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This application is a continuation-in-part of
my copending application Serial No. 522,819, filed
February. 17, 1944, and now abandoned.

This invention relates to rolling mills of the
type having forming rollers with -cooperating
spherical sealing surfaces and forming surfaces.

It is therefore an object of the invention to pro- -

vide the rollers with spherical sealing surfaces.
A further object resides in profiling the rollers
with forming surfaces to form a funnel in front
of or preceding the final restricted configuration
of the shape to be produced by the rollers.

Further objects will be apparent from the fol-
lowing. description when considered with the ac-
companying. drawings which show a number of
preferred forms of the invention and in which:

Figure 1 is a top plan view of an enclosed mill
according to the invention showmg certain parts
in section;

Fig. 21is'a vertlcal cross section of the mill of
Fig. 1 taken on line 2-——2 thereof;

Fig. 3 is a horizonfal section of the central
portion of the mill taken on line 3—3 of Fig. 2;

Fig. 4 is a top plan view of a modified construc-
tion;
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Fig. 5 is a vertical section through the center®™

of the cooperating rollers taken on line 5—5 of
Fig. 4;

Fig. 6 is a horizontal section of the central por-
tion of the mill taken on line 6—§ of Fig. 5;

Fig. 7 is a top plan view partly in section of the
mill of Fig. 4 showing the drive connections;

Fig. 8 is a top plan view of another form of
the invention for producing rectangularly-shaped
bars;

Fig: 9 is a top plan view of a further modified
mill for producing T-shaped-bars;

Pig. 10 is a cross section of g portion of the
rollers of Fig. 9 showing the cooperating rollers
merging into the T-shape configuration;

Figs. 11 to 15 are diagrams pertaining to com-
parative rigidity of parts of the rollers subjected
to pressure or strain.

Fig. 16 is a horizontal section of four rollers
showing an example of non-rubbing sealing sur-
faces obtained by replacement of pure spherical
surfaces by torus or ellipsoid surfaces;

Fig. 17 is a vertical section of the mill of Fig. 16;

Fig. 18 is a horizontal section taken on line
I—I of Fig. 20;

Fig. 19 is a horizontal sectlon taken on line
II—II of Fig. 20;

Fig. 20 is a 51de view of the mill;

Fig. 21 is a vertical section through the center
of the cooperating rollers;
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Pig. 22 is a wiring diagram of a photo electrlc
control system;

Fig. 23 is a perspective view of a modlﬁed mill
in closed position; and

Fig. 24 is a perspective view of the mlll of Fig.
23 in open position.

The invention is primarily directed to an im=
provement of the enclosed mill for use with hot
or cold materials.. By enclosed type is meant a.~
mill wherein the rollers are so formed as to con-
tact each other in the plane of the axes, leaving °
between them the ‘shape of the product to be
formed, which can be round, square, flat, tubu-
lar or any other cross section.

Whenever such enclosed rolling mill is used.
with a compressible material, that is, one which. .
is soft or plastic enough to flow laterally when
subjected to pressure, it is necessary to provide-
means to oppose such lateral flow, and to direc.
the material closely and as deeply as possible into.
the rollers. Otherwise, instead of reduecing all
of the material to the desired shape, the rollers
may allow-some of the material to spread. lat- |
erally between them, and then would force this
excess material into an edge or burr which would
remain attached to the final product. i

This difficulty becomes even greater with fluid
materials which are supposed to solidify or co-
agulate in the rolling mill itself, such as hot liq-
uid metals, certain plastics, compressible powders,
quick-hardening pastes or mixtures, ete. i

The means to oppose lateral flow or leakage
between the rollers ahead of their contact plane,

as referred to above, are usually stationary wedges ©

filling in all gaps between. the:rollers, as far as
they can possibly go toward the contact plane of .
the rollers. Such wedges become exceedingly thin
and fragile at the very point where the pressure
reaches its peak. Also they are unfit to withstand
successfully both wear and heat action and they
cannot be properly cooled. In all cases, they must
be interrupted ahead of the tangent point of-
contact of the rollers, leaving a narrow gap uri-
filled between them, where lateral ﬂow can: stlll
take place without restraint. ;
The provision of spherical sealing surfaces on

the rollers themselves is designed to create sup-: -

porting surfaces which oppose any lateral flow
or leakage of the material, from a point far ahead
of the contact plane of the rollers and where :
pressure is still non-existent or. at least negligi-:

ble, to the very center of the rolling mill whiere -
the material is forced into its final shape or con-
figuration. Such a mill forms a funnel between
the rollers, the inside walls of which are leak-
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proof, yet move together toward the smaller orl-
fice in a converging manner, thereby dragging
the material along and forcing it through the
outlet without any possible place of escape.
This result is obtained by assembling a num-
ber of rollers which, in addition to the usual shap-
ing surfaces which join in the center to form the
cross section of the final product, slso have aux-~
iliary surfaces which act as solid and tight walls
all the way from a point ahead of where the ma-
terial comes in contact with the rollers, to a point
beyond where the finished product leaves the

[

10

rollers after being shaped. To assure mutual.

contact between the rollers in all cross sections
perpendicular to the direction of travel of the

product, and not only in the axes plane as it ..

would be the case for the rollers.of known con- .
structions, the following geomefrical conditions. - .:

must be fulfilled: at least three rollers must be

used, the axes of which intersect in at least two

points at a finite distance from the axis of the .

work; and any two adjacent rollers must have
a common surface of mutual contact which is a
sphere, the center of which is located at.the junc-
tion of their respective axes of rotation. It is
desirable, though not necessary, that these axes
be located in the same plane, but the axes of ad-
jacent rollers must always intersect. In a four-
roller mill, for instance, with axes in different
planes, the bight of two rollers diagonally op-

posed is at a level different from that of the bight.

of the other two rollers. "Therefore, the product

4

18 have exactly the same degrée of curvature and
the same diameter.

Figs. 4 to 7 illustrate an enclosed mill for pro-
ducing round rods having four rollers 22, 23, 24
and 25 each rotatably mounted in a stationary
bearing 25. Each roller has a head portion 27
and an integral shaft 28, and each head portion
is provided with two spherical sealing surfaces 29
and 20 and the annular forming surface 3. The
two surfaces 29 and 30 of each two adjacent roll~
ers cooperate with each-other so that, as shown
in Fig. 6, the annular surfaces 21 merge into the

.round configuration 32 from the trough-like fun-

nel 33. All rollers revolve at even speeds and in

- ¢y converging manner.

Fig. 5 shows the.liquid metal or plastic mate-

- rial 34 being poured from a erucible or container

35 into the funnel 33.formed by the head portions
21 of the rollers. The rolled rod 36 emerges from
the bottom of the funnel after the revolving sur-
faces 31 have profiled and formed the solidifying
material into the finished rod.

It must be observed that the spherieal sealing
surfaces have a sliding action against each other.
They do not roll like gears meshing together.
Therefore, any foreign matter like spatter from
liquid metal, or any material particle that might
adhere to the surface of the roller would not be
pinched and.flattened by the adjoining roller,
but would be cleared away by the edge of that
roller, in scraper-like fashion. This assumes, of

~ . eourse, that.the particle has not welded itself deep

is first rolled in one direction ‘across its longi-

tudinal axis, and then, a little later but in the
same rolling operation, in the direction perpen-
dicular to the first one. This method of suc-
cesslve rolling in cross directions is similar to

the standard practice of hot rolling of round

bars-and rods, and may be preferréd in some
cases. ” Rollers may, or may not, be identical.

Each roller is provided with two separate spheri-_

cal sealing surfaces extendihg to the forming or
shaping surfaces.. -

Referring now to the drawings in-which like
referénce characters refer to corresponding parts..

throughout, Figs. 1 to 3, 9 and 10 show three-
roller niills and Figs..4 to 8 show four-roller mills.
Furthermore, the mill of Figs. 1 to 3 produces a
bar having a hexagonal configuration, Figs. 4 to 7,
a round configuration, Fig, 8.a rectangular con-
figuration ‘and Figs. 9 and. 10 a.T-shaped con-

figuration.. It is, of course, obvious that any de-.:

sired shape can be produced as it is only necessary
to appropriately contour the individual rollers. .

The mill of Figs..1 to 3 has three cooperating
rollers 1, 12 and {3 each rotatably mounted in

40

a suitable bearing 4. . All three bearings are held. .

rigidly in place by a sturdy frame not shown in

the. drawings. . Each roller is a duplicate of the -

other, two. and includes a head portion 15 with a
shaft {8 shown. as being integral for simplicity.
Each head .portion .I§ has two spherical sealing

60

surfaces 11 and 18, of which 17 is an end concave -

surface and 18 is an annular convex surface. Be- -,

tween these two spherical surfaces on each roller
is the annular forming surface |9 of which for

the hexagon configuration each roller will impress -

two sides. . All three rollers are made to revolve

around their respective axes, at equal speed and
in a converging direction. -

Fig. 3 illustrates how the rollers merge as a

trough-like funnel 20 down to the ultimate’ con-
fliguration 21 in the form of the hexagon bar to
be rolled. The spherical sealing surfaces (1 and

70
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into the roller by melting it below its surface. .
For that reason, any liquid-steel being poured in
a mill made of steel or iron rollers should never
be overheated to such extent that spatter from
it would be hot enough to melt the rollers locally.

" The rollers should be maintained as cool as pos-

sible through artificial cooling, for instance by a
water jet or spray underneath the mill, directed
toward the product and the rollers alike.

This sliding action of the: spherical sealing
surfaces requires that adjacent rollers revolve
smoothly against each other; without appreciable
clearance, but also without excessive pressure.
Play would allow leakage, while pressure would
mean undue wear or abrasion. It is preferable to:. :
haild the rollers of a tough, wear-resisting mate-
rial, such as-a properly heat-treated tool steel,
also to grind them smoothly and exactly after..
heat treatment, and above all to secure enough
rigidity in the bearings and their supporting
frame to eliminate relative motions under in-
ternal strain due to compression-of the material
in the mill. Means of fine adjustment of the
bearings in all directions should be provided to

-bring the spherical surfaces in good contact, yet

without excessive pressure, when assembling the
mill, and also compensating for possible heat dis-
tortion by proper cooling, take-ups or releases,
etc. . Rollers should be easily -removable from .
their shafts, for quick change when worn or for:
replacement of different shapes or sizes.,

The rollers. are self-lapping, and the quality
of their contact improves with. usage. The
reason for this, is that the sliding action, there--
fore the wear, is greater at the periphery of each
roller than it is near the annular forming surface,
where the kest contact is required because of:
higher pressure. At -and near the neck of. the.
mill, -all. surfaces travel practically together,
parallelly and at the same speed, therefore with -
minimum friction and wear. The convex outer-
spherical surfaces and the forming surfaces:are
the only ones coming in contaet with the material,
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The contave central spherical surfaces never
touch it. They should however. be protected
against spatter or other stray particles by the
use of convenient guards.

As outlined above, it is obviously difficult to
maintain the rollers in good sealing contact, and
yet to avoid at the same time pressure between
them.  One method of overcoming this difficulty
. consists in a slight alteration of one or both of
the sealing surfaces, so that they will contact
each other under relatively high pressure only in
the region close to the center of the mill, where
the relative motion of the rollers is substantially
a rolling action, exempt from sliding or pivoting
friction. In all other regions where such sliding
or pivoting occurs, the sealing surfaces are no
more in contact, but remain close enough so that
surface tension in case of liquids, and particle
size in case of powder or fibres, will prevent any
introduction of material in the narrow gap be-
tween the sealing surfaces.

Fig. 16 shows by way of example how such
result may be practically obtained. This figure
is a horizontal section on the plane of the axes
of the roller in a mill as shown in Fig. 4, while
Pig. 17 is a vertical section through the same mill
on the axial plane of roller 23." The internal or
concave surfaces 30 of all rollers remain un-
changed. They are purely spherical with center
81 and radius 81—98. By the external or con-
vex spherical surfaces 29 of all rollers have been
replaced by torus surfaces. One of them is de-
fined by a portion of circle of radius 69—1{00 and
center 99 rotating around axis 87—i81 while re-
maining rigidly attached to that axis. In the
position shown, center 89 is on a straight line with
87 and the center of the mill, and at such distance
from. axis 81—I101 as defined by the quantity:
clearance/(+/2—1). By “clearance” is meant the
distance considered desirable between the roliers,
measured as 103—104 on axis 87—81 of roller 28.
In case of steel casting, a fair and satisfactory
value of the clearance is %q inch to Y4 inch.

From the vertical section, Fig. 17, it can readily
be seen that the clearance is constant in each
vertical section parallel to axis 81—87, although
it gets smaller from one vertical plane to another
when approaching the center of the mill. This
is ags it should be, since the pressure exerted by
the rollers on the material increases toward that
region, and also because the relative motion of
rollers 23 and 28 becomes more and more a slide~
less rolling nearer to the center of the mill.
Near the very center, positive contact is obtained
between the rollers which can now be actually
pressed hard against each other. They will not
separate, regardless of the flexibility of the bear-

ings and their supporting frames, as long as the-

operating pressure on the product remains in-
ferior to the pre-set pressure put on the rollers
during assembly.

A similar result would be obtained, either by
the use of an ellipsoid of revolution defined by
an ellipse rotating around its longer axis 871-101,
or by a roller having a narrow portion of spheri-
cal sealing surface, adjacent fo the forming
grooved surface, and followed by a wider spheri-
cal quasi-sealing surface of same center, but with
a slightly reduced radius. . :

Tt is obvious that the shafts of the rollers can
be driven by any suitable means. Preferably,
all rollers should be power-driven ab equal pe-
ripheral speed, measured on the annular form-
ing surface. Sometimes, however, idler rollers
are acceptable, as in Fig. 8. Fig. 7 illustrates
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various details of one way for driving the rollers
29 to 25.. As shown, the main shaft 37 is driven
by any.suitable means such as a motor, not
shown, Two sprocket wheels or pulleys 38 and
39, bevel gear 40 and pinion 41 are mounted to..
rotate with and on the shaft 31. Sprocket wheel. .
or pulley 38 drives a chain or belt 42 which in
turn drives a sprocket wheel or pulley 43, the
latter being mounted to rotate the shaft of the
roller 23.  Also sprocket wheel or pulley 39 drives
a chain or belt 44 which drives a sprocket wheel
or pulley 45. This wheel 45 drives the shaft of
the roller 24 through the intermediary of bevel
gears 46 and 41 and shaft 48. Bevel gear 40
meshes with a bevel gear 48 secured on the shaft
of the roller 22. Pinion 41 drives another pinion
56 secured on the shaft of the roller 25. Al
drives are proportioned to insure equal speed: of
rotation for all four rollers. As shown in Fig. 7
the shaft 31 rotates in the direction of the arrow
which will impart a direction of motion to each
of the rollers as indicated by the arrows so that -
they shall all rotate toward the funnel and
forming center for the bar to be produced. An-
other way, shown in Figs. 23 and 24, of driving -
the rollers would involve four auxiliary shafts.
forming a -square around the mill, connected:
together through hevel or spiral gears. Each

one of these shafts; in turn, would operate its-

corresponding roller through a chain drive or a
pair of spur gears.

A particularly preferred form of mill frame
consists in a number of -panels, equal to the .
number of rolls, which are hinged to each other
like o multiple panel door. Each panel holds
one roll, its bearings, drive and accessories.. To
open the mill, for inspection, . cleaning or roll- .
changing purposes, it is only necessary to re-
move one of the hinge-pins and to spread the -
panels open, without losing in that operation any
of the fine adjustments which have been made
to bring the rolls in proper contact with- each
other in a previous assembling. Fig, 23 illus-. -
trates this design in the case of a four-roll mill, .
shown closed and ready for operation. Fig. 24
represents the same mill as opened: for inspec-
tion.  One of the panels, marked 133 in Fig. 24,
is rigidly affixed to the base 134. Its shaft 135
extends backwards where it is driven by ‘a motor,
not shown, preferably through a speed variator.
The corresponding roll 136 is operated by a chain
drive 131. That same shaft 135 holds two spiral
gears 138 and 439, which will mesh at 90 degrees
with similar gears on the other panels, when the
frame closes. This type of gears permit slight -

? relative displacements of the shafts as long as

they remain at right angles. When in mesh,
all four rolls revolve together at identical speeds,
from the outside drive on shaft 135, through the
spiral gears, the other shafts and the chain
drives. o ; i
A further improvement consists in using hinge-
pins which are eccentric in design, and which
are interconnected so as to rotate with equal-
angular motion. By rotating these pins through
a single drive, all panels move slightly toward
the center of the mill, or away from it, in a per-
fectly concentric or symmetrical manner. In
Figs. 23 and 24, the panels are connected through
links (40 with a straight pin 141 on one side
and an eccentric pin 142 on the other side. Ro-
tating the eccentric pin is equivalent to chang-
ing the length of linkage 140. A guiding slotted
arm, not shown, rigidly attached to the- panel
at right in Fig. 23, compels the straight pin 141
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to move only at right angle to the roll axis of

the panel at left in Fig. 23. 1f that -condition

isrfilled, and if simultaneous and equal rotation
is: applied to all four-eccentric pins, through a
single .crank  or lever with suitable connections
not shown; all rolls will -move together towards
the:center or away from it, equally and sym-
metrically.  This not only- enables to adjust the
pressure on all rolls-at the same time, in order
tocompensate for progressive ‘wear, but it also

permits to use various -sets of rolls ‘With slightly

different diameters, provided all rolls-in each
particular set remain identical in size. Such
would. be the case, practically, for rolls ‘which
have been re-dressed after. wear. Re-dressing
a set of :rolls consists in machining oy grinding
all outside convex sealing surfaces to a diameter
slightly smaller than the original one, and doing
the: same to the ‘inside concave surfaces.- Since

the inside concave sealing surfaces must be re- ¢

duced ‘in ‘diameter to the same extent as the
convex ‘ones, the re-dressing operation requires
of necessity a transfer of the centers of-the seal-

ing. surfaces toward the shaft end of each roll.

Re-dressing. while keeping the cénters where
originally located would wrongly result in a re-
duction of the diameter of the convex surfaces,
and:in an increase of diameter for the concave
surfaces, destroying the good mating of adjacent

rolls. © The displacement of the centers in each 3

successive ‘re-dressing depends on the dépth of
metal to remove from the sealing surfaces, and
should best be determined from a full-size draw-
ing. . The distances between both centers (convex

and concave sealing surfaces) of each roll gre 3:

also reduced in a re-dressing operation, in pro-
portion with the reduction of diameters. There-
fore, the polygon of the rolls’ axes in the mill
also becomes smaller with each re-dressing, al-

through this polygen remains ~unchanged in -

2,603,114
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The form or configuration of the bar produced
in the mill shown in Fig. 8 is indicated ‘at. 65"
which shows the actual forming or pressing con-
tour for the work as confined by the surfaces 5T
and 60.

The mill of Figs. 9 and 10 ig designed to produce,
a profiled bar of approximately T shape, This”
mill has a main roller 66 rotatably mounted in .
bearings 67 by means of a drive shaft or shafts 68.
Two auxiliary rollers 638 and 10 are rotatably-
mounted in bearings 7f and 72 respectively by .
means of drive shafts 13 and T4 respectively. The
roller 66 has annular forming surfaces 75 ‘and
annular spherical sealing surfaces 16 and 17 one.
on each side of the surfaces 15. The rolier 69 has
an end spherical sealing suiface 18 and annular’’
forming surfaces 79. The roller 16 also has a”
similar end spherical sealing surface 80 and simi-
lar annular forming surfaces 81, Roller 10 how-.
ever has an integral annulay abutment flange 82

- of which the side or forming surface 83 abuts and

contacts a side surface ‘84 of roller §9. All three
rollers are made to revolve at substantially equal .
peripheral speeds. Fig. 10 shows the ultimate T
shape 85 produced by the merging surfaces 15
and 19 together with surface 83. ‘
In Fig. 1 the axes of adjacent rollers 1{ to 13
intersect in points 8§ which are also the centers
of the spherical surfaces {7 and (8. The shaping
surfaces 18 are surfaces of revolution generated
by a portion of the cross section of the product |
revolving around the axis of the corresponding ’
roller. i . o
In Figs. 4 and 7 the axes of adjacent rollers 22
to 25 intersect in points 87 which are the centersof .

“the spherical surfaces 29 and 38. In Fig. 8 the.

axes intersect in points 88 which are the centers’

of the spherical surfaces 55, 56, 58 and §9...
If and when the axes of two adjacent rollers

are parallel as axes 89 in Fig, 9, their correspond-

“ing point of intersection is' at infinity and the .’
common spherical surface becomes & plane sur-
lated eccentric hinge-pins, precisely provides for face 83 and 84 perpendicular to these axes B9.. .
such contraction of the polygon of the axes, ang  The points 90 are Spaced and accessible but the
accommodates for a number of sets of rolls, differ- 45 Other point is at infinity. The exact radius of the
Ing in dimensions from set to set, but not within . sbhere, or the exact location of the plane when
each set. No modification is required to the fine = the point of Intersection is at infinity, is imposed -
adjustment originally made to position the first by the geometrical condition that the sphere. or
set of rolls correctly in the mill. - The simplified = Dlane must contain the point where the shaping .
procedure to change rolls includes the following 50 Surfaces of the corresponding rollers meet in the
steps: first, release all roll pressure by moving all plane of the axes of these rollers. For instance, ot
panels away. from center, through a single drive In Fig. 6, the spherical surfaces 29 or 30 contain .
lever or crank; then remove oné of the hinge-pins ~ boint 8¢ where forming surface 31 of roller 23
and spread the panels open. Unfasten all rolls  meets forming surface 31 of roller 22. o
and fasten the rolls of the new set. Close the 75 At the junction of the annular forming surface
panels, re-engage the hinge-pin-ang apply pres- - with the spherical sealing ‘surfaces, the rollers
sure through the lever or crank. . - Dresent a sharp edge. The mechanical strength
In the forms of the mill shown in Figs. 1 to 7~ of that edge under pressure or' strain from the
all of ‘the rollers of each mill are. identical as to  compressed material can be measured by the angle _
size and shape. It is, however, possible to have ¢; between the tangents to both profiles meeting at "
different sizes and shapes of forming -rollers in°  the edge considered. In Fig. 3, such angle would |
the mill as, for instance, shown in Fig. 8 which be 82—8{—93 for one edge, and 92—91—-94 for
has two larges rollers 51 and 52 and two smaller the other ‘edge.  For constructive reasons, it is
rollers §3 and 54. -Each of the rollers 51 and 52 obvious that these angles should be as large as’
has two spherical sealing surfaces 55 and 56 with possible, and in no case smaller than 30 deg. for .
a cylindrical surface 51 between the two. Each soft compressed materials, and 45 dég. for hard
cf the rollers 53 and 54 has two’ side spherical materials, with preferred values at or above 75 deg.
sealing surfaces 58 and 59 ang g cylindrical pe- This condition will pe a decisive factor in the’
ripheral surface §0.: Suitable shafts 61, 63 and .. choice of the number of rollers with respect to'the
64 drive and rotate the respective rollers 51, 53 70 desired shape of the product. A three-roller mill’
and 54 in directions indicated by the arrows and is particularly well adapted for hexagon shapes”..
at substantially equal peripheral speed, while rol- because, as Fig. 3 shows, angle 9291931590
lar 52 revolves -as an idler: around stationary deg. Wwhile angle-82--9{-—94 ig 150 deg.' Such
shaft 62 which is eye-shaped-at the ‘ends to per-: three-roller mill, however, would not be recom- .~
mit passage of shafts 63 and 64.-- SR 75 mended for a circular shaped product because; as

shape or symmetry.
The panel-type mill frame, with its inter-re- -

o
Tt
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Fig. 11 shows, angle 92—9{—93 would be only
30 deg. Figs. 12, 13 and 14 indicate that ‘this
angle for a circular shape becomes 45-deg. for a

four-roller mill, 54 deg. for a five-roller mill, and

60 deg. for a six-roller mill." Through a slight
modification of the circular shape, as shown in
Fig. 15 where short sections of the circle are re-
placed by tangents, it is possible to add to any
of the 92—91—93 anglés an increase ‘equal toangle

95—96—91, for which & preferred value would be’

30 deg., thus obtaining 60 deg., 75 deg:, 84 deg.,
and 90 deg. for 3, 4, 5, and 6 rollers respectively.
This alteration of the ¢ircular shape has an-

other important function, which becomes ap-

parent in Figs. 18 and 19 showing the rollers,
first when completely closed in the’ center of
the mill; second, after they have started to dlS-
-engage themselves from the rolled product, a
little below - center. It will be noted that op-
posite rollers move outwardly and parallelly as
indicated by the arrows 101. The plane surface
9]—85 in each roller, therefore, moves in its
own plane, forcing the product to rotate clock-
wise as shown by arrow 108. In that motion,
the excess material of the triangle ${—85—{05
in Fig. 18 is rolled down transversely to the cor-
rect circular shape 105—106 in Fig. 19.

The advantages of this design are self-evident:
5 perfectly circular shaped product is obtainable
although the rollers are given a non- -circular
shape. at the bight, in a view to: reinforce the
mechanical strength of their. edges. Another
advantage is that the product is positively guided

out of the mill by parallel planes. It will there-
fore be delivered perfectly straight and could
not adhere to any roller in particular.

The rotation of the product combined with
the longitudinal motion of the wire, result in
a continuous twisting or helical motion of the
product. Such motion may either be neutral-
ized, or it may be preserved.

In the first case, it will only be necessary
to reél the. product in a stationary reeling de-
vice, and the wire will untwist itself affer leav-
ing the mill, while still in a plastic stage. In
the second case, the twist can be preserved all
along:the product by giving the reeling device
a confinuous rotation around the axis of the
wire or rod, in such direction and at such speed
as to correspond to the rotation of the rod shown
by arrow (08. Any burr or marking will then
appear as a helix all along the wire which is
a decisive advantage when subsequent cold draw-
ing operations are involved, because of a more
even wear of the dies.

Figs. 3, 6 and 10 actually illustrate the fun-
nel created by.the forming surfaces of the roll-
ers. There are no open gaps in the funnel and
thus no leakage of metal or plastic when used
in the fluid state. It is not only possible to
use the mills for metals in molten, hot or cold
state but for quick-setting fluids and substances
or plastics as well as for compressing fibers or
powders The products produced by the mills
are in the shape of bars and slabs of any roll-
able cross section and indefinite length.

When used with hot liquid metal or alloy,
these mills can operate either as a continuous
mould, or casting machine, or as a regular roll-
ing mill. In the first case, the metal would be
permitted to cool just enough to acquire suffi-
cient cohesion to hold itself together in bar form
under the mill, where it would be cooled sub-
sequently by water spray or otherwise. Very
little pressure would be imposed on the machine
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in that case, ensuring little wear and low power

consumption. - In the second case, the cooling
would be more pronounced, and the. material
would come out under appreciable side pressure
from the rollers. Some pre-cooling. could be
provided also by provision of. a refractory tube
standing above the mill and shaped at the bot-
tom to contact the | rollers without -excessive
clearance. In“such a case, hot. metal poured
in the tube would set or solidify. partly in hot
ingot form which, in turn; would be worked by
This
process could be continuous, the ingot beihg. ‘fed
at the top while dropping steadily: toward. the
mill. Any of the above-mentioned products
could he re-rolled or otherwise. freated.. = .
Means ‘of feedmg hot metal at. constant level,

either in the mill itself, or.in. the tube, should
be provided. 'With 11ght -emitting. fluid metals,
like steel, photoelectric ‘devices could maintain
a correct flow, while pyrometrlc or.mechanical
feelers would operate better on dark metals like
lead or othér low melting alloys and for pastes
or plastics. ~The mills. can also’ be used as fric-
tionless outlet dies for extruding - presses, béing

‘either power-driven or idle, with or without the

usual cenfral core or mandrel for tubular or
hollow shapes or for covered wire, cables and
welding electrodes: sheathed with ‘a protectlve
coatmg .

Ladles Wlth a bottom pourmg nozzle are . pre-
ferred because of the length of the jet of liquid
metal, measured ‘between . the mnozzle and. the
sphencal rolls, can he held short and vertical
regardless of the size of ‘the ladle. Also, such
jet will respond immediately to any motion of
the stopper, in increase or decrease of the out~
put, under control of photoelectnc or other de-
vices dependmg ‘upon the level of the 11qu1d bath
between the rolls of the mill.

Greater steadiness and', stabmty of that level
can be achieved if the servo-motor acting on the
stopper of a bottom-pourmg ladle, or on the tilt-
ing of a top-pouring ladle, is. made to be sensitive,
not only to the level of liquid metal between the
rolls but also to the first derivative of that func-
tion, namely the speed by which such level rises
or lowers. In-cases of extreme inertia (heavy
ladle of the tilting type), it may be indicated to.
render the servo-motor sensitive also to the sec~
ond derivative of the level function, namely the
rate of acceleration or deceleration of its variation
or, in other words, the variation of the speed by
which such level changes. This method is highly
effective in the prevention of “hunting” around
the position of ideal equilibrium, and in reducing
the magnitude of the deviations from the opti-
mum: level.

Figure 21 shows a photo-electric control sys-
tem for a tilting ladle, also adaptable to a bottom-
pouring ladle or furnace. The ladle 35 is hinged
at the lip 109 and its bottom is raised by a cable
110 pulled by a winch { {1 driven by one or more
electric motors 1i2. A photo-electric cell I3,
fitted with a cone-shaped visor {14, receives the
light emitted by the bath of molten steel 15
laying between the rolls of the mill. The higher
the level of that bath, the wider the bath, the
more light emitted and the greater the current
generated by the cell. This current is amplified
and automatically analyzed as shown in Pig. 22,
by way of example only. Three direct current
electric motors 116, 117 and 118 are used, all
mechanically coupled fo the same shaft {12 in
Fig. 21. All three have independent magnetic




~2;803,114

11

Relds of adjustable, intensity. _Speed variation
“and reversal of torque are obtained through
,fvai_iat;ion or reversal of the_armature currents,
the combined torque of all three motors:acting

_on winch (1.
The current generated by photo-cell 113 is first
amplified by a triode {19 and then sent through
’ a,_' ‘Wheatstone bridge 120 before.energizing motor
[16. Al four branches of the bridge have equal
.ohmic resistance, but two of them, 122. and. 123,
_are_strictly non-~inductive resistors, .while the
other two 124 and (25 are coils with a. high co-
-efficient of self-induction. The armature of
motor 116 is connected between the junction
_point of bridge (20 and resistor 121, and an-ad-
“justable contact 126 on. potentiometer 127, ‘This
contact is positioned to nullify the -voltage ap-
plied to motor 116 when the level of bath (15 is
normal. The ladle 35 will be raised and the.flow

‘of metal 34 increased if the level is subnormal, .

or the ladle will be lowered and the flow decreased
if the level is over-normal with, however, a.double
‘corrective action from. motors. {17 and 1.
Motor 117 is connected, through amplifying tri-
.ode 128, to junctions 123—124 and 122—125 of
the bridge 120. These points are at equal volt-
age for any current emitted by triode 119, as Ilong
as that current does not vary. But if it does, the
retarding effect of coils 124 and 125 results in a
‘temporary unbalance of bridge 120. Motor {11
will tend to increase the metal flow 34 when the
bath 115 is going down, regardless of its position.
Inversely, it will tend to reduce the flow when the
level is going up.. Similarly, motor 118 is made
sensitive to the variation only of the current
emitted by triode 128, by the use of a triode 131
and a second Wheatstone bridge 132 identical to
the first one. This motor 118 will tend to in-
crease the flow of metal 34 when the downward
speed of the level 11§ is increasing, or the up-~
ward speed decreasing. It will reduce that flow
if the downward speed of the level decreases, or
the upward speed increases. In order to render
both.motors {17 and 118 responsive to positive as
well as negative unbalance of bridges 120 and
132, despite the unidirectional properties of tri-
odes, some. compensating device must be -used,
for instance a polarizing battery 129 in the grid of
triode 128, the effect of which is exactly com-
pensated when the bridge 120 is balanced,
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-through.another. polarizing battery (30 shunting
~motor-417. - .- - . S

-I-claim as my. invention:

1..A_rolling -mill .comprising *at least three

‘rollers.each rotatably. mounted.in sealing contact
-~with..one. another having- sealing and -forming
-surfaces -and -all ‘rotating -at:-substantially equal
-peripheral speed in-a converging direction, said
-rollers: having their axes-of: revolution in a com-
-mon plane and forming a funnel-shaped openirig

closed on all :sides; each ‘roller-having . concave

-sealing -surfaceof revolution closely-envéloping
-& corresponding convex-sealing surface of revolu-
.tion of the adjacent roller, and said two surfaces

intersecting -the plane of the axes of the rollers

~along-two -distinet curves tangent to .each other

where they. join the forming profile of: the rollers

-and then extending outwardly in-close conform-
ity, but progressively diverging:slightly from éach

other. - e
-2.:A .rolling 'mill ‘comprising. at least three

-rollers each rotatably mounted in'sealing éontact

with one.another and all rotating at 'substantially
equal peripheral speed in a converging -direction,

each roller having a-conecave sealing -surface'o_f
-revolution -closely envelopihg a corrésponding

convex sealing torus surface on the adjacent
roller, said two surfaces intersecting the plane of
the axes of the rollers respectively alorig a curve
and a -circle tangent to each other “where they
join the forming profile of the rollers, and then
-extending outwardly in close conformity, but.pro-
gressively diverging slightly from each other.
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