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(54) Die for cold-working a sheet made of high-tensile strength material, and related method for 
working said sheet

(57) The present invention relates to a die for cold-
processing a sheet (1) made of high-tensile strength ma-
terial, preferably high-tensile strength steel, said die com-
prising:
- a die block (10) secured to a lower portion of said die;
- a sheet press (20) which can be movably connected to
an upper portion of said die;
- a punch (30) for processing, in particular shearing

and/or punching, the sheet (1);
- heating means (40) adapted to tempering the material
of the sheet (1).
The invention is characterized in that said heating means
(40) are associated with means (50,51,52) for collecting
a scrap (2) obtained after the sheet (1) has been proc-
essed by the punch (30). A method for cold-working a
sheet made of high-tensile strength material is also dis-
closed.
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Description

[0001] The present invention relates to a die for cold-
processing a sheet made of high-tensile strength mate-
rial, in accordance with the preamble of claim 1. Also,
the present invention relates to a related method for
processing a sheet made of high-tensile strength mate-
rial.
[0002] Sheet cold-processing represents one of the
most widespread processes employed for manufacturing
metal components, e.g. in the automotive, household ap-
pliance and general equipment fields.
[0003] In particular, sheet cold-processing includes a
plurality of specific processes, such as shearing and
punching.
[0004] Shearing is a process which allows to cut pre-
arranged flat sheet sections into squares or bands; it is
carried out on a die comprising a fixed die block and a
punch associated with a sheet press, said sheet press
being movably connected to the die. After the sheet press
has been lowered onto the sheet in order to lock it onto
the die block, the punch is activated until it penetrates
the sheet and goes through it, thus cutting the prear-
ranged sheet section.
[0005] As far as punching is concerned, it is carried
out in a manner substantially similar to the shearing proc-
ess; the main difference being that in this case, when the
punch is activated, it penetrates the sheet, removes a
portion of material having a shape substantially matching
the punch cross-section, and then enters into a corre-
sponding opening provided in the die block.
[0006] Following the shearing and/or punching proc-
ess, the removed sheet portion is collected as a scrap
into a suitable portion typically located in the lower portion
of the die, in particular in the lower portion of the die block,
and is then evacuated.
[0007] A remarkable increase has been recently re-
corded in the use of sheets made of high-tensile strength
material, i.e. having a high strength/weight ratio, such as
light and ultra-light alloys and high-tensile strength steels;
an example of such materials is boron steel.
[0008] Such high-tensile strength sheets are difficult
to be cold-processed, in particular by means of the shear-
ing and punching techniques known in the art, since they
are generally characterized by low formability and deter-
mine considerable die wear. As a consequence, high-
tensile strength sheets are usually processed, in partic-
ular cut and/or perforated, by using laser equipment;
however, this latter type of equipment has some draw-
backs, too, in that it is rather costly and delicate.
[0009] Consequently, special dies have been devel-
oped for cold-processing high-tensile strength sheets,
said dies comprising means adapted to heat a portion of
the sheet in order to tempering the high-tensile strength
material and facilitate the shearing and/or punching proc-
ess.
[0010] In particular, Japanese patent application no.
JP2007319912 has disclosed a die for cold-processing

sheets made of high-tensile strength material, said die
comprising a die block secured to the die and a sheet
press movably connected to the die. The sheet press has
an aperture for inserting a punch adapted to perforate
the sheet. In order to allow the tempering of the sheet
material and more easily processed, the sheet press also
features a heating bushing made of conductive material;
said bushing is arranged in said aperture of the sheet
press and in turn comprises an aperture for letting the
punch pass through.
[0011] Consequently, the die described in Japanese
patent application no. JP2007319912 operates as fol-
lows:

- the sheet is positioned onto the die block;
- the press sheet is lowered until it presses the sheet

against the die block;
- the heating bushing, placed in contact with the sheet,

is turned on for a preset time period in order to heat
the sheet;

- the punch is activated in order to perforate the sheet.

[0012] However, the die described in said Japanese
patent application suffers from several drawbacks.
[0013] In particular, since the sheet is heated by means
of a bushing, the heating occurs a fraction of time before
the punch is activated for perforating the sheet; hence,
the tempering of the sheet cannot be optimal, because
a tempering cycle carried out on a high-tensile strength
material must necessarily include a heating period fol-
lowed by an air-cooling period.
[0014] Moreover, since an adequate sheet air-cooling
period is not provided for, all die components in contact
with the heated sheet suffer multiple heating and cooling
cycles, which inevitably impair the mechanical properties
of such components, in particular of the cutting tool rep-
resented by the punch.
[0015] A further drawback of the die described in said
Japanese patent application is that, for the punch to go
through the aperture obtained in the heating bushing,
some clearance must necessarily exist between the heat-
ing bushing and the punch for the purpose of avoiding
any friction between said elements. This inevitably im-
plies that the sheet press cannot be designed in the most
appropriate manner, because said clearance moves the
sheet press away from the point where the sheet must
be sheared or punched by the punch; this distance be-
tween the sheet press and the point where the punch
must be applied does not allow the sheet to be sheared
or punched in the most appropriate manner. This defect
of the sheet press is especially important when a hole
must be made near edges or different slopes of the sheet.
[0016] Another drawback of the die described in the
aforementioned Japanese document is that, in order to
heat the sheet by induction, the bushing must necessarily
be made of conductive material; as known, such a ma-
terial wears out rapidly and is not suitable for making a
sheet press.
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[0017] Yet another drawback of the above-described
die is that the heating means with which it is fitted cannot
be easily adapted for different sheet processing config-
urations; in fact, for the tempering of the sheet and then
processed (sheared and/or punched) according to differ-
ent configurations and/or shapes, it is necessary to fully
modify or change both the sheet press and the heating
bushing. As a consequence, the heating means of the
above-described die cannot be easily applied to existing
dies, since they need to be designed ad hoc and accord-
ing to a predefined shape.
[0018] In this frame, it is the main object of the present
invention to overcome the above-mentioned drawbacks
by providing a die for cold-processing a sheet made of
high-tensile strength material, as well as a related meth-
od for of processing said sheet, so designed as to ensure
an optimal tempering thereof.
[0019] It is another object of the present invention to
provide a sheet for cold-processing a sheet made of high-
tensile strength material and a related method for
processing said sheet which allow the sheet to be ade-
quately cooled in air, thus preventing any die components
from suffering multiple heating and cooling cycles.
[0020] It is a further object of the present invention to
provide a die for cold-processing a sheet made of high-
tensile strength material and a related method for
processing said sheet which allow to prevent the me-
chanical properties of the die components from suffering
any decay, so that such components are not subject to
rapid wear.
[0021] It is yet another object of the present invention
to provide a die for cold-processing a sheet made of high-
tensile strength material and a related method for
processing said sheet which can be easily adapted for
different sheet processing configurations without neces-
sarily having to change the components of said die.
[0022] Said objects are achieved by the present inven-
tion through a die for cold-processing sheets made of
high-tensile strength material and a related method for
processing said sheets incorporating the features set out
in the appended claims, which represent an integral part
of the present description.
[0023] Further objects, features and advantages of the
present invention will become apparent from the follow-
ing detailed description and from the annexed drawings,
which are supplied by way of non-limiting example,
wherein:

- Figs. 1A, 1B, 1C and 1D show the different steps of
a method for cold-processing, in particular shearing
and/or punching, a sheet made of high-tensile
strength material through a first embodiment of a die
according to the present invention;

- Figs. 2A, 2B, 2C and 2D show the different steps of
a method for cold-processing, in particular shearing
and/or punching, a sheet made of high-tensile
strength material through a second embodiment of
a die according to the present invention.

[0024] Figs. 1A to 1D and 2A to 2D show the different
components of a first and a second embodiments, re-
spectively, of a die (not shown as a whole) for cold-
processing a sheet 1 made of high-tensile strength ma-
terial, preferably high-tensile strength steel, according to
the present invention.
[0025] In particular, Figs. 1A to 1D refer to a die for
shearing sheet 1, whereas Figs. 2A to 2D refer to a die
for punching sheet 1. In these drawings, the same refer-
ence numerals are used for designating corresponding
components of the first and second embodiments of the
die according to the present invention.
[0026] Said die comprises:

- a die block 10 secured to a lower portion of said die;
- a sheet press 20 which can be movably connected

to an upper portion of said die;
- a punch 30 for processing, in particular shearing

and/or punching, said sheet 1;
- heating means 40 adapted to temper the material of

sheet 1.

[0027] According to the present invention, said heating
means 40 are associated with means 50, 51, 52 for col-
lecting a scrap 2 obtained after sheet 1 has been proc-
essed by punch 30.
[0028] In particular, said collection means comprise a
chute 50 for collecting scrap 2, said chute 50 featuring
an aperture 51 for inserting said heating means, in par-
ticular an inductor 40.
[0029] Referring now to the first embodiment, illustrat-
ed in Figs. 1A to 1D, it must be pointed out that both
inductor 40 and aperture 51 may have different configu-
rations, so as to allow the tempering of sheet 1 and then
sheared according to a predefined shape.
[0030] In a preferred embodiment of the present inven-
tion, die block 10 comprises supporting elements 11 fitted
with an elastic member 12 for holding sheet 1 uplifted
above die block 10 as said sheet 1 is being tempered.
[0031] As shown in Figs. 2A to 2D, said collection
means comprise an aperture 52 obtained in die block 10
in the area corresponding to said punch 30. When punch-
ing sheet 1, said aperture 52 allows:

- inductor 40 to pass through in order to temper the
material of sheet 1;

- punch 30 to be inserted into die block 10 in order to
remove a portion of material having a shape sub-
stantially matching the cross-section of punch 30
from sheet 1;

- scrap 2 resulting from the punching of sheet 1 to be
unloaded.

[0032] According to the present invention, the method
for cold-processing, in particular shearing and/or punch-
ing, a sheet 1 made of high-tensile strength material com-
prises the following steps:
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a) positioning said sheet 1 onto a die block 10 of a die;
b) inserting heating means, in particular an inductor
40, into an aperture 51 of a chute 50 for collecting a
scrap 2 obtained by processing sheet 1;
c) activating said heating means 40 for heating said
sheet 1 up to a preset temperature;
d) withdrawing said heating means 40 through said
aperture 51 down to an area underneath said chute
50;
e) waiting for a predetermined period of time for sheet
1 to be air-cooled and for tempering the material of
said sheet 1;
f) lowering a sheet press 20 for locking said sheet 1
onto said die block 10;
g) activating a punch 30 for processing sheet 1.

[0033] In a preferred embodiment of the present inven-
tion, during said step a) sheet 1 is positioned onto sup-
porting elements 11 fitted with an elastic member 12 for
holding sheet 1 uplifted above die block 10 as said sheet
1 is being tempered.
[0034] In addition, said steps b) and d) may provide
for inserting heating means 40 into an aperture 52 ob-
tained in die block 10, in particular said insertion into ap-
erture 52 being carried out for punching sheet 1.
[0035] It is also clear that the preceding steps of the
method according to the present invention may be han-
dled by a control system, in particular an electronic pro-
grammable and/or preselectable one, which can be con-
nected electrically and/or mechanically to the die for cold-
processing sheets made of high-tensile strength materi-
al.
[0036] The advantages of a die for cold-processing
sheets made of high-tensile strength material and of a
related method for processing said sheets according to
the present invention are apparent from the above de-
scription.
[0037] In particular, one of such advantages is that an
optimal tempering of the sheet is achieved because the
activation of punch 30 for processing sheet 1 does not
occur immediately after said sheet 1 has been heated;
on the contrary, sheet 1 is allowed to cool in air for an
optimal period of time.
[0038] Another advantage is that, since sheet 1 is al-
lowed to cool adequately in air, the die components are
not subject to multiple heating and cooling cycles which
would impair the mechanical properties thereof, in par-
ticular of punch 30.
[0039] A further advantage is that sheet press 20 acts
exactly where sheet 1 must be sheared or perforated by
punch 30; this allows to obtain an optimal shearing and/or
punching of sheet 1, even when a hole must be made
near edges or different angles of said sheet 1.
[0040] An additional advantage is that sheet press 20
can be made of a material not subject to wear, since it is
not required to include portions made of conductive ma-
terial.
[0041] Yet another advantage offered by the die ac-

cording to the present invention is that it can be easily
adapted for different sheet processing configurations and
can comprise heating means which may be easily asso-
ciated with existing dies, since it is not necessary to totally
modify or change the pre-existent components of said
die.
[0042] It is apparent that the present invention is not
limited to the die for cold-processing sheets made of high-
tensile strength material and to the related method for
processing said sheets as described above, but may be
subject to many modifications, improvements or replace-
ments of equivalent parts and elements without departing
from the inventive idea, as clearly specified in the ap-
pended claims.

Claims

1. Die for cold-working a sheet (1) made of high-tensile
strength material, preferably high-tensile strength
steel, said die comprising:

- a die block (10) secured to a lower portion of
said die;
- a sheet press (20) which can be movably con-
nected to an upper portion of said die;
- a punch (30) for working, in particular shearing
and/or punching, the sheet (1);
- heating means (40) adapted to tempering the
material of the sheet (1),

characterized in that said heating means (40) are
associated with means (50, 51, 52) for collecting a
scrap (2) obtained after the sheet (1) has been proc-
essed by the punch (30).

2. Die according to claim 1, characterized in that said
collecting means comprise a chute (50) for collecting
the scrap (2), said chute (50) featuring an aperture
(51) for inserting said heating means (40).

3. Die according to claim 1, characterized in that said
heating means comprise an inductor (40).

4. Die according to claim 1, characterized in that said
collecting means comprise an opening (52) obtained
in the die block (10) in the area corresponding to said
punch (30).

5. Die according to claim 1, characterized in that said
die block (10) comprises supporting elements (11)
fitted with an elastic member (12) for holding the
sheet (1) uplifted above the die block (10) as said
sheet (1) is being tempered.

6. Method for cold-working, in particular shearing
and/or punching, a sheet (1) made of high-tensile
strength material, said method comprising the fol-

5 6 



EP 2 181 782 A1

5

5

10

15

20

25

30

35

40

45

50

55

lowing steps:

a) positioning said sheet (1) onto a die block (10)
of a die;
b) inserting heating means, in particular an in-
ductor (40), into an aperture (51) of a chute (50)
for collecting a scrap (2) obtained by the
processing of the sheet (1);
c) activating said heating means (40) for heating
said sheet (1) up to a preset temperature;
d) withdrawing said heating means (40) through
said aperture (51) down to an area underneath
said chute (50);
e) waiting for a predetermined period of time for
the sheet (1) to be air-cooled and for the tem-
pering of the material of said sheet (1) ;
f) lowering a sheet press (20) for locking said
sheet (1) onto said die block (10);
g) activating a punch (30) for working the sheet
(1).

7. Method according to claim 6, characterized in that
said step a) is accomplished by positioning said
sheet (1) onto supporting elements (11) fitted with
an elastic member (12) for holding the sheet (1) up-
lifted above the die block (10) as said sheet (1) is
being tempered.

8. Method according to claim 6, characterized in that
said steps b) and d) are accomplished by inserting
said heating means (40) into a hollow (52) obtained
in the die block (10), in particular for punching the
sheet (1).

9. Method according to one or more of claims 6 to 8,
characterized in that said steps are handled by a
control system, in particular an electronic program-
mable and/or preselectable one, which can be con-
nected electrically and/or mechanically to the die.

10. Die for cold-working a sheet (1) made of high-tensile
strength material, preferably high-tensile strength
steel, and related method for cold-working said sheet
(1) according to the innovative teachings of the
present description and of the annexed drawings,
which represent a preferred embodiment of the
claimed invention.
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