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[57]) ABSTRACT

An improved die for a “wedge roll” type roll forming
machine including a pair of vertically spaced rolls
adapted for rotation in the same direction and defin-
ing a pair of mounting surfaces adapted for rigidly
supporting the dies, the improved dies including a gen-
erally triangular forming surface bounded along the
leading converging edges by a pair of driving surfaces
disposed at an angle with respect to the forming sur-
face, each of the driving surfaces having formed
thereon a plurality of randomly spaced and irregularly
shaped raised projections having flat top surfaces, ta-
pered sides and substantial column rigidity under com-
pression forces.

3 Claims, 11 Drawing Figures
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1
ROLL FORMING APPARATUS

This invention relates generally to metal working ap-
paratus and more particularly to an improved tool con-
figuration for roll forming objects exhibiting circular
transverse cross-sections.

In metal working, the process known generally as
“hot rolling” typically involves heating of a metal billet
to a particular temperature and then forcing the billet
between a pair of heavy rolls which rolls change the
shape of the billet, as for example from a rectangle to
a flat sheet. One “hot rolling” process, employed exclu-
sively for producing objects which exhibit circular
transverse cross-sections at any point along their
length, is known as “wedge rolling.” Generally, in
“wedge rolling,” a length of bar stock is induction
heated and fed between a pair of vertically spaced rolls
each of which rotates in the same direction. Each roll
has a wedge shaped die rigidly mounted on the outside
diameter thereof. The tips of the wedge shaped dies en-
gage the heated bar at substantially the same instant at
diametrically opposed locations and proceed to roll the
bar about its longitudinal axis. As the dies further en-
gage the bar, the outside diameter of the latter is re-
duced and metal is caused to flow lengthwise of the bar
until the desired shape is achieved whereupon chisels
on the dies sever the formed object from the remainder
of the bar,

In order to effect the lengthwise material flow, of
course, considerable force must be applied by the dies
to the bar. Also, the dies must be prevented from slip-
ping relative to the bar. Both functions are accom-
plished by a pair of angled, converging friction or driv-
ing surfaces formed on the dies, the driving surfaces
typically having formed thereon serrations to effect
positive engagement between the driving surfaces and
the bar being formed. The serrations, however, tend to
leave undesirable finish marks on the formed object
which render the process unsuited for certain applica-
tions. Metal working apparatus according to this inven-
tion represents a reduction to practice of a die particu-
larly adapted for the “wedge rolling” process which
generates an improved surface on the finished object.

Accordingly, the primary feature of this invention is
that it provides an improved metal working apparatus.
Another feature of this invention is that it provides an
improved metal working apparatus particularly
adapted for use in a “wedge rolling” type *hot rolling”
process. Yet another feature of this invention is that it
provides an improved die for roll forming objects ex-
hibiting only circular transverse cross-sections without
generating objectionable surface markings on the ob-
jects. A further feature of this invention resides in the
provision of an improved *‘wedge rolling” die having a
pair of converging driving surfaces with a plurality of
randomly spaced raised projections thereon, the pro-
jections effecting positive engagement between the die
and the object being roll formed and the random spac-
ing of the projections minimizing the probability that
the impression on the object made by one projection
will be exactly repeated and, therefore, exaggerated by
another projection on a succeeding revolution of the
object. A still further feature of this invention resides
in the provision on the driving surface of the “wedge
rolling” die of a plurality of randomly spaced raised
projections each having a generally flat top surface and
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tapering sides, each raised projection having very sub-
stantial column rigidity. Still another feature of this in-
vention resides in the process by which the raised pro-
jections are formed on the driving surfaces of the dies,
the process including the steps of masking a plurality of
randomly spaced dots on the driving surfaces with a re-
sistant material and then' electro-chemically treating
the exposed surface area thereby to etch away the un-
masked surface portion so that a plurality of raised pro-
jections remain after the masking material is removed.

These and other features of this invention will be
readily apparent from the following specification and
from the drawings wherein:

FIG. 1 is a fragmentary, perspective view of a “‘wedge
rolling” machine including a pair of improved dies ac-
cording to this invention; !

FIG. 2 is a view taken generally along the plane indi-
cated by lines 2—2 in FIG. 1;

FIG. 3 is a perspective view of a typical object
formed by the improved “‘wedge rolling” dies shown in
FIG. 1,

FIG. 4 is a sectional view taken generally along the
plane indicated by lines 4—4 in FIG. 1 but showing the
initial engagement condition between the “‘wedge roll-
ing” dies and the bar being formed,;

FIG. § is a similar to FIG. 4 but showing further en-
gagement between the “wedge rolling” dies and the bar
being formed,

FIG. 6 is an enlarged fragmentary view taken gener-
ally along the plane indicated by lines 6—6 in FIG. 4
but showing a typical driving surface configuration of
heretofore known *“‘wedge rolling” dies;

FIG. 7 is a sectional view taken generally along the
plane indicated by lines 7—7 in FIG. 6;

FIG. 8 is a view similar to FIG. 6, but showing the
driving surface of a “wedge rolling” die according to
this invention;

FIG. 9 is a sectional view taken generally along the
plane indicated by lines 9—89 in FIG. §;

FIG. 10 is a fragmentary, enlarged transverse sec-
tional view of an object “‘wedge roll” formed by dies
constructed in a heretofore known manner; and

FIG. 11 is similar to FIG. 10 but showing the surface
of the object “wedge roll” formed by improved dies ac-
cording to this invention.

Referring now to FIGS. 1, 2 and 3 of the drawings,
thereshown is a portion of a conventional “wedge roll”
type forming machine including an upper roll 10 and a
lower roll 12. The upper roll 10 is supported on an
upper spindle 14 for rotation as a unit therewith about
an axis 16 and the lower roll 12 is similarly supported
on a lower spindle 18 for rotation as a unit with the lat-
ter about an axis 20, the axes 16 and 20 being aligned
in a common vertical plane. The rolls 10 and 12 define,
respectively, outer cylindrical mounting surfaces 22
and 24 which are adapted, by conventional means, for
rigidly supporting respective ones of a pair of dies ac-
cording to this invention and designated generally 26
-and 28.

In the plane of the axes 16 and 20, the mounting sur-
faces 22 and 24 are vertically spaced to admit therebe-
tween a length of cylindrical metal bar stock 30. As
seen best in FIG. 2, the diameter of the bar stock 30 is
sufficiently small to provide clearance between the bar
and the mounting surfaces 22 and 24 but sufficiently
large to effect interference between the bar and the
dies 26 and 28 when the latter are rotated as a unit with
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the rolls 10 and 12. As is more fully described hereinaf-
ter, the dies 26 and 28 engage the bar 30 from above
and below and, in a well known manner, effect reduc-
tion in the diameter of the bar between the dies while
simultaneously effecting an elongation of the bar. By
this well known process, the dies 26 and 28 are effec-
tive to produce an object of finite length which exhibits
a circular transverse cross-section at any point along its
length. A typical object which might be produced by
the dies 26 and 28 is indicated at 32 in FIG. 3 and in-
cludes a narrow diameter shank portion 34 bounded on
opposite ends by a pair of large diameter end portions
36, the shank portion merging into the end portions at
respective ones of a pair of tapered shoulder portions
38.

Referring particularly to FIGS. 1, 2, 4 and 5, the dies
26 and 28 are identical in configuration and each in-
cludes a base portion 40, a forming surface 42, and a
pair of driving surfaces 44 disposed at an angle with re-
spect to the forming surfaces 42 and converging in
wedge fashion from one end of the die to the other. Ac-
cordingly, each forming surface 42 is generally triangu-
lar in configuration. The dies 26 and 28 are rigidly at-
tached to the rolls 10 and 12 on the mounting surface
22 and 24, respectively, in predetermined orientation
such that as the rolls are rotated in the same direction,
as indicated by the arrows in FIG. 1, the apices of the
forming surfaces engage the bar 30 at substantially the
same instant at diametrically opposed locations on the

bar so that the latter is effectively captured between the
dies.

As best seen in FIG. 4, at the apices of the forming
surfaces 42 the dies 26 and 28 effectively define knife
edges 45 so that upon initial engagement between the
dies and the bar a V-shaped groove 46 is roll formed in
the latter. The sides of the groove 46, of course, are
formed by the driving surfaces 44 which surfaces also
effect frictional engagement with the bar to initiate ro-
tation of the latter. As the dies 26 and 28 move further
into the bar 30 corresponding to continued rotation of
the rolls 26 and 28, the distance between the driving
surfaces 44 increases and the forming surfaces 42 move
progressively past the bar. As seen best in FIG. 5, the
bar stock material, as for example carbon steel, is
caused to flow lengthwise of the bar until the dies pass
completely over and under the bar whereupon the
completed object 32 is severed from the remainder of
the bar by conventional chisels, not shown, mounted on
the rolls.

The bar, as is conventional, is roll formed in a red-hot
condition. Considerable driving force, however, is still
necessary and is transmitted from the dies 26 and 28 to
the bar through the driving surfaces 44. To prevent
slipping or relative movement between the dies and the
bar, the driving surfaces normally are provided with
means for improving the frictional or driving engage-
ment with the bar. More particularly, referring to FIGS.
6 and 7, dies heretofore known typically include a plu-
rality of serrations 48 on the driving surfaces 44, the
serrations being of a triangular tooth-like configuration
with regular, well-defined peaks and valleys. The serra-
tions 48, however, when engaging the bar, tend to leave
complementary, tooth-like impressions in the surface
of the bar which impressions are rolled over and flat-
tened down by the driving surface of the die during suc-
ceeding revolutions of the bar. As seen best in FIG. 10,
the rolling over of the tooth-like impressions merely
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tends to flatten down or bend over the peaks of the im-
pressions so that the valleys thereof remain intact and
apt to create undesirable stress risers if the object 32 is
subjected to tensile forces of torsional moments.

Referring now to FIGS. 1, 8 and 9, the dies 26 and
28 incorporate special provisions for minimizing or
completely eliminating the tendency of heretofore
known dies to leave undesirable impressions or tracks
in the formed object. More particularly, the driving sur-
faces 44 of the dies 26 and 28 according to this inven-
tion have formed thereon a plurality of randomly-
spaced raised projections 50. As seen best in FIG. 9,
each raised projection 50 is in the form of a short, rela-
tively stubby column with a generally flat top surface
and, in horizontal cross-section, each projection 50 is
generally irregular in configuration. The minimum
cross-sectional dimension of each projection, however,
substantially exceeds the height of the projection so
that the projections exhibit very substantial column ri-
gidity.

To form the raised projections 50, the driving sur-
faces 44 of the dies are preferably subjected to a con-
ventional electro-chemical etching process. More par-
ticularly, the driving surfaces 44, after being machined,
are masked or painted with a conventional, readily
available chemically resistant substance, the masking
being in the form of a plurality of randomly-spaced and
irregularly shaped dots. The friction surfaces so treated
are then submerged in an electro-chemical etching so-
lution and subjected to an electrical current which re-
moves material from the unmasked surface portions to
a predetermined depth, the depth being dependent
upon the length of time to which the surfaces are sub-
jected to the electro-chemical process. Upon comple-
tion of the etching process, the masked areas are
treated with a rinse solution which removes the mask-
ing material.

As recited hereinbefore, the raised projections 50
formed by the electro-chemical machining process are
generally irregular in transverse cross-sectional config-
uration, are randomly spaced on the driving surfaces,
and are, in effect, very rigid columns. Further, each
projection is substantially equal in height to all the
other projections and terminates in the flat top surface.
Still further, as a result of the electro-chemical machin-
ing, the sides of each projection extending between the
friction surface 44 and the top surface of the projection
exhibit a masked taper similar to a draft angle com-
monly found in molded or cast projections, the signifi-
cance of the taper appearing more clearly hereinafter.

Describing now the operation of the dies 26 and 28,
the rolls 10 and 12 are initially positioned with the dies
located remote from the longitudinal axis of the bar
stock 30 so that the latter, heated to a red hot condi-
tion, can be fed between the rolls in the plane of the
axes 16 and 20. Rotation of the rolls in the direction in-
dicated by the arrows, FIG. 1, brings the dies 26 and 28
into engagement on the bar 30 from above and below,
respectively. Initially, as recited hereinbefore, the dies
create a V-shaped groove in the bar the sides of which
groove are formed by the driving surfaces 44. As the
driving surfaces penetrate the bar the raised projec-
tions 50 on the former penetrate the sides of the groove
being defined in the bar by the wedge configuration of
the dies, the projections thereby effecting a substan-
tially positive connection between the dies and the bar
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to effect rotation of the latter without any slippage rela-
tive to the former.

The projections 50, of course, leave complementary
impressions in the bar 30. The randomness of the spac-
ing of the projections, however, minimizes the proba-
bility that on any succeeding revolution of the bar one
projection will exactly coincide with an impression
made by another projection on a previous revolution of
the bar so that the probability of the impressions being
reinforced or exaggerated on succeeding revolutions of
the bar is minimized. In addition, as the dies penetrate
further into the bar, the side surfaces of the groove con-
taining the impressions of the projections are flattened
by the forming surfaces 42 of the dies. The forming sur-
faces are flat and tend to press the raised portions of
the impressions left by the raised projections down into
the surface of the bar. Since the projections are, in ef-
fect, stubby columns, the corresponding impressions
are relatively shallow, relatively wide craters. When
flattened by the forming surfaces 42 the bar stock ma-
terial is compressed and caused to flow into the craters
thereby to remove potential stress concentration cen-
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pressions on the bar.

With respect to the tapering sides of the raised pro-
jections 50 recited hereinbefore, the dies 26 and 28
have the advantage of being self-cleaning, That is, the
heated bar 30 may have scale or the like on the surface
thereof which conceivably, could collect between the
projections to reduce the effectiveness of the latter.
The taper of the projections, however, facilitates the
expulsion of this scale since there are no sharp, right
angle corners in which the scale can collect and be-
come trapped. Further, the electro-chemical machin-
ing process produces the taper in a very efficient and
economical manner. Another substantial benefit accru-
ing from the rise of the electro-chemical machining
process in this application is that it is insensitive to the
hardeners of the die. That is, after the die is machined
it is subjected to a conventional hardening process
whereby its useful life is substantially extended. When
after considerable service it becomes necessary to re-
machine the driving surfaces 94 to renew the projec-
tions 50, the surfaces can be electro-chemically pro-
cessed without first softening the die as would be neces-
sary with conventional machining techniques hereto-
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fore employed to generate friction increasing protru-
sions on the driving surfaces of the dies.

Having thus described the invention, what is claimed
is:

1. In an apparatus for roll forming objects exhibiting
only transverse circular cross-sections, said apparatus
including a pair of oppositely moving surface elements
adapted for rigidly mounting a pair of dies, each of said
dies defining a generally wedge shape forming surface
bounded along the leading converging edges by respec-
tive ones of a pair of driving surfaces disposed at an
angle with respect to said forming surface and adapted
for driving engagement on said object being roll
formed, the improvement comprising, means on each
of said dies defining on each of said driving surfaces a
plurality of randomly spaced and randomly located
raised projections of substantially uniform height, each
of said raised projections defining a column having a
generally flat top surface portion and substantial col-
umn rigidity under compression forces.

2. In an apparatus for roll forming objects exhibiting
only circular transverse cross-sections, said apparatus
including a pair of oppositely moving surface elements
adapted for rigidly mounting a pair of dies, each of said
dies defining a generally wedge shape forming surface
bounded along the leading converging edges by respec-
tive ones of a pair of driving surfaces disposed at an
angle with respect to said forming surface and adapted
for driving engagement on said object being roll
formed, the improvement comprising, means on each
of said dies defining on each of said driving surfaces a
plurality of randomly spaced and randomly located
raised projections of substantially uniform height, each
of said raised projections defining a generally flat top
surface portion the combined surface areas of which
equal generally about one-half of the combined total
surface areas of said driving surfaces and each of said
raised projections having substantial column rigidity
under compression forces, and means on each of said
raised projections defining a side portion thereof dis-
posed at an angle with respect to said flat top surface
portion.

3. The improvement recited in claim 2 wherein each
of said raised projections has a height of about 0.010

to 0.020 inches.
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