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(57) A sheet metal bending machine (1) comprising
two or more bending stations (2) disposed in series,
wherein each station (2) is provided with two opposed
forming rollers (3, 4) able to define the bending profile
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Continuous sheet metal bending machine

of the sheet metal. Each forming roller (3, 4) is com-
posed of a pair of rotating elements (3a, 3b; 4a, 4b),
coaxial and facing each other. Means are also provided
to vary the distance between the rotating elements of
each pair.
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Description

[0001] The present invention concerns a machine for
continuous sheet metal bending, and in particular a
bending machine used in the manufacture of pipes or
open profiles.

[0002] The bending machines used in pipe manufac-
turing are those bending machines provided with a se-
ries of stations placed in series and suitably spaced
apart, wherein each station has a pair of opposed driven
forming rollers through which the sheet metal to be proc-
essed passes. The rollers of each pair have a comple-
mentary profile and in particular, whilst the bottom roller
has a concave profile, the top roller has a convex profile
which reproduces exactly the curvature of the bottom
roller.

[0003] Each pair of opposed rollers has a radius of
curvature smaller than the radius of curvature of the sta-
tion situated directly upstream. Therefore, the sheet
metal which is in the flat condition at the first station will
progressively change its profile as it travels through the
machine, taking on a substantially tubular shape at the
last station and will thus be ready to be welded.

[0004] Itis obvious that to obtain tubes of different di-
ameters it is necessary to change the opposed rollers
and in particular it is necessary to replace them with roll-
ers that have a different radius of curvature.

[0005] Connecting carriages provided with idle rollers
which also need to be replaced according to the diam-
eter of the tubes processed by the machine are often
placed between the various stations.

[0006] Replacement ofthe rollers and in particular the
time required for this operation is therefore one of the
most critical factors in the production of pipes by bend-
ing.

[0007] Inthe machines currently available on the mar-
ket, replacement of the rollers requires several hours
with complete stoppage, during this period of time, of
the machine and thus of production. Furthermore, it is
possible that on restarting of operation of the machine,
increases in production waste may occur due to imper-
fect adjustment thereof.

[0008] The object of the present invention is to solve
the problems of the prior art, providing a machine that
allows a reduction in set up times for passing from pro-
duction of a pipe with a certain diameter to a pipe with
a different diameter.

[0009] Another object of the present invention is to
provide a bending machine that allows the production
waste due to setting up of the machine to be eliminated.
[0010] Another object of the present invention is to
simplify production of sheet metal pipes, reducing down
time of the bending machine with a consequent im-
provement in investment and running costs of the ma-
chine.

[0011] These and other objects are achieved by the
present invention which presents the characteristics of
appended independent claim 1.
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[0012] Advantageous embodiments of the invention
are apparent from the dependent claims.

[0013] Essentially, the bending machine according to
the invention has two or more bending stations disposed
in series, each station being provided with two opposed
forming rollers to define the bending profile of the sheet
metal, and is characterised in that each forming roller is
defined by a pair of rotating elements, coaxial and facing
each other, and in that means to vary the distance be-
tween the rotating elements of each pair are provided.
[0014] According to a preferential feature of the
present invention, the machine further comprises
means for varying the inclination of the axis of rotation
of each rotating element.

[0015] It is therefore possible to vary the distance of
the upper and lower rotating elements and the inclina-
tion thereof, thus setting up the machine for producing
pipes of different diameters or of open sections provided
with different radiuses of curvature. It no longer being
necessary to change the rollers according to the diam-
eter of the tube to be produced, it is possible to achieve
high savings in time and consequently in production
costs.

[0016] Furthermore, itis no longer necessary to have
available a plurality of sets of rollers, each dedicated to
the production of a particular type of tube or of a partic-
ular open profile and this leads to an enormous saving
in investment costs of the machine.

[0017] According to a preferential feature of the
present invention, the means for varying the distance
comprise a movable support for the rotating element.
[0018] According to an advantageous feature of the
present invention, the movable support comprises slid-
ing means slidably engageable on guides of the station
to vary the reciprocal distance along the axis of rotation
of the facing rotating elements.

[0019] Each movable support advantageously com-
prises sliding means slidably engageable on vertical
guides of the station to vary the vertical position of said
rotating elements.

[0020] According to another feature of the present in-
vention, the means for varying the inclination of said ro-
tating elements comprise a cylinder-piston assembly.
[0021] The means for varying the inclination of the two
rotating elements advantageously comprise at least two
points of hinging.

[0022] The possibility of translating and rotating the
rotating element allows a wide adjustment thereof allow-
ing the machine to be adapted to production of pipes of
different diameter.

[0023] Further characteristics and advantages of the
present invention will be made clearer by the description
that follows, made by way of non-limiting illustration with
reference to the appended drawings, in which:

- Figure 1 is a side view of a machine for continuous
bending of metal sheet according to the present in-
vention;
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- Figure 2is a sectional front view of a forming station
according to the present invention, taken along the
line A-A of Figure 1; and

- Figure 3 is a detailed view of a movable support for
the rotating element according to the presentinven-
tion.

[0024] Withreference to Figure 1 a machine 1 for con-
tinuous bending of sheet metal according to the present
invention is shown. The bending machine 1 comprises
a plurality of stations 2 disposed in series. Each station
2, as can be seen better in Figure 2, is provided with two
opposed rollers (3, 4) through which the sheet metal to
be processed passes, able to define the bending profile
of the sheet metal, that is to say the shape taken on by
the sheet metal after passing in the station. Each roller
(3, 4) is defined by a pair of coaxial rotating elements
(3a, 3b; 4a, 4b), facing each other and appropriately
spaced apart from each other. In particular the top roller
3 is defined by the two rotating elements 3a and 3b,
whilst the bottom roller 4 is defined by the two rotating
elements 4a and 4b. Furthermore, whilst the top rotating
element 3a cooperates with the rotating element 4a to
which it is opposed and together with which defines the
outer left bending profile of the sheet metal, the top ro-
tating element 3b cooperates with the rotating element
4btowhich itis opposed to define the outer right bending
profile of the sheet metal.

[0025] The station 2 is provided with means for vary-
ing the reciprocal distance of the two facing rotating el-
ements.

[0026] In other words, means are present for horizon-
tally translating along the common axis of rotation the
position of the two rotating elements which define the
same roller.

[0027] Each station is also provided with means, de-
scribed in greater detail further on, for varying the incli-
nation of each rotating element (3a, 3b; 4a, 4b) and in
particular the inclination of the axis of rotation of each
rotating element.

[0028] This allows the station 2 - and consequently
the machine 1 - to be adapted, in a minimum time, to
produce pipes or profiles of different diameters.

[0029] For this purpose each rotating element (3a, 3b;
4a, 4b) is advantageously supported by a mobile sup-
port (5a, 5b; 6a, 6b) provided with sliding means 8 able
to engage a guide (not shown) disposed level with the
base 30 or with the top 31 of the station 2, parallel to the
axes of rotation of the rotating elements. In detail, sup-
ports 5a and 5b of the bottom rotating elements slide on
slides 32 disposed on the base 30 of the station 2, whilst
the top supports 6a and 6b slide on slides 33 disposed
at the top 31 of the station 2.

[0030] The means for varying the inclination of each
rotating element (3a, 3b; 4a, 4b), as can be seen better
in Figure 3, are formed by an upright 9 hinged at 16 to
an L-shaped crosspiece 10 fixed to a supporting metal
tube 23 of the rotating element. The upright 9 in turn
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consists of a cylinder-piston assembly formed by a cyl-
inder 11 provided with an inner chamber wherein a pis-
ton, not shown directly, slides. The latter is provided with
a stem 12 which extends outside the cylinder 11 and is
hinged at 16 to the crosspiece 10.

[0031] The cross piece 10, at the end not constrained
to the upright 9, has a point 14 of hinging with the mov-
able support (5a, 5b; 6a, 6b).

[0032] Each supporting metal tube 23, and thus the
rotating element (3a, 3b; 4a, 4b) associated therewith,
is fixed rotatably to the mobile support (5a, 5b; 6a, 6b)
through a pin provided in the hinging point 14 which in
this manner forms the pivot around which the rotating
element (3a, 3b; 4a, 4b) rotates to vary its inclination.
[0033] Furthermore, the upright 9 has, level with its
base, a further hinging point 15.

[0034] By way of example, with reference to the sup-
port shown in Figure 3, raising of the stem 12 of the pis-
ton leads to a clockwise rotation, as shown by the arrow
F, of the rotating element around the point of hinging 14,
whilst on the contrary, lowering thereof leads to an anti-
clockwise rotation of the rotating element around the
same point 14, as shown again in Figure 3 by the arrow
M. The three hinging points 14, 15 and 16 and the cyl-
inder-piston assembly give the station endless possibil-
ities of adjustment which allow same to adapt to the pro-
duction of different sheet metal pipes or open profiles
and to various positions of the machine corresponding
to different processing stages.

[0035] Positioning relative to the rotating elements
(3a, 3b; 4a, 4b) is adjusted by suitable automation
means. In particular, there are present hydraulic oper-
ating means of the cylinder piston assembilies, four elec-
tric motors 17 each of which is dedicated to sliding a
support (5a, 5b; 6a, 6b) and two motors 18, disposed at
the top of the station 2, for vertical movement of the roll-
ers 3 and 4.

[0036] In particular, each support (5a, 5b; 6a, 6b) has,
for horizontal translation thereof, a nut screw type en-
gagement 7 with a motor 17.

[0037] The top supports 6a and 6b are slidably en-
gaged in vertical guides 21 which allow, under the guid-
ance of the motors 18, vertical translation of said top
supports 6a and 6b. Vertical translation of the supports
6a and 6b leads to vertical translation of the rotating el-
ements 3a and 3b.

[0038] On the other hand, the bottom supports 5a and
5b are mounted, for their vertical movements, on slides
32 vertically slidable in the guides 21. The slides 32 also
are guided in their vertical movements by motors 18
which thus allow the position of the bottom rotating ele-
ments 4a and 4b to be varied vertically.

[0039] The vertical movements of the opposed rotat-
ing elements, although guided by the same motor 18,
are separate. In other words, it is possible to raise or to
lower the support (6a, 6b) of a top rotating element (3a,
3b) leaving the position of the bottom rotating element
(5a, 5b) unchanged or alternatively it is possible to raise
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and to lower the top (6a, 6b) and bottom supporting el-
ement (5a, 5b) at the same time. The possibility of mov-
ing each supporting element (5a, 5b; 6a, 6b) vertically
in a separate manner makes it possible to carry out both
so-called fixed centre pipe processing - where the axis
of symmetry of the pipe remains fixed and thus the sheet
metal is bent around said axis as it travels through the
successive stations 2 of the machine - and fixed throat
processing where the central portion of the metal sheet
which will form the bottom end of the pipe remains fixed.
[0040] All the motors 17 and 18 and the cylinder-pis-
ton assemblies are adjusted by an electronic processor,
not shown, per se known in the art and normally used
for this purpose, able to memorize the relative positions
of the rotating elements according to the type of pipe or
of open section being produced and operate the motors
17, 18 and/or the cylinder-piston assemblies to vary the
position of the rotating elements according to the pipe
or to the profile processed.

[0041] Furthermore, the processor is able to respond
to messages sent by suitable position control instru-
ments, such as optical rulers or incremental encoders,
not directly shown, to vary the relative position of the
rotating elements (3a, 3b; 4a, 4b) so that the latter match
each other perfectly in the pre-set radiuses of curvature.
[0042] The rotating elements of the stations 2 are all
idle, but it would nevertheless be possible to motorise
them without departing from the scope of the present
invention.

[0043] To move the sheet metal between the various
stations of the machine, intermediate stations 20 pro-
vided with driven rotating members are present between
two adjacent stations, as shown in Figure 1.

[0044] As previously mentioned, the rotating ele-
ments have a cylindrical shape provided with curved
surfaces.

[0045] In detail, the top rotating elements have a con-
vex curved side profile and the bottom rotating elements
have a concave curved side profile corresponding to
that of the top rotating elements to define together there-
with the outer bending shape of the sheet metal.

Claims

1. A sheet metal bending machine (1) comprising two
or more bending stations (2) disposed in series,
each of said stations (2) being provided with two op-
posed forming rollers (3, 4) to define the bending
profile of the sheet metal, characterised in that
each forming roller (3, 4) is defined by a pair of ro-
tating elements (3a, 3b; 4a, 4b) coaxial and facing
each other, and in that means to vary the distance
between the rotating elements (3a, 3b; 4a, 4b) of
each pair are provided.

2. A machine (1) according to claim 1, characterised
in that it comprises means of for varying the incli-
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10.

1.

12.

nation of the axis of rotation of each rotating ele-
ment (3a, 3b; 4a, 4b).

A machine (1) according to claim 1 or 2, character-
ised in that said means for varying the distance
comprise a movable support (5a, 5b; 6a, 6b) for
each rotating element (3a, 3b; 4a, 4b).

A machine (1) according to claim 2 or 3, character-
ised in that said movable support (5a, 5b; 6a, 6b)
comprises sliding means (8) slidably engageable
on guides of said station (2) to vary the distance be-
tween said facing rotating elements (3a, 3b; 4a, 4b).

A machine (1) according to any one of the preceding
claims from 2 to 4, characterised in that said
moveable support (5a, 5b; 6a, 6b) comprises sliding
means slidably engageable on vertical guides (21)
of said station (2) to vary their vertical position.

A machine (1) according to claims 2 to 5, charac-
terised in that said means for varying the inclina-
tion of said rotating elements (3a, 3b; 4a, 4b) com-
prise a cylinder-piston assembly acting on a sup-
porting metal tube (23) of the rotating element, each
supporting metal tube being rotatably constrained
to a moveable support (5a, 5b; 6a, 6b).

A machine (1) according to any one of claims 2 to
6, characterised in that said means for varying the
inclination of said rotating elements (3a, 3b; 4a, 4b)
comprise at least two hinging points.

A machine (1) according to any one of the preceding
claims, characterised in that it further comprises
automation means to vary the position of said rotat-
ing elements (3a, 3b; 4a, 4b).

A machine (1) according to claim 8, characterised
in that said automation means comprise at least
one electric motor, at least one processor and hy-
draulic operating means for said cylinder-piston as-
sembly.

A machine (1) according to any one of the preceding
claims, characterised in that it comprises control
means of the reciprocal position of said rotating el-
ements (3a, 3b; 4a, 4b).

A machine (1) according to any one of the preceding
claims, characterised in that said rotating ele-
ments (3a, 3b; 4a, 4b) have a curved profile shape.

A machine (1) according to claim 8, characterised
in that the top rotating elements (3a, 3b) have a
convex curved profile and in that the bottom rotat-
ing elements (4a, 4b) have a concave curved profile
corresponding to that of said top rotating elements
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(3a, 3b).

A machine (1) according to any of the preceding
claims, characterised in that said rotating ele-
ments (3a, 3b; 4a, 4b) are idle.

A machine (1) according to any one of the preceding
claims, characterised in that it comprises interme-
diate stations (20) provided with driven rollers to
move the sheet metal between the various stations
(2) of the machine (1).

A station for a bending machine provided with two
opposed forming rollers (3,4) to define the bending
profile of the sheet metal, characterised in that
each forming roller (3, 4) is defined by a pair of ro-
tating elements (3a, 3b; 4a, 4b), coaxial and facing
each other, and in that means for varying the dis-
tance between the rotating elements of each pair
(3a, 3b; 4a, 4b), means for varying the inclination of
the axis of rotation of said rotating elements (3a, 3b;
4a, 4b) and means for vertically moving at least one
of said pairs of rotating elements (3a, 3b; 4a, 4b)
are provided.
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