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This invention relates to processes for reduc-
ing metal rods, wires, strips and the like by dmw-
ing, rolling and analogous operations.

The invention is concerned with a process of

"5 the type in which a plurality of elements (rods,
wires, strips or the like) each of which is to be
reduced as aforesaid, is made up as a bundle, i. e.
in side-by-side relationship held together, for
example by an encasing tube or binding, and
then subjected, i. e. as a unit, to drawing, rolling
or analogous operations. The present invention
provides a process for the production of fine
wires by reduction from elements of larger cross
section, which comprises the steps of assembling
a plurality of said elements in side-by-side rela-
tionship, enclosing the assembly of elements in &
tubular casing, inserting a packing material
within the casing,. reducing the bundle thus
formed as a unit and then removing the casing
and packing material and separating the indi-
vidual reduced wires.

The term “matrix” as used in this specification
is intended to mean a support for the surfaces
of the indivdual elements of the bundle which
distributes pressure applied to the outside of
the encasing tube substantially evenly -over the
surfaces of the individual elements -either
throughout the reduction process, or at least
during s .part of that process, and thereby as-
g0 Sists in limiting any distortion of the shape of
the elements.. The matrix may be formed, for
example, by employing a large proportion (e. g.
22% by volume) of packing of a pulverulent or
plastic nature, by so shaping the individual ele-
ments that they form a support for one another,
by embedding the elements in metallic packing
introduced into the encasing tube or binding in
molten form, or by encasing each of the elements
in individual tubes of a material which, during
40 reduction, will readily deform to fill up the in-

terstices in the assembled bundle. When the ele-

ments are so shaped as to form their own matrix

they may be arranged to fit together without in-

terstices and may all be of similar cross-section

and conform to a regular straight-sided poly-
- gon—e. g. & square or & hexagon.

According to another feature of the invention,
and for the purpose of facilitating the separation
of the encasing tube after the reduction process

50 has been completed, the bundle may be bound
helically with a wire or the like prior to inser-
tion in the encasing tube, so that in the assembly
the inner surface of the tube will be separated
.from the bundle by the binding wire.

Some examples embodying features of the in-
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vention will now be described with reference to
the accompanying diagrams, in which:—

Figure 1 is s cross-section showing a bundle of
rods of circular cross-section in an encasing tube;

Figure 2 is a section showing the deformation 5
in the section of the individual rods after re-
duction:

Figure 3 is a cross-section showing one method
of providing a matrix according to the invention;

.Figure 4 shows an alternative form of matrix; 10

Figure 5 shows another form of the invention
in which fthe matrix for one element is formed
by the contigrous sides of adjacent elements;

Figure 6 is @ view illustrating the use of a
helical binding between the bundle and the en- 15
casing tube;

Figure 7 is 2 section {llustrating a further ex~
ample of the invention, and

PFigure 8 is a section illustrating the applica-
tion of the process to the reduction of sheets. 20 .

Like reference numerals indicate like parts:in %% =
the varlous figures.

In Figure 1 a number of rods 18 of circular
cross-section are shown packed in an encasing
tube [{. If a composite billet is made up in this 25
way and subjected to reduction, for example by
drawing or rolling, the radial compression will
tend towards deformation in the cross-section of
the rods in directions towards the Interstices
as indicated in Figure 2. The nature and extent 3,
of the distortion varies somewhat according to
the location of the individual elements with re-
speet to the circumference of the tube.

For the purpose of minimizing the degree of
distortion the invention, according to the ex-
ample shown in Figure 3, makes use of a packing
material of a pulverulent or plastic nature, such
as French chalk or metal in powdered form as a
separating medium between the individual ele-
ments of the bundle. As shown, the rod-like 49
elements {0 are located in separated relation-
ship within an outer tube {i and the interstices
are completely filled in by a packing 12 of the
above kind. ‘The packing 12 not only limits the
degree of distortion of the sections, but prevents
the elements from becoming welded together dur-
ing reduction and thereby facilitates the split-
ting up of the bundle when the reducing process
has been completed.

In the example shown in PFigure 4 each rod-
like element 18 is separately enclosed in a tubular
-metal sheath 3, and all the elements are then in- -
serted in bundle form within an encasing tube 1.
Here again a matrix is provided for each element.

" of the bundle. Preferably the sheath i3 is of a
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metal (e. g. copper) which is substantially more

- ductile then thet of which the elements 10 are
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composed, so that during the initial stage or stages
of the reduction process, the sheaths will be de-
formed to Al in the interstices in the structuve.
If desired, » packing material in powdered form
may also be used. In this example it will be ap-
preciated that upon completion of the reduction
process, and after the encasing tubke {1 has been
removed, each element has to be separated from
its protective sheath (8. This can readily be done
by dissolving with acid, the selection of the metal
for the sheaih being made with this end in view.
Alternatively if & coated wire is desired the sheath
18 may be leit in position.

In the example illustrated in Figure § the in-
dividual elements 10 are all of hexagonal cross-
section, so that they may be assembled, as shown,
in interfitting relationship, the matrix for each
element being formed by the contiguous faces of
adjacent elements. The bundle is as before en-
closed in an outer tube 11 and a packing mate-
vial 12 is located between thé periphery of the
pundle and the inner wall of the encasing tube,
This packing material may, for example, be
French chalk, plaster of Paris or powdered metal,
or molien metal may be run into the tube to form
the packing. Further packing, such as French
chall, is also introduced between the adjacent
faces of the individual elements in order to assist
in the final splitting up of the bundle into its con-~
This example of the invention
may be carried out with bars of any desired cross-
section which interfit to form 2 solid cross-sec-

tion 2nd the elements need not all be of the same

cross-seciion. ‘Thus rectangles of diffevent di-

mensions may be used for the diferent clements -

or round sections in conjunciion with four-sided
concave sided sections may be employed. A fur-
ther exzample is the combination with sguare sec-
tions of octagonal sections. :

In certein cases it may not be desirable or con-
venient to use & chemical or clectroiytic method
of removing the encasing tube [ afier reduction,
and in such cases the arrangement illustrated in

Figure 6 may advantagecusly e employed. Re--

ferring to that figure the individual rods or wives
16 axe mede up in 2 bundle as before with 2 sepa-
rating medium such as graphiie between the in-
dividual clements, and the bundle prior fo in-
sertion in the outer casing 11 is helically bound
with s metal wire or strip 108, Afier reduction the
tube 10 may be cu longitudinally by & machining
operation without dameaging the drawn elements,
since the Iatter are protected by, the binding (4.
Afier the tube 01 hes been removed, the wire 14
can be unwound and the individual elements ex-
posed. In some cases where a helical binding is
employed this may entirely veplace the ouber en-
casing tube [, the bound bundie being subjected
direct to the reducing operations.

Tn the arrangement shown in Figure 7 the
individual rods are inserted in longitudinal holes
(5 drilled in & solid billet, In this case the in-
terior portion of the biliet constitutes the mat-
rices for the individual elements, and the circum-
ferential portions takes the place of the encasing
tube (1 employed in the previous examples.

In the example shown in Figure 8§ the inven-
tion is epplied %o ihe reduciion by rolling or the
like of individusal clements 08 in the form of
plates, slebs or the like. As before, these are as-
sembled in the form of o bundle or pack with 2
separating medium 12 located between adjacent

- layers.  The pack is enclosed In & rectangular
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metal case (1, the inner walls of which are sepa-
rated from the adjacent surfaces of the pack by
further quantities of separating medium. The
case || may have a welded seam or may merely be
turned over. If, as may be advantageous, it is
desired to prevent. the access of air to the indi-
vidual plates, the ends of the case {2 may he

[

closed in. As before, the separating medium may -

be a metal, for example, where the plates 18 are
of carbon steel, the separating metal may be cop-
per or nickel, or again a pulverulent or like pacik-
ing such, for example, as powdered (not flaked)
graphite, or metallic oxide may be used.

in any of the foregoing examples the encased
bundle may be subjected to hot or cold working.
YWhere the process is applied to the production of
fine wires and the main consideration is to mini-
mize any alteration in the cross-sectional shape
of the wires, drawing through dies is the pre-
ferred method of reduction. At intermediate
stages between successive reduction steps-and/or
as a final operation, annealing or ofther special
heat treatment may be necessary or’ desirable;
and in this connection it will be appreciated that
o process of the type with which. the invention
is concerned offers substantial practical advan-
tages in that it enables a batch of rods or the like
undergoing reduction to be simultanecusly sub-

jeeted to the same heat treatment in the form of &

single unit which can be readily manipulated.
The outer binding or casing for the bundle need

not necessarily be a seamless tube. For exam-

ple, 2 tubular case with a longitudinal seamed or

. lapped joint may be used, a separating agent—

such, for éxample, as chromium oxide—being in-
troduced between adjacent surfaces at the joint
so as tc prevent weiding up during the reduc-
tion process. Upon completion of reduction or
after any further desired operations such as heat
treatment have been effected, the outer case
may readily be split open at the joint and stripped
from the bundle. .

Tn reducing individual elements of certain met-
als or alloys, the separating medium between ad-

jacent elements may be constituted by an oxide

layer of substantial thickness, purposely formed
at the surface of the elements with this object in
view. Again, an oxide layer may be used in con-
junction with the other forms of packing ‘already
described. :

The processes described herein may be used for
the reduction of individual elements of any de-
sired metal or alloy, and in each case the form
and composition of the matrix and oufer bind-
ing or case will be selected with due regard to
the method which is to be employed for separat-
ing the individual elements after the final reduc-
tion, the desirability of minimizing distortion of
the original section and other factors which have
already been considered. In one example where
the process was applied to the production of fine
wires of stainless steel containing 18% chromi-
um and 8% nickel, & copper matrix was used and

-gn outer tubular casing of high carbon steel was

employed. After reduction the outer casing and
the matrix were removed by immersion in a hot
acid. bath. In general it has been found that
the volume occupied by the packing should be
upwards of 5% of the volume enclosed by the en-
casing tube or binding to facilitaﬁe separation of
the individual elements after reduction, and with
wires of circular cross-section the volume of pack-
ing should be at least 22%, and may be as high
as 2009% or more, if it is desired to limit distor-
tion of the cross-section. '
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A further alternative method of removing &
high carbon steel outer casing is to bring it into
a brittle state by heat-treatment and then to
crack it off the bundle.

The present invention has many industrial ap-
plications, for example to the manufacture of very
For example, starting with nine
round section wires of 0.65 mm. in diameter, and
of stainless steel having the composition given
zbove, encased in a tube it is readily possible by
the present method to produce final sections with
a diameter approaching 0.002 inch, and still of
very nearly round section. }

In a further example eighty stainless steel or
nichrome (80% Ni, 20% Cr) wires .65 mm. in
diamete* were each encased in separate copper
tubes formed by pressing copper strip around
the wires and were then packed inside a half inch
diameter copper tube. The composite billet thus
formed was then reduced by drawing (in another

xample by rolling) down to a diameter of .17
mm. The copper was then dissolved off leaving
the wires which had a cha,me’ce),;J of about 0.0004
inch.

Wires of this fine section may be spun into mul-
tiple filament threads, and these may be woven
into fabrics. Another application of the inven-
tion is to the production of stranded wire, cable
or the like. Stranded wire or cable may be pro-
duced by reducing a bound or encased bundle
of rods or wires by the methods already described
and then imparting a helical twist to the reduced
bundle :nd, where necessary, thermally treating
the bundle to set the individual elements or
strands and/or to impart any desired physical
propert.es. As before, the encasing tube, bind-
ing and matrix are finally removed by chemical,
electrol;’tic or mechanical means. If desired, at
cne or cach end of the reduced cable or multiple
wire, the matrix, where it is of metal such as
copper, may be allowed to remain in position so
as to form solid end portions which may be use-
ful for threading, for instance where the final
product is a fine stranded wire which is to be
woven into a fabric. Where a solid tube is em-
ployed for encasing the bundle, it may, if desired,
be recovered as a useful commercial product, i. e.
a seamless drawn tube. If this end is in view,
the composition of the enclosing tube will be se-
lected with regard to the nature and properties
of the material in the recovered tube. When the
‘composite billet has been reduced to the desired
size, the tube may be freed from the enclosed
elements by cross rolling or any other convenient
method.

In the selection of packing material those mate-
rials which do not extend uniformly or which
tend to bind under pressure (e. g. flake graphite or
coach-filling) are found not to be so suitable as

meaterials which extend uniformly under the-

pressure of rolling or drawing (e. g. metallic sub-
stances, French chalk or chromic oxide).

It is within the invention to employ the re-
duced bundle in the production of a brush. In
this application a portion of the encasing tube
is left in position to hold together the individual
wires and form & handle for the brush.

I claim:—"

1. A process for the production of stranded
wire by reduction from elements of compara~
tively large cross section which comprises the
steps of assembling a plurality cf said elements
in side-by-side relationship, encasing the as-
sembly of elements, reducing the bundle thus
formed as a unit, imparting a permanent helical

3

twist to the reduced bundle and then removing
the casing.’

2. A process for the production of fine wires,
strips or the like by reduction from elements
of larger cross section comprising the steps of
assembling a plurality of said elements in side-
by-side relationship, encasing the assembly of
elements in a tube of high carbon steel, inserting
a packing material within the tube, reducing the
bundle thus formed as a unlt and then cracking
off the tube.

3. A process for the productlon of fine wires by
reduction from solid elements of larger eross sec-
tion, which comprises the steps of assembling a
plurality of said elements in side-by-side rela-
tionship, enclosing the assembly of elements in
a tubular casing, inserting a packing material
within the casing, reducing the bundle thus
formed as a unit and then removing the casing
and packing material and separating the indi-
vidual reduced wires.

4. A process for the production of fine wires
by reduction from solid elements of larger cross
cection, which comprises assembling a plurality
of said elements in side-by-side relationship, en-
closing the assembly of elements in a tubular
casing, providing a matrix for cach individual
element, reducing the bundle thus formed as a

unit and then removing the casing and separat-

ing the individual wires.
5. A process for the production of fine wires

[523

to
“

by reduction from solid elements of larger cross .

section, which comprises the steps of assembling
2 plurality of said elements in side-by-side re-
lationship, enclosing the assembly of elements in
a tubular casing, inserting a packing material
within the casing and in a proportion occupying

‘at least 22% of the volume within the casing,

reducing the bundle thus formed as a unit and
then removing the casing and the packing ma-
terial and separating the individual wires.

6. A process for the production of fine wires
by reduction from solid elements of larger cross
section, which comprises employing elements of
cross sections which will fit together without
interstices, assembling a plurality of said ele-
ments side-by-side in interfitting relationship
without interstices, the sides of each element act-
ing directly as a matrix for the contiguous sides
of adjacent elements, enclosing the assembly of
elements in a tubular casing, reducing the. bun-
dle thus formed as a unit and then removing the
casing and separating the individual wires.

7. A process for the production of fine wires

by reduction from solid elements of larger cioss:

section which comprises  employing elements
whereof the cross section of each is the same and
conforms to a regular straight-sided polygon
which will interfit without interstices with con-
tigucus elements .of the same cross section, as-
sembling a plurality of said elements in side-by-
side interfitting relationship, enclosing the as-
sembly of elements in a tubular casing, reducing
the bundie thus formed as a unit and then re-
moving the casing and sebaratmg the individual
wires.

8. A process for the productlon of fine wires
from solid elements of larger cross section, which
comprises the steps of assembling a plurality

of said elements in side-by-side relationship, en- 7

closing the assembly of elements in a tubular cas-
ing, completely filling the interstices between d.d-
Jjacent elements and between the elements and

VL]
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the inner wall of the casing with a packing ma- -

terial, reducing the bundle thus formed as a unit,

75
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then removing the casing by dissolving with zn
zcid, removing the packing material and sep-
arating the individual wires.

9. A process for the production  of fine wires
by reduction from solid elements of larger cross
section, which comprises the steps of assembling
o plurality of said elements in side-by-side rela-
tionship, enclosing the assembly of clements in
2 tubular casing, running a moiten metal pack-
ing into the casing to embed the elements, reduc-
ing the bundle thus formed as a unit and then
removing the casing and the metal packing to
separate the individual wires. S
 10. A process for the production of fine wires
of stainless steel by reduction from solid clements
of such miaterial of larger Cross section, which
comprises the steps of enclosing each element in
& separate copper sheath, assembling & plurality
of such sheathed elements in side-by-side rela-
tionship, enclosing the assembly in 2 copper tube,
reducing the bundle thus formed as & unit and
then removing the casing and the sheaths by dis-
solving off the copper, and separaiing the reduced
wires.

i1, A process for the production of fine wires
by reduction from solid elements of larger cross
section, which comprises the steps of ‘assernbling
g plurality of seid elements in side-by-side rela-
tionship, helically binding the assembly, enclos-
ing the bound assembly in 2 tubular cesling, re-
ducing the bundie thus formed as & unit, remov-
ing the casing, unwinding the helicel binding and
separating the reduced wires.

12. A process for the production of fine wires
by reduction from solid clements of larger Cross

section, which comprises the steps of forming

layers of oxide of substential thickness on the
surfaces of the elements, assembling o pluralily
of seid owidized clements in side-by-side vela-
tionship, enclosing the assembly of elements in
o tubular cesing, reducing the bundle thus formed
a3 o unif and then removing the cosing and sep-
arating the Individual wires,

13. An article of menufecture comprising &

2,060,208

flexible metal fibre having a surface such as
formed on metallic strands when elongated in 2
bundle with other strands with a2 separabing
matrix and of such small cross-sectional area
that it may be spun into multiple-filament
threads. ) : .

14. An article of manufacture comprising &
flexible metal fibre of thread-like length having
a surface such as formed on metallic strands
when elongaied in a bundle with other strands
with a separgting mafrix and of a cross-sec-
tional area such that the fibres may be spun into
multiple-filament threads capable of being woven
into flexible fabrics. e

15, An article of manufacture comprising &
flexible metal fibre of thread-like length having
o surface such as formed on metallic ‘strands
when elongated in g bundle with other strands
with o separating mafrix and of a cross-sectional
ares such that the fibres may be spun into mul-
tiple-filament threads comparable in Aexilbility
to threads formed from organic fibres and ca-
pable of being woven into a fabric.

16. An article of manufacture comprising &
fabric woven irom sbtranded multiple-filament
threads of metal, the threads being spun from
metal fibres having a diameter of an order rang-
ing from 0.002 inch to 0.0004 inch and having
o surface such as formed on metsllic strands
when elongated in 2 bundle with other strands
with o separating matrix.

17. An article of manufecture comprising &
helically twisted cable consisting of & bundle of
flexible fibres of smell cross-sectionsl area, all of
which fibres are reduced in cross-sectional ares
in & bundle. . .

18. An ariicle of manufacture comprising @
fAewible snd ductile metal fbre of o diameter of
an order ranging from 0.002 inch to 0.0004 inch
and heving a surface such as formed on metallic

strands when clongated in g bundle with other’

strands with 2 separating mairiz.
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