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(57) The machine comprises a means of fastening
(2) that grips a sheet (1), substantially around its perim-
eter, a first tool (3) situated on one side of the sheet (1),
with at least three degrees of freedom, corresponding to
movements according to axes X, Y and Z, and a second
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tool (3’) situated on a side opposite to the first side of the
sheet, with at least two degrees of freedom, correspond-
ing to movements according to axes X and Y. There is a
relative movement, according to axis Z, between the sec-
ond tool (3’) and the means of fastening (2).
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Description
OBJECT OF THE INVENTION

[0001] The presentinvention is applicable to the man-
ufacturing of pieces according to an incremental process
for the treatment of metal sheets or plates.

[0002] The object of the invention is a sheet-forming
machine and method, which does not use dies and which
uses two mobile tools, which act in combination on both
sides of the sheet for its localised and progressive defor-
mation to create the final shape of the piece.

BACKGROUND OF THE INVENTION

[0003] Pieces produced by deforming metal sheets
that are used in industrial sectors such as the automotive
and aeronautical sectors, among others, are generally
produced by stamping processes. The stamping opera-
tion requires the use of a press and two dies, an upper
and lower die, which reproduce the shape into which the
sheet is to be formed. These dies are particularly expen-
sive and they only pay for themselves when they are
used for the mass production of a large volume of pieces.
[0004] There are also certain industrial sectors where-
initis necessary to manufacture very short series of piec-
es, e.g. prototypes, products with a high degree of cus-
tomisation or specific components, which do not justify
investing in the type of dies used in a conventional stamp-
ing process.

[0005] Within this context, an incremental sheet-form-
ing technology is known, which is based on the localised
plastic deformation of a metal sheet by the action of a
mobile tool that forms the sheet against a set of supports
or dies that have a simpler geometry than that required
by stamping dies, which normally have the exact geom-
etry of the piece to be formed.

[0006] The incremental forming process is much slow-
er than conventional stamping, but it requires a much
smaller investment in dies, which means that it is profit-
able for the production of short series.

[0007] This process is also characterised by its great
flexibility, as the fact that it does not require dies with the
exact geometry of the piece makes it possible to use the
same die to form pieces with different geometries and it
is also simpler to change the design of the piece once
the dies have been manufactured.

[0008] According to this method the sheet is secured
by a peripheral frame and the tool can move across the
entire surface of the sheet.

[0009] This technology is applicable to any sector and
the only requirement for its use is that the material must
be ductile. Pieces of stainless steel, low-carbon steels
and various types of aluminium have been manufactured
using this technology.

[0010] By usingthis method itis possible to reduce the
costs in relation to conventional stamping processes, as
one of the dies is eliminated. However, the cost associ-
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ated with the use of a fixed lower die continues to be
high, particularly when a piece with a complex geometry
is to be produced.

[0011] Patent of invention EP 0970764, for example,
discloses a sheet-forming apparatus that comprises an
upper punch with movements in directions X, Y, Zand a
lower die that can be moved in the direction of axis Z to
form the piece. This same solution is reflected in patent
of invention JP 2002102944

[0012] Patent of invention JP 2003053436 contem-
plates the lower die being able to move in a vertical di-
rection by the action of a cylinder.

[0013] Patent of invention JP 7132329 is essentially
similar to EP 0970764, except that the lower die consists
of a punch. The vertical movement of the mechanism
that supports the plate, in combination with the move-
mentofthe upper punch againstthe plate thatis in contact
with the fixed lower punch, determines how the piece is
formed. This same system is used in patent of invention
2003080320.

[0014] Patent of invention JP 2000153313 discloses a
device equipped with an incremental tool with a rotating
movement that is applied under pressure to the outline
of the piece to be produced, the underside of which rests
on a fixed tool situated opposite to the incremental tool.
[0015] Patent of invention JP 9085355 also discloses
an apparatus with an upper punch that moves in a vertical
direction and a lower punch with a movement in the di-
rection of axes X, Y and Z.

[0016] In patent of invention WO 92/07672 the sheet
to be formed has a relative movement, according to X
and Y, in relation to an upper tool and a lower die. The
upper tool and the lower die have a vertical movement
according to axis Z.

DESCRIPTION OF THE INVENTION

[0017] The invention disclosed herein is applicable to
the formation of metal sheets or plates by means of the
progressive or incremental action produced by two tools
situated on either side of the sheet, which form the ma-
terial as they move in coordination over the sheet, fol-
lowing specific paths to produce the final geometry of the
piece, causing deformations in the sheet, punching or
grooves and even cutting the outer edges of the sheet.
[0018] The machine of the invention comprises:

- ameans of fastening that grips a sheet, substantially
around its perimeter,

- afirst tool situated on a first side of the sheet,

- a second tool situated on the opposite side to the
first side of the sheet.

[0019] According to the object of the invention, the first
tool has atleast three degrees of freedom, corresponding
to movements according to axes X, Y and Z, and the
second tool has at least two degrees of freedom, corre-
sponding to movements according to axes Xand Y, there
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being a relative movement according to axis Z between
the second tool and the means of fastening.

[0020] It is preferably contemplated that the second
tool also has a movement according to axis Z. In this
case, the means of fastening that acts on the sheet re-
mains fixed.

[0021] Thus, the first tool and the second tool define a
combined path on both sides and in contact with the
sheet, bringing about the localised deformation of the
sheet in each sector according to the design that is to
form the final piece.

[0022] The first and/or second tool can comprise any
of the following elements: a punch, a bit, a cutter, a weld-
ing head or a laser head, for performing all kinds of op-
erations on the sheet, such as deformations, grooves,
holes, cuts, final cutting of the outer edge of the piece
and heating or welding of the sheet, until the desired final
shape of the piece is achieved.

[0023] When punches are used, their size varies ac-
cording to their application and they should preferably
have a spherical point.

[0024] Itis also possible for the first and/or second tool
to rotate on its own axis and for the speed of rotation of
the first and second tool to be the same or different.
[0025] Depending on the particular geometry of each
piece, it is possible to form the sheet in a single step, or
several steps may be necessary. The use of several
stepsresults from the need to increase the plastic forming
limit to achieve angles and geometries that cannot be
achieved in one step.

[0026] The machine can include a lubrication device
that applies lubricant to the sheet, either directly or via
the first or second tool, e.g. by means of an internal tube
leading to a sphere whose rotating movement distributes
the lubricant on the sheet.

[0027] According to the invention, the machine com-
prises a means of fastening that grips the perimeter of
the sheet, forming a frame with a wide opening that de-
fines the working area wherein the tools move as the
piece is being formed. The machine can comprise pie-
zoelectric actuators that grip the sheet at various points
and sensors that detect the stresses on the sheet and
transmit the information to a controller that acts on the
piezoelectric actuators to alter the grip on the sheet, al-
lowing more or less material to flow towards the area that
is being formed.

[0028] The controller will be able to run a program de-
riving from a 3D CAD/CAM program containing the infor-
mation about the positions and speeds of the different
axes of each of the tools and will therefore act by con-
trolling the path and speed of the first and second tool.
The controller can also control the force that must be
exerted by the piezoelectric actuators that grip the sheet.
[0029] The forming process according to the present
invention can therefore consist of the following steps:

- securing the sheet, around its perimeter, by the
means of fastening, leaving the working area of the
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sheet free,

- positioning a first tool within the working area of a
first side of the sheet,

- positioning a second tool within the working area of
the side opposite the first side of the sheet,

- defining the path of the first and second tool using a
CAD/CAM program,

- moving the first tool, according to axes X, Y and Z,
on one side of the sheet and the second tool, ac-
cording to axes X and Y, on the other side of the
sheet, according to the paths defined by the
CAD/CAM program, with a relative movement be-
tween the second tool and the means of fastening,
according to axis Z, to bring about a localised and
incremental deformation of the sheet.

[0030] The forming method preferably comprises the
movement of the second tool, according to axis Z, whilst
the means of fastening remains fixed.

[0031] The forming method additionally comprises the
continuous detection of the stresses on the sheet and
actuation of the means of fastening to alter the gripping
force thereof, according to the stresses detected. Thus,
the sheet can flow to a greater or lesser extent according
to the stresses detected in the deforming areas.

DESCRIPTION OF THE DRAWINGS

[0032] To complement this description and in order to
aid a better understanding of the invention’s character-
istics, according to a preferred practical embodiment
thereof, there is a set of illustrative and non-limiting draw-
ings integral to said description, which are as follows:
Figure 1.  Shows a perspective view of the basic ele-
ments of a sheet-forming machine wherein
the tools consist of respective punches
mounted on heads that are situated on ei-
ther side of the sheet.

Shows a schematic view wherein the move-
ments of the tools shown in the previous fig-
ure can be observed.

Figure 2.

PREFERRED EMBODIMENT OF THE INVENTION

[0033] With reference to the figures, a preferred em-
bodiment of the sheet-forming machine that constitutes
the object of this invention is described below.

[0034] The figures show the basic elements involved
in the operation of forming a piece from a sheet (1) ac-
cording to the invention. Figure 1 shows a schematic
drawing of the machine of the invention, which compris-
es:

- ameans of fastening (2) that grips the sheet around
its perimeter, forming a peripheral frame (5) that de-
termines a large central space corresponding to the
working area of the sheet (1),
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- afirst tool (3), situated on one side of the sheet (1),
- asecond tool (3’), situated on the opposite side to
the first side of the sheet (1).

[0035] The first tool (3) has at least three degrees of
freedom, according to axes X, Y and Z, and the second
tool (3’) has at least two degrees of freedom, correspond-
ing to movements according to axes X and Y, there being
a relative movement according to axis Z between the
second tool (3’) and the means of fastening (2).

[0036] In a preferred embodiment the second tool
moves according to axis Z, whilst the means of fastening
(2) remains fixed, as shown in figure 2.

[0037] The means of fastening (2) of the sheet (1) may
comprise piezoelectric actuators (6) that establish how
the sheet (1) is secured to the peripheral frame (5) with
a variable gripping force, so that depending on the stress
generated on the sheet by the deformation that is occur-
ring, the grip on the sheet can be released, allowing it to
flow towards the deformation area.

[0038] The sheet-forming machine includes a control-
ler (7), which is shown in figure 1, that controls the path
and speed of the first tool (3) and the second tool (3’) and
the force exerted on the sheet (1) by the piezoelectric
actuators (6) to regulate the flow of material in the area
of the sheet (1) that is being deformed.

[0039] The firsttool (3) and/or the second tool (3’) may
comprise punches (3, 3’), which can optionally rotate,
mounted on corresponding heads (4, 4’) that come into
contact with either side of the sheet (1), bringing about
localised deformations followed by incremental move-
ments to form the whole piece.

[0040] Optionally, the first tool (3) and/or the second
tool (3’) additionally has rotating movements 6, ® around
axis X and/or axis Y, respectively.

[0041] Itis also anticipated that the first tool (3) and/or
the second tool (3’) may comprise a bit, a cutter, a laser
head or a welding head.

Claims
1. Sheet-forming machine that comprises:

- a means of fastening (2) that grips a sheet (1),
substantially around its perimeter,

- afirsttool (3) situated on afirst side of the sheet
(OF

- a second tool (3’) situated on the opposite side
to the first side of the sheet,

characterised in that the first tool (3) has at least
three degrees of freedom, corresponding to move-
ments according to axes X, Y and Z, and the second
tool (3’) has at least two degrees of freedom, corre-
sponding to movements according to axes X and Y,
there being a relative movement according to axis Z
between the second tool (3’) and the means of fas-
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tening (2).

2. Sheet-forming machine according to claim 1, char-
acterised in that the second tool (3’) moves accord-
ing to axis Z, whilst the means of fastening (2) re-
mains fixed.

3. Sheet-forming machine according to claims 1 and 2,
characterised in that at least one of the tools (3,
3’) can rotate.

4. Sheet-forming machine according to any of the pre-
vious claims, characterised in that at least one of
the tools (3, 3’) additionally has a rotating movement
6 around axis X.

5. Sheet-forming machine according to any of the pre-
vious claims, characterised in that at least one of
the tools (3, 3’) additionally has a rotating movement
® around axis Y.

6. Sheet-forming machine according to any of the pre-
vious claims, characterisedin thatitincludesacon-
troller (7) that controls the path, speed and move-
ment of the first tool (3) and the second tool (3’), as
well as the force with which the means of fastening
(2) grips the sheet (1).

7. Sheet-forming machine according to claims 1-6,
characterised in that at least one of the tools (3,
3’) comprises a punch.

8. Sheet-forming machine according to claims 1-6,
characterised in that at least one of the tools (3,
3’) comprises a bit.

9. Sheet-forming machine according to claims 1-6,
characterised in that at least one of the tools (3,
3’) comprises a cutter.

10. Sheet-forming machine according to claims 1-6,
characterised in that at least one of the tools (3,
3’) comprises a welding head.

11. Sheet-forming machine according to claims 1-6,
characterised in that at least one of the tools (3,
3’) comprises a laser head.

12. Sheet-forming method that comprises the steps of:

- securing the sheet (1), around its perimeter,
by the means of fastening (2), leaving the work-
ing area of the sheet (1) free,

- positioning a first tool (3) on a first side of the
sheet (1), within said working area of the sheet
(1),

- positioning a second tool (3) on a side opposite
to the first side of the sheet (1), within said work-
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ing area of the sheet (1),

- defining the path of the first and second tool

(3, 3’) using a CAD/CAM program,

- moving the first tool (3), according to axes X,

Y and Z, on one side of the sheet (1) and the &
second tool (3’), according to axes X and Y, on

the other side of the sheet (1), according to the
paths defined by the CAD/CAM program, with a
relative movement between the second tool (3’)

and the means of fastening (2), according to axis 10
Z, to bring about a localised and incremental de-
formation of the sheet (1).

13. Sheet-forming method according to claim 12, char-
acterised in that it comprises the movement of the 75
secondtool (3’), according to axis Z, whilst the means
of fastening (2) remains fixed.

14. Sheet-forming method according to claim 12, char-
acterised in that it comprises the continuous detec- 20
tion of the stresses on the sheet (1) due to the move-
ment of the first and second tools (3, 3’) and the
actuation on the means of fastening (2) to alter the
gripping force thereof, according to the stresses de-
tected. 25
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