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Description

[0001] The invention relates to forming apparatuses
and methods, in particular it relates to an apparatus and
a method for making objects by compression forming of
a thermoformable sheet material.
[0002] A known forming apparatus, associable with a
thermoforming machine, typically comprises a mould
consisting of a die and a punch. The die is provided with
a least one cavity configured for receiving, in a forming
step, the sheet material and is shaped with the external
shape of the object to be made.
[0003] The punch is in turn shaped in such a manner
as to compress the sheet inside the cavity and, in coop-
eration with the cavity, to make the object. In particular,
in the forming step, the punch is movable towards the
die and engages with the cavity so as to deform the sheet
material. The latter is previously heated to a softening
temperature that permits the plastic deformation thereof,
increasing the plasticity and deformability thereof.
[0004] The die is provided with conduits within which
a fluid flows that is arranged for cooling the sheet material
once it is deformed inside the cavity so as to bestow
suitable mechanical features on the object made.
[0005] The forming apparatus can comprise a contain-
ing element, so-called bell, which encloses the punch
and bounds a closed work zone. More precisely, the bell
abuts and compresses the sheet material against the die,
defining the work zone that is substantially isolated from
the external environment and into which compressed and
heated air can be introduced that assists the punch to
make the sheet material adhere better to the walls of the
cavity.
[0006] The forming apparatus is typically associated
with a forming machine comprising a plurality of operating
stations through which the thermoformable sheet mate-
rial unwound from a reel is advanced by suitable ad-
vancement means.
[0007] The operating stations comprise, for example,
upstream and downstream of the forming station provid-
ed with the forming apparatus, respectively a preheating
station, in which the sheet material is heated to a preset
softening temperature, and a cooling station, in which
the formed object is cooled and thermally stabilised to
ensure suitable resistance to mechanical stress.
[0008] The objects made with the known thermoform-
ing apparatuses disclosed above are easier to make and
cheaper than objects obtained by extrusion or injection
moulding processes.
[0009] The thickness of the sheet material is chosen
in such a manner as to ensure suitable features of resist-
ance and toughness for the object made. Nevertheless,
owing to the thicknesses generally used and the mechan-
ical features of the sheet material once it has been ther-
moformed and cooled, some operations on the aforesaid
material are difficult to perform. In particular, it is generally
difficult to make perforations or incisions, unless sheets
of material with a very reduced thickness are used, which

thickness is insufficient for making stiff, resistant and
tough objects.
[0010] In the field of capsules or containers for prepar-
ing beverages in automatic dispensing machines, the
need is known to be able to perforate easily a capsule
containing a (percolable, soluble, infusion) product to en-
able pressurised liquid, typically water, to be mixed with
the product and the obtained beverage to exit. In partic-
ular, the capsules have to be perforable by suitable
means of the dispensing machine and/or by cooperation
between the capsule and such suitable means.
[0011] The capsules typically comprise a container in
the shape of a cup closed above by a cover.
[0012] The capsules and the covers made by a ther-
moforming process are not, however, generally perfora-
ble, as the thicknesses of the sheet material that would
permit boring thereof would be insufficient to ensure the
stability and the resistance of the capsule during injecting
of the pressurised fluid at high temperatures.
[0013] For this purpose, capsules are used that are
closed by a sheet of aluminium or plastic film that are
easily perforable and/or are provided with a hole on the
bottom wall (the bottom being made during thermoform-
ing), which hole is also closed by a film of aluminium or
of plastics.
[0014] Alternatively, capsules and covers have to be
used that are produced by injection moulding processes
that enable portions of the object to be made that have
a reduced thickness and mechanical features that are
such as to enable a perforation or incision to be made
on such objects. Nevertheless, such objects are partic-
ularly costly because of the process and the plastics to
be used for the injection moulding.
[0015] GB 1136613 discloses a method of molding ar-
ticles from thermoplastic resin sheet material, compris-
ing: extruding a thermoplastic resin in a sheet form; feed-
ing the freshly extruded sheet whilst still in a plastic state
from the extruder to a position between two halves of a
mold, one of which halves defines a molding surface, and
at least one of which halves has a ridge enveloping the
peripheral contours of the article to be molded in such a
manner that the edges of the sheet and the mold halves
form a substantially gas-tight fit; forming the sheet into
the shape defined by the molding surface by creating a
pressure differential between the side of the sheet and
separating the two halves of the mold to remove the mold-
ed article.
[0016] FR1407394 discloses a process for producing
containers having a hinged lid, such as cigarette boxes,
comprising: sharing the body and the lid of each box from
a single sheet of thermoplastic material in adjacent molds
by intervention of a gas pressure and compressing the
portion of the sheet of material between the molds so as
to form the hind in the form of a reduced thickness area.
[0017] US3236373 discloses a shallow container of a
thermoplastic material, comprising contiguous thermo-
formed cover and base portions united by a hinged joint
of a foamed thermoplastic polymer layer integral with at
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least one unfoamed non-porous skin of said polymer and
wherein oriented leafing pigment is dispersed throughout
said polymer, said pigment being more concentrated on
the exterior surfaces of the container.
[0018] US3611500 discloses a forming die assembly
for forming articles in a continuous web of foam plastic,
comprising: die forming means, including first and sec-
ond cooperative die forming elements movable toward
each other into operative relationship, to form a foam
web segment into a three dimensional article; peripheral
blade means around one of said elements and shiftable
to cut through the foam web around a formed article; a
cooperative blade abutment surface on the other ele-
ment; web segment compression means comprising
shallow recess means in at least one of (a) said blade
and (b) said blade abutment surface, having a depth
which is only a small fraction of the thickness of the foam
web, to cause the peripheral severance of a formed foam
article to be discontinuous and with the foam web seg-
ments separating the discontinuous cuts being com-
pressed, and special means adjacent said forming ele-
ments for creating stress relief features in the web during
the forming and cutting steps.
[0019] WO2007/101868 discloses a process for the
production of a three-dimensionally shaped sandwich
structure, comprising the steps of:

- providing at least a core layer (2) for the sandwich
structure which comprises a compressible core ma-
terial;

- positioning said core layer (2) in a compression
mould (7, 9) between a first (6) and a second mould
surface (8) thereof, the first mould surface (6) being
formed by a first mould section (7) and the second
mould surface (8) by a second mould section (9), the
first and second mould sections (7, 9) being movable
with respect to one another between a moulding and
a demoulding position; and

- bringing the mould sections (7, 9) into their moulding
position to mould said core layer (2) into a three-
dimensional shape between the first and the second
mould surfaces (6, 8); the core layer (2) having two
opposite main faces which are covered before and/or
after the moulding step with at least one layer of a
covering material 3, 4, 5) to achieve said sandwich
structure, characterised in that at least said first
mould section (7) is composed of at least two mutu-
ally movable mould parts (10 and 11 -13), including
at least a first (10) and a second mould part (11 -13)
forming respectively a first and a second portion of
said first mould surface (6), and in that, when bringing
the mould sections (7, 9) into their moulding position,
a first portion of the core layer (2) is deep-drawn by
moving the first mould part (10) towards its moulding
position so that wrinkles are formed in the core layer
(2), the formation of said wrinkles being enhanced
by moving the second mould part (11 -13) later
and/or more slowly than the first mould part (10) to-

wards its moulding position.

[0020] One object of the present invention is to improve
known methods and apparatuses to make objects form-
ing a thermoformable sheet material.
[0021] Another object is to make a method and an ap-
paratus that enable objects to be formed that have high
mechanical resistance and robustness features and is at
the same time provided with easily perforable weakened
portions.
[0022] A still other object is to make a method and an
apparatus that enable objects to be formed that are pro-
vided with weakened portions having precise and accu-
rate thickness values.
[0023] A still further object is to obtain a forming appa-
ratus that is constructionally simple.
[0024] Still another object is to obtain a forming method
and an apparatus that enable the production costs of the
objects to be lowered.
[0025] In a first aspect of the invention a method is
provided for making objects according to claim 1.
[0026] In a second aspect of the invention an appara-
tus is provided according to claim 7.
[0027] In a third aspect of the invention a forming ma-
chine is provided according to claim 18.
[0028] The invention can be better understood and im-
plemented with reference to the attached drawings that
illustrate some embodiments thereof by way of non-lim-
iting examples, in which:

Figure 1 is a schematic cross section of a forming
apparatus according to the invention in a first oper-
ating configuration;
Figure 2 is a schematic cross section of the appara-
tus in Figure 1 in a second operating configuration;
Figure 3 is a schematic cross section of the appara-
tus in Figure 1 in a third operating configuration;
Figure 4 is a partial enlarged view of a detail of the
apparatus in Figure 3;
Figure 5 is a plan view of an object, in particular a
cover, made with the forming apparatus in Figure 1;
Figure 6 is a cross section according to the line VI-
VI in Figure 5;
Figure 7 is a cross section of the cover in Figure 5
associated with a container that is also makable with
a version of the forming apparatus of the invention;
Figure 8 is a partial and enlarged view of the object
in Figure 5 that illustrates a perforation made on a
portion thereof with a tip of conical shape.
Figure 9 is an histogram that shows a frequency dis-
tribution of a material thickness obtainable by the
method and the apparatus of the invention.
Figure 10 is a schematic cross section of a variant
of the forming apparatus according to the invention
in a third operating configuration.

[0029] With reference to figures 1 to 3 a forming appa-
ratus 1 is shown for compression-forming an object 50,
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shown in figure 4, from a thermoformable sheet material
40.
[0030] The object 50 comprises, for example, a cover
that is usable for closing a container, as illustrated in fig-
ure 7.
[0031] The apparatus 1 can be associated with a form-
ing machine, which is not shown, comprising a plurality
of work stations, including a forming station with which
the apparatus 1 and other stations preceding and follow-
ing the forming station are associated. For example, up-
stream of the forming station a heating station of the sheet
material 40 can be provided to bring the sheet material
40 to high temperatures that are such as to enable the
sheet material 40 to be softened and plastically deformed
in the subsequent forming station. The sheet material 40
is heated to a temperature comprised between 100 °C
and 180 °C, in particular between 140 °C and 165 °C.
[0032] The apparatus 1 of the invention comprises die
means 2 provided with cavity means 4 and forming
means 3 cooperating with the cavity means 4 to form the
objects 50. In the embodiment shown in the figures the
forming means comprises punch means 3.
[0033] The die means comprises a die 2 that is mov-
able along a movement direction B that is substantially
orthogonal to the sheet material 40 and to an advance-
ment direction A thereof inside the forming apparatus.
[0034] The cavity means comprises at least one cavity
4 having a shape formed to correspond to that of the
object 50 to be formed. The punch means comprises at
least one shaped punch 3 having a shape that is com-
plementary to that of the cavity 4 in such a manner as to
shape the object 50 by compression.
[0035] The apparatus 1 is further provided with crush-
ing punch means 5 comprising at least one crushing
punch interacting and cooperating with the die 2 for com-
pressing a first portion 41 of the sheet material 40 before
the forming step in order to reduce and weaken the thick-
ness thereof, modify a structure of the material thereof,
as explained in greater detail further on in the description.
For this purpose, the die 2 comprises abutting means 6
that is suitable for supporting the aforesaid first portion
41 of sheet material and cooperating with the crushing
punch 5 to compress the latter. The abutting means 6
comprises in the specific case a ridge provided inside
the cavity 4.
[0036] The crushing punch 5 is maintained cooled, i.e.
maintained at a temperature, in particular comprised be-
tween 15 °C and 40 °C, such as to locally cool the first
portion 41 and to obtain a structure of said sheet material
40 substantially in amorphous phase at the first portion
41. It is noted that the temperature of the crushing punch
5 is considerably lower than the temperature of the sheet
material 40 that is heated to a temperature between 100
°C and 180 °C, particularly between 140 °C and 165 °C.
[0037] The crushing punch 5 may be cooled by corre-
spondent cooling means, not shown in the figures, and
comprising internal conduits for the passage of a cooling
fluid or comprising materials with high thermal conduc-

tivity.
[0038] The crushing punch 5 comprises an end wall
5a, e.g. of substantially circular shape, that presses the
first portion 41 of sheet material 40 against a correspond-
ing abutting wall 6a of the abutting means 6, e.g. a wall
that also has a circular shape. The end wall 5a is con-
nected to a side wall 5b, for example a cylindrical wall,
by a connecting portion 5c of round shape.
[0039] The surface roughness of the end wall 5a of the
crushing punch 5 is lower than 0.4 mm, in particular lower
than 0.2 mm.
[0040] The die 2 is provided with conduits 8 for the
passage of a cooling liquid suitable for cooling external
surfaces of the cavity 4 and of the abutting means 6. In
this manner, the material 40 adhering to the aforesaid
external surfaces during forming can be quickly cooled
to acquire the required mechanical features.
[0041] The cooled external surfaces of the abutting
means 6 cooperate with the crushing punch 5 to locally
cool the first portion 41 and to make the amorphous
phase structure of the sheet material.
[0042] The forming means 3 operates on a second por-
tion 42 of the sheet material 40 contiguous to the first
portion 41. In particular, with reference to the embodi-
ment shown in the figures, the second portion 42 sur-
rounds the first portion 41 and substantially forms the
body of the object 50.
[0043] The apparatus further comprises containing
means 10 that includes a containing element, a so-called
bell, arranged for pressing the sheet material 40 against
a supporting wall 7 of the die 2 and retaining the sheet
material 40 before forming. On the supporting wall 7 the
cavity 4 opens.
[0044] The containing element 10 defines a work vol-
ume 11 containing the punch 3 and the crushing punch
5. The forming means further comprises delivering
means 12 that delivers inside the work volume 11 a pres-
surised fluid arranged to make sheet material 40 adher-
ent to walls of the cavity 4.
[0045] The crushing punch 5 is fixed to the containing
element 10 in such a manner as to abut upon the first
portion 41 of sheet material 40 and press the first portion
41 against the abutting means 6 when the die 2 is raised
along the movement direction B and compresses the
aforesaid sheet material 40 against a compression plate
13 of the containing element 10.
[0046] In particular, the crushing punch 5 is fixed in an
adjustable manner to the containing element 10 so as to
vary a thickness or amount of crushing d1 of the first
portion 41 (Figure 4). In other words, it is possible to vary
the position of the end wall 5a of the crushing punch 5
with respect to an abutting face 13a of the compression
plate 13, this determining a lower or greater crushing of
the first portion 41 against the abutting wall 6a of the
abutting means 6.
[0047] In one embodiment of the apparatus that is not
illustrated in the figures, the crushing punch 5 is mounted
movably with respect to the containing element 10 and
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independently of the punch 3. In this embodiment, the
punch 3 and the crushing punch 5 are driven by respec-
tive and independent actuating means, that is of known
type and is not illustrated in the figures.
[0048] The operation of the forming apparatus 1 and
the corresponding forming method or process provide in
a first step the advancement along the advancement di-
rection A of the sheet material 40, which has been pre-
viously heated to a temperature that is sufficient to soften
the sheet material 40, inside the forming apparatus 1.
The latter is arranged in a first operating configuration
W1 in which the die 2, the containing element 10 and the
punches 3, 5 are spaced away from the sheet material
40 to enable sheet material to slide.
[0049] In a second step, the die 2 is moved along the
movement direction B such that the sheet material 40 is
compressed by the supporting wall 7 against the com-
pression plate 13 of the containing element 10 and the
first portion 41 of sheet material 40 is compressed and
crushed between the abutting means 6 and the crushing
punch 5, in a second operating configuration W2 of the
apparatus 1.
[0050] In this second operating configuration W2, the
relative position between the crushing punch 5 and the
abutting means 6 and the force exerted by the latter on
the first portion 41 of sheet material 40 is such as to re-
duce the thickness thereof to a desired value d1.
[0051] The compression and crushing effect exerted
by the crushing punch 5 and by the abutting means 6 not
only leads to a reduction of the local thickness of the
material, but also to a substantially radial or rayed orien-
tation of the fibres or chains of molecules that comprise
the structure of the plastics. This orientation is due to
both the pressure exerted by the crushing punch 5 and
to the circular shape of the end wall 5a of the latter.
[0052] The proper orientation of the fibres of plastics
is also promoted by the reduced surface roughness of
the end wall 5a of the crushing punch 5 (roughness lower
than 0.4 mm, in particular lower than 0.2 mm). This surface
finishing also prevents, during compression and crush-
ing, surface layers of the sheet material to be damaged
or wrecked (for example with micro-cracking or micro-
incisions), this determining an alteration of the mechan-
ical characteristics of the material at the first portion 41.
[0053] Since the crushing punch 5 is maintained at a
temperature comprised between 15 °C and 40 °C and/or
the abutting means 6 as well as the cavity 4 is cooled by
the cooling liquid that flows in the conduits 8 of the die
2, the first portion 41 of sheet material whilst it is com-
pressed and crushed between the crushing punch 5 and
the abutting means 6 it is also cooled.
[0054] As known, the plastic polymer materials usually
used in thermoforming (PP, PVC, PE, PET, PA, PS, PLA,
starch-based biodegradable plastics, bio-based polymer
materials such as, for example, PE and/or PP and/or PA
obtained from renewable resources, biodegradable re-
sources obtained from a microbial source such as, for
example, PHA and the like) are formed of long chains of

molecules the orientation of which can be modified by
plastic processing such as lamination, extrusion and the
like. The structure of these materials can be further mod-
ified, after heating to a temperature in which the vitreous
transition of the material occurs (so-called softening tem-
peratures), from the cooling speed. In the case of poly-
propylene (PP), for example, at high cooling speeds, at
the end of the forming process the material has a struc-
ture that is substantially in an amorphous step with limited
portions in the crystalline step. The amorphous phase
gives the material plastic elasticity and resistance.
[0055] At low cooling speeds, at the end of the forming
process the material has a structure that is mostly in crys-
talline phase and to a more limited extent in an amor-
phous phase. The crystalline phase in this case gives
lesser elasticity and greater fragility.
[0056] The aforesaid sheet plastics can be single-lay-
ered or multilayered, according to the specific applica-
tions.
[0057] Experimental tests conducted by the applicant
have shown that the radial orientation obtained from the
compression exerted by the crushing punch and the rapid
cooling guaranteed by the crushing punch 5 and/or by
the abutting means 6 enable a first portion 41 of sheet
material 40 to be obtained that has a structure that is
substantially weakened that can be easily torn, perforat-
ed or pierced, for example by a tip of conical shape. The
rapid cooling, in particular, enables a structure of the ma-
terial elastic and hardly fragile to be obtained, owing to
which it is possible to achieve perforation without the un-
desired detachment of particles, fragments, splinters of
material.
[0058] Figure 8 illustrates the effects of this perforation
on an object 50 obtained by thermoforming a sheet ma-
terial of polypropylene having a 1.2 mm thickness and in
which a weakened portion 51 of the object 50 formed by
the first portion 41 of sheet material 40 compressed by
the crushing punch 5, has been reduced in thickness to
a value d1 equal to 0.3-0.75 mm, in particular equal to
0.3-0.4 mm. As is noted, the fracture 52 generated by a
conical tip has a substantially radial pattern, i.e. accord-
ing to the local orientation of the molecular chains of the
structure of the material.
[0059] The effect of the compression is clear, consid-
ering that the sheet material that has the same thickness
as that of the first portion 41 (i.e. 0.3-0.75 mm) and is not
subject to local compression by the crushing punch 5 is
very difficult to perforate and requires the use of higher
compression forces.
[0060] It is appropriate to point out that owing to the
shape of the crushing punch 5 - and in particular of the
end wall 5a and of the connecting portion 5c of round
shape - crushing the first portion 41 does not damage or
tear an intermediate barrier layer that may be provided
in the sheet material 40 of multilayered type. The inter-
mediate barrier layer is of known type, for example
EVOH. In this manner, the integrity of the material and
in particular of the barrier layer is guaranteed also at the
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first portion 41.
[0061] In a third step of the forming process (forming
step), in which the forming apparatus is in a third oper-
ating configuration W3, the punch 3 of the forming means
is moved along the movement direction B towards the
die 2 in such a manner as to progressively compress the
sheet material 40 inside the cavity 4 and form the object
50, whilst the crushing punch 5 keeps compressed and
crushed the first portion 41 against the abutting means
5. In particular, the punch 3 operates on the second por-
tion 42 of the material sheet 40 that is contiguous and
surrounds the first portion 41.
[0062] At the end of compression, or before the punch
3 is lowered completely, hot pressurised air can be de-
livered inside the work volume 11 to facilitate adhesion
of the sheet material 40 to the walls of the cavity 4.
[0063] It should be observed that compressing and
crushing the first portion 41 of the material sheet 40 be-
fore the forming step (third step) of the object 50 and
maintaining this first portion 41 compressed and crushed
during this forming step, helps in obtaining the desired
thickness d1 requested in said first portion 41 with high
precision and accuracy.
[0064] Experimental texts have shown that objects 50
having first portions 41 substantially with the same thick-
nesses d1 can be made thanks to the apparatus and the
method of the invention.
[0065] The histogram of figure 9 shows the results of
a test performed on a sample of 100 pieces on which the
compression and the crushing of a portion to a nominal
value of 0.35 mm has been made, the sheet material
having a starting thickness of 1.2 mm. It is observed that
more than 70% of pieces have, at the crushed portion, a
thickness comprised between 0.34 mm and 0.37 mm and
mostly all pieces have a thickness comprised between
0.32 mm and 0.39 mm. The histogram shows the stability
and repeatability of the compression and crushing proc-
ess of the portion of sheet material.
[0066] Owing to the apparatus and to the forming meth-
od of the invention it is thus possible to make, by ther-
moforming of a sheet material, in particular single or mul-
tilayered polymer plastics, objects having great mechan-
ical features of resistance and toughness that are at the
same time provided with one or more weakened, easily
perforable, tearable, breakable portions. In other words,
it is possible to make objects that are traditionally obtain-
able only by injection moulding processes, this enabling
production costs to be reduced significantly.
[0067] A weakened portion is obtained by local com-
pression, made by a suitably shaped punch (crushing
punch) and a simultaneous cooling process. By virtue of
the pressure exerted by the punch and of the particular
circular shape and surface finishing of the end wall there-
of, it is possible, at the weakened portion, not only to
reduce the thickness of the material but also to obtain a
substantially radial or rayed orientation of the fibres or
chains of molecules that make up the structure of the
plastics. The reduced thickness and the radial orientation

weaken the structure of the material, which can be more
easily perforated or torn, for example by a tip.
[0068] Further, by rapidly cooling the weakened por-
tion, in particular in the case of polypropylene, a structure
is obtained that is substantially in an amorphous phase
with limited portions in a crystalline phase, i.e. a structure
that gives the plastics elasticity and resistance. Owing to
this structure it is possible to make a perforation without
having an undesired detachment of particles, fragments,
splinters of material.
[0069] The forming apparatus and method of the in-
vention further enable objects provided with weakened
portions having precise and accurate thickness values
to be made. In particular, it is possible to obtain a desired
thickness requested in said weakened portions with high
precision and accuracy.
[0070] It should be eventually noted that the forming
apparatus of the invention is constructionally simple be-
cause it requires only the crushing punch 5 to be inserted
that can be fixed directly to the containing element 10.
[0071] Figure 10 shows a variant of the forming appa-
ratus of the invention that differs from the embodiment
above described and illustrated in Figures 1-4, in that the
forming means does not comprise punch means but it
comprises delivering means 12 that introduces a pres-
surized fluid (hot air) into the work volume 11, this fluid
being arranged so as the sheet material 40 adheres to
the walls of the cavity 4 and thus forms the object 50.
[0072] Also in this variant of the apparatus 1, during
the third step (forming step), in which the forming appa-
ratus is in the third operating configuration W3, while the
pressurized fluid is being introduced into the work volume
11, the crushing punch 5 keeps the first portion 41 com-
pressed and crushed against the abutting means 6.
[0073] Figures 5 to 7 illustrate schematically, and by
way of non-limiting example, an object 50 that is makable
with the forming apparatus and method according to the
invention that are disclosed above. The object comprises
a cover or cap 50 that is usable for closing a container
60. The latter is, for example, a capsule for automatic
dispensing machines that is suitable for containing a per-
colable or soluble or infusion product.
[0074] The cover 50 comprises one annular cavity 55
that defines a, for example eccentric, protrusion 56 on
the summit of which a weakened portion 51 is provided
that is formed by the first portion 41 of sheet material 40
compressed by the crushing punch 5. This weakened
portion 51 of the cover 50, by virtue of the local features
of the plastics, can be easily perforated by suitable dis-
pensing means of an automatic beverage machine.
[0075] The container 60 can also be made by the form-
ing apparatus of the invention provided in this case with
a die and with punches that are suitably shaped in such
a manner as to make on a bottom wall 62 of said container
a respective weakened portion 61 that can be easily per-
forated by suitable extraction means of an automatic ma-
chine and/or by cooperation of the bottom wall 62 of said
container 60 with suitable means for opening the capsule.
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Also in this case, the respective weakened portion 61 of
the container 60 is made by compressing and crushing
a corresponding portion of sheet material by means of a
suitable crushing punch.
[0076] It is obvious that the forming apparatus and
method of the invention can be used to form a thermo-
formable sheet material so as to make objects of any
shape and provided with one or more weakened portions
that are arranged to be easily perforated, pricked or torn.

Claims

1. Method for making objects (50) by forming a ther-
moformable sheet material (40), comprising forming
said objects (50) by interaction of die means (2) and
forming means (3; 12), said method being charac-
terised by compressing and crushing a first portion
(41) of said sheet material (40) by crushing punch
means (5) before said forming and maintaining said
first portion (41) crushed during said forming to re-
duce a thickness thereof and to orientate chains of
molecules that compose a structure of said sheet
material (40) at said first portion (41) so as to weaken
said structure and make said first portion (41) weak-
ened, in particular easily perforable, tearable and
breakable, maintaining said crushing punch means
(5) at a temperature comprised between 15 °C and
40 °C, so as to locally cool said first portion (41) and
to obtain a structure of said sheet material (40) at
said first portion (41) in a substantially amorphous
phase.

2. Method according to claim 1, wherein said orientat-
ing comprises orientating in a substantially radial or
rayed manner, said chains of molecules that com-
pose the structure of said sheet material (40) at said
first portion (41).

3. Method according to claim 1 or 2, wherein said sheet
material is selected from a single or multilayered pol-
ymeric plastic material, in particular PP, PVC, PE,
PET, PA, PS, PLA, biodegradable plastic starch
based materials, bio-based polymeric materials
such as for example PE and/or PP and/or PA ob-
tained from renewable sources, biodegradable plas-
tic materials from microbial source such as for ex-
ample PHA.

4. Method according to any preceding claim, wherein
during said compressing and crushing, rapidly and
locally cooling said first portion (41) of sheet material
(40) is provided, in particular through said crushing
punch means (5), so as to obtain at said first portion
(41) a structure in a substantially amorphous phase.

5. Method according to any preceding claim, wherein
said forming comprises forming a second portion

(42) of said sheet material (40) contiguous to said
first portion (41).

6. Method according to any preceding claim, wherein
before said forming said sheet material (40), heating
said sheet material at a temperature comprised be-
tween 100 °C and 180 °C, in particular between 140
°C and 165 °C, is provided.

7. Apparatus for making objects (50) by forming a ther-
moformable sheet material (40), said apparatus
comprising:

- die means (2) provided with cavity means (4);
- forming means (3; 12) cooperating with said
cavity means (4) to form said objects (50) in a
forming step;
said apparatus being characterized in having a

- crushing punch means (5) cooperating
with said die means (2) for compressing and
crushing a first portion (41) of said sheet
material (40) before said forming step and
maintaining said first portion (41) crushed
during said forming step so as to reduce a
thickness thereof and orientate chains of
molecules that compose a structure of said
sheet material (40) at said first portion (41);

and

- containing means (10) for pressing said
sheet material (40) against a supporting
wall (7) of said die means (2) and that de-
fines a work volume (11) containing at least
said crushing punch means (5), said crush-
ing punch means (5) being fixed to said con-
taining means (10),

wherein said crushing punch means (5) is main-
tainable at a temperature comprised between
15 °C and 40 °C, so as to locally cool said first
portion (41) and to obtain a structure of said
sheet material (40) at said first portion (41) in a
substantially amorphous phase.

8. Apparatus according to claim 7 , wherein said crush-
ing punch means (5) is fixed in an adjustable manner
to said containing means (10) to vary a thickness
(d1) of crushing said first portion (41).

9. Apparatus according to claim 7 or 8 , wherein said
forming means (3; 12) operates on a second portion
(42) of said sheet material (40) contiguous to said
first portion (41).

10. Apparatus according to any one of claims 7 to 9 ,
wherein said forming means comprises punch

11 12 



EP 2 846 980 B1

8

5

10

15

20

25

30

35

40

45

50

55

means (3) cooperating with said cavity means (4).

11. Apparatus according to any one of claims 7 to 10 ,
wherein said die means (2) comprises abutting
means (6) to support said first portion (41) of said
sheet material (40) and cooperate with said crushing
punch means (5) to compress and crush said first
portion (41) of said sheet material (40).

12. Apparatus according to any one of claims 7 to 11
wherein said die means (2) is provided with conduits
(8) for the passage of a cooling liquid suitable for
cooling 1140867 BE_Amended Claims_Clean copy
external surfaces of said cavity means (4) and/or of
abutting means (6) of said die means (2).

13. Apparatus according to any one of claims 7 to 12 ,
wherein said forming means comprises delivering
means (12) to deliver inside said work volume (11)
a pressurised fluid arranged to make said sheet ma-
terial (40) adherent to walls of said cavity means (4)
and form said objects (50).

14. Apparatus according to any one of claims 7 to 13,
wherein said crushing punch means comprises a
least one crushing punch (5) provided with an end
wall (5a) intended for abutting on and compressing
said first portion (41) of said sheet material (40) and
having, in particular, substantially circular shape.

15. Apparatus according to claim 14 , wherein said end
wall (5a) has substantially circular shape and is con-
nected to a side wall (5b) of said crushing punch (5)
by a connecting portion (5c) of round shape.

16. Apparatus according to claim 14 or 15 , wherein said
end wall (5a) has a surface roughness lower than
0.4 mm, in particular lower than 0.2 mm.

17. Apparatus according to any one of claims 7 to 16 ,
wherein said sheet material comprises one of a sin-
gle or multilayered polymeric plastic material, in par-
ticular PP, PVC, PE, PET, PA, PS, PLA, biodegrad-
able plastic starch based material, bio-based poly-
meric material, in particular PE and/or PP and/or PA
obtained from renewable sources, biodegradable
plastic material obtained from microbial source such
as for example PHA.

18. Thermoforming machine for making objects (50) by
forming a thermoformable sheet material (40) com-
prising an apparatus (1) according to any one of
claims 7 to 17.

Patentansprüche

1. Verfahren zum Herstellen von Objekten (50) durch

Formen eines thermoformbaren Plattenmaterials
(40), das Folgendes umfasst, nämlich das Formen
der Objekte (50) durch Interaktion von Matrizenmit-
teln (2) und Formmitteln (3; 12), wobei das Verfahren
durch Folgendes charakterisiert ist, nämlich dem
Komprimieren und Drücken eines ersten Teils (41)
des Plattenmaterials (40) durch Drück-Stanz-Mittel
(5) vor dem Formen, und dem Gedrückthalten des
ersten Teils (41) während des Formens, um eine Di-
cke hiervon zu reduzieren und um Ketten von Mole-
külen, die eine Struktur des Plattenmaterials des ers-
ten Teils (41) bilden, derart zu orientieren, so dass
die Struktur geschwächt wird und um den ersten Teil
(41) geschwächt, insbesondere einfach perforier-
bar, reißbar und brechbar zu machen, dem Halten
der Drück-Stanz-Mittel (5) auf einer Temperatur, die
bei 15 °C bis 40 °C liegt, um den ersten Teil (41)
lokal zu kühle n und um eine Struktur des Platten-
materials (40) in dem ersten Teil (41) in einer im We-
sentlichen amorphen Phase zu erhalten.

2. Verfahren gemäß Anspruch 1, wobei das Orientie-
ren ein Orientieren der Moleküle, die die Struktur des
Plattenmaterials (40) in dem ersten Teil (41) bilden,
in im Wesentlichen radiale oder strahlenförmige Art
und Weise umfasst.

3. Verfahren gemäß Anspruch 1 oder 2, wobei das Plat-
tenmaterial ausgewählt ist aus einzel- oder viel-
schichtigem polymerem Kunststoffmaterial, insbe-
sondere PP, PVC, PE, PET, PA, PS, PLA, biodegra-
dierbaren auf Stärke basierenden Kunststoffmateri-
alien, biobasierenden polymeren Materialien wie
beispielsweise PE und/oder PP und/oder PA, die aus
erneuerbaren Quellen erhalten wurden, biodegra-
dierbare Kunststoffmaterialien aus mikrobieller
Quelle wie beispielsweise PHA.

4. Verfahren gemäß einem der vorherigen Ansprüche,
wobei während des Komprimierens und Drückens,
ein rasches und lokales Abkühlen des ersten Teils
(41) des Plattenmaterials (40) erfolgt, insbesondere
durch die Drück-Stanz-Mittel, und zwar dergestalt,
dass in dem ersten Teil (41) eine Struktur in einer
im Wesentlichen amorphen Phase erhalten wird.

5. Verfahren gemäß einem der vorherigen Ansprüche,
wobei das Formen ein Formen eines zweiten Teils
(42) des Plattenmaterials (40) umfasst, der an den
ersten Teil (41) angrenzt.

6. Verfahren gemäß einem der vorherigen Ansprüche,
wobei vor dem Formen des Plattenmaterials (40) ei-
ne Erwärmung des Plattenmaterials auf eine Tem-
peratur erfolgt, die bei 100 °C bis 180 °C, insbeson-
dere be i 140 °C bis 165 °C liegt.

7. Apparatur zum Herstellen von Objekten (50) durch
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Formen eines thermoformbaren Plattenmaterials
(40), wobei die Apparatur Folgendes aufweist:

- Matrizenmittel (2), die mit Kavitätenmittel (4)
versehen sind;
- Formmittel (3; 12), die mit den Kavitätenmitteln
(4) kooperieren, um die Objekte (50) in einem
Formschritt zu formen,

wobei die Apparatur dadurch charakterisiert ist, dass
sie Folgendes aufweist, nämlich

- Drück-Stanz-Mittel (5), die mit den Matrizen-
mitteln (2) kooperieren, um einen ersten Teil
(41) des Plattenmaterials (40) vor dem Form-
schritt zu komprimieren und zu drücken, und um
den ersten Teil (41) während des Formschrittes
gedrückt zu halten, um eine Dicke hiervon zu
reduzieren und um Ketten von Molekülen zu ori-
entieren, die eine Struktur des Plattenmaterials
(40) in dem ersten Teil (41) bilden, und
- Aufnahmemittel (10), um das Plattenmaterial
(40) gegen eine Trägerwand (7) der Matrizen-
mittel (2) zu pressen, und welche ein Arbeitsvo-
lumen (11) definieren, das zumindest die Drück-
Stanz-Mittel (5) aufnimmt, wobei die Drück-
Stanz-Mittel (5) an den Aufnahmemitteln (10)
befestigt sind,

wobei die Drück-Stanz-Mittel (5) auf einer Tempe-
ratur gehalten werden können, die bei 15 °C bis 40
°C liegt, um den ersten Teil (40) lokal zu kühlen und
um eine Struktur des Plattenmaterials (40) in dem
ersten Teil (41) in einer im Wesentlichen amorphen
Phase zu erhalten.

8. Apparatur gemäß Anspruch 7, wobei die Drück-
Stanz-Mittel (5) in einer einstellbaren Weise an den
Aufnahmemitteln (10) befestigt sind, um eine Dicke
(d1) des Drückens des ersten Teils (41) zu variieren.

9. Apparatur gemäß Anspruch 7 oder 8, wobei die
Formmittel (3; 12) auf einen zweiten Teil (42) des
Plattenmaterials (40) einwirken, der an den ersten
Teil (41) angrenzt.

10. Apparatur gemäß einem der Ansprüche 7 bis 9, wo-
bei die Formmittel Stanzmittel (3) aufweisen, die mit
den Kavitätenmitteln (4) kooperieren.

11. Apparatur gemäß einem der Ansprüche 7 bis 10,
wobei die Matrizenmittel (2) Anschlagmittel (6) auf-
weisen, um den ersten Teil (41) des Plattenmaterials
(40) zu tragen und mit den Drück-Stanz-Mitteln (5)
kooperieren, um den ersten Teil (41) des Plattenma-
terials (40) zu komprimieren und zu drücken.

12. Apparatur gemäß einem der Ansprüche 7 bis 11,

wobei die Matrizenmittel (2) mit Kanälen (8) verse-
hen sind, um eine kühlende Flüssigkeit hindurchtre-
ten zu lassen, die geeignet ist, um äußere Flächen
der Kavitätenmittel (4) und/oder Anschlagmittel (6)
der Matrizenmittel (2) zu kühlen.

13. Apparatur gemäß einem der Ansprüche 7 bis 12,
wobei die Formmittel Zufuhrmittel (12) aufweisen,
um in das Innere des Arbeitsvolumens (11) ein unter
Druck stehendes Fluid zu führen, das dazu ausge-
staltet ist, um das Plattenmaterial (40) an die Wände
der Kavitätenmittel (4) anzuhaften und die Objekte
(50) zu formen.

14. Apparatur gemäß der Ansprüche 7 bis 13, wobei die
Druck-Stanz-Mittel zumindest eine Druckstanze (5)
aufweisen, die mit einer Endwand (5a) versehen ist,
die dazu vorgesehen ist, um an den ersten Teil (41)
des Plattenmaterials (40) anzuschlagen und diesen
zu komprimieren, und insbesondere eine im We-
sentlichen zirkuläre Form aufweist.

15. Apparatur gemäß Anspruch 14, wobei die Endwand
(5a) eine im Wesentlichen zirkuläre Form aufweist
und mit einer Seitenwand (5b) der Druckstanze (5)
durch einen Verbindungsteil (5c) mit runder Form
verbunden ist.

16. Apparatur gemäß Anspruch 14 oder 15, wobei die
Endwand (5a) eine Flächenrauigkeit aufweist, die
kleiner ist als 0,4 mm, insbesondere kleiner ist als
0,2 mm.

17. Apparatur gemäß einem der Ansprüche 7 bis 16,
wobei das Plattenmaterial ein einzelschichtiges oder
vielschichtiges polymeres Kunststoffmaterial auf-
weist, insbesondere PP, PVC, PE, PET, PA, PS,
PLA, biodegradierbares auf Stärke basierendes
Kunststoffmaterial, biobasierendes polymeres Ma-
terial, insbesondere PE und/oder PP und/oder PA,
das aus erneuerbaren Quellen gewonnen wurde, bi-
odegradierbares Kunststoffmaterial, das aus einer
mikrobiellen Quelle erhalten wurde, wie beispiels-
weise PHA.

18. Thermoformende Maschine zum Herstellen von Ob-
jekten (50) durch Formen eines thermoformbaren
Plattenmaterials (40), die eine Apparatur (1) gemäß
einem der Ansprüche 7 bis 17 aufweist.

Revendications

1. Procédé de fabrication d’objets (50) par formage
d’un matériau en plaque thermoformable (40), com-
prenant le formage desdits objets (50) par l’interac-
tion de moyens de matrice (2) et de moyens de for-
mage (3 ; 12), ledit procédé étant caractérisé en ce
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qu’il consiste à comprimer et écraser une première
portion (41) dudit matériau en plaque (40) au moyen
de moyens de poinçon d’écrasement (5) avant ledit
formage et à maintenir en écrasement ladite premiè-
re portion (41) lors dudit formage pour réduire une
épaisseur de celle-ci et pour orienter des chaînes de
molécules qui composent une structure dudit maté-
riau en plaque (40) au niveau de ladite première por-
tion (41) afin d’affaiblir ladite structure et rendre ladite
première portion (41) affaiblie, notamment facile à
perforer, à déchirer et à rompre, à maintenir lesdits
moyens de poinçon d’écrasement (5) à une tempé-
rature comprise entre 15 °C et 40 °C, afin de refroidir
localement ladite première portion (41) et d’obtenir
une structure dudit matériau en plaque (40) au ni-
veau de ladite première portion (41) en phase sen-
siblement amorphe.

2. Procédé selon la revendication 1, dans lequel ladite
action d’orientation comprend l’orientation de ma-
nière sensiblement radiale ou rayonnante, desdites
chaînes de molécules qui composent la structure du-
dit matériau en plaque (40) au niveau de ladite pre-
mière portion (41).

3. Procédé selon la revendication 1 ou 2, dans lequel
ledit matériau en plaque est choisi parmi un matériau
plastique polymère monocouche ou multicouche,
notamment le PP, le PVC, le PE, le PET, le PA, le
PS, le PLA, des matériaux plastiques biodégrada-
bles à base d’amidons, des matériaux polymères
bio-ressourcés comme par exemple le PE et/ou le
PP et/ou le PA issus de sources renouvelables, des
matériaux plastiques biodégradables de source mi-
crobienne comme par exemple le PHA.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel pendant lesdites actions
de compression et d’écrasement, le refroidissement
rapide et local de ladite première portion (41) du ma-
tériau en plaque (40) est assuré, en particulier par
l’intermédiaire desdits moyens de poinçon d’écrase-
ment (5), afin d’obtenir au niveau de ladite première
portion (41) une structure en phase sensiblement
amorphe.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ledit formage comprend le
formage d’une seconde portion (42) dudit matériau
en plaque (40) accolée à ladite première portion (41).

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel avant ledit formage dudit
matériau en plaque (40), le chauffage dudit matériau
en plaque à une température comprise entre 100 °C
et 180 °C, et notamment entre 140 °C et 165 °C, est
assuré.

7. Appareil pour la fabrication d’objets (50) par formage
d’un matériau en plaque thermoformable (40), ledit
appareil comprenant :

- des moyens de matrice (2) pourvus de moyens
de cavité (4) ;
- des moyens de formage (3 ; 12) coopérant
avec lesdits moyens de cavité (4) pour former
lesdits objets (50) lors d’une étape de formage,
ledit appareil étant caractérisé en ce qu’il com-
prend
- des moyens de poinçon d’écrasement (5) coo-
pérant avec lesdits moyens de matrice (2) pour
comprimer et écraser une première portion (41)
dudit matériau en plaque (40) avant ladite étape
de formage et maintenir ladite première portion
(41) en écrasement pendant ladite étape de for-
mage afin de réduire une épaisseur de celle-ci
et orienter des chaînes de molécules qui com-
posent une structure dudit matériau en plaque
(40) au niveau de ladite première portion (41) et
- des moyens de conteneur (10) pour presser
ledit matériau en plaque (40) contre une paroi
de support (7) desdits moyens de matrice (2) et
qui définissent un volume de travail (11) conte-
nant au moins lesdits moyens de poinçon
d’écrasement (5), lesdits moyens de poinçon
d’écrasement (5) étant fixés auxdits moyens de
conteneur (10),

dans lequel lesdits moyens de poinçon d’écrase-
ment (5) peuvent être maintenus à une température
comprise entre 15 °C et 40 °C, afin de refroidir loca-
lement ladite première portion (41) et d’obtenir une
structure dudit matériau en plaque (40) au niveau de
ladite première portion (41) en phase sensiblement
amorphe.

8. Appareil selon la revendication 7, dans lequel lesdits
moyens de poinçon d’écrasement (5) sont fixés de
manière réglable auxdits moyens de conteneur (10)
pour faire varier une épaisseur (d1) d’écrasement
de ladite première portion (41).

9. Appareil selon la revendication 7 ou 8, dans lequel
lesdits moyens de formage (3 ; 12) opèrent sur une
seconde portion (42) dudit matériau en plaque (40)
accolée à ladite première portion (41).

10. Appareil selon l’une quelconque des revendications
7 à 9, dans lequel lesdits moyens de formage com-
prennent des moyens de poinçon (3) coopérant avec
lesdits moyens de cavité (4).

11. Appareil selon l’une quelconque des revendications
7 à 10, dans lequel lesdits moyens de matrice (2)
comprennent des moyens de butée (6) pour suppor-
ter ladite première portion (41) dudit matériau en pla-
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que (40) et coopérer avec lesdits moyens de poinçon
d’écrasement (5) pour comprimer et écraser ladite
première portion (41) dudit matériau en plaque (40).

12. Appareil selon l’une quelconque des revendications
7 à 11, dans lequel lesdits moyens de matrice (2)
sont pourvus de conduits (8) pour le passage d’un
liquide de refroidissement apte à refroidir les surfa-
ces extérieures desdits moyens de cavité (4) et/ou
des moyens de butée (6) desdits moyens de matrice
(2).

13. Appareil selon l’une quelconque des revendications
7 à 12, dans lequel lesdits moyens de formage com-
prennent des moyens d’amenée (12) pour amener
dans ledit volume de travail (11) un fluide sous pres-
sion agencé pour rendre ledit matériau en plaque
(40) adhérent aux parois desdits moyens de cavité
(4) et former lesdits objets (50).

14. Appareil selon l’une quelconque des revendications
7 à 13, dans lequel lesdits moyens de poinçon
d’écrasement comprennent au moins un poinçon
d’écrasement (5) pourvu d’une paroi d’extrémité (5a)
destinée à venir en butée sur et compresser ladite
première portion (41) dudit matériau en plaque (40)
et ayant, notamment, une forme sensiblement circu-
laire.

15. Appareil selon la revendication 14, dans lequel ladite
paroi d’extrémité (5a) a une forme sensiblement cir-
culaire et est reliée à une paroi latérale (5b) dudit
poinçon d’écrasement (5) par une portion de liaison
(5c) de forme ronde.

16. Appareil selon la revendication 14 ou 15, dans lequel
ladite paroi d’extrémité (5a) a une rugosité de surfa-
ce inférieure à 0,4 mm, et notamment inférieure à
0,2 mm.

17. Appareil selon l’une quelconque des revendications
7 à 16, dans lequel ledit matériau en plaque com-
prend l’un parmi un matériau plastique polymère mo-
nocouche ou multicouche, notamment le PP, Le
PVC, le PE, le PET, le PA, le PS, le PLA, des maté-
riaux plastiques biodégradables à base d’amidons,
des matériaux polymères bio-ressourcés, notam-
ment le PE et/ou le PP et/ou le PA issus de sources
renouvelables, des matériaux plastiques biodégra-
dables de source microbienne comme par exemple
le PHA.

18. Machine de thermoformage pour la fabrication d’ob-
jets (50) par formage d’un matériau en plaque ther-
moformable (40) comprenant un appareil (1) selon
l’une quelconque des revendications 7 à 17.
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