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To all whow it may concern:

Be it known that I, JAMES B. WILLIAMS, a
citizen of the United States, residing at Oak-
land, Alameda county, California, have in-
vented certain new and useful Improvements
in Insulated Electric Conductors; and I do de-
clare the following to be a full, clear, and ex-
act description of the invention, such as will
enable others skilled in the art to which it
appertains to make and use the same, refer-
ence being had to the accompanying draw-
ings, and to the letters marked thereon, which
form part-of this specification.

My invention relates to insulated electric
conductors; and its novelty consists in the
means employed to keep the conductors sub-
stantially concentric with the dielectric em-
ployed to insulate it when the said dielectric
is of such a nature that it is readily soffened
by the application of heat.

Tnsulated electric conductors of the class
herein referred to consist of a central metal-
lic conductor, which may be solid, stranded,
or tubular, and which is substantially circu-
lar in cross-section, surrounded by a dielec-
trie which is itself nsually protected by a me-
tallic sheath or a water-proof protecting-cov-
ering composed of other suitable materials.
The dielectrics employed may be divided, pri-
marily, into two classes—vuleanized and un-
vulcanized. The former contain india-rub-

“ber or gutta-percha, necessarily. The latter
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may or may not contain_them. The former
are not readily softened by heat, while the
latter are. Dielectrics, whether vuleanized
or not, may be divided, upon another princi-
ple, into those which are simple or formed of
2 homogeneous composition, and those which
are compound or formed of layersof different
materials—for instance, having an inner layer
of one kind of material and an outerlayerof
another kind. Dielectrics which are simple
and unvuleanized should be protected by a
water-proof protecting-covering which is usu-
ally composed of lead; but if vuleanized they
do not generally need such protection unless
the electric conductors, which they insulate
are placed underground or where they are ex-
posed to the effects of moisture, gases, &c.
Those which are compound, if the inner layer

is unvuleanized and the outer layer vulcan-
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ized, likewise do not generally need this pro-
tection.

Under the usual conditions of useto which
insulated electric conductors are subjected it
will occur at times, either through outside in-
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fluences or from the passage of currents of =

unusual strength through the conductor, that
the dielectric will become heated and softened,
and thus gradually offer less resistance to the
weight of the conductor, which sinks down
until it comes into sufficiently close contact
with the exterior surface of the dielectric
as to destroy its value. This is especially
apt to occur when insulated electric conduct-
ors of great length are employed and which
rest against hard substances,such as pipesin
ihe ground and the like. This phenomenon
has rendered impracticable the use, as dielec-
trics of many materials possessing good insu-
lating properties, especially those which are
readily softened by heat, except by the em-
ployment of large quantities of fibrous mate-
rial mingled therewith and surrounding the
conductor. My invention has for its object
the overcoming of this difficulty by keeping
the conduetor in position and substantially
concentric with its dielectric under condi-
tions when the dielectric itself will become
soft. When the dielectrics are composed of
unvuleanized materials, are readily softened
by heat, and require an outer water-proof pro-
tecting-layer, the conditions of their manu-
facture are different from those whichobtain
when vuleanized dielectrics are used, and I
have made my invention in its relation to the
latterclass of dielectrics the subject of a sepa-
rate application for Letters Patent of the
United States, Serial No. 371,330.

T accomplish my purpose by placing around
the conductor-and embedded in the dielectric
a centering device composed of fibrous ma-
terial saturated with an insulating material
having a higher melting-point than that of
the dielectrie employed in each case, and so
arranged that it is in contact with the con-
ductor at as few points as possible, still re-
taining its function of support. Thesimplest
form of this centering device is a yarn or cord
of fibrous material, like colton, previously
saturated with an insulating material not
readily softened by heat, such as shellac dis-
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solved in aleohol, which is wound around the
conductorspirally and suitably secured there-
to, when necessary, before the application of
the dielectric. Thenwhen the dielectric and
its water-proof protecting-covering have been
applied and a current is passed through the
conductor of sufficient strength to heat the
conductor and soften the dielectric, or if itis
heated externally with a similar result, the
insulating material of the eentering deviceis
not softened, and the centering device there-
fore keeps the conductor in place and pre-
vents it from sinking through the dielectric
and coming in contact with the exterior wa-
ter-proof covering.

In the drawings, in which the same letters
refér to similar partsin all the figures, Figure
1 isa central transverse section of an insu-
lated electric conductor provided with my cen-
tering device. TFig. 2 is a central longitudi-
nal section of the same, showing the device
formed of three cords. Fig. 4 is a similar
view showing the device made integral. Iig.
3 is a perspective view of the same. Tig. 5is
a central transverse section showing an inter-
mediate protecting-layer I’. Tig. 6 isa simi-
lar view showing the centering device with
its outer surfaces surrounded by an external
layer of the dielectric, and Fig. 7 is a per-
spective view of the centering device when
an *“open” braid is used in place of the spi-
rally-wound strip shown in the other figares.

In the drawings, W is the conduetor sur-
rounded by the dielectric I, and in some cases
by an additional layer I/, composed of differ-
ent materials than those of which the dielec-
tric is composed, the whole being surrounded
by a water-proof protecting-layer L, which is
usually formed of lead. & is the centering
device, consisting of a cord or cords wound
spirally arcund the conductor W in the man-
nershown, and S’isthe centering device, com-

- posed of an open braid surrounding the con-

ductor W.

The manner of placing my centering de-
vice in position will depend upon its nature
and form and upon the kind of diclectric em-
ployed. In the majority of cases the center-
ing device will first be placed in position and
the dielectric applied afterward; butin some
cases the reverse order must be employed
and the centering device be embedded in the
dielectric by means of suitable apparatus af-
ter the dielectric has been applied tothe con-
ductor. Tach case has its own conditions,
and a workman skilled in the art will readily
select the proper method in any particularin-
stance.

The manner of placing my centering device
in position in its simplest form—that of a
spiral—-is as follows: The fibrous material of
which the cord is composed is first thoronghly
and completely saturated with its insulating
material, so that its interstices are filled with
the same, and while this is in a plastic state
the cord is wound around the conductorin a
spiral form. The piteh of the spiral will de-

pend in eachinstance upon the thickness and
kind of material used as adieleetric, the size
of the econductor, and the conditions under
which the insulated conductor is to be used.
For instance, if the insulated conductor is to
be kept straight, or nearly so, and to be used in
comparatively cool situations the piteh of
the spiral should be steeper than when it is
to be frequently bent or used in situations
where it is liable to be exposed to the effects
of heat. Anintelligent and skilled workman
can readily determine the proper distance
apart of the turns of the spiral in each in-
stance, and no fixed rules, therefore, can be
given. If the material with which the spiral
is saturated does not of itself cause the cord
to adhere closely to the conductor, whennee-
essary, any suitable cement may be used to
effect this-purpose. The cord should he
wound smoothly and evenly, and its outer
surfaces should be substantially equidistant
from the axis of the conductor.

If the thickness of the dielectricis suel, or
if for any other reason a single cord is not
large enough, three cords may be used, as
shown in Fig. 2, two cords being wound side
by side, and when they are affixed in place a
third cord being wound on top of them, as
shown,forminga pyramid with itsbase against
the conductor and its apex away therefrom.
This form is desirable because the cords ean-
not twist over, and the surfaces of contact, if
any, with the outer water-proof protecting-
covering are as small and as few as possible.
Another form may be produced by passing
the fibrous material saturated with the insm
lating-varnish, after it is thoroughly dried,
through hot rolls, which form it into shape.

It is evident that wide modifications may
be made in-the details of the construction of
my device, and that other forms of the fibrons
material saturated with the more refractory
insulating material may be employed in dif-
ferent shapes than that of the specific de-
vice shown, which, in the present stateof the
art, I deem to be the most practicable for my
purpose. I may, for instance, make the cen-
tering device in the form of an open braid, as
illustrated in Fig. 7, rather than in the form
of a spiral, and in some cases this form might
have an advantage; or I may make it of pa-
per which has been properly treated with
suitable insulating material and pertions of
which are embossed or thickened, whereby
permanently-raised portions are formed on
its outer surface and symmetrically disposed
about the same; and other equivalent devices
will readily occur; but, however the deviee is
formed, it must be suitably seccared to the
conductor, when necessary,its outer surfaces
must be substantially equidistant from the
axis of the conductor, and it must be of such
a nature that when dry the insulating mate-
rial with which it is saturated will require a
higher temperature to soften it than that re-
quired to soften the material of the dielectric

litself.
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I have not, for convenience of description,

considered the eentering device as forming a
part of the dielectric, although it assists in
the insulation of the conduetor if its insula-
tion resistance is equal to or greater than that
of the dielectric, and in order that this addi-
tional funetion may be accomplished more
thoroughly the outer extremities of the cen-
tering device should be entirely covered by
the dielectric whenever- possible, as seen in
Trig. 6.

After the centering device is placed in po-
sition upon the conductor the dielectric may
be applied thereto in a manner to be deter-
mined by the kind and quality of the mate-
rial of which the dieleetric is. composed, as
above stated.

One marked advantage of my invention I
will refer to at this place. It is usual, when
unvuleanized compounds are used as dielec-
tries and are protected by a lead sheath, to
apply them to the conductors by first wrap-
ping the latter with one or more layers of or-
dinary cotton. yarn and then saturating the
yarn with the dielectric liquefied by heat. In
most cases the insulation resistance of the
dielectric is much higher than that of the
fibrous material saturated with it; but, on ac-
count of the comparatively large quantity of
fibrous material usually present in this class
of insulating-coverings, the efficiency of such
coverings is not as high as it would be if the
insulating material were in much greater pro-
portion than the fibrous material. It is evi-
dent, therefore, that any device which will
allow the proportion of insulating material
to be greatly increased and the proportion of
fibrous material at the same time to be much
diminished in any particular covering must
necessarily cause the efficiency of such cov-
ering to be raised. Furthermore, if the cen-
tering device herein specified were formed of
fibrous material unsaturated with ahigh melt-
ing insulating-varnish—e. ¢., a spiral formed
of ordinary cotton yarn orof a tightly-twisted
cord—the unsaturated fibrous material would
absorb the material of the dielectric during
the process of manufacture, and any tem-
perature which would soften the material of
the dielectric would necessarily soften that
absorbed by the fibrous material, and conse-
quently the conductor would become eccen-
tric with the outer water-proof protecting-
covering by reason of its own weight and the
feeble support of such a centering device un-
der the conditions named, except where a
tightly-twisted rope is used, when it will keep
the conductor concentric with the outer cov-
ering, but cause leakage, unless the insula-
tion resistance of such a spiral is greater than
that of the dielectric, which ought not so to
be in practice; but if the fibrous material be
first saturated with ahigh-meltinginsulating-
varnish it will absorb but a very small quan-
tity of the dielectric during the process of
manufacture, and the centering deviee will
remain firm and hard and keep the conductor

substantially concentric with itsouter cover-
ing when the dielectric is quite soft and in
some cagses entirely melted. After the cen-
tering device has been placedin position and
embedded in the dielectric it may under
some circumstances be desirable or even nec-
essary to surround it with an additional
layer of insulating material I’ to act as a sup-
port, and which is composed of different in-
gredients than those of the dielectric imme-
diately surrounding the conductor—for in-
stance, one or more layers of paper saturated
with paraffine—and which secondary covering
would always remain interposed between the
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centering device and the external water-proof -

covering, as illustrated in Fig. 5.

Having deseribed my invention, what I
claim as new is—

1. In an insulated electric conductor of the
class described, the combination, with the
conductor and its surrounding dielectric, of
a centering device composed of fibrous mate-
rial saturated with an insulating material
not so readily softened by heat as the mate-
rial of the dielectrie, as shown and described.

9. In an insulated electric conductor of the

"class described, the combination, with the

conductor and its surrounding dielectrie, of
a centering device embedded in the dielec-
trie and composed of a structure of fibrous
material saturated with an insulating mate-
rial not so readily softened by heat as the
material composing the dielectric and the
outer surfaces of which are substantially
equidistant from the axis of the conductor,
as set forth.

3. The combination, with an insulated elec-
tric conductor of the class deseribed, of a cen-
tering device consisting of a cord of fibrous
material saturated with an insulating mate-
rial not so readily softened by heat as the
materials composing the dielectric of such
conductor and wound spirally around its sur-
face, as described.

4. In aninsulated electric conductor of the

class described, the combination, with a cen-’
tral metallic conductor and a surrounding un-
vulcanized dielectric and a water-proof pro-
tecting-covering,ofthecenteringdeviceshown
and described, consisting of fibrous material
alsosurrounding the conductor and embedded
in the dielectric and saturated with an insulat-
ing material not so readily softened by heat
as the materials composing the dielectric.
" 5. The combination, with an insulated elec-
tric conductor of the class described, provided
with a centering device composed of fibrous
material saturated with an insulating mate-
rial not so readily softened by heat as the
material composing the dielectric I, of an in-
termmediate protceting-layer I’, composed of
fibrous material saturated with an insulating
material and which isinterposed between the
centering device and the external water-proof
covering when the latter is used.

6. Inan insulated electric conductor of the
class deseribed, the combination, with the di-
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electrie, of a centering device composed of
three cords wound spirally around the con-
duetor, two of said cords being wound side by
side and the third on top of the same, the
whole being saturated with an insulating ma-
terial not so readily softened by heat as the
material composing the dieleetric, as shown
and described.

7. In aninsulated electric conductor of the
class described, the combination, with the di-
electrie, of a centering device composed of a
cord which is pyramidal in cross-section and
having its broadest surface next to the con-

451,586

ductor and iils apex away therefrom, and
which is saturated with an insulating mate- 13
rial not so readily softened by heat as the ma-
terials composing the dielectric and wound
spirally around the conductor, as and for the
purposes set forth.

In testimony whereof I affix my signaturein 2o
presence of two witnesses.

JAMES B. WILLIAMS.
Witnesses:
Wu. RAIMOND BAIRD,
Wi M. ERNST.




