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To @il whom it may concerr:

Be it known that I, HENXRY ALEXIS WIL-
LIAMS, of Taunton, county of Bristol, State
of Massachusetts, have invented an Improve-
ment in Methods of Rolling Wire, of which
the following description, in connection with
the accompanying drawings, isaspecification,
like letters and figures on the drawings rep-
resenting like parts.

My invention relates to a method of reduc-
ing and shaping metal rods to form wire by
rolling, it being possible by this method to
produee wire by rolling the metal when eold.

Attempts have been made to produce wire
by cold rolling; but such attempts have,I be-
lieve, been unsuccessful, and the cold rolling
of wire has not come into commercial use. .

In the process of cold rolling as heretofore
suggested and attempted the metal acted
upon becomes hardened and brittle in the
successive reductions, so that it finally splits
orcracks longitudinally, and thus fails to pro-
duce a commercially-valuable product. I
have discovered that by applying the com-
pressing force to the metal in a certain definite
way the latter is reduced in sectional area
and elongated without any tendency to be-
come hard or brittle or to split, but on the
contrary with an actual annealing effect, so
that rods which are originally quite hard and
have but little malleability come out after
the successive reductions annealed and with
their tensile strength increased, and by this
process it is possible to produce wire of any
sectional shape and gage without drawing
and annealing, as has been heretofore neces-
sary in order to produce a similar product.
The effect of the rolls on the metal in any
rod-rolling or wire-rolling process is, first, to
diminish the sectional area of the metal at
the point acted upon by the rolls, and, second,
to elongate thé metal as the portion that is
displaced in reducing the diameter or see-
tional area increases the length of the rod.

In the rolling processes as heretofore gen-
erally practiced the sectional shape of the
rod is varied at sach successive action, one
pair of rolls, for example, decreasing one di-
ameter withcut varying the other, and the
next pair of rolls decreasing the diameter
transverse or at right angles to that on which
the compression previously took place. For
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example, if the rod were originally square
the first reduction would act mainly at two
diagonally - opposite corners, reducing the
metal to a lozenge shape with the obtuse an-
gles at the corners which have been acted
upon by the rolls. The next pair of rolls
would compress, mainly, on the line connect-
ing the acute angles of the lozenge produced
by the preceding pair, and would reduce the
same to a similar lozenge of smaller size, the
obtuse anglesof the new smaller lozenge tak-
ing the place of the obtuse angles of the pre-
ceding larger lozenge. Inthis plan the com-
pression toward the axis of the blank is un-
equal, being greatest across the middle di-
ameter on the line of compression, and being

-substantially nothing at the ends of thetrans-

verse or shorter diameter. This action pro-
duces a greater. flow of the metal in some
parts than in others, the metal displaced at
two opposite cornersof the lozenge being far
greater than at the intermediate corners,
so that the tendency to elongate is greater
at the first-mentioned corners than at the oth-
ers. In other words, in elongating the rod,
for example, ten per cent., or extending a
piece originally ten inches long to a piece
eleveninches long, the tendency to stretch or
elongate in certain portions is far greater, so
that the elongation of these parts would natu-
rally be more than twenty per cent., or two
inches in ten, while other parts are only
slightly reduced laterally, and consequently
have but little tendency to elongate; bat by
their connection through the body of the
metal with the parts that tend to have greater
elongation they tend to resist that greater
elongation, and consequently severe internal
strains are brought upon the rod, which finally
disrupt if, and even if the metal is not finally
broken up or split longitudinally the strains
are such as tomakeit brittle and of a very in-
ferior quality for wire. I have discovered
that this internalstrain on the metal, tending
to disrupt the same, can be wholly obviated
and the compressing action caused to act with
uniform tendency to elongate the metal in all
parts of the section area of therod,thuscaus-
ing the metal to flow uniformly, easily, and
naturally in the direction parallel with its
axis, the tendency being rather to increase
the tenacity or integrity of the fiber of the
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metal than to disrupt the same. This result
is effected in accordance with the prosent in-
vention by applying the pressure and reduc-
ing the metal substantially uniformly over
the entiresurface of the partacted upon by a
pair of rolls. In otherwords,all partsof the
sarface acted upon by the rolls approach the
diameter of the blank at right angles to the
plane of the rolls substantially equally in-
stead of having the middle portion of said
surface approach the diameter far more than
the end portions, as has always been prac-
ticed heretofore in rolling metal. :

In operating upon metal in accordance with
this invention a continuous train of rolls is
employed, the rod passing from one pair of
rolls directly to the next pair,so that the heat
which is generated by the flow of the metal
itself is to a certain extent preserved and the
flow of the metal at tlie several successive
actions is nearly continuous, and better re-
sults arve attained than if the metal had time
to cool and come to rest, as it were, between
the successive reductions.

Figure 1is a diagram representing the sue-
cessive pairs of rolls employed for rolling wire
in accordance with the method forming the
subject of this invention. Tig.2isa diagram
view showing the sectional shape of the rod
after the several successive reductions; Tig.
3,adiagramshowing, on a largerscale, the sev-
eral sectionaloutlines of therod in the several
reductions; and Figs. 4 and 5, illustrative dia-
grams, the former showing the mode of re-
ducing the metal in accordance with this in-
vention and the lattershowing the mode here-
tofore commonly adopted.

The reduction of the metal is effected by a
train of rolls a ¢® ¢ ¢! which may be oper-
ated in any suitable manner, being driven at
the proper speed to act on the metal which

passes between them, reducing the same in-

diameter and elongating it while it is carried
forward by the rotation of the rolls.

In the diagram illustrated in Fig. 2 the
method is shown as applied to the reduetion
of a square rod b, which is finally reduced to
a round wire. '

For convenience in description the diago-
nals or diameters of the rod will be marked
2 1/, the one marked z in each case being on
the line of the pressure of the rolls by which
the blank is about to he acted upon, and the
one marked y at right angles to the line of
said pressure or parallel with the axis of the
rolls acting on the metal at that point, being
the line of pressure of the rolls that have just
previously acted upon the blank to bring it
to the slope shown. The first pair of rolls acts
upon the blanks b on the line of the diameter
x, the compression being applied practically
evenly over the sides 2 3 in the direction pat-
allel to the linex, and the bottom of the groove
in the roll being truncated, so as to produce
additional compression just at the corner 3,
flattening the same down, and thus bringing
the blank to the shape shown at20. The sec-
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ond pair of rolls acts on the blank 20, com-
pressing the same on the line # and acting
uniformly over the entire sides 2 3, so that
the points 2 approach the line 7 in the com-
pression practically the same amount as the
point 3, except for the fact that the rolls are
also slightly truncated, so that the corner 3 is
flattened again, as before deseribed, bringing
the blank to the shape shown at 30. Thesame
operationis repeated on the blank 30, reducing
the same to the shape shown at 40, which is
again acted upon and Dbrought to the shape
shown at 50, which is nearly the minimum re-
duction rvequired, so that the final action is
merely to bring the blank to the required sec-
tional shape shown at d without farther re-
duetion than is necessary to change it from
the shape shown at 50 to that shown at d.
Except for the slight truncating action at-the
peint or apex of the parts acted upon by the
rolls, the rolls compress the blank evenly and
uniformly over their entire width.
words, the line 2 J of the blank at 20 ismoved
withaparallel movementto the position shown
in 3 2 in blank 30, and so on, and in such
compression as this the flow of the metal is en-
tirely lengthwise and substantially equal in
all parts of the blank, so that the rod is elon-
gated at each pass without tendency to split it.
Except for the slight traneated portions 2 2,
it will be seen that the sectional shape of the
rod is exactly the same at each successive
pass, while in the process of rolling as here-
tofore practiced the sectional shape changes
at each pass. In other words, in the former
process the compression, instead of being ap-
plied uniformly in all parts of the sides cor-
responding to those marked 2 3, is greatest at
the point 3 and nothing at the point 2, and
the side 2 3, acted upon by the roll, instead
of being moved parallel with itself toward
the diameter 9, moves with what may be
called a “pivotal movement” around the point
2, the end 3 being carried in toward the di-
ameter y, while the end 2 is not carried in at
all. This difference in operation is readily
understood from Tigs. £ and 5, in which the
shaded portionsshow the amount of metal dis-
placed in making one pass,and the difference
in effect on the metal will be easily recog-
nized.

In the plan illustrated in Fig. 4 an equal
amount all over the blank (except for the
slight amount inclosed in the triangles at x)
is displaced and flows longitudinally, causing
a corresponding elongation of the rod, while
in the plan shown in Fig. 5 a very large
amount of metal is displaced at the point «
and almost none at the point y. There is
thus great tendency to elongate the blank at
the endsofthe diametera, whilethereis almost
no elongation at all at the ends of the diameter
1/, except what is produced by the dragging ac-
tion of the particles at «, exerted through the
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words, instead of elongating all parts of the
rod equally, and consequently without inter-
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nal strain, as is the case in the method form-
ing the subject of this invention, the clonga-
tion was in the former plan confined to cer-
tain portions in the metal, which elongation
was resisted by the tensile strength of the
parts not displaced by lateral pressure, thus
producing internal strains by which the rod
was made brittle or even entirely torn apart
and split.

The difference in effect between the two
plans of operation can be easily understood
by dividing the sectional area into four parts
on the lines a® z* 4* 4/

In the plan shown in Fig. 4 it will be seen
that the amount laterally displaced to go into
the increased length is substantially the same
in each of the four sections, all of which will
be elongated substantially equally, while in
the plan represented in Fig. 5 a very large
percentage of the quarters a? 1*  will be dis-
placed laterally and tend to elongate the said
quarters, while only an extremely small por-
tion of the quarters ¢? «* y will be dis-
placed laterally. Thus the first-mentioned
quarters will tend to elongate far more than
the last mentioned, which latter will hold
back or resist such tendency, bringing an in-
ternal strain, which tends to shear or split
the metal longitudinally, and after a number
of successive passes of this kind will do so,
or at any rate will bring the metal to such
condition that it is unfit for use as wire.
If the rods were made of a bundle of four
separate rods, instead of asingle integral one,
as shown, the elongation of all four would he
nearly equal with the redaction shown in
Fig. 4, those opposite the letter # having only
a very small percentage greater elongation
(owing to the truncation of said corners)
than those opposite to the lettery, while with
the plan represented in Fig. 5 the two oppo-
site the letter  would have several times as
great reduction and consequent elongation as
those opposite the letter y, and it is this un-
equal elongation in different parts of the rod,
or rather the tendency to-elongate unequally,
resisted by the internal strains in the rod
itself that has been undoubtedly the reason
for the failure to produce wire by cold roll-
ing in the plans heretofore tried. The same
action of course takes place when the metal

is treated hot, as in the case of reducing the
rods preparatory for making wire; but as the
hot metal flows more readily the internal
strains are not so great and their effects are
not s0 objectionable, although there would

undoubtedly be an advantage arising from

applying the reduetion in accordance with
the herein-described method even in hot roll-
ing.

The invention is not necessarily limited to
the square sectional shape of the rod herein
shown for the purpose of illustration, as the
same plan might be applied with othershapes,
the essential feature of the invention being
that the lateral compression or displacement
is substantially uniform on all parts of the
surface, so that all parts are subjected to
equal tendency to elongate,or substantiallyso.

In operating upon circular shapes in ac-
cordance with-the improved plan the circular
shape would be retained at each pass, except
for a slight flattening or truncation at the
ends of the diameter in line with the com-
pression applied, while with the old plan of
rolling substantially circular shapes-the rod
is brought to elliptical shape at each pass,
that which was the longer diameter of the
ellipse before a given action of the rolls be-
coming the shorter diameter of the ellipse
after the wire has passed through the rolls, so
that the portions near the ends of the longer
diameter tend to elongate far more than the
portionsnear the endsof the shorter diameter,
producing the objectionable internal strains
above mentioned.

I claim—

That improvement in the art or method of
rolling wire which consists in subjecting all
the partsof the surface acted upon at & given
pass to substantially uniform pressure and
displacing substantially equal amounts of
metal at all points acted upon by the rolls,
substantially as and for the purpose de-
seribed.

In testimony whereof I have signed my
name to this specification in the presence of
two subseribing witnesses.

HENRY ALEXIS WILLIAMS.

Witnesses:

M. E. HiLL,
Jos. P. LIVERMORE.
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