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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the sector of rolls for bending metal sheets and more in
particular it is directed to a device and to a method for guiding and directing the metal sheet
through a bending machine, to form frustoconical structures continuously.

PRIOR ART

[0002] As known, in order to make frustoconical structures (or simply "conical” structures, as
they are conventionally called in the sector), a metal sheet is subjected to a bending operation
by bending machines.

[0003] In order to make a frustoconical sector, the metal sheet has to be cut into a suitable
shape with longitudinal inner and outer edges provided with a suitable curvature.

[0004] The curved sides correspond to the two bases of the final truncated cone, and the
mutually tilted rectilinear sides are intended to be joined and reciprocally welded longitudinally
so as to complete the truncated cone.

[0005] The metal sheet is dragged by the rotation of the rollers and, at the end of bending in
the bending machine, is closed on itself to adopt the desired frustoconical shape.

[0006] In order to enable the metal sheet to be bent correctly into the frustoconical shape, it is
necessary for the metal sheet to travel with precision over a preset trajectory, rotating around a
set rotation centre.

[0007] In order to impose rotation on the advancing metal sheet, a pin or wheel element is
currently resorted to, on which the inner concave curved edge of the metal sheet goes to rest.

[0008] The metal sheet, which is pulled by the action of the rollers of the bending machine,
rests with the inner, curved own edge on the wheel or pin element, which acts as a rotation
fulcrum for the metal sheet.

[0009] Clearly, the pressure forces that the edge and the pin or wheel element exchange, as
they are very localized, are significant, and this can unfortunately cause damage to the edge,
in particular when the thicknesses of the metal sheet are rather reduced.

[0010] Further, it should be noted that very often this edge is caulked because it has to enable
the frustoconical structure that is obtained to be subsequently welded with another
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frustoconical structure to make, for example, a wind-energy installation.

[0011] Obviously, in the case of a caulked edge, the problem is still very felt of a possible risk
of damage thereto due to excessive concentrated pressure, as the contact edge (the vertical
part of the caulk) is very reduced.

[0012] Embodiments of devices of the type disclosed above are known from GB1203924,
JPH1076319, US2808096, CN103624166, DE1269084.

[0013] Other known systems provide for the use of a guide pad on which the inner curved
edge of the metal sheet comes to rest and slides relatively. In this case, on the one hand a
more extended contact area is achieved between the pad and the metal sheet edge,
nevertheless a relative sliding between the pad and the metal sheet edge is seen that not only
makes the process more difficult because of the sliding friction that arises but once again the
geometry of the caulked edge is damaged irreparably. Further, the invariable geometric shape
of the guide pad does not ensure the achievement of an extended contact zone when metal
sheets are processed with different curvature values, this thus reproposing the same problems
of stress concentration discussed above for the pin devices.

[0014] Other devices are known from US2857158 and US3398871, which nevertheless have
little versatility and are not suitable for interacting with metal sheets having curved longitudinal
edges.

[0015] US2857158 describes guiding means for moving sheet-metal bands.

[0016] DE1269084 describes a device for bending metal sheets, in particular for producing
conical workpieces. DE1269084 further discloses a method for guiding and directing a metal
sheet in a bending machine, comprising a step of bringing a longitudinal edge of the metal
sheet into contact with resting and contracting means.

[0017] There thus remains until today ample room for improvements in guide systems for
bending metal sheets to make conical structures.

OBJECTS OF THE INVENTION

[0018] One object of the invention is to improve current guide devices for guiding the metal
sheet.

[0019] Another object is to provide a technical solution that is able to guide and rotate a metal
sheet during the continuous advancement for the entire extent thereof and not intermittently as
occurs in the conventional systems when it is desired to avoid continuous rolling or sliding of
the edge of the metal sheet on the pads or wheels, and which provide "pushers" that, at
intervals that are of varying length during the entire extent thereof push the metal sheet,
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rotating the metal sheet slightly as it enters the bending machine, so as to make the process
faster, safer and more efficient, and at the same time such as to preserve the geometry of the
caulked edge of the metal sheets without ruining the caulked edge, as occurs on the other
hand in known systems.

[0020] Another object is to achieve a continuous conical curvature process that is fast, easy
and efficient, preserving the shape of the caulk from deformation and which is able to increase
the safety levels to which the operators are exposed and to reduce the possibilities of error.

[0021] A further object is to improve the geometric precision and the machining tolerances and
reduce the number of operators necessary.

SHORT DESCRIPTION OF THE INVENTION

[0022] These objects and further advantages of the invention are achievable by a device and a
method according to what is defined in claims 1 and 27.

[0023] In a first aspect of the invention, a device is provided for guiding and directing a metal
sheet in a bending machine to form continuously a conical structure, in particular a
frustoconical structure, as defined in claim 1.

[0024] In a second aspect of the invention, a method is provided for guiding and directing a
metal sheet in a bending machine to form continuously a conical structure, in particular a
frustoconical structure, comprising the steps of:

« bringing a longitudinal edge of said metal sheet into contact with resting and contrasting
means extending along a closed path,

« contrasting, by said resting and contrasting means, a movement of said edge in a
direction that is transverse to a preset advancement trajectory of said metal sheet,

= conforming said resting and contrasting means with the longitudinal profile of said edge
so as to obtain an extended zone of contact with said edge along which a contrasting
distributed pressure is imposed on said edge,

= moving said resting and contrasting means, along said closed path, around a supporting
body having at least one oblong lateral portion facing said edge, at a speed
corresponding to that of said metal sheet edge, in the absence of relative sliding and
rolling, and

e accompanying said metal sheet edge so as to impose on said metal sheet the
movement along said preset advancement trajectory to and through said bending
machine.

[0025] Owing to the invention, the aforesaid drawbacks are overcome.
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[0026] In particular, owing to the invention, the metal sheet is rotated whilst it advances without
excessive concentrated loads being generated, as in the case of known wheels that act as a
pivot, or undesired sliding actions as in the case of pad guides, which would cause irreparable
damage to the caulked edge of the metal sheet, compromising the subsequent use of the
metal sheet.

[0027] Further features and advantages will be clear from the appended claims and from the
description.

[0028] The invention can be better understood and implemented with reference to the
attached drawings that illustrate an embodiment thereof by way of non-limiting example, in
which:

Figure 1 shows a bending machine on which the device is fitted for guiding and directing a
metal sheet according to the present invention;

Figure 2 and 3 are different perspective views of the device according to the invention,
operating on a metal sheet shown in schematic form;

Figure 4 is a fragmentary view of the device according to the invention;

Figure 5 is an exploded view of the device, in which resting and contrasting means are visible
comprising track link elements of the device;

Figure 6 shows a track link element of the device;

Figure 7 shows another embodiment of the track link element of the device;
Figure 8 is a top view of the resting and contrasting means of the device;
Figure 9 is a section taken along the plane IX-1Xin Figure 8;

Figure 10 is a section taken along the plane X-Xin Figure 8;

Figure 11 is a front view of the resting and contrasting means;

Figure 12 is a section taken along the plane XII-XIl in Figure 11;

Figure 13 shows the device according to the invention into contact with an edge of a metal
sheet;

Figures 14 and 15 are different views of one embodiment of a track link element;
Figures 16 and 17 are two different views of another embodiment of a track link element;
Figures 18 and 19 are two different views of a further embodiment of a track link element;

Figure 20 shows a second embodiment in which the resting and contrasting means is defined
by a web element;
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Figures 21 and 22 are two different views of a third embodiment in which the resting and
contrasting means is defined by a belt element provided with contact plate elements;

Figure 23 shows schematically an embodiment of supporting body for the resting and
contrasting means of the device;

Figure 24 shows schematically adjusting means to vary the geometric conformation of the
supporting body of the device;

Figures 25 and 26 show schematically, in two different operating configurations, another
embodiment of a supporting body for the resting and contrasting means of the device;

Figures 27, 28, 29 show schematically a device drive and control circuit, respectively in three
different operating steps;

Figure 30 shows the device in contact with a metal sheet edge having an irregularity;

Figure 31 shows the operation of the device drive and control circuit in the presence of an
irregularity on the metal sheet edge as shown by way of example in Figure 30;

Figure 32 shows the device in contact with a metal sheet edge having an undesired anomalous
protrusion, which is hazardous for the integrity of the device;

Figure 33 shows the operation of the device drive and control circuit in the presence of the
anomalous protrusion on the metal sheet edge as shown by way of example in Figure 32;

Figure 34 shows an embodiment of device with motor-driven resting and contrasting means;

Figure 35 is a view like that of Figure 34 in which a track link element has been removed to
make an internal part of the device visible;

Figure 36 is an exploded view of the device of figure 34;

Figure 37 shows the motor-driven device of figure 34 operationally connected to a control
system;

Figure 38 shows schematically an embodiment of the device according to the invention,
provided with a self-aligning system of mechanical type;

Figure 39 shows the device of Figure 28 in a different operating configuration, to adapt to a
metal sheet with a longitudinal edge having a smaller radius of curvature than in the case of
Figure 38;

Figures 40 and 41 are two different perspective views of the device in the embodiment
corresponding to the schematic representation of Figures 38 and 39;

Figure 42 is a top view of the device of Figure 40;

Figure 43 is a top view of part of the device of Figure 42;
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Figure 44 is a partial and section view of the device of Figure 42;

Figure 45 shows schematically a further embodiment of a device according to the invention,
provided with a self-aligning system of hydraulic type;

Figure 46 shows the device of Figure 45 in a different operating configuration, to adapt to a
metal sheet with the longitudinal edge having a radius of curvature that is less than in the case
of Figure 45;

Figures 47 and 48 are two different perspective views of the device in the embodiment
corresponding to the schematic representation of Figures 45 and 46;

Figure 49 is a top view of the device in figure 47;
Figure 50 is a side view of part of the device of Figure 47,

Figure 51 is a partial and section view of the device of Figure 47.

[0029] With reference to Figures 1, 2 and 3, a device 1 according to the invention is shown
that is suitable for being fitted to a bending machine 3 of the type with three or four or more
rollers to machine metal products, in particular to bend metal sheets 2. The device 1 guides
and directs a metal sheet 2, in particular a metal sheet 2 having curved longitudinal edges, in
the bending machine 3 to obtain, by a continuous bending process, a conical structure, for
example in particular a frustoconical structure intended to be used in the wind-power sector.

[0030] The device 1 can be fitted to a plane P for advancing and resting the metal sheet 2, for
example a plane P of the roller conveyor type or to another support placed upstream of the
curvature rollers 34, 35 of the bending machine 3.

[0031] It is not ruled out that the device 1, or several devices 1, can be fitted in several
different positions, upstream and or downstream, of the aforesaid rollers 34 and/or 34, or also
in a position aligned on the rollers 34, i.e. on the plane that is coplanar with the axes of these
rollers, near a head zone of the rollers 34.

[0032] The device 1, shown better in figures 4 to 12, comprises resting and contrasting means
(4; 104; 204) extending along a closed path, and suitable for restingly receiving a longitudinal
edge E of the metal sheet 2 and contrasting a movement of the edge E transversely to the
correct advancement trajectory T along which the metal sheet 2 is supplied to and through the
bending machine 3. More precisely, the resting and contrasting means (4; 104; 204) is
particularly suitable for coming into contact with a shorter curved longitudinal edge E of the
metal sheet 2, i.e. the substantially longitudinal edge with a concave curvature that is more
internal than the advancement trajectory T along which the metal sheet 2 moves. The
advancement trajectory T, in the case of a continuous conical curvature operation, is a curved
trajectory.
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[0033] Various possible embodiments of the resting and contrasting means (4; 104; 204) will
be disclosed below in detail.

[0034] The device 1 comprises a supporting body S for the aforesaid resting and contrasting
means (4; 104; 204), having at least one oblong lateral portion 5 that is suitable for facing the
aforesaid edge E.

[0035] The oblong lateral portion 5 is configured for conforming, i.e. imposing an extent that is
longitudinal to the resting and contrasting means (4; 104; 204) such as to match as much as
possible with the extent, i.e. longitudinal profile of the edge E.

[0036] The edge E of the metal sheet 2 to be guided, in the case of a conical curvature
process, has a curved extent (i.e. it is a circumference sector), and for this reason the
supporting body S that acts as a guide for the resting and contrasting means (4; 104; 204), can
have a slightly convex geometry to impose on the resting and contrasting means (4; 104; 204)
a geometry that reproduces as far as possible the curved extent of the edge E, and enables it
to become coupled as far as possible with the curved profile of the metal sheet 2.

[0037] In particular, the side portion 5 has a convex profile so as to force the resting and
contrasting means (4; 104; 204) to conform to the concave edge E.

[0038] This is achieved by making an extended zone of reciprocal contact between the resting
and contrasting means (4; 104; 204) and the edge E, and so as to impose on the latter a
contrasting distributed pressure and thus non localized or concentrated pressure as
unfortunately occurs in certain apparatuses of prior art with wheel or pad. A more detailed
description of the supporting body S will follow below.

[0039] The resting and contrasting means (4; 104; 204) extends around the supporting body S
along a closed loop path, which can be oblong, triangular or rectangular in shape or be of
another suitable shape provided that it has at least one longer side that is intended for a more
extensive contact with the edge E of the metal sheet.

[0040] In a first embodiment, with reference to figures 5 to 12, the resting and contrasting
means (4; 104; 204) comprises a plurality of track link elements 4 that are connected together
by an articulated connection.

[0041] Each track link element 4 comprises, externally, a contact surface 7 that is suitable for
interacting, i.e. coming into contact with the edge E of the metal sheet 2 to be bent. The
contact surface 7 extends longitudinally with a flat or slightly convex shape to adapt to the
geometry of the curved edge E of the metal sheet 2.

[0042] As shown better in Figure 6, 10 (or also in Figures 14 to 19 relating to different possible
versions of a track link element 4), each track link element 4 is provided behind, i.e. on the side
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intended to face the supporting body S, with longitudinal mutually parallel rib portions 24 that
together define extended longitudinal recesses 29.

[0043] Connecting pins 26 are provided that extend transversely through said rib portions (24)
and by which, inside the longitudinal recesses 29, one or more wheels 25, partially protruding
outside the recesses, 29 are rotatably fitted, arranged for being able to roll on respective tracks
6 obtained peripherally on the supporting body S, thus enabling a fluid movement of the track
link elements 4 along the entire perimeter of the supporting body S.

[0044] The track link elements 4 are mutually articulated by chain link elements 23 that are
connected by the aforesaid connecting pins 26.

[0045] In one possible version, shown in Figure 7, the track link elements 4 are mutually
articulated directly, i.e. devoid of mesh elements 23.

[0046] Precisely, each track link element 4 comprises, at a first end, first wing portions 27
alternating with one or more concatenation seats 28, and, at a second end, second wing
portions 27' that alternate with one or more respective concatenation seats 28'.

[0047] The first wing portions 27 and concatenation seats 28 are geometrically formed to
couple, by suitable connecting pins, respectively with the second wing portions 27' and the
concatenation seats 28' of another track link element 4 placed in an adjacent position, and so
on.

[0048] The contact surface 7 of each track link element 4 can have several desired
geometrical shapes, in function of the particular geometry of the edge E of the metal sheet 2,
in particular if the edge E is caulked and can have different possible transverse caulking
profiles that are useful for subsequent welding.

[0049] Figures 14 and 15 show the embodiment according to which the contact surface 7 has
a profile, according to a cross section, which is flat, to establish a "facial" contact with the edge
E, which is suitable for metal sheets without a caulked edge that would adhere to the entire
height of the edge and for metal sheets with a caulked edge that anyway has a vertical part
7C.

[0050] Figures 16 and 17 show another embodiment according to which the contact surface 7
comprises two surface zones 7A, 7B that are tilted and mutually convergent towards a
longitudinal centre region but are connected together by a further surface strip (7C) having a
linear transverse profile.

[0051] The track link element 4 thus has a broken transverse profile that combines perfectly
with the profile, formed in a complementary manner therewith, of the edge E of a metal sheet
2.
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[0052] Figures 18 and 19 show another embodiment according to which the contact surface 7
comprises two surface zones 7A, 7B that are tilted and reciprocally convergent and incident on
a longitudinal centre region so as to define, on the track link element 4, a V-shaped recess that
is suitable for receiving, and mating with, a caulked edge E' that terminates in a substantially
sharp corner, that is thus geometrically different from the previously disclosed case.

[0053] According to another embodiment shown in Figure 20, the resting and contrasting
means comprises a web element 104, shaped for winding, and moving, around the aforesaid
supporting body (S).

[0054] The web element 104 is made of a flexible material, for example metal or anyway a
material that has suitable resistance, hardness, or flexibility values, in general the mechanical
and physical properties that are suitable for the function for which it is proposed.

[0055] The web element 104 performs the same function as the track link elements 4, but
provides a contact surface for the metal sheet 2 that is even greater and of continuous type.

[0056] According to a further embodiment shown in Figures 21 and 22, the resting and
contrasting means comprises a belt element 204, shaped for winding, and moving, around the
aforesaid supporting body S, wherein the belt element 204 comprises a substrate 204A in
flexible material to which plates 204B are fixed that are suitable for coming into contact with
said edge E of metal sheet 2.

[0057] The substrate 204A made of flexible material is made of rubber, flexible plastics, metal
or another material that is provided with suitable mechanical and physical features. The plates
204B can be made of metal or anyway of another material that is provided with the necessary
mechanical and physical features that make the material suitable for supporting high contact
pressures and mechanical stress in general.

[0058] In all the embodiments that have been disclosed or in others disclosed below, the
resting and contrasting means (4; 104; 204) is thus movable around the supporting body S
along a closed path so as to accompany the edge E of the metal sheet 2 by reciprocal
distributed contact that is devoid of both relative sliding and of relative rolling.

[0059] Thus, with respect to the known systems provided with guide and sliding pads, the
device 1 according to the invention shows the advantage of avoiding relative sliding, thus
sliding friction, with the edge of the advancing metal sheet 2.

[0060] On the other hand, with respect to known systems provided with pins or wheels on
which the edges of the metal sheet roll in direct contact, generating high concentrated and
localized force on the contact and rolling point, the device 1 ensures an extended area of
contact with the edge E without rolling, thus rolling friction, being generated, thus succeeding in
accompanying fluidly and precisely the metal sheet 2 along the correct advancement trajectory
T to and through the bending machine 3, without compromising and damaging in any manner
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the edge E of the metal sheet 2.

[0061] There are now disclosed, with reference to Figure 23-26, certain possible forms of
implementation of the supporting body S, on which the resting and contrasting means (4; 104;
204) is movably fitted that has just been disclosed in the various embodiments.

[0062] The device 1 is able to operate with a wide range of metal sheet geometries. By way of
non-limiting example, and merely in order to explain better and highlight the operational
potential of the device 1, it is emphasised that the latter can couple effectively with curvature
radii of the smallest inner edge (the concave edge E) that vary from about 8-10 metres
upwards until they reach a rectangular geometry of the metal sheet, which generates a
structure that is no longer conical but cylindrical. As this inner radius of curvature grows, the
degree of curvature of the trajectory is reduced correspondingly that the metal sheet has to
follow to be bent, and thus the metal sheet has ever less need to rotate during movement.

[0063] In terms of conicity angles, it has been ascertained that the advantages provided by
using the device 1 are particularly appreciated in bending metal sheets the conicity angles of
which (defined between the front edge and the rear edge of the metal sheet) can vary between
0.5 degrees to 15-20 degrees.

[0064] In order to be able to adapt even more effectively to the different embodiments of
"banana-shaped" metal sheets, the supporting body, or supporting head S, can, in a non-
limiting manner, have a variable geometry, as explained below.

[0065] Precisely, the supporting head S can advantageously consist of several parts (12, 13,
14, 15, 16; 17, 18, 19) that are mutually connected, the reciprocal position of which is variable
by suitable adjusting means (20, 21, 22), or by elastic connecting means, so as to be able to
modify the geometric shape of the supporting head S to adapt the shape of the closed path of
the resting and contrasting means (4; 104; 204), such as the track link elements, or web or
belt, to the longitudinal geometric profile of the edge E of the metal sheet 2.

[0066] The aforesaid adjusting means can comprise screw means 20, and/or thickening
means 21, and/or means 22 of the wedge type and/or of the threaded cones type, or of other
similar or equivalent types provided that they are able to space apart from one another in a
desired manner the parts (12, 13, 14, 15, 16; 17, 18, 19) that make up the supporting head S.

[0067] On the other hand, the elastic connecting means can comprise rubber articulated joints
or metal spring elements or other equivalent means.

[0068] In the embodiment that is schematically shown in Figure 23, the supporting body S
consists of a base part 12 and two end parts 13 and 14, the position of which with respect to
the base part 12 can be adjusted by acting on suitable adjusting means, such as screws 20,
thickening means 21 or other connecting and adjusting devices.
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[0069] In the supporting body S further wall parts 15, 16 are further included that can be
spaced apart in a desired manner by interposed adjusting means such as means 22 of the
wedge type and/or of the threaded cones type (shown in Figure 24), or thickening means 21 or
other equivalents.

[0070] According to another embodiment shown schematically in Figures 25 and 26, the
supporting body S, of oblong shape, is divided into several portions, for example a central part
17, and two parts 18, 19 placed at opposite ends.

[0071] The parts 17, 18, 19 are connected together by the aforesaid elastic connecting means,
which gives the supporting body S an "elastic configuration". Owing to the corresponding
variable positioning between the central part 17, and the parts 18, 19, the geometric
configuration is modifiable of the closed path along which the resting and contrasting means
(4; 104; 204) extends.

[0072] When the device 1, or more precisely, the resting and contrasting means (4; 104; 204)
reaches the contact position with, and pressing on, the edge E, the elastic connecting means
enables the parts 17, 18, 19 to be arranged reciprocally, adapting to the curvature of said edge
E.

[0073] As seen from the schematization of figure 26, the objective is achieved of having track
link elements 4 (or similarly the web 104 or belt 204) resting, with an extended contact, on the
curved inner edge E, of the metal sheet 2, forcing the metal sheet 2, by the distributed
pressing action, to rotate slightly to ensure the correct geometry of the cone, i.e. maintaining
the generators thereof parallel to the axis of the rollers 34 of the bending machine 3. This
embodiment of a supporting body S with an "elastic geometry" thus permits "automatic”
adaptation of the curvature of the portion thereof intended to interact directly with the edge E of
the metal sheet 2.

[0074] Owing to the aforesaid configurations of the device 1, it is possible to process metal
sheets with numerous different curvature angles and dimensions. As has been pointed out, the
variable convexity of the supporting body S enables the track link elements 4 or a web 104, or
a belt 204, to be coupled perfectly with a curved circumference portion of the edge E with
which they come into contact.

[0075] In Figures 38 to 44 another embodiment of device 1 is shown with a supporting body S
with variable geometry, in particular self-aligning geometry.

[0076] According to this embodiment, the supporting body S is defined by two self-aligning
parts 62, 64 of oscillating type, i.e. configured for rotating, under the action of the pressure that
they receive from the edge E of the metal sheet 2, around a respective rotation axis W, with
respect to the body 63 portion.

[0077] Each self-aligning part comprises a rocker element 62, 64 hinged on a respective
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oscillation axis W placed nearer a central part of the supporting body S.

[0078] Elastic contrasting elements 65 is provided that lies on a zone of the respective rocker
element 62, 64 placed further away from the central zone of the supporting body S. The elastic
contrasting elements 65 acts to move the rocker elements 62, 64 to the edge E of the metal
sheet.

[0079] The elastic contrasting elements 65 in particular comprises compression springs, or
other equivalent elastic means.

[0080] During operation, in interaction with the metal sheet 2, the rocker elements 62, 64,
through the effect of the pressure that they receive from the edge E of the metal sheet 2,
oscillate so as to adapt the longitudinal profile of the path - along which the resting and
contrasting means (4; 104; 204) advances - to the curvature of the edge E of metal sheet 2.

[0081] A greater curvature (lesser curvature radius) of the edge E will be matched by a greater
rotation of the rocker elements 62, 64 and vice versa.

[0082] In Figures 45 to 51 a further embodiment is shown of a device with supporting body S
with variable geometry, this time with an adaptation system of hydraulic type.

[0083] In this case, the supporting body S comprises parts 71 that are movable transversely to
the longitudinal extent of the supporting body S, and the adjusting means comprises hydraulic
contrasting elements 72 arranged for acting on the aforesaid parts 71 to adapt the position and
path of the resting and contrasting means (4; 104; 204) to the curvature of the longitudinal
edge E.

[0084] Owing to the embodiments disclosed above, the device 1 that is thus configured turns
out to be even more effective in the action of guiding the metal sheets 2, adapting perfectly to
the degree of curvature of the longitudinal edges. In particular, the occurrence of undesired
localized pressure forces is effectively prevented, ensuring on the other hand more even and
extensive distribution along the mutual contact surface between the device 1 and the edge E of
the metal sheet 2.

[0085] In all the embodiments disclosed up until now, the resting and contrasting means (4;
104; 204) is supported in a freely rotatable manner by the supporting body S, ie. the
movement of the resting and contrasting means (4; 104; 204) is determined by the contact with
the edge E of the advancing metal sheet 2. In other words, the extended contact and the
pressure exchanged in a distributed and uniform manner between the resting and contrasting
means (4; 104; 204) and the edge E means that the resting and contrasting means (4; 104;
204) is dragged by the metal sheet 2 itself, without however phenomena of relative sliding
being generated therebetween.

[0086] The metal sheet clamped between the rollers 34 is dragged forwards by rotation
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thereof.

[0087] The pressure of the edge E of the metal sheet 2 against the freely rotating track link
elements 4 drags the latter in movement along the respective tracks 6 of the support head S.

[0088] The track link elements 4 thus perform effectively the function of "accompanying" and
"contrasting” (transversely to the trajectory) the edge E of the metal sheet 2 to rotate the metal
sheet 2 slightly, ensuring the correct conical geometry to be obtained.

[0089] If it should be useful to facilitate the movement of the resting and contrasting means (4;
104; 204), to ensure fluidity of movement and the correct "accompanying” function result, a
driven embodiment of the device 1 is also provided.

[0090] The resting and contrasting means (4; 104; 204) is driven to move actively at a speed
correlated with the speed of the edge (E) with which they are in contact, by an
electromechanical transmission or a transmission of hydraulic type.

[0091] In Figures 34 to 37, a driven embodiment of the device 1 is shown, in which the resting
and contrasting means (4; 104; 204) is driven by motor-means 40 fitted to the supporting body
S. For the sake of simplicity, the driven embodiment is shown only with reference to the form of
implementation with track link elements 4, without naturally excluding that the driven
embodiment is identically applicable to cases in which the web element 104 or the belt element
204 are provided.

[0092] As shown in Figure 36, two toothed wheels 47 are provided on which the track link
elements 4 are wound. The teeth of the toothed wheels 47 take a direct hold of the connecting
pins 26 to which, in this case, the wheels 25 of the embodiments previously disclosed are not
connected.

[0093] The motor-means 40 is of the variable rotational speed type, in order to be able to
adapt to the advancement speed of the edge E of the metal sheet 2 to be accompanied.

[0094] Sensor means 42 is provided that detects the current speed of the motor-means 40,
and thus the resting and contrasting means (4; 104; 204).

[0095] In particular, the motor-means 40 is of the type comprising electric inverter means 41 or
of the hydraulic drive type, comprising a variable hydraulic flowrate drive device.

[0096] With reference to the diagram of figure 37, the device 1 includes further sensor means
(43, 44), configured for detecting the instantaneous speed of the edge E near the resting and
contrasting means (4; 104; 204).

[0097] This sensor means can comprise a measuring wheel 43, or other device with the same
function, intended to make contact with the edge E to be rotated by the latter and be
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operationally coupled with an electronic detector 44, for example of the encoder type.

[0098] A control unit Uc is provided that is configured for receiving and comparing incoming
signals generated by the sensor means 42 and by the further sensor means 43, 44 and
consequently commanding the drive speed of the motor-means 40 to synchronize the current
speed of the resting and contrasting means (4; 104; 204) with the current speed of the edge E
of the metal sheet 2.

[0099] The control unit Uc comprises a programmable logic controller (PLC) 48 having a

microprocessor that is suitably programmed for executing, on the basis of the signals of the
sensor means 42 and 43, an automatic correction of the speed of the motor-means 40 to
synchronize the track link elements 4 (or web element 104, or belt element 204) with the
current speed of the edge E, preventing relative sliding phenomena. Suitable components 45
and 46 enable the kinematics of the metric measuring wheel 45 and of the track link elements
4 (or web element 104, or belt element 204) to be correctly calibrated or adjusted.

[0100] The device 1 comprises a guiding crossbar 30, shown better in Figures 2 to 5, on which
the support body S is supported for the resting and contrasting elements (4; 104; 204).

[0101] The guiding crossbar 30 is suitable for being fitted to the advancement and resting
plane P of the bending machine 3. The supporting body S is connected to actuating means 31
owing to which it is movable along guiding crossbar 30, in a direction that is transverse to the
advancement trajectory T of the metal sheet 2.

[0102] The supporting body or head S has a hole 11 for connecting - by a pin 10 - to a slide 32
that is movable on the guiding crossbar 30. The connection between the pin 10 and the hole
11 confers on the supporting body S a certain degree of rotational freedom around an axis of
vertical oscillation X, so as to be able to adapt to the lie of the edge E of the metal sheet 2.

[0103] With reference to Figures 27 to 29, the actuating means 31 comprises a dual-effect
hydraulic cylinder 31, supplied by a pump 50 from a circuit 51 along which a four-way
distributor 52 is provided (e.g. of the solenoid valve or slide valve type), having three possible
different operating positions, and a valve 53 for example of overcentre or equivalent type.

[0104] An accumulator device 54, such as a container that is arranged for receiving incoming
oil coming from the hydraulic cylinder 31, can be connected to the rear chamber of the
hydraulic cylinder 31, i.e. the chamber that is filled to project the piston externally and send the
support head S to abut against the edge E of the metal sheet.

[0105] The accumulator device 54 is arranged to act as a plenum to absorb and dampen
possible overloads imposed on said resting and contrasting means (4; 104; 204) that are

caused by irregularities (60) on the edge E of the metal sheet 2.

[0106] The overcentre valve (53) and the four-way distributor 52 are configured for
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cooperating, in a "safety” operating mode, to enable oil to be transferred from the rear
chamber of the hydraulic cylinder 31 to a tank 61 of the circuit, if the resting and contrasting
means (4; 104; 204) intercepts an undesired anomalous protrusion 70 of the edge E, that is
potentially harmful for the structural integrity of the device 1 or of other structural parts.

[0107] The operation is disclosed of the device 1 with the circuit that has just been disclosed.
In the stationary position of the device 1, corresponding to Figure 27, the oil, supplied by the
pump 50, does not enter the solenoid valve 52 which is arranged in the closed position.

[0108] By driving the distributor 52 to take the distributor 52 to the open position, as shown in
Figure 28, the oil is delivered by the pump 50 to the rear chamber of the hydraulic cylinder 31,
moving in this manner the slide 32, thus the support head S, to the edge E of the metal sheet,
to send the track link elements 4 thereof into contact therewith.

[0109] When the desired position is reached, and releasing the "advancement” control, the
solenoid valve 52 returns to the "rest" position and the oil is maintained in the hydraulic cylinder
31 by closure of the valve 53 that acts to stop and control pressure.

[0110] With reference to Figure 29, after terminating the function of accompanying the edge E,
the support head S is taken back by activating the solenoid valve 52 to the other operating
position in which, via the suitable circuit branch, the front chamber of the hydraulic cylinder 31
will be supplied.

[0111] With reference to Figures 30 and 31, an operating mode of the just described circuit will
be described if small irregularities 60 should occur along the edge E of the metal sheet 2, this
operating mode being useful for protecting the device 1 from possible overloads.

[0112] During the step in which the support head S is in the work position with the track link
elements 4 in contact with the inner edge E, owing to a small "deformity”, for example an
irregularity or imperfection 60 of the edge E, an excessive load may be generated on the head
S. In this situation, the head S can retract slightly owing to the action of the accumulator device
54 that acts as a plenum that absorbs the overload, receiving a small quantity of oil coming
from the rear chamber of the hydraulic cylinder 31, damping in this manner the stress. The
portions highlighted with a thicker line in Figure 31 show the circuit part that is affected by this
flow of oil directed to the accumulator device 54.

[0113] Once the obstacle has been overcome, the dose of oil temporarily received in the
accumulator device 54 is returned to the rear chamber of the hydraulic cylinder 31, returning
the head S to the correct work position in contact with the edge E.

[0114] With reference to Figures 32 and 33, if the imperfections or irregularities on the edge E
are more accentuated, and thus even more hazardous for the device 1, a "safety operating
mode" of the circuit is activated, which protects the system from risks of structural damage.
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[0115] An anomalous shape of the curved edge E, for example a significant protrusion 70,
could be excessive with respect to the "absorption” capacity of the accumulator device 54, not
being able in this manner to dampen sufficiently the load generated on the head S. In this
case, according to one safety mode, the valve 53 intervenes that enables the transfer of oil
from the rear chamber of the cylinder 31 to the tank 61, throttling the passage thereof in a
controlled manner. In this manner, the head S with the track link elements 4 is enabled to be
pushed backwards by the pressure exerted by the protrusion 70 of the metal sheet, preventing
undesired damage due to an overload.

[0116] From what has been said and shown in the attached drawings it is clear that a method
and a device 1 have been provided owing to which it is possible to:

« ensure an easy and efficient continuous conical curvature process,

¢ increase the safety levels to which operators are subject,

= reduce the possibility of machining error and imprecision,

« improve geometric precision and tolerances and prevent damage to the edge owing to
the action of simple resting and accompanying of the track link elements 4 or web 104 or
belt 204 that act to compress, without sliding or rolling,

+ reduce the number of operators to one, with clear financial advantages.

[0117] It is further understood that what has been said and shown in the attached drawings
has been given merely by way of example of the method and of the general features, and of
some preferential embodiments of the device according to the present invention. Accordingly,
other modifications or variations can be made to the entire device 1, or to parts thereof, and to
the respective operating method, without thereby falling outside the scope of the claims.
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Patentkrav

1. Indretning til styring og dirigering af en metalplade (2) i en bukkemaskine (3) til
kontinuerlig dannelse af en konisk konstruktion, iszr en keglestubformet konstruktion,
hvilken indretning (1) omfatter:

- hvile- og kontrasteringsmidler (4; 104; 204), der strekker sig langs en lukket
vej og er egnet til hvilende at modtage en langsgiaende kant (E) af nevnte
metalplade (2) og kontrastere en bevagelse af n®vnte kant (E) 1 en retning,
som er tvergaende pa en forudindstillet fremfgringsbane (T) for nevnte metal-
plade (2),

- etstgttelegeme (S) for nevnte hvile- og kontrasteringsmidler (4; 104; 204), der
har mindst én aflang lateral del (5), som er egnet til at vende mod navnte
kant (E) og konfigureret til at tilpasse navnte hvile- og kontrasterings-
midler (4; 104; 204) til nevnte kants (E) langsgaende profil med henblik pa at
opna en udvidet kontaktzone med nzvnte kant (E) og udgve kontrasterende
tryk fordelt langs navnte kant (E),

- idet navnte hvile- og kontrasteringsmidler (4; 104; 204) er bevageligt
omkring n®vnte stgttelegeme (S) langs nzvnte lukkede vej for at ledsage
metalpladens nevnte kant (E) ved hjelp af en fordelt kontakt uden relativ
glidning og rulning, med henblik pa at pafgre nzvnte metalplade (2)
bevagelsen langs naevnte forudindstillede fremfgringsbane (T) til og gennem
naevnte bukkemaskine (3),

hvilken indretning er kendetegnet ved, at navnte stgttelegeme (S) bestar af flere
reciprokt forbundne dele (12, 13, 14, 15, 16; 17, 18, 19; 62, 63, 64; 71), idet nzevnte
deles reciprokke position er variabel ved hjalp af justeringsmidler (20, 21, 22; 65; 72)
med henblik pa at @ndre navnte stgttelegemes (S) geometriske form for at tilpasse
formen af navnte hvile- og kontrasteringsmidlers (4; 104; 204) lukkede vej til det

langsgaende geometriske profil af kanten (E) af metalpladen (2).

2. Indretning ifglge krav 1, hvor nzvnte stgttelegeme er defineret af et stgttehoved (S),
omkring hvilket styrespor (6) er lateralt opnaet for nevnte hvile- og kontrasterings-

midler (4; 104; 204).
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3. Indretning ifglge krav 1 eller 2, hvor navnte stgttelegemes (S) navnte aflange
laterale del (5) har et konvekst langsgaende profil for at give navnte hvile- og
kontrasteringsmidler (4; 104; 204) en krumning med henblik pa at matche det konkave
longitudinale profil af kanten (E) af metalpladen (2).

4. Indretning ifglge et hvilket som helst af de foregaende krav, hvor navnte justerings-
midler (20, 21, 22) til variation af navnte deles (12, 13, 14, 15, 16) reciprokke
position,  hvilke  justeringsmidler =~ omfatter  skruemidler (20)  og/eller
fortykkelsesmidler (21) og/eller midler (22) af kiletypen og/eller af gevindkegletypen,
hvilke justeringsmidler er konfigureret til pa gnsket vis at adskille stgttelegemets (S)

naevnte dele (12, 13, 14, 15, 16; 17, 18, 19) fra hinanden.

5. Indretning ifglge et af kravene 1 til 3, hvor navnte dele (17, 18, 19) er forbundet
med hinanden ved hj®lp af elastiske forbindelsesmidler, hvilke elastiske
forbindelsesmidler ggr det muligt for nevnte dele (17, 18, 19), 1 kontaktpositionen
med, og idet de trykker pa navnte kant (E), at blive arrangeret reciprokt, idet de

tilpasser sig krumningen af nevnte kant (E).

6. Indretning ifglge et af kravene 1 til 3, hvor n@vnte stgttelegeme (S) er defineret ved
to selvjusterende dele (62, 64), der er konfigureret til at rotere omkring respektive
rotationsakser (W) gennem virkningen af det tryk, som udgves af nzvnte
metalplade (2), med henblik pa at tilpasse nevnte langsgaende profil af stgttelegemet
(S) og dermed vejen af navnte hvile- og kontrasteringsmidlers (4; 104; 204), til
krumningen af det langsgaende profil af naevnte kant (E) af metalpladen.

7. Indretning ifglge krav 6, hvor hver af n®vnte to selvjusterende dele omfatter et
vippeelement (62, 64), der er haengslet pa en respektive oscillationsakse (W), som er
placeret n@rmere en central del af navnte stgttelegeme (S), og naxvnte

justeringsmidler omfatter elastiske kontrasteringselementer (65), der ligger pa hvert
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vippeelement (62, 64) pa en zone af sidstnevnte nermere en respektiv ende af nevnte

stgttelegeme (S).

8. Indretning ifglge et af kravene 1 til 3, 1 hvilken n®vnte stgttelegeme (S) omfatter
dele (71), der er bevaegelige pa tvers af nevnte stgttelegemes (S) lengdeudstraekning,
idet nevnte justeringsmidler omfatter hydrauliske kontrasteringselementer (72), der er
indrettet til at virke pa naevnte dele (71) med henblik pa at tilpasse positionen og vejen
af nazvnte hvile- og kontrasteringsmidler (4; 104; 204) til krumningen af nzvnte

langsgaende kant (E).

9. Indretning ifglge et hvilket som helst af de foregaende krav, hvor navnte hvile- og
kontrasteringsmidler omfatter en flerhed af baltekedeledselementer (4), der er

forbundet med hinanden ved hjzlp af en leddelt forbindelse.

10. Indretning ifglge krav 9, hvor hvert bzltekzdeledselement (4) omfatter en
kontaktoverflade (7), der er egnet til at interagere med navnte kant (E), hvor nevnte
kontaktoverflade (7) streekker sig langsgaende med en flad eller let konveks form med

henblik pa at tilpasse sig metalpladens (2) krumme kant (E).

11. Indretning ifglge krav 10, hvor hver kontaktoverflade (7) har et profil, 1 henhold til
et tversnit, der er formet med henblik pa at tilpasse sig et kalfatringsprofil af

metalpladens (2) nevnte kant (E).

12. Indretning ifglge krav 10 eller 11, hvor hver kontaktoverflade (7) omfatter to
overfladezoner (7A, 7B), der er skratstillede og reciprokt konvergerer pa et
langsgaende midterlinjeomrade med henblik pa at definere, pa det respektive
bazltekaedeledselement (4), en V-formet fordybning, der er egnet til at modtage og
matche nevnte metalplades (2) kalfatrede kant (E).

13. Indretning ifglge krav 12, hvor de to overfladezoner (7A, 7B) er forbundet ved

hjelp af en yderligere overfladestrimmel (7C), der har et linezrt tveergaende profil.
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14. Indretning ifglge et hvilket som helst af kravene 9-13, hvor hvert
baltekedeledselement (4) omfatter gensidigt parallelle langsgiaende ribbedele (24)
med henblik pa sammen at definere langsgaende fordybninger (29), idet der endvidere
er tilvejebragt forbindelsesstifter (26), som straekker sig pa tvers gennem navnte

ribbedele (24).

15. Indretning ifplge krav 14, hvor navnte langsgaende fordybninger (29) rummer
hjul (25), der er formet til rulning pa respektive spor (6), som er opnaet pa navnte
stgttelegeme (S), idet navnte hjul (25) er drejeligt fastgjort til navnte
forbindelsesstifter (26).

16. Indretning ifglge krav 14 eller 15, hvor navnte bazltekedeledselementer (4) er
gensidigt leddelt ved hjelp af kedeledselementer (23), der er forbundet ved hjelp af

naevnte forbindelsesstifter (26).

17. Indretning ifglge et hvilket som helst af kravene 9-15, hvor hvert
bzltekadeledselement (4) ved en fgrste ende omfatter fgrste vingedele (27) og et eller
flere sammenk®dningsseder (28), og ved en anden ende omfatter anden
vingedele (27') og et eller flere respektive sammenkadningssader (28'), idet nevnte
fgrste vingedele (27) og sammenkadningssaeder (28) er tilpasset til at kobles med
henholdsvis et tilstgdende bzltekedeledselements (4) anden vingedele (27') og

sammenkadningssader (28').

18. Indretning ifglge et af kravene 1 til 8, hvor na@vnte hvile- og kontrasteringsmidler
omfatter et netelement (104), der er fremstillet af fleksibelt metalmateriale eller et
andet materiale med passende modstand, og som er tilpasset til vikling og bevaegelse

omkring nevnte stgttelegeme (S).

19. Indretning ifglge et af kravene 1 til 8, hvor nazvnte hvile- og kontrasteringsmidler

omfatter et bzlteelement (204), der er tilpasset til vikling og bevagelse omkring



10

15

20

25

30

DK/EP 3638432 T3

5

navnte stgttelegeme (S), hvilket belteelement (204) omfatter et substrat (204A), der
er fremstillet af fleksibelt materiale, hvortil plader (204B) er fastgjort, som er egnede

til at komme 1 kontakt med metalpladens (2) nevnte kant (E).

20. Indretning ifglge et hvilket som helst af de foregdaende krav, hvor navnte hvile- og
kontrasteringsmidler (4; 104; 204) drives til at bevaege sig aktivt med en hastighed, der
er korreleret med hastigheden pa den kant(E), med hvilken hvile- og
kontrasteringsmidlerne (4; 104; 204) er 1 kontakt.

21. Indretning ifglge et hvilket som helst af de foregdaende krav, hvor navnte hvile- og
kontrasteringsmidler (4; 104; 204) drives af motormidler (40), der er fastgjort til
nevnte stgttelegeme (S), idet nevnte motormidler (40) er sammenkoblet med
sensormidler (42) med henblik pa at detektere den aktuelle hastighed for nzvnte
motormidler (40) og dermed for n@vnte hvile- og kontrasteringsmidler (4; 104; 204).

22, Indretning ifglge krav 21, hvor nevnte motormidler (40) er af typen, der omfatter
elektriske invertermidler (41), eller af hydraulikdrevstypen, der omfatter en driv-

indretning med variabel hydraulisk flowhastighed.

23. Indretning ifglge krav 21 eller 22, der omfatter yderligere sensormidler (43, 44),
som er konfigureret til at detektere den gjeblikkelige hastighed for navnte kant (E)
nar nevnte hvile- og kontrasteringsmidler (4; 104; 204), idet der endvidere er tilveje-
bragt en kontrolenhed (Uc), som er konfigureret til at modtage og sammenligne de
indgaende signaler, der genereres af nevnte sensormidler (42) og af nzvnte yderligere
sensormidler (43, 44) og fglgelig til at styre drivhastigheden for navnte motor-
midler (40) med henblik pa at synkronisere navnte hvile- og kontrasterings-
midlers (4; 104; 204) aktuelle hastighed med den aktuelle hastighed af navnte kant
(E) af metalpladen (2).

24. Indretning ifplge et hvilket som helst af de foregaende krav, hvor navnte

stgttelegeme (S) er fastgjort til en styretvaerstang (30), der er egnet til at blive fastgjort
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til et plan (P) med henblik pa fremfgring og hvile af nevnte metalplade (2), og hvor
navnte stgttelegeme (S) er forbundet med aktueringsmidler (31), ved hjzlp af hvilket

navnte stgttelegeme (S) er bevageligt langs navnte styretverstang (30).

25. Indretning ifglge krav 24, hvor nzvnte stgttelegeme (S) er forbundet ved hjalp af
stiftmidler (10) med n®vnte styretvarstang (30), idet nevnte stgttelegeme (S) har en
vis grad af rotationsfrihed omkring en oscillationsakse (X) med henblik pa at kunne
tilpasse sig en krumning af nevnte kant (E) af metalpladen (2).

26. Indretning ifglge krav 24 eller 25, hvor nevnte aktiveringsmidler (31) omfatter en
dobbeltvirkende hydraulisk cylinder (31), der forsynes af en pumpe (50) ved hjzlp af
et kredslgb (51), langs hvilket der er tilvejebragt en firevejsfordeler (52), som har tre
mulige forskellige driftspositioner, og en overcenterventil (53), idet der med navnte
hydrauliske cylinders (31) bagkammer er forbundet en akkumulatorindretning (54),
som er indrettet til modtagelse af indkommende olie, der kommer fra navnte
hydrauliske cylinder (31), som virker som et plenumkammer med henblik pa at
absorbere og dampe mulige overbelastninger, der pafgres navnte hvile- og
kontrasteringsmidler (4; 104; 204), og som er forarsaget af uregelmassigheder (60) af
metalpladens (2) kant (E), idet navnte overcenterventil (53) og navnte firevejs-
fordeler (52) er konfigureret til at samvirke, i henhold til en sikkerhedstilstand, for at
ggre det muligt for olie at blive overfgrt fra nevnte hydrauliske cylinders (31) bag-
kammer til en tank (61), hvis nzvnte hvile- og kontrasteringsmidler (4; 104; 204)
opfanger et ugnsket unormalt fremspring (70) af navnte kant (E), der er potentielt

skadeligt for indretningens (1) strukturelle integritet.

27. Fremgangsmade til styring og dirigering af en metalplade (2) i en
bukkemaskine (3) til kontinuerlig dannelse af en konisk konstruktion, is®r en

keglestubformet konstruktion, hvilken fremgangsmade omfatter fglgende trin:
- bringelse af en langsgaende kant (E) af nzvnte metalplade (2) i kontakt med
hvile- og kontrasteringsmidler (4; 104; 204), der strekker sig langs en lukket

vej,
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kontrastering, foretaget af nevnte hvile- og kontrasteringsmidler (4; 104; 204),
af en bevagelse af navnte kant (E) i en retning, der er tvaergdende pa en
forudindstillet fremfgringsbane (T) for nevnte metalplade (2),

tilpasning af nzvnte hvile- og kontrasteringsmidler (4; 104; 204) til det
langsgaende profil af nzvnte kant (E) for at opna en udvidet kontaktzone med
naevnte kant (E), langs hvilken et kontrasterende fordelt tryk pafgres pa navnte
kant (E),

bevaegelse af nzvnte hvile- og kontrasteringsmidler (4; 104; 204) langs nzvnte
lukkede vej, omkring et stgttelegeme (S), der har mindst én aflang lateral
del (5), som vender mod navnte kant (E), med en hastighed, der svarer til
metalpladens (2) nevnte kants (E) hastighed, 1 fraver af relativ glidning og
rulning, og

ledsagelse af metalpladens (2) navnte kant (E) med henblik pa at pafgre
nevnte metalplade (2) bevagelsen langs navnte forudindstillede

fremfgringsbane (T) til og gennem navnte bukkemaskine (3).
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