially embedded therein.

4. A flexible antenna adapted to operate under
conditions conducive to the formation of ice de-
posits thereon, comprising a central flexible core
of electrical resistance metal, a heat-resistant
electrically-insulating coating having a thickness
not substantially greater than .020’’ on said core
and in intimate thermal contact therewith, a lead
sheath between about .010’’ and about .020’* thick
surrounding said electrically-insulating coating
and de-aerated 50 as to be in intimate thermal
contact therewith, and a plurality of flexible elec-
trically-conducting wires surrounding said sheath
and partially embedded therein.

JOHN BURNHAM.
JAMES 1. HYDE.




