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To all whom it may concern:

"Be it known that I, WiLtiam MARSHALL
Pacg, a citizen of the United States, resid-
ing at Ridley Park, in the county ot Dela-
ware and Sfate of Pennsylvania, have in-
vented certain new and useful Improve-
ments in Reinforced Copper and Processes
of Making Same, of which the following is

© a specification.
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This invention relates to reinforced cop-
per and processes of making same; and 1t
comprises a body of copper: reinforced

- by interiorly incorporated’ relatively fine

 threads of steel in substantially - parallel .
arrangement, said steel threads being in.
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Jocked engagement with said copper and
each of said threads being of very small or
minute diameter as compared with the cross-
sectional diameter of said body ‘of copper;

and it also comprises a method of making’
such reinforced copper wherein a plurality .

of rods, of the like, of steel are placed in a
‘mold in a spaced and isolated substantially
parallel atrangement, this arrange ent. be-
ing such as to leave a comparatively wide
unobstructed space around the inner pe-
riphéry of the mold, copper is cast into the

- mold filling the spaces between the spaced

30

~ 35

rods and the space between the rods and
mold walls, and the compound ingot so
tormed is worked down' to rods or the like
in such & manner as to ‘keep.the copper
shrunk down on the steel during the work-
ing operations; and it further comprises
an extension of said invention wherein com-

* pound metal rods obtained in the manner

just described are in their turn used as cores

" in a molding operation, copper is cast about
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~eclaimed.

“them to form a secondary billet, and this

billet is worked down, the operation being
repeated as many times as may be desirable

to form tertiary, quaternary, etc. billets; all .

as more fully hereinafter set forth and ‘a8

Tt has long been a desideratum in the art

to-obtain compound or joined bodies of cop-.
per and steel which would unite ‘the merits .

of the two metals, having the non-corrosive

. properties, the color and surface appearance

(where the copper exists as a ‘facing-or

sheath), and conductivity of the copper-and
the high strength of the steel, the idea ordi- ".a
- narily being to produee an article which is -

~ mainly steel but is faced or sheathed with

Specification of Letters Patent.

the weaker and more expensive but more

conductive and more ornamental metal.

These efforts until recently have not been

crowned with success for reasons depending.
on the nature of the two metals, which do-
‘not readily unite together. It is impracti-

cable to-produce a rolled union between. sub-

stantial bodies of copper: and of steel, as by
rolling down relatively thick hot juxtaposed

plates of the two metals.” Relatively thin

" plates of either metal cannot well be used

sirice they would be consumed by oxidation.
Both metals readily oxidize when hot and
air cannot in practice be excluded during

‘heating and rolling. The two metals also
roll differently and expand and contract
differently, while under steel rolling condi-.

tions their surfaces exhibit little or no tend-
ency to unite with an integral union which

+would compel uniform extension .on work-

ing down together. Furthermore with com:
patatively heavy plates of both metals, and
it is not worth while trying to work with
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thin sheets of either in rolling mill practice, . :
the plates -are too thick to be sufficiently -

yielding to allow -forcing of absolute: con-

not even a good friction fit. The same con-

_siderations apply in most ways to the pro-
~duetion of round-coated material by rolling

& core and an annular sheath together.

_ Recently material composed of copper’
and ‘stee] united by a true’ weld union

has become commercially available (Patent

- 893,932) ; and this material may be rolled,
drawn, - struck, etc.;as if of unitary metal -
while it does not readily corrode, there being .

no seam ‘or line of disunion between the
metals or pore or -crevice in the coating into
which moisture can penetrate and set up 2
galvanic couple.

; ‘80
tact at all points betyeen abutting surfaces, .
so there is in plate-uniting processes usually -

-85
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.95
This material is however -
-rather copper-coated steel than reinforced -

copper since under the most feasible meth-

ods of making. it substantial bodies of steel
are employed.. A substantial body of steel
may be dipped in very highly heated molten

copper, or sapermolten . copper (Patent

853.716), to produce a clinging film of alloy,

withdrawn into a protective atmosphere and .
more

copper cast on with the production of
thick ‘coated. billet ‘which ‘can be rolled
awn to any -extent desired. It'is

100 .

105 .

rdifficult to hendle small or thin
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bodies of steel in this way because of the
dissolving action of the highly heated cop-
per; soin practice large thicl steel billets are
ordinarily employed and these are given a
5 heavy coat of copper, (40 per cent. copper
and 60 per cent. steel being a frequent ratio)

“and are rolled and drawn down to the .

dimensions desired for the finished articles,
such as' wire, rod, sheets, ete.

10 In the present invention I desire te pro-
duce a reinforced copper rather than a
coated steel and to this end I produce a ma-
terial which is for the major part com-
posed of copper, being advantageously as

15 high as 90 per ceat. copper, and instead of
having the steel reinforcement occur as a
unitary body or single core, I employ the
steel as a plurality of relatively fine em-
bodied spaced and isolated threads having

20 the characteristics of worked down metal.

This gives me a double advantage.in that

the steel of the threads is made much

stronger, which means that I can secure
higher tensile strength with less steel, and
in that the compound material is much more
flexible than is possible with all the steel
.occurring as a single stiff core, which 1s a

2
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desideratum in many cases, and particularly

where the compound material is to be used
30 for hung and strung wires. For many pur-
poses, such as wire, it is. desirable that the
compound material shall have, as nearly as
possible, all the properties of copper save
that it shall have a high tensile strength and
high elastic limit. Pure copper in wires
tends to sag and neck under strains and
temperature changes; and while it may be
hardened and strengthened to some extent
by various alloying treatments, these alloy-
40 ings run down its most valuable property,

‘its high conductivity for the electric cur-

rent. :

W
o

otherwise work conjointly copper and steel
which are not welded together, I have dis-
covered that this may be done to an extent
sufficient for my present purposes provided
certain expedients are adopted. With a sub-
stantial body of steel and a substantial
sheath or layer of copper if the two be un-
welded the copper tends to flow faster than
the steel under the roll pressure and, since
the copper expands more than the steel, in
reheating the metals tend to break away:

e
e
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55-and in-working hot after reheating this is -

particuldrly apt to happen. Rolling of jux-
. taposed: unwelded thick bodies of steel,

. whether as plates or as core and sheath, is’

quite difficult. But this tendeney of the
metals to patrt does nét happen to such an
_extent where the steel body is relatively thin
and of small diameter since the smalier it

is of conrse the greater the friction, propor-
tionatelv, tending to resist mechanical part-

65 ing of the two metal surfaces. But such &

6

(=]

‘paratively large steel' core could not.

“to resort to an expedient.

sorted to, and so on till the diameter of the
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thin body of steel must be surrounded or in-
cluded by the copper since otherwise it
would perish in rolling. By using a rela-
tively large number ot relatively small steel
rods in a mold, and casting copper around 7¢
the rods to form a relatively large ingot ov
billet, the rods being spaced from each other

. by substantial aveas or layers of copper and

from the inner margin of the mold, & pri-
mary compound billet can be produced 75
which will withstand the strain and stresses
of rolling to an extent suflicient for my pur-
poses. If, for example, say 54 rods of &
inch steel be placed in a mold of a diameter
appropriate for making, say, a 63 billet, 80
copper cast about them and the billet thus
made rolled down to § rod, each of the 54
rods will have suffered a concomitant re-
duction and will be in the form of fine

.threads contained within the rod so pro- 86

duced so that such rod may be readily drawn
down ‘to wire'in a way in which a similar
rod having a single unitary. unwelded com-
In
the preliminary stages of the rolling down 90
of the rod-reinforced primary billet care
must be taken to avoid parting while the
steel cores are still of some substantial di-
ameter; and for this purpose it is desirable

b
i

As stated, expansion and contraction are
greater with copper than with steel and this

may be utilized in the rolling. If the hot

compound billet be allowed to cool super-
ficially before introducing to the rolls, the
copper shrinks down on the steel rods bind-
ing on them tightly. After entering the
rolls the temperature of the whole mass un-
der the roll pressure equalizes again, and
the shrinkage is relieved; but prior to
equalization considerable extension may be

100

108

- effected. If now the coextended metals be
.While as stated it is difficult to roll and .

allowed to cool again superficially to shrink

on the copper shell, rolling can be again re-

110
contained steel - threads is sufficiently re-
duced to allow friction to hold the metals
together in the wire drawing. After a steel
reinforcement in a somparatively massive
body of copper becomes threadlike in di-
ameter friction will hold it. It is not pos-
sible to roll down a thin unwelded copper
sheath on a steel core; that is, to start with
a steel core and an unwelded copper shell
of small diameter and roll down to a point
where the shell will become film-like. But
it is possible to roll down relatively small
steel rods included in a relatively large and
massive copper body, even if they be un-
welded thereto. For some reasons it is de- 120
sirable to weld such reds to the main body of

the copper, but for other reasons it is de-

116
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sirable that they shall not he welded. = And,

as stated, with proper precautions included
isolated comparatively small steel rods can 290



10

'3,198;168

be rolled down together with a substantial
body - of copper unwelded thereto if the roll-
ing operation be carefully conducted; and
particularly if the recited expedient ‘be
adopted. -

used as a conductor, it is highly desirable
that the copper shall not be contaminated
with iron as iron runs down the conductiv-
ity of copper very much. By placing naked

. steel rods of small diameter in a mold and

15

casting around copper of a temperature ap--

propriate to attack the surfaces to the steel
rods to form a weld union, the body of the

copper necessarily becomes. much contami-

 nated with dissolved iron. The small rods

20

©its full cohdnctivity. ,
of a .character permitting quick solidifica-

25

of course expose a relatively large surface to
contact with inflowing metal. But by using
low-temperature molten copper, that is cop-
per at a temperature at which it will not
readily unite with steel, the copper cast in
dces not become contaminated and retains
The molds should be

tion. ,
The process just described results in the

formation of*a primary reinforced billet; a

" billet of cast copper containing a multi-
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plicity of incorporated steel rods, which on
reduction of the primary billet give a pri-

.mary rcd or wire having distributed through

its mass thread-like linear bodies of steel.
These thread-like bodies having been
worked down hot, while shielded from actual
contact with the ‘air and with the working

tocl, have an excéptionally high strength.

And the further“this reéduction can be car-
ried, the greater beccmes the tensile strength

of the steel per unit of sectional area. It is-

therefore frequently desirable to carry the

process further and make. secondary, - ter-

tiary or quaternary billets, or even further.
In so doing, the extension of the steel
threads, and the consequent heightening of
their tensile strength, is concomitant. For
example, steel rods may be placed in a mold,

copper cast arcund them to form a primary -

billet as described, and this primary billet
drawn down to half inch or § inch.rods, and

" these rods in turn placed in a 1mnutd and used

as the reinforcing elements in forming a
new or seccndary reinforced compound bil-
let which, in turn, can be:reduced to & rod
wire. The £ rod resulting from the second-
ary billet can be used to make a tertiary bil-
let; the 2 rod therefrom in turn used to pro-

duce a quaternary. billet, and so on indefi- -

nitely. This process can be carried on till

" the incorporated steel threads become in-

60

definitely fine. y
50 steel rods in the primary-billet, each £
rod from it will contain 50 steel thréads. If

.. now 590 of these rods be used. in making a

nd

secondary - billet, such secondary billet will.

gontain 50X 50 or 2500 steel threads. A ter-

Where the wire to be produ‘cedv is to be

If, for example, ‘there.be

mold having
- may be-.me(f .
“these heat removing molds, to cast the mol--

tiary billet made with the aid of 50 of the
secondary § rods will in turn, contain
502500 threads or 125,000; and a quater-
nary billet will' contain - 503125,000- or
6,250,000 threads, and so on. Wire drawn
from a quaternary billet will contain, under
the stated circumstances, 6,250,000 steel
threads and this wire may be very fine; the
fineness to which the contained steel threads
must be reduced will be readily evident. -
While as stated it is not practicable to
roll-weld substantial bodies of steel and of
copper, and particularly where there is any
possibility of air gaining acvess to the line
of intended union, with a comparatively
fine, flexible and yielding thread of steel in
a- comparatively massive body' of copper,
with absolutely no possibility of access of
air to the abutting bounding surfaces and

with sueh surfaces constantly pulled out.-and.
extended by the working operation in such
manner as tb constantly expose new and,

very likely, molecularly reactive faces in

forced contact, there occurs some sort of

union, possibly mechanical but possibly also
an alloying in the sense of ‘a molecular in-
terpenetration. The new surfaces con-
stantly being produced are in absolute con-

of each cther. :

It is advantageous to make a secondary .

material i’ the way described because the
steel threads in the duplicated reduction be-
come so very fine that théy have little stiff-
ness while their tensile strength is very

great. The secondary material therefore be-
“haves, so far as flexibility is concerned, very

much like copper, while it has a much higher
tensile strength. With a secondary billet,
contamination of the cast copper in making
the primary billet, is not so important since
there is no chance for contamination of the
main body of the copper in making the sec-
ondary billet, the steel reinforcing rods be-
ing of course protected by the copper jacket
coming from the primary billet.

8
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_tact and, so to speak, within molecular reach~—
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By using low temperature copper in the

casting operation in making the primary

billet, however, contamination can be readily . '

avoided. . Sinee it is not necessary to make a

-weld union in the present invention, the

casting copper can be at such a low tempera-
ture as not to unite with, alloy with, or dis-

solve the steel against which it is cast. Tf

desired, the casting may be in a water-cooled
mold; or a mold having thick, heat conduc-

115
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tive walls, so that the copper cast in shall -

‘solidify "at once; ¢. e., shall not remain in

contact with the steel ,cores in a- fluid state - '

for an appreciable time. An iron or steel
a thick cast-on rim of copper
Tt is'a useful expedient, using

ten copper in such a manner that a ring of
pure copper solidifies against the walls prior

1256
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to the solidification of the copper forming
the central portion of the billet. With an-
nularly clustered rods the vacant space in
the middle may also be cast full of quickly
solidifying copper. Or preformed copper
castings may be used as part of the assem-
blage.  The steel rods used in making the
primary billet need not have metallic sor-
faces; they may be rusted or otherwise oxi-
dized, thereby retarding or preventing the
contact of fluid copper -with the actual sur-
face of the steel. -

No weld union being contemplated in the

present invention, the presence of a spacing
layer of oxid between the steel and the cop-
per is not always disadvantageous:
some electrical purposes, indeed, it is de-
sirable to have such a spacing layer. How-
ever, it is usually more advantageous to have

the rods metallic surfaced, as by previously’

pickling or sandblasting them, as this gives
the surface a sort of tooth which is useful
later in producing the desired friction fit.
Where pickling is done by hydrochloric acid,
a little chlorid of iron may adhere to the
steel and proves useful in the subsequent
casting operation, as it is volatile and dis-
places air. The rods may be given a twist or
bend.in order to promote locking union with
the billet of copper in the preliminary
stages of drawing down. The arrangement
of the rods in the mold is best substantially
parallel; that is, they should all have the
same general direction. They may be
grouped or clustered or spaced in any ar-

rangement desired. In the ultimate wire .
the rods will reappear as linear thread-like:

bodies of steel and it is desirable that these

thread-like ‘incorporated reinforcing mem-

bers be spaced away from each other the
same distance throughout the wire so that
each part of the wire will be like each other

 part; and this is best done by making a par-

45-

50
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allel arrangement of the rods in the original
primary billet. Where it is desired to ob-
tain very fine threads of steel in the wire
from a primary billet, of course fine rods or

even wires of steel may be employed in mak- .

ing the primary billet. Even with relatively
fine wire employed as cores in making the

primary billet, with ¢the use of low. tempera-

ture casting copper no contamination of the
main copper body need be feared. a

For some purposes, the copper used in

.forming the primary billet may be replaced

by bronze, thereby producing a reinforced .

bronze primary billet and primary wire.

- The bronze coated primary rods may be used

80

_the cast copper in making a primary

65

_in reinforcing a secondary copper billet -or

secondary bronze billet as may be desired.
An expedient which is sometimes useful in
reducing the possibility of contaminatxﬁnuof
i illet
is to electroplate the rods or wires employed

with a coating of copper. It is less useful to

For
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brass coat, zinc coat or tin coat the cores

used in making the primary billet since the
low melting metal is apt to diffuse through
the cast copper, running down its conductiv-
ity and other properties. The melting point
of tin and zinc is, of course, very far below
the temperature of even low temperature
casting copper. o

70

For some- purposes rods of aluminum,

nickel, cobalt, etc. may be used in lien of
steel. It is not usually desirable to employ
sections of stranded cables as reinforcing
cores in making the primary billet. With
low temperature casting copper, the copper
does not penetrate a stranded core though
subsequent working tends to close up cavi-
ties. o o
In compound wire and other material of
reinforced copper made under the present
invention, the steel threads are so very fine
that even if not welded to the’copper no
substantial seam or avenue for moisture ex-
ists between any thread and the copper sur-
rounding it; there is no substantial oppor-
tunity for the capillary penetration of cor-
rosive fluids. And should by chance such
. corrosion -occur around one thread, it does
not affect the remaining threads. The
amount of steel exposed at any one place in
a cut face of a reinforced conductor under
the present invention, is wholly negligible.
Neither is there any possibility of the re-

75
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moval of the reinforcing threads of steel by

pulling out from a cut face. Apart from
the friction fit which exists, in rolling and
drawing there is usually more or less twist
given the thread which codperates in Jlock-

ing it in.place. “The threads should always "

“be incorporated in the body of copper at
_ a substantial distance from the periphery or
Jﬂimrgin. Tt is always desirable that there
shall be a relatively substantial shell or coat-
ing of pure copper outside the reinforced
portion of the metal; and the rods should
consequently always be clustered or located
in the billet so as to leave an unobstructed
space between the assemblage of rods and
the inner periphery or margin of the mold
used in making the compound billet. ' The
rods or . coves should be spaced apart sufii-
ciently to -allowthe cast copper to enter be-
tween. ) S
Since the main object of the present in-
vention is to produce a reinforced copper,
rather than a coated steel, it is usually de-

low proportion; say around 10 per cent.

0L

105
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115 -

120

sirable to restrict the amount of steel to a .

* Material may be made with as high as 50 -

per cent. steel but such high-steel material
is less and less like copper as the percentage
of steel increases.” High steel reinforced
wire under the present imvention has how-
éver certain unique properties which make it
useful in sume relations. A wire carrying;
say, 50 per cent. of embodied steel in the

[ 33
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form of excessively thin, very strong iso-
lated parallel linear threads of strong steel
spaced by films of softer copper has me-
chanical ~properties quite different from
other available materials. A stranded body
of steel wires is stiffer and not so strong

- even when of the same diameter and so car-

rying much more steel. The individual steel
threads in the present material are, or may
be, much finer and stronger than wire can be
commercially drawn. For conductor wires,
of course, the conductivity of the copper is

~ the main thing to be considered, and the

‘15
.20
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more steel there is in the compound wire the
less copper there can be. As 10 per cent. of

- gteel in the form of a multiplicity of dis-

tributed thread-like linear bodies will give
an ample strength for most conductor wire
purposes, it is usually desirable not to use
more steel. Such a compound material
carrying 10 per cent. steel has a very high
scrap value; it being possible to recover the
scrap by simply melting up and burning
out the iron. _ ’ '

Tn the accompanying illustration I have
shown more or less diagrammatically cer-

tain embodiments of apparatus useful in the
present invention. L

In this showing
tion of a mold containing copper and rein-
forcing rods in place; Fig. 2 is a vertical
section of a twisted rod suitable for use in
“the present invention; Fig. 3 is a similar
view of an electroplated rod; Fig. 4 is a
transverse section of a reinforced billet un-
der the present invention' showing a single

. row of reinforcing bodies in annular ar-

40

rangement; Fig. 5 is a similar section of a
wire; Fig. 6 is a similar view of a billet

having several annular rows of reinforce- -

" ment; Fig. 7 is a similar view of a billet

45
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odies.. In Fig. 9, 10 also represents the

85

having the reinforcement in central clus-
tered arrangement; Fig. 8 is a similar view
of a billet having the reinforcement in star
shaped arrangement; Fig. 9 is a similar
view of a secondary billet having a rein-

forcement derived from a primary billet;

and Fig. 10 is a transverse vertical ‘section
‘of a flat sheet bar containing reinforcements
inIri ht angled arrangement. ' '

n
base 2 and provided with pouring spout 3,
gas inlet 4 and gas outlet 5. In the mold is
shown a mass of cast copper. 6 and reinforc-
ing paked steel rods 7. “As shown in Fig. 2
these rods may be twisted or otherwise
shaped to give good frictional engagement.
This however is not necessary though'some-

-times -advantageous. In Fig. 8 is shown a

rod 8 provided with a thin flash coating 9 of
electrodeposited copper. In Figs. 4, 5, 6, 7
and 8, 10 represents the main body of cop-

r and 11 the reinforcing neked steel

body of cast copper and 12 are reinforcing
N : - S B

» : - forcements..
Figure 1 is a vertical sec-.

ig. 1, element 1-is a mold resting o\n"

it is better

form @ eompound

bodiés derived from ‘a primary billet‘ar.id"z'“"

composed of copper containing thread-like

steel bodies 13. ' - _
Special steels,- such as vanadium steel,
chrome steel, tungstén steel, nickel steel,

70

manganese steel,: etc., ‘ean be used for- re- ..

inforcement since in working they are pro-
tected against oxidation and change of com-
position by the protecting sheath of copper-
The copper acts asea sort of lubricant and
facilitates the drawing down of these hard
and tenacious steels in a way which is hardly

75

practicable with the naked steel. And their - "
high tensile strength can be relied upon in -

the present inventior without fear of the

80,

concomitant stiffness, since the reinforcing -
bodies are reduced, as stated, to excessively. =

fine threads. A composite copper which
contains from 10 to 15 per cent. of sucl very~
strong . steel in threadlike linear bodies is
still flexible and can be handled and ham-

filaments yield readily to flexure, although

86

~ mered like pure copper. The included: steel '

displaying their high tensile -strength on

longitudinal pulling of the wire.  Where a
very soft metal is required, wrought -iron
and mild steels may also be used as rein-

While my invention is 'pzirticular‘ly useful
in making rods, wires, and the like, and par-

ticularly for conductor purposes, it is also

applicable for. the manufacture of sheets,

90

95 .

tubes and other shapes. Formany purposes -

for which copper is used in the arts, because . ‘

of its rion-corrodibility, such as evaporating
devices and the like, it is desirable to have’
it of a somewhat stronger character. The

by the structural strength of copper in avail-
able sizes. A vacuum pan must withstand

atmospheric pressure and if the pan be:over.

., given size,.copper sheets cannot be relied

upon to furnish the strength unless of undte
thiclmess and weight. Metal sheets for such
purposes however must be’ like "copper,

100 -

* size of a vacuum pan, for example, is limited . .

105

116

capable of being worked into shape under .

the - hammer; the metal must be malleable
and flow under the tool.

sheets can be obtained which combine a high
tensile strength with a flowability like that

‘of copper; For this purpose instead of

longitudinal reinforcing elements.
to have reinforcing elements. in -
two directions. That is, instead of merely.
clustering longitudinal rods in a mold and
casting copper about-them,
rods arranged in two directions. The rods

using onl

may, and very usefully for many puI‘POSBS;‘lﬁ- "

be interlaced in a sort of open fabric. Pre-
suming that strengthening rods of material,

: By reinforcing .- '
copper with- steel in the present invention

15 -

120

it is better to'use -

such as described, be woven into a sort of -

loose or open fabrie, that is in right-angled
srrangement, copper cast about them to-

billet and then rolled -

[
’
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.down into sheets, an article will be secured
which is substantially copper so far as its
hammering properties are concerned, but
nevertheless has a greater degree of strength
than copper alone can have. If the rein-
forcements be, as is preferable, each of rela-
tively small diameter as regards the body of

copper, on cutting the new reinforced sheet

to sizes such as are desired, there will be
merely spots of steel exposed; and theése
spots may, and usually will, be too-small in
diameter to allow corrosion to penetrate too
far by capillary penetration. They may, of
course, be touched with a soldering irom:
The reinforced. sheet may also be punched
and drilled to receive rivets and the like
without any substantial exposure of the re-
inforcing metal.

Reinforced bars or sheets such as de-
scribed, which may have reinforcements dis-
tributed through the bar or sheet in one or
more planes, may of course be converted into
structural elements, such as T’s, I’s, chan-
nels, cross-sectioned elements, ete. For such
material of - course perforated plates of
strong metal, “expanded metal”, or elec-
trically welded woven screen as well as ordi-
nary woven screen material may be em-
ployed. But the. product, using such ma-
terials, does not have the reinforcements
spaced ‘and isolated from each other at all
points. B . .

In Fig. 10 T have shown a section of a re-
inforced bar adapted for making sheets and
other flat shapes and containing strengthen-
ing rods in a sort of locse or open angled
‘arrangement. As shown, it has reinforcing
rods 7 crossing the width of the bar rein-
forcement 7* extending lengthwise of the
bar, both being embodied and held in a mass

- of copper 6.

What I claim is:— = - )
1. A reinforced metal article comprising

~ an integral body of copper and a plurality

45

of isolated linear reinforcing élements in

- substantially parallel alinement contained
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within said body of copper, said elements
bcing spaced away from each other and com-
prising linear bodies of steel having the
characteristics of preworked metal and
having worked surfaces in contact with

 worked surfaces of copper.
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2. A reinforced metal article comprising -

an integral body of copper and a plurality
of isolated linear reinforcing elements in
substantially parallel alinement contained
‘within said body of copper, said elements
being spaced away from each other and com-

prising frictionally held linear elements of

steel having the characteristics of preworked
metal and having worked surfaces in contact
with worked surfaces of copper, each of said

" steel bodies being of a thrfeadlike relatively

85

~minute cross-section. o .
3. A reinforced metal article comprising

1,126,163

an integral body of copper and a plurality
of isolated linear reinforcing elements in
substantially parallel alinement contained
within said body of copper, said elements
being spaced away from each other and com-
prising copper shells and threadlike steel
cores and having the characteristics of pre-
worked metals and the core being held to the
shell by engagement betweén co-worked sur-
faces. . - :

4. A reinforced metal article comprising
an integral body of copper and a plurality
of isolated linear reinforcing elements in
substantially parallel alinement incorpo-

“rated in and distributed through said body

of copper, said elements comprising copper
shells and contained threadlike steel cores
and having the characteristics of preworked
metals, each of said cores being of a thread-
like relatively minute cross-section and the
cores being held to the shells by engagement
between co-worked surfaces.

5. A reinforced metal article comprising
an integral body of cupriferous metal and
a plurality of isolated linear- reinforcing
elements in substantially parallel alinement -
incorporated with and distributed through
said body of cupriferous metal, said ele-
ments comprising linear bodies of steel hav-
ing the characteristics of preworked metal,
said steel being held to the cupriferous..
metal by engagement between co-worked
surfaces.

6. A reinforced metal article comprising
an -integral body of cupriferous metal and
a plurality of isolated linear reinforcing
elements in substantially parallel alinement
incorporated with and distributed through
said body of cupriferous metal, said ele-
ments comprising linear elements of steel

. having the characteristics of preworked

metal, each of said steel elements being of
a threadlike relatively minute cross-section
and held by engagement with a co-worked
surface of cupriferous metal. o

7. A reinforced metal article comprising
an integral body of cupriferous metal and
a plurality of isolated linear reinforcing ele-
ments in substantially parallel alinement in-
corporated with and distributed through
said body of cupriferous metal, said ele-
ments comprising cupriferous shells and
threadlike steel cores and having the char-
acteristics of preworked metals, said cores
being held in said shells by engagement be-
tween co-worked surfaces.

8. A reinforced metal article comprising
an integral body of cupriferous metal and
a plurality of isolated linear reinforcing
elements in substantially parallel alinement
incorporated with and distributed through
said body of cupriferous metal, said ele-
ments comprising cupriferous shells and
threadlike steel cores and having the char-
acteristics of preworked metals, each of said
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elements being of a threadlike i‘elativély

minute cross-section and the cores being
held in said shells by engagement between
co-worked surfaces. . N

9. In the manufacture of reinforced cu-
priferous articles, the process which com-
prises assembling a plurality of relatively
small steel rods in a mold in an isolated ar-

- rangement as regards each other and as re-

i1y
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gards the mold walls, casting a body of low .

temperature cupriferous metal thereamong
and therearound to form a body of such cup-
riferous metal inclosing such rods and then
working down the cupriferous metal in such
way as to give uniform extension of such
body and of such included rods.

10. In the manufacture of reinforced cu-
prifercus articles, the process which com-
prises assembling a plurality of relatively
small steel rods 1n a mold in an isolated ar-
rangement as regards each other and as re-
gards the mold walls, casting a body of low
temperature copper thereamong and there-
around to form a body of such copper in-
closing such rods and then working down
the copper in such way as to give uniform

_extension of such body and of such included

rods. .

11. The process of producing a reinforced
cupriferous metal which comprises spacing
a plurality of rods of steel-in a mold in

- isolated arrangement and casting low tem-

perature copper thereabout and thereamong
1n contact with said steel and working down

- s§ the composite casting to a final shape in a

-

plurality of hot rolling operations, the ma-

terial being superficially cooled prior to each
hot rolling operation. S

12. The process of producing a reinforced
cupriferous metal which comprises spacing
a plurality of rods of steel in o mold. in
isolated arrangement, casting low tempera-
ture copper thereabout'and thereamong in
contact with said steel, working down the
composite casting to rod form in a plurality
of hot rolling operations, the material being
superficially cooled prior to each hot roll-
ing operation, placing the rods obtained in
a mold and casting copper about them to
form a secondary billet. '

13. The process of producing a reinforced
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cupriferous metal which comprises spacing
a plurality of rods of steel in a mold in iso-

lated arrangement, casting low temperature
copper thereabout and thereamong in con-

tact with said steel, working down the com-

posite casting to rod form in a plurality of
hot rolling operations, the material being
superficially cooled prior to each het roll-
ing operation, placing the rods obtained in
a mold, casting copper about: them to form

-5 .secondary billet and working down said

secondary billet. - . )
In testimony whereof, I affix my signa-
ture in the presence of two subscribing wit-

nesses. :
“WILLIAM MARSHALL PAGE.
Witnesses: - - . :
K: P. McELroy, ,
Frank R. CHAMBERS, Jr,
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