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(54) Press brake and related workpiece bending procedure

(57) The present invention relates to a press brake
(1) comprising at least:

- a die (3) that extends substantially along a horizontal
longitudinal axis (4) of said press brake, said die being
integrally connected to a base (2) of said press brake; and
- a punch (5) that extends above said die, substantially
along the same horizontal axis as said die, said punch
being vertically movable in both directions (50) so as to
co-operate with said die to achieve the bending of a work-
piece (7); and

- regulating means (10) for adjusting the procedure for
bending the workpiece.

In the press brake, according to the invention, the
regulating means include first detecting means (11),
which comprise:

- light emitting means (12) suitable for emitting a beam
of light (13) along the direction in which said die extends,
to at least partially illuminate at least a portion of said die
and/or of said punch, and/or of the workpiece, and to
project the profile, on a predefined plane, of at least a
portion of the cross-section of said lower die and/or of
said punch, and/or of the workpiece; and

- optical sensing means (14) suitable for acquiring an
image of said projection, generated by said beam of light.

In its further aspect, the present invention relates
also to animproved and more reliable bending procedure
of a workpiece.

FIG.2
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Description

[0001] The present invention relates to an improved
press brake. Moreover, the present invention also refers
to an improved bending procedure implemented.
[0002] Itis common knowledge that press brakes are
used to bend metal parts, particularly sheet metal pieces
or strips.

[0003] A pressbrake generally comprises a pair of ma-
chine tools that co-operate with one another to perform
the bending operation. The upper tool, or punch, extends
horizontally and is vertically movable in both directions.
The lower tool, or die, is attached to the body of the ma-
chine and also extends horizontally, in the same direction
as the punch.

[0004] By comparison with conventional moulding
presses, press brakes have the considerable advantage
of using far less power to bend a workpiece, to obtain
angle bars from a sheet of metal for instance.

[0005] Press brakes often have the drawback, howev-
er, of failing to ensure a constant and satisfactory repro-
ducibility of the end product. For instance, the bend angle
can generally be strongly influenced by a different thick-
ness or a different spring-back of each workpiece, due
for instance to a different prior rolling treatment on the
workpiece. As a result, it may be very difficult to obtain
the same bend angle when different batches of workpiec-
es are used, as is commonly the case in industrial pro-
duction.

[0006] There are known press brakes that are
equipped with devices that enable this drawback to be
overcome by taking action manually on the machine’s
control system. To achieve said result, however, de-
mands a continuous manual control of the bend angle
and consequently has a significant negative fallout on
the machining times and costs.

[0007] Alternatively, there are known press brakes that
use sensors to enable regulating means to identify the
actual bend angle after the spring-back of the workpiece.
This enables the punch to be operated several times to
achieve the required bend angle, to within the allowable
tolerances in each case.

[0008] A drawback of such machines lies in that these
sensors constitute an unwanted hindrance in the work-
space coming between the tooling. This factor naturally
restricts the operativity of the machine.

[0009] In an effortto overcome this problem, some so-
lutions involve integrating the above-mentioned sensors
in the body of the punch or die. Practice has demonstrat-
ed, however, that such integration entails a considerable
increase in the cost of the tooling and consequently in
the overall cost of the machine.

[0010] Finally, there are known press brakes that use
a television camera to detect an image of the workpiece
before it is bent and data processing means for using
said image to establish the actual thickness of the work-
piece, thus enabling the final theoretical bending point to
be calculated. At the end of the bending process, the
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television camera can provide a further image showing
the actual bend angle. Then the bending of the workpiece
is repeated until the actual bend angle coincides with the
required bend angle, within the range of the allowable
tolerances.

[0011] Although these press brakes represent a con-
siderable improvementover the previously-described so-
lutions, they nonetheless have several drawbacks.
[0012] A first drawback derives from the fact that it is
often necessary to correct the focus of the television cam-
era, e.g. to adjust it to suit the image of workpieces of
different shape and size. Any such action necessarily
entails a machine stoppage and a consequent increase
in the overall machining times.

[0013] It has been demonstrated, moreover, that the
clarity of the images detected by the television cameras
very often varies considerably depending on the ambient
lighting conditions in which the machine is operated. In
conditions of relatively bright lighting, for instance, the
images appear out of focus or include reflections or lu-
minous artefacts that negatively affect their quality. Im-
ages of relatively poor quality can lead to calculation er-
rors and ultimately to errors in the bending of the work-
piece, with a consequent increase in the number of re-
jects from the production process.

[0014] Moreover, there is evidence to show that meas-
urement errors can be determined by mechanical strains
on the die, the base, the upper cross member and/or the
columns of the press brake, due to the load brought to
bear by the punch during the bending of the workpiece.
In fact, these mechanical strains can induce a deteriora-
tion in the detecting of the images of the tooling and work-
piece, with a consequent measurement error. There is
also the risk of error in the movement of the punch, with
aconsequentincrease in the probability of unsatisfactory
end products being obtained.

[0015] The main technical aim of the presentinvention
is therefore to realise a press brake that enables the
above-mentioned drawbacks to be overcome.

[0016] Within this aim aim, an object of the present
invention is to realise a press brake that makes the bend-
ing process highly and constantly reproducible, even for
work pieces from different batches.

[0017] Another object of the present invention is to re-
alise a press brake that is highly reliable and robust in
operation, enabling the machining times and the number
of rejects to be reduced to a minimum.

[0018] Another object of the present invention is to re-
alise a press brake that enables a reduction in the influ-
ence of the mechanical strains induced in the parts of
the die side of the press brake by the load brought to
bear by the punch during the bending process.

[0019] Another, not necessarily last object of the
present invention is to realise a press brake that is rela-
tively straightforward to operate and easy to manufacture
at a competitive cost.

[0020] Thus, the present invention provides a press
brake according to the claim 1, as stated below.
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[0021] The press brake according to the present in-
vention has improved regulating means comprising de-
tecting means capable of acquiring high-quality images
of the tooling and workpiece. Said regulating means fur-
ther enable highly accurate data to be drawn from said
images, relating to one or more quantities indicative of
the size, shape and/or position of the tooling and work-
piece. This makes it possible an accurate assessment
of the operating parameters characterising the bending
cycle and consequently ensures that the bending proc-
ess s highly and constantly reproducible, with a reduction
in the number of rejects and in the machining times.
[0022] In its further aspect, the present invention re-
lates also to an improved and more reliable bending pro-
cedure of a workpiece.

[0023] Additional characteristics and advantages of
the present invention will become apparent from the de-
scription given below and from the attached figures, pro-
vided simply for explanatory and non-limiting purposes,
wherein:

- figure 1 shows a flow chart of the regulating means
for the press brake according to the invention;

- figure 2 schematically shows a perspective view of
a portion of the press brake according to the inven-
tion, comprising the light emitting means that form
part of the regulating means of said press brake;

- figure 3 shows an image detected by the optical de-
tecting means included in said regulating means;

- figures 4A-4C respectively show three different stag-
es of a bending procedure using the press brake
according to the present invention.

[0024] With reference to the above-mentioned figures,
the present invention refers to a press brake 1 that com-
prises a base or lower cross member 2, to which a die 3
is attached that extends horizontally in relation to the
base 2, along the horizontal longitudinal axis 4 of the
machine 1. Above the die 3, and coinciding with the latter,
there is a punch 5, that can be attached to an upper tool-
holder cross member 6, supported by a pair of columns
8 extending upwards from the base 2. The punch 5 is
vertically movable in both directions (arrow 50) along a
substantially straight trajectory. The punch 5 is moved
by suitable oil hydraulic drive means (not shown). The
punch 5 can thus co-operate with the die 3 to bend a
workpiece 7, for instance a piece of sheet metal.

[0025] The press brake 1 also comprises regulating
means 10 for regulating the bending of the workpiece 7.
These regulating means 10 comprise first detecting
means 11 comprising light emitting means 12 and optical
sensing means 14. The light emitting means 12 are de-
signed to deliver a beam of light 13 in the direction in
which the die 3 extends. In particular, the beam of light
13 is preferably directed along the vertical plane contain-
ing the bottom line of the V-shaped upper recess 3A in
the die 3, running in the direction of the axis 4. The beam
of light 13 is advantageously of predefined area 13A (fig-
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ure 4A), e.g. circular or rectangular, so that it at least
partially illuminates at least a predefined portion of the
die 3, the punch 5 and/or the workpiece 7, in the direction
in which the die 3 extends. The beam 13 thus projects
at least a portion of the cross-section (i.e. of the section
along a plane orthogonal to the axis 4) of the die 3, punch
5 and/or workpiece 7, on a predefined plane (not shown)
lying substantially perpendicular to the direction in which
the die 3 extends. The light emitting means preferably
comprise a laser source that emits a beam of light within
the visible range. The use of a laser source is extremely
advantageous because it produced a strongly directional
and polarised beam of light.

[0026] The optical sensing means 14 are suitable for
acquiring an image of said projection generated by the
beam oflight 13. The optical sensing means 14 preferably
comprise a television camera or digital camera compris-
ing an optical receiver matrix (not shown) arranged or-
thogonally to the axis 4 and aligned with the beam of light
13. The receiver plane of the optical receiver matrix ad-
vantageously coincides with the plane on which the cone
of shadow generated by the cross-section of the die 3,
punch 5 and/or workpiece 7 is projected when they are
illuminated by the beam of light 13. A back-lit image of
the cross-section of the tooling 3 and 5 and/or the work-
piece 7 is thus detected. Figure 3 shows an example of
an image detected by said optical means 14. In this im-
age, the back-lit profile of the die 3, the punch 5 and the
workpiece 7 are clearly distinguishable.

[0027] The light emitting means 12 and the optical
sensing means 14 are advantageously aligned with one
another in the direction in which the punch 5 extends.
They are advantageously positioned in line with a first
end and a second end of the punch 5, on the outside of
the workspace of the press brake 1, as shown in figure
2 for the light emitting means 12. The light emitting means
12 and the optical means 14 are vertically movable in
both directions (arrow 500). They preferably move as a
function of the movements of the punch 5, so as to main-
tain a predefined (and preferably constant) position and
alignment with respect to the punch 5. For said purpose,
the means 12 and 14 can be integrally connected to the
upper cross member 6 by means of a suitable supporting
elements (not shown), so as to be displaced directly by
said cross member 6.

[0028] The first detecting means 11 preferably also
comprise first electronic means 15 suitable for receiving
as input and processing the data 16 relating to the image
acquired by the optical means 14.

[0029] Thefirstelectronic means 15 process theimage
received from the optical means 14, e.g. removing any
streaks of interference or other luminous impurities or
artefacts.

[0030] The first electronic means 15 thus enable a rel-
atively good-quality image to be obtained, for subsequent
use in deriving certain notable data relating to the die 3,
the punch 5 and the workpiece 7.

[0031] The first electronic means 15 are also suitable
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for receiving control signals 17A as input, on the basis
of which they govern the operation of the light emitting
means 12 and/or of the optical means 14, by sending
suitable control signals 18A and 18B.

[0032] The regulating means 10 advantageously com-
prise second electronic means 20, operatively connected
to the first electronic means 15 and to the control system
31 for the press brake 1.

[0033] The second electronic means 20 are suitable
for obtaining data 20A indicative of one or more relevant
quantities relating to the die 3, the punch 5 and/or the
workpiece 7. In particular, the data 20A are advanta-
geously derived from the data 19A, received by the first
electronic means 15. Said data 19A can optionally also
be integrated with data 19B, received by the control sys-
tem 31 of the press brake 1, and/or with data 19C, re-
ceived by third electronic means 41.

[0034] The second electronic means 20 advanta-
geously serve as an interface between the first detecting
means 11 and the control system 31 of the press brake
1. They calculate several notable quantities relating to
the shape, size and position of the tooling 3 and 5, and
of the workpiece 7, starting from the images (data 19A)
provided by the first detecting means 11. For instance,
during the process for bending the workpiece 7, the sec-
ond electronic means 20 can advantageously calculate
the dimensions of the cross-section of the tooling 3 and
5, the relative position of the punch 5, the thickness of
the workpiece 7 and/or the bend angle obtained on the
workpiece 7.

[0035] The data 20A are obtained using suitable algo-
rithms for processing the images 19A provided by the
first detecting means 11. For this purpose, procedures
are advantageously used that analyse the mutual lumi-
nous interference between the tooling 3 and 5, and the
workpiece 7. The second electronic means 20 use the
data 20A to generate the control signals 17A and 17B
for the control system 31 and for the first detecting means
11, respectively . The controls signals 17A and 17B en-
able the operation of the first detecting means 11 and of
the press brake 1 to be adjusted and co-ordinated during
the bending of the workpiece 7.

[0036] In a preferred embodiment of the invention, the
regulating means 10 also detect and process data relat-
ing to first mechanical strains coming to bear on the die
3, the base 2 and/or the upper cross member 6, and/or
second mechanical strains coming to bear on the col-
umns 8 of the press brake 1. The above-mentioned me-
chanical strains typically develop during the bending pro-
cedure and, as mentioned earlier, are determined by the
load brought to bear by the punch 5. They are generally
directed in a parallel vertical plane and in a plane orthog-
onal to the longitudinal axis 4, respectively, and both in
a direction substantially perpendicular to the plane on
which the press brake 1 stands.

[0037] Thus, the regulating means 10 advantageously
comprise second detecting means 43 for detecting data
indicative of said first and/or second mechanical strains.
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[0038] The second detecting means 43 comprise one
or more sensors 40, for instance, positioned in line with
the base 2, the upper cross member 6 and/or the columns
8 of the machine 1.

[0039] The second detecting means 43 comprises also
third electronic means 41, which process the fourth set
of data 40A provided by the sensors 40 and preferably
also send the resulting data 19C to the second electronic
means 20.

[0040] Based on these processed data, the third elec-
tronic means 41 generate as output the control signals
41A for actuator means 42, preferably associated oper-
atively with the base 2.

[0041] Based on the control signals 41A, the actuator
means 42 bring a force to bear to compensate for the
effect of said first and/or second mechanical strains. For
instance, the actuator means 42 exert a force on the die
3 sufficient to counter the bending strain along the lon-
gitudinal axis 4. The die 3 thus becomes substantially
undeformable during the bending of the workpiece 7.
[0042] This enables measurement errors in the thick-
nesses and bend angles of the workpieces 7 to be avoid-
ed.

[0043] To better understand the operative advantages
that the present invention affords, a preferred bending
procedure achieved with the press brake 1 is described
in detail below.

[0044] To facilitate the reading of the operative stages
described, it is important to bear in mind that, during the
bending cycle, the vertical trajectory of the punch 5 con-
ventionally develops along the following succession of
notable points:

rest point: this term is conventionally used to mean
the point on the trajectory where the punch 5 is po-
sitioned when the press brake 1 is started up;

top dead centre: this term is conventionally used to
mean the point on the trajectory covered during the
bending process with the maximum distance be-
tween the bending edge 5A of the punch 5 and the
lower edge 3C of the die 3;

speed change point: this term is conventionally used
to mean the point on the trajectory covered during
the bending process where the speed of displace-
ment of the punch 5 changes considerably; for in-
stance, as it descends towards the die 3, the punch
5 considerably reduces the speed of its downward
stroke at the speed change point;

punch/sheet contact point: this term is convention-
ally used to mean the point on the trajectory covered
during the bending procedure where the punch 5
comes into contact with the surface of the workpiece
7; Figure 4A advantageously shows the punch 5 at
the punch/sheet contact point;

bottom dead centre: this term is conventionally used
to mean the point on a trajectory covered during the
bending procedure with the minimum distance be-
tween the bending edge 5A of the punch 5 and the
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bottom edge 3C of the die 3; Figure 4B advanta-
geously shows the punch 5 at the bottom dead cen-
tre;

floating point: this term is conventionally used to
mean a point on the (return) trajectory where, after
taking the spring-back of the workpiece 7 into ac-
count, the workpiece 7 is still held between the die
3 and the punch 5; Figure 4C advantageously shows
the punch 5 in line with the floating point, which nec-
essarily comes within the stretch of return trajectory
between the bottom dead centre and the punch/
sheet contact point.

[0045] Said preferred bending procedure also com-
prises various stages in which at least one image is de-
tected of at least a portion of the cross-section of the die
3, the punch 5 and/or the workpiece 7, and data relating
to the shape and/or size, and/or position of the die 3, the
punch 5 and/or the workpiece 7 are processed. Said im-
age is detected as a result of instructions 18A and 18B
being sent by first electronic means 15 to the light emitting
means 12 and/or the optical means 14. Said control sig-
nals are sent after the first electronic means 15 have
received corresponding control signals 17A from the sec-
ond electronic means 20. The data 16 relating to the im-
age detected by the optical means 14 are sent to the first
electronic means 15, which perform a first processing of
said image. The data 19Arelating to the image processed
by the first electronic means 15 are then sent to the sec-
ond electronic means 20 to obtain the data 20A relating
to the physical quantities of interest. The above-de-
scribed operative sequence is preferably repeated for
each of said stages of the bending procedure.

[0046] Moreover, as explained later on, other stages
of said preferred bending procedure involve calculating
several notable points on the trajectory of the punch 5
and operating the press brake 1 to transfer said punch 5
to said notable points. For each of said stages, a vertical
movement 50 of the punch 5 coincides with a vertical
movement 500 of the light emitting means 12 and the
optical means 14, so the light emitting means 12 and the
optical means 14 remain in a pre-set (and preferably con-
stant) position and alignment relative to the punch 5.
[0047] Said notable points are preferably calculated
by the second electronic means 20 on the strength of the
processed data 20A, the shape and size of the tooling 3
and 5, and/or additional data 19B and/or 19C received
as input respectively from the control system 31 and the
second detecting means.

[0048] The subsequent operations of the press brake
1 are governed by the control system 31, based on the
control signals 17B, received from the second electronic
means 20.

[0049] Said preferred bending procedure advanta-
geously comprises a stage (a) of placing the work piece
7 in line with the bending edge 3B of the die 3. The work-
piece 7 can be placed in position manually or by means
of a service robot. In said stage (a), the punch 5 is at the
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rest point when the machine is used for the first time, or
at the top dead centre of the trajectory if it has returned
to start a new machining cycle.

[0050] With the punch 5 in line with said rest point or
top dead centre, the procedure according to the invention
comprises a subsequent stage (b) of detecting at least
one image relating to at least a portion of the cross-sec-
tion of the punch 5 and processing data relating to the
shape and/or size, and/or position of the punch 5. In par-
ticular, the processed data 20A refer to the relative po-
sition of the lower edge 5A of the punch 5.

[0051] The procedure according to the invention then
comprises a stage (c) of calculating the speed change
point on the trajectory of the punch 5 and operating the
press brake 1 to bring the bending edge 5A of the punch
5 into line with said speed change point.

[0052] Then comes the stage (d) of calculating the
punch/sheet contact point on the trajectory of the punch
5 and operating the press brake 1 to bring the bending
edge 5A of the punch 5 into said punch/sheet contact
point (figure 4A).

[0053] Before or after said stage (d), the procedure
according to the invention comprises a stage (e) of de-
tecting at least one image relating to a portion of the
cross-section of the workpiece 7 and processing data
relating to the thickness of the workpiece 7. The proc-
essed data 20A refer, in particular, to the thickness of
the workpiece 7.

[0054] At this point, there is a stage (f) of calculating
the theoretical bend angle as a function of the thickness
detected for the workpiece 7 and, where applicable, as
a function of the shape and size of the punch 5. The
bottom dead centre is also calculated as a function of the
theoretical bend angle required for the workpiece 7. In
this stage (f), the press brake 1 is operated to bring the
bending edge 5A of the punch 5 to said bottom dead
centre, thereby inducing the bending of the workpiece 7
(figure 4B).

[0055] After said stage (f), the procedure according to
the invention comprises a stage (g) of calculating the
floating point on the return trajectory of the punch 5 and
operating the press brake 1 to make the bending edge
5A of the punch 5 return to said floating point.

[0056] The floating point can also be calculated by
measuring the spring-back of the workpiece 7 as the
punch 5 returns from the bottom dead centre.

[0057] For this purpose, the above-mentioned stage
(g) preferably also involves an operative step of deter-
mining a succession of sampling points along the stretch
of the return trajectory of the punch 5 coming between
the bottom dead centre and the punch/sheet contact
point.

[0058] Said operative step can also be performed by
the second electronic means 20. The operative step in-
volves acquiring at least one image relating to at least a
portion of the cross-section of the die 3, the punch 5
and/or the workpiece 7 for each of the selected sampling
points, and processing data relating to the spring-back
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of the workpiece 7.

[0059] The data thus processed are integrated by
means of another operative step involving the acquisition
by the second detecting means 43 and, where neces-
sary, by one or more additional sensors (not shown), of
data relating to said first and/or second mechanical
strains in line with one or more of said sampling points.
[0060] As an alternative, the floating point can be cal-
culated on the base of additional properly placed sensing
means (not shown).

[0061] The procedure according to the invention then
involves a stage (h) of acquiring at least one image re-
lating to at least a portion of the cross-section of the work-
piece 7 and processing data relating to the actual bend
angle of the workpiece 7, after the spring-back has oc-
curred.

[0062] The procedure according to the invention then
comprises a stage (i) of comparing the data relating to
the actual bend angle detected at said stage (h) with the
data relating to the theoretical bend angle calculated at
the previously-mentioned stage (f).

[0063] If the difference between the actual bend angle
and the theoretical bend angle comes within the estab-
lished tolerances, the bending procedure can be com-
pleted.

[0064] This involves the stages (j) of operating the
press brake 1 to make the bending edge 5A of the punch
5 withdraw to the top dead centre, and the stage (k) of
removing the workpiece 7 from the table of the press
brake 1.

[0065] If the difference between the actual bend angle
and the theoretical bend angle is outside the established
tolerances, the bending action on the workpiece can be
repeated as often as necessary.

[0066] In this case, the procedure includes a stage (1)
of calculating a new theoretical bend angle and a new
bottom dead centre for the trajectory of the punch 5, and
a stage (m) of repeating the previous stages (g), (h), and
(i), using the newly-calculated bottom dead centre and
theoretical bend angle.

[0067] In a preferred embodiment of the invention, the
above-described bending procedure also includes an ad-
justment to achieve a dynamic attenuation of the effects
deriving from the onset of the above-mentioned mechan-
ical strains, particularly the strains affecting the die 3 and
the upper cross member 6. The bending procedure pref-
erably includes performing a procedure, in parallel with
the previously-described stages, and stages (c)-(g) in
particular, to compensate for said mechanical strains.
Said compensation method advantageously includes the
following operative steps:

- acquiring and processing data relating to said first
mechanical strains using the second detecting
means 43, when the punch 5 is in line with a point
on the trajectory located above the top dead centre;

- acquiring and processing data relating to the above-
mentioned first mechanical strains, again using the
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second detecting means 43, when the punch 5 is in
line with the top dead centre;

- comparing the data acquired at the previous steps
in order to be able to calibrate the data acquired;

- using said second detecting means 43 to acquire
and process data relating to said first mechanical
strains in line with a succession of sampling points
on the stretch of the trajectory of the punch 5 coming
between the speed change point and the bottom
dead centre;

- basedonthedataacquiredin the succession of sam-
pling points, bring a sufficient force to bear on the
die 3 or, more in general, on the base 2 to at least
partially compensate for said first mechanical
strains.

[0068] Said compensatory force is exerted by the ac-
tuator means 42, which can comprise, for instance, a
series of oil hydraulic actuators associated with the base
2. The actuator means 42 take effect on the strength of
control signals 41A sent by the third electronic means
41, which acquire the data 40A from the sensors 40 and
perform software algorithms to filter and process the sig-
nals they receive. The sensors 40 advantageously com-
prise one or more analog pressure sensors placed along
the entire length of the base 2 to provide one or more
detecting points.

[0069] In another preferred embodiment of the inven-
tion, the bending procedure also includes a detecting
method to integrate the calculation of notable points on
the trajectory of the punch 5, and particularly of the speed
change point, the punch/sheet contact point, the bottom
dead centre and/or the floating point, taking into account
the effects of said first and/or second mechanical strains
on the body of the press brake. The detecting method
comprises the following steps:

- using the second detecting means 43 to acquire and
process data relating to said first and/or second me-
chanical strains when the punch 5 is in line with a
point on the trajectory located above the top dead
centre;

- using the second detecting means 43 to acquire and
process data relating to said first and/or second me-
chanical strains when the punch 5 is in line with the
top dead centre;

- comparing the data acquired at the previous steps
to enable the calibration of the data acquired;

- using the second detecting means 43 to acquire and
process data relating to said first and/or second me-
chanical strains in line with a succession of sampling
points on the stretch of trajectory of the punch 5 com-
ing between the speed change point and the bottom
dead centre;

- based on the data acquired from said succession of
sampling points, correcting the calculation of the
speed change point and/or of the punch/sheet con-
tact point, and/or of the bottom dead centre, and/or
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of the floating point on the trajectory of said punch.

[0070] As in the previous compensation method, the
data relating to the mechanical strains are collected by
the sensors 40, which in this case can advantageously
also comprise several sensors placed in line with the col-
umns 8 of the press brake 1. The data detected are proc-
essed by the third electronic means 41, using suitable
filtering algorithms. The third electronic means 41 send
the data 19C to the second electronic means 20 and,
where necessary, to the control system 31, for the cal-
culation of the notable points on the trajectory.

[0071] There may be variants, modifications or im-
provement to the practical embodiment of the press
brake 1 according to the invention, all coming within the
same inventive concept. For instance, the second and
third electronic means 20 and 41 may be integrated in a
single microprocessor-controlled circuit, preferably in-
corporated in the control system 31. Moreover, different
types of signal from those described above may also be
exchanged between the different components of the reg-
ulating means 10, and between said components and
the control system 31, to guarantee an optimal and effi-
cient functional operation of the press brake 1.

[0072] Experience has shown that the press brake ac-
cording to the present invention enables the previously-
stated objects to be achieved.

[0073] The press brake according to the invention en-
ables a high and constant reproducibility of the bending
process to be achieved. Thanks to the accuracy of the
optical measurements obtained by the first detecting
means 11, even minimal variations in the thickness of
the different workpieces being bent can be allowed for
during the operating cycle of the machine. Moreover, the
first detecting means 11 enable an extremely precise as-
sessment of the level of wear and tear on the tooling, i.e.
on the die 3 and the punch 5. For instance, images de-
tected at different times during the working cycle of the
tooling can be compared and the corresponding levels
of wear can be analysed. At each test, the data relating
to the tooling can be brought up to date and a greater
accuracy of the data processing performed during sub-
sequent processing cycles can thus be guaranteed.
[0074] The press brake according to the invention is
particularly sturdy in operation, given the ambient condi-
tions in which it is used. The first detecting means 11
provide a strongly directional lighting of the tooling 3 and
5, and of the workpiece 7, by means of a dedicated light
source, preferably a laser light source. This enables a
marked reduction in the negative interference of condi-
tions of lighting that is too strong or directed crosswise
to the workspace for the machine. In addition, the lighting
system enables an optimal and constant focusing of the
image to be achieved by the optical sensing means 14.
This enables relatively clear images to be acquired and
a consequently more precise processing of the quantities
and/or positions of interest. In a word, the working cycle
of the machine can be adjusted very precisely. An addi-
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tional adjustment accuracy derives from the second de-
tecting means 43, which enable the effects of the me-
chanical strain on the machine body during the working
cycle to be compensated and/or taken into account.
Thanks to the second electronic means 20, used as an
intelligent interface between the first detecting means 11
and the control system 31, the regulating means 10 also
enable a marked automation of the different stages of
the bending cycle, reducing or even eliminating the need
for any action by the operator. The strong degree of au-
tomation in the machine’s operation makes it consider-
ably easier to use, while also affording a better perform-
ance than with the known state of the art.

[0075] Clearly, all the above give rise to a considerable
reduction in the manufacturing times and an appreciable
improvement in the quality of the end product.

[0076] Despite its innovative functionalities, the press
brake according to the invention is a of relatively straight-
forward design and can consequently be manufactured
industrially at highly competitive costs.

Claims
1. A press brake (1) comprising at least:

- adie (3) that extends substantially along a hor-
izontal longitudinal axis (4) of said press brake,
said die being integrally connected to a base (2)
of said press brake;

- a punch (5) that extends above said die, sub-
stantially along the same horizontal axis as said
die, said punch being vertically movable in both
directions (50) so as to co-operate with said die
to achieve the bending of a workpiece (7);

- regulating means (10) for adjusting the proce-
dure for bending the workpiece;

characterised in that said regulating means in-
clude first detecting means (11) comprising:

- light emitting means (12) suitable for emitting
a beam of light (13) along the direction in which
said die extends, to at least partially illuminate
atleasta portion of said die and/or of said punch,
and/or of the workpiece, and to project the pro-
file, on a predefined plane, of at least a portion
of the cross-section of said lower die and/or of
said punch, and/or of the workpiece;

- optical sensing means (14) suitable for acquir-
ing an image of said projection, generated by
said beam of light.

2. A press brake according to claim 1, characterised
in that said first detecting means comprise first elec-
tronic means (15) suitable for receiving as input and
processing data (16) relating to the image acquired
by said optical detection means.
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A press brake according to claim 2, characterised
in that said first electronic means are suitable for
receiving control signals (17A) as input and adjusting
the operation of said light emitting means and/or of
said optical sensing means on the strength of said
control signals.

A press brake according to one or more of the pre-
vious claims, characterised in that said regulating
means comprise second electronic means (20) op-
eratively connected to said first electronic means and
to a control system (31) of said press brake, said
second electronic means being suitable for obtaining
data (20A) indicative of one or more notable quanti-
ties relating to said lower die and/or said punch
and/or the workpiece.

A press brake according to claim 4, characterised
in that said second electronic means generate con-
trol signals (17A, 17B) to send to said first electronic
means and/or to the system for controlling said press
brake.

A press brake according to one or more of the pre-
vious claims, characterised in that said regulating
means comprise second detecting means (43) for
detecting data (40A) indicative of first mechanical
strains coming to bear on said die and/or on said
base, and/or on a upper cross member (6) of said
press brake during the bending procedure and/or in-
dicative of second mechanical strains coming to bear
on columns (8) of said press brake, during the bend-
ing procedure.

A press brake according to claim 6, characterised
in that said second detecting means comprise:

- one or more sensors (40) associated with one
or more portions of the body of said press brake;
- third electronic means (41) operatively con-
nected to said sensors for processing the data
detected by said sensors.

A press brake according to claim 7, characterised
in that said third electronic means are suitable for:

- sending control signals (41A) to actuator
means (42) suitable for bringing a force to bear
to counter said first and/or second mechanical
strains; and/or

- sending data (19C) indicative of said first
and/or second mechanical strains to said sec-
ond electronic means and/or to said control sys-
tem.

9. A press brake according to one or more of the pre-

vious claims, characterised in that said light emit-
ting means and said optical detection means are ver-
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10.

11.

tically movable in both directions (500) so as to main-
tain a predefined position and alignment relative to
said punch.

A press brake according to claim 9, characterised
in that said light emitting means and said optical
detection means are aligned with one another in the
direction in which said punch extends, and they are
positioned respectively in line with a first end and a
second end of said punch, on the outside of the table
of said press brake.

A procedure for bending a workpiece using a press
brake according to one or more of the previous
claims, characterised in that it comprises one or
more of the following operative stages:

a) placing the workpiece in line with the bending
edge of said lower die;

b) acquiring at least one image relating to least
a portion of the cross-section of said punch and
processing data relating to the shape and/or
size, and/or position of said punch in line with a
point coming between the rest point and the top
dead centre on the trajectory of said punch;

c) calculating a speed change point on the tra-
jectory of said punch and operating said press
brake to bring the bending edge of said punch
into line with said speed change point;

d) calculating a punch/sheet contact point on the
trajectory of said punch and operating said press
brake to bring the bending edge of said punch
into line with said punch/sheet contact point;

e) acquiring atleast one image relating to atleast
a portion of the cross-section of said punch
and/or of said lower die, and/or of the workpiece,
and processing data relating to the thickness of
the workpiece in line with said speed change
point and/or said punch/sheet contact point;

f) calculating a bottom dead centre on the tra-
jectory of said punch and the theoretical bend
angle, and operating said press brake to bring
the bending edge of said punch down to said
bottom dead centre;

g) calculating a floating point on the trajectory
of said punch and operating said press brake to
make the bending edge of said punch withdraw
to said floating point;

h) acquiring atleast one image relating to at least
a portion of the cross-section of said punch
and/or of said lower die, and/or of said work-
piece, and processing data relating to the actual
bend angle of said workpiece in line with said
floating point;

i) comparing the data relating to the actual bend
angle with the data relating to said theoretical
bend angle.
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A bending procedure according to claim 11, char-
acterised in that, after said stage (i), it comprises
the following steps:

j) operating said press brake to make the bend-
ing edge of said punch withdraw to said top dead
centre;

k) removing the workpiece.

A bending procedure according to claim 11, char-
acterised in that, after said stage (i), it comprises
the following steps:

1) calculating a new bottom dead centre on the
trajectory of said punch and a new theoretical
bend angle;

m) repeating said stages (g), (h), and (i) in the
light of the new bottom dead centre and the new
theoretical bend angle calculated in said stage

).

A bending procedure according to one or more of
the claims from 11 to 13, characterised in that said
stage (g) comprises one or more of the following op-
erative steps:

- determining a succession of sampling points
in the stretch of return trajectory of said punch
coming between said bottom dead centre and
said punch/sheet contact point;

- acquiring, in line with one or more of said sam-
pling points, at least one image relating to at
least a portion of the cross-section of said punch
and/or of said lower die, and/or of the workpiece,
and processing data relating to the spring-back
of the workpiece;

- acquiring data relating to said first and/or sec-
ond mechanical strains in line with one or more
of said sampling points;

- calculating said floating point as a function of
the data acquired in the previous steps.

A bending procedure according to one or more of
the claims from 11 to 14, characterised in that it
also includes a method for compensating for said
first mechanical strains comprising the following
steps:

- acquiring and processing data relating to said
first mechanical strains in line with a point locat-
ed above the top dead centre on the trajectory
of said punch;

- acquiring and processing data relating to said
first mechanical strains in line with said top dead
centre;

- comparing the data acquired in the previous
steps;

- acquiring and processing data relating to said
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first mechanical strains in line with a succession
of sampling points on the stretch of trajectory of
said punch coming between said speed change
point and said bottom dead centre;

- based on the data acquired from said succes-
sion of sampling points, bringing a force to bear
on said die and/or on said base sufficient to at
least partially compensate for said first mechan-
ical strains.

16. A bending procedure according to claim 15, char-

acterised in that it includes a detecting method for
integrating the calculation of one or more notable
points on the trajectory of said punch, that comprises
the following steps:

- acquiring and processing data relating to said
first and/or second mechanical strains in line
with a point located above a top dead centre on
the trajectory of said punch;

- acquiring and processing data relating to said
first and/or second mechanical strains in line
with said top dead centre;

- comparing the data acquired in the previous
steps;

- acquiring and processing data relating to said
first and/or second mechanical strains in line
with a succession of sampling points on the
stretch of the trajectory of said punch coming
between said speed change point and said bot-
tom dead centre;

- integrating/correcting the calculation of one or
more of notable points on the trajectory of said
punch on the strength of the data acquired from
said succession of sampling points.
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