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To all whom it may concern: 
Be it known that I, J OHN J. WILLIAMSON, 

of Boston, in the county of Su?'olk and State 
of Massachusetts,a citizen of the United States, 
have invented a certain new and useful Im 
provement. in Electrical Conductors and in 
the Manufacture Thereof, of which the follow 
ing is a speci?cation. 
An electrical conductor, being in most in 

stances suspended on poles above the ground, 
should be of a high tensile strength and ‘high 
modulus of elasticity, to enable it to suspend 
its ownnweight between the supporting-poles 
and resist the stretching effect of wind and 
gravity, and it should also be of high conduct 
.ive properties, and as little as possible liable 
to disturbance by induction from adjacent 
electrical conductors. inasmuch as the metals 
which are best for electrical conductors are of 
low tensile strength and very low modulus 
of elasticity, and the metals which are of 
high tensile strength and high modulus of 
elasticity are of inferior electrical conductiv 
ity, it is evident that a combination of metals, 
one for strength and one for conductivity, is 
desirable, if it should be practical. This fact 
has long been recognized. 
In order to make a combination of two met— 

als, one of high conductivity and the other of 
high tensile strength, which shall be the best 
for all practical purposes, it is desirable that 
the coeilicients of expansion between the two 
constituents of the conductor should be as 
nearly alike as possible, and also that the 
metals should not be so different in their na 
tures as to originate a local galvanic action“ 
under the in?uence of atmospheric moisture 
and atmospheric- chemical impurities which. 
would corrode the electro-negative metal and 
injure its tensile strength. The only com 
mercially practical metal of highest conduc 
tivity for the ordinary purposes of an elec 
trical conductor is copper, whose modulus of 
conductivity is only exceeded by silver, while 
its price is comparatively low, even as meas 
ured with iron. The coef?cient'of expansion 
of copper is but slightly in?uenced by alloy 
ing it, while its tensile strength is vastly in 
creased, and its conductivity is‘ vastly de 
creased by alloying. A copper-cored. or cop 
per-covered wire is therefore indicated by the 
conditions required, and the core or cover of‘ 

I metal of high tensile strength and low con‘ 
ductivity-is indicated to be made of an alloy 
of copper which shall retain the copper eoef~ 
?cient of expansion and' be superior in all 
properties except that of conductivity; All, 
or nearly all, the alloys of copper with other 
metals have their temperatures of fusion less 
than that of copper. , All, or nearly all, of 
the alloys of copper with other metals have 
physical properties equal or superior to cop 
per for hot working. The alloys of useful 
strength which I propose to use are what are 
known as aluminum, bismuth, carbon and 
ferro-zinc bronzes, the Muntz metal, the Delta 
metal, which is a ferro-zinc bronze or brass, 
the Ajax metal, which is a composition in 
differently classi?ed as bronze or brass, man 
ganese and phosphor bronzes, sterro‘metal, 
nickel and silicon bronzes, because these have 
or can be made of high tensile strength and 
high modulus of elasticity, and are very little 
subject to corrosion,'and are but slightly elec 
tro-negative to copper; but it will be obvious 
‘that any strong alloy of copper which is of 
about the same coeiiicicnt of expansion as 
copper will be the equivalent of these. \Vhile 
such conductors will be more ‘expensive than 
the compound conductors of iron or steel and 
eopper'in the ?rst instance, they will probably 
in the long run not be much more expensive, 
because more durable. 

In making the electrical conductor with 
a copper interior‘ and an exterior made of 
those bronzes, brasses, or alloys, they may be 
so put together as to have copper and bronze 
in contact, but not united. There will be but 
slight difference in tensile strength or conduc 
tivity in these two cases; but it is probable that 
the conductor of united metals would be bet 
ter' in some respects than a conductor of disso 
ciated metals. ‘The difference in manipulation 
to produce dissociation would practically be 
the di?erence between putting the two metals 
together, both of them being heated to about 
the fusing temperature of the most fusible 
metal for association or putting them together, 
with a considerable diil'erenee betweenthese 
temperatures for dissociation. 
The process of making these compound elec 

trical conductors has several stages: ?rst, the 
formation of the ingot; second, its reduction 
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into billets, bars, and rods; and, third, the re- . 
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1‘ would be cut off subsequently in the clipping’ 
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duction; of the'rods into wire. The formation 
of the‘ingot is of the most consequence; but 
there is a special manipulation required when 
ever a partially-reduced ingot is cut for con 
venience of‘ manipulation in furtherstages. 
By reference to the drawings, Figure 1 shows 

a mold, C, for casting the most fusible metal 
around the eopper’bolt E set up within it. 
This copper bolt E is to form the conducting 
thread of the~ ?nished wire. It isv set up in 
the center of the mold along its axis a short 
distance'fr'om the bottom, and should be sup 
ported upon a small block or standard of metal, 
F, similar to that which is about to be poured, 
or it may be upon wires of such metal so as to 
holdv itsproper position within the mold, and 
allow‘ the ?uid metal to ?ow all around it. I 
prefer to support it on a small pedestal of the 
metal about to be poured. This bolt of cop 
per, E, must be set a little shorter than the in- _ 
got-mold, so that the molten metal, D, may ?ow 
over its top and inclose the upper end of the 
copper as well as under the bottomof the cop 
per bolt, inclosing that. The atmospheric ac 
tion which takes place during the working of 
an ingot thus made will be simply the surface 
action upon the incasing metal, and will not 
affect the copper interior at all, while the work ' 
to which the ingot is subjected will be'work 
that affects the mass throughout and ?brizes 
the copper and improves its conductive quali 
ties, besides which, when the copper is com 
pletely inclosed, inequality in the reduction of 
the copper or of, the alloyed exterior will be 
avoided or reduced to a minimum, while if it 
were uncon?ned at one or both ends there 
would be a liability to unequal reduction, and 
when the'copper bolt is put in hot for the pur 
pose of having the two metals united in the 
?nished article this coveringvor boxing in of 
the copper will be particularly important. 
When the copper bolt is put in hot, of course 
the exterior casing should be poured as rap 
idly as possible. ' . 

In case it is desired to make the bronze ex 
terior of the ingot ?rst, and then pour molten 
copper into it, this may be done; but in such 
case the shell would require to be chilled on 
its exterior while the copper was poured and 
for some little time after, so that the copper 
should not fuse the more fusible metal into 
which it is cast, but its excessive heat should 
be rapidly conducted off; and this chill should 
be applied as well to the bottomv of the hollow 
ingot as to the sides, because of the danger of 
molten coppereating out the bottom of thein 
‘got; but a small section of properly-prepared 
asbestus or other very inferior conductor could 
be placed upon the bottom of the cavity in the 
ingot, and this limited quantity of impurity 

of the billets, bars, or'rods; and in casemclt‘en 
copper was inserted into the cavity of the more 
fusible ingot, as above described, the upper 
end of the ingot should be subsequently closed 
by molten metal of the character of the exte 

rior by plugging with refractory material or 
by closing over the end in any proper 'way. 

If desired to produce an electrical conductor 
‘with a copper section and a center of stronger 
metal, a copper ingot should be ?rst cast hol 
low, as shown in Fig. 2, A, and its center ?lled 
with the more fusible metal, B; and if desired 
to have a union between the two different met 
‘als the hollow copper ingot shouldbe heated 
to a proper temperature. So, also, copper may 
be poured upon a solid bar of the alloy or 
bronze, and if ' done quickly, and there is not 
too much copper, the alloy will probably‘ not 
be taken up by the copper; but I do not rec 
ommend this as the best way of doing. The 
?nished wire is shown at Fig. 3, in which A is 
the exterior metal, and B the interior, both of 

I the same general nature, but differing only in 
electric conductivity. In case the copper ab 
sorbs the alloy, or is absorbed by it, both the 
electric conditions will be injured and the 
tensile strength will be impaired, so that it is 
desirable that the two metals should be kept 
from anything more than mere surface union, 

' substantially like sweating together. Ofcourse 
;‘the surface of that part of the ingot which is 
?rst prepared, whether it be the coring part 
or whether it be the exterior, should be clean 
of sand, scale, or other impurities, and should 

' be in such a condition as not to have much air 
adherent to it. If these surfaces are thoroughly 
cleaned from scale and then washed with oil 
and lamp-black, or other substances well 
known to copper-workers for making such a 
coating, these substances will be taken off by 
the molten metal and ?oated upon it‘ or de 
stroyed, removing all the air from the sur 
faces at the same time, and thus ‘the surface 
of the'original part of theving'ot, whether 
it be the bolt for the center of the hollow in 
got for the exterior,will be practically chemic 
ally clean for its contact with the part sub 

' sequently to be‘ poured, into it or around it. 
This ingot, so made, has-closed ends, and-may 
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be worked under the hammer or in rolls, as if w 
it were entirely composed of the metal which 
forms its exterior, if. that be the most fusible I 
metal, or, atany rate, at the working tempera-v 
ture of the most fusible metal,-or, if copper, 
on the exterior metal, audits working tem 
perature be the lower at the copper-working 
temperature, the ingot having the metal of 
highest tensile strength,least conductivity, and 
least fusing temperature on the exterior, will 
be the preferable ingot to work, as copper is 
not a good metal to work at high heats.‘ This 
ingot is then reduced to billets, bars, {11nd rods 4 
in the usual-way of such reduction; b tin case 
it is necessary to 'cut any of these products be 
cause‘ they are too long, care must be taken be 
fore reheating or making use of - either of the 
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pieces with a cut end to .hammerup the end, ' I 
so as to‘ close the‘ exterior metal over the inte- ' ' 
rior metalas much as possible, and thereby 
eliminate the exposure of v the‘ inclosed metal 
to the atmosphere and keep it in the same con 
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dition and relative position in which it was. 
Wire is then drawn from the rods formed in 
the usual way, and this wire,if it be made from 
the ingot with the bronze exterior and the cop 
per interior, will have'a comparatively-uni 
form ?lament of copper throughout its entire 
length, surrounded by a casing of bronze of 
much'greater tensile strength, preserving the 
copper from atmospheric action, and also in-‘ 
sulating it to a certain degree, and so protect 
ing it from induction and what might be called 
the “ Vagabond currents,”which leak from ad 
jacent wires and disturb the usefulness of an‘ 
electric conductor. 

I have claimed in an application ?led Jan 
nary 23, 1884, and allowed June 17,1884, the‘ 
method, of producing electric conducting-wires 
composed of copper and copper alloys by cast 
ing or pouring molten ?uid copper or copper 

20 alloys on and around a solid bar or within a 
I hollow ingot of copper or copper alloy, said 
solid bar or hollow-ingot being,while the cast! 
ing isje?'ected, at such high degree of tem 
perature that the pouring of molten metal on 

3 

it will produce metallic fusion between the 
sections, and afterward reducing such ingot to 
the diameter proper for electrical conductors. 
I do not wish to be understood as herein claim 
ing the same‘. - _ 

Having thus fully described my invention, 
I claim and desire to secure by Letters Patent 
of the United States 
The method of producing electric conduct 

ing-wires composed of copper and copper al 
loys by casting or pouring molten ?uid copper 
or copper alloys to and around a solidv bar or 
within a hollow ingot of copper orcopper al 
loy, said solid bar or hollow ingot being, while 
the casting is effected, at such degree of tem 
perature that no metallic fusion between the 
sections is produced, and ‘afterward reducing 
such ingot to the diameter proper for electrical 
conductors by the usual suitable means. 

. JOHN J. WILLIAMSON. 

Witnesses: ’ 

F. F. RAYMOND,‘ 2 
FRED. B. DOLAN. 
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