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FIG.5

(57) Abstract: A process for thermoforming a plate-like element (10) of composite polymer material, in which a central region (11)
and a peripheral region (12) are defined, comprising: - providing a mould (1) including a male member (3) and a female member (4)
which may be displaced between an operating position in which they are pressed against one another, and a non-operating position
in which they are spaced from one another, - disposing said plate-like element(10) on said mould such that its central region (11) is
interposed between said male member and said female member and holding it at its peripheral region (12) while said male member
(3) and said female member (4) are displaced towards the operating position in order to abut against and deform the plate-like ele -
ment, - completing the displacement of the male member and the female member into the operating position and maintaining them in
that position for a predetermined period of time, - displacing the male member and the female member into the non- operating posi-
tion in order to remove the thermoformed plate-like element from the mould. The plate-like element(10) is held in its peripheral re -
gion (12) by a plurality of pins (7) having a free end associated with the mould and engaged in a corresponding plurality of holes
(13) obtained in its peripheral region. The pins (7) are disposed on a mobile frame (6a) which may be removed from the mould(1) in
order to move the plate-like element to and from the mould, while said plate-like element is held by the pins (7).
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A process for thermoforming a plate-like element of composite
polymer material and a mould operating in accordance with the
process
Description

Technical field

The present invention relates to a process for thermoforming a plate-
like element of composite polymer material having the features set out in
the preamble of the main claim. It also relates to a mould arranged to
thermoform a plate-like element of composite polymer material in
accordance with said process.

Technological background

The present invention is susceptible of application in the field of the
processing of thermoplastic polymer-matrix composite materials.

These materials are generally composed of a polymer matrix in which
reinforcing fibres made from a different material, for instance from carbon,
glass or another polymer, are embedded and provide the polymer matrix
with high-level mechanical properties. These latter, in combination with the
relevant lightness of these materials, make them highly regarded in the
market.

The presence of the thermoplastic matrix makes this type of
composite material advantageously suitable to be thermoformed, making it
possible to produce components of a curved shape from planar plate-like
elements using relatively simple working processes.

In a known thermoforming process, the plate-like element is first
heated to a temperature at which the thermoplastic matrix softens and is
then subject to deep-drawing by means of a mould of male-female type
shaped appropriately as a function of the shape with which the plate-like
element is to be provided.

In particular, the mould for the deep-drawing step comprises a male
member and a female member, respectively shaped and counter-shaped in
order to fit together, which may be moved towards one another at a
predetermined pressure.

The planar plate-like element interposed between the male and
female members is then subject to a plastic deformation caused by the
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movement of the male member against the female member.

In order to prevent, or at least limit, the formation of folds and
creases in the plate-like element during this process of plastic deformation,
the peripheral region of the plate-like element is preferably held by
appropriate clamps.

The plate-like element may be held in various ways, using fixed
clamps or clamps able to move towards the male and female members of
the mould during deformation (the clamps may, for instance, be secured on
the mould by means of springs, or may be controlled to move by
appropriate hydraulic jacks).

As a further alternative, the clamps may engage with and hold the
peripheral region of the plate-like element over its entire periphery or only
at specific portions of that peripheral region (for instance at the corners).

The category of composite materials also includes a family of
materials in which both the polymer matrix and the reinforcing fibres are
made from the same base polymer, albeit with different properties.
Materials are known, for instance, in which both the polymer matrix and the
reinforcing fibres are made from polyolefin materials, in particular
polypropylene. In these materials, which are highly regarded because they
can be fully recycled, the reinforcing fibres are oriented and are formed by a
first type of polypropylene having a high melting point and high-level
mechanical properties, and are at least partially covered by a coating layer
formed by a second type of polypropylene having a lower melting point and
inferior mechanical properties. The properties of the reinforcing fibres may
be obtained by mechanical treatment, for instance by subjecting the
polypropylene fibres to a “stretching” process, and/or by a different process
of polymerization entailing a higher molecular weight.

Examples of composite materials of this type include the products
marketed under the trade names PURE® (produced by Lankhorst B.V.),
CURV® (produced by Propex Fabrics GmbH) and ARMORDON® (produced by
Don and Low Ltd), all of which are covered by the term “self-reinforced
polypropylene”.

Composite materials analogous to those cited above but based on
polyester polymer, in particular polyethylene terephthalate (PET), are also
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These materials are generally supplied by their manufacturing firms
in the form of sheets, wound in rolls, formed by tapes interwoven as fabric,
and containing the above-described reinforcing fibres, or, as an alternative,
in the form of planar plates obtained from these sheets, where a
predetermined number of said sheets are superimposed and are then
subject to temperature and pressure conditions such as to melt the
polypropylene used as a coating layer (and having a lower melting point) so
that the superimposed sheets become one single piece.

The planar plates may also be obtained from superimposed sheets
formed by woven strips or fibres of stretched polyolefin material,
advantageously spaced by sheets of thermoplastic material having a lower
melting point which act as a binder between the fabric sheets and are then
subject to temperature and pressure conditions such as to melt the
thermoplastic material with a lower melting point and bind the fabric sheets
together.

In addition, sheets of a different chemical nature may be provided as
layers external to the superimposed stack of fabric sheets in order to
provide the plate with particular properties, for instance scratch-resistant
properties, or a superior level of surface finish, or simply a different
aesthetic.

In any case, the planar plates obtained in this way may be
subsequently processed by thermoforming in order to provide them with the
final shape of the articles to be produced, which may be, for instance, semi-
rigid suitcase shells, motorcycle panniers, helmets, shin pads, tips for safety
footwear or bumpers for motor vehicles.

The thermoforming process takes place in appropriate moulds,
according to the working steps described above, and, in order to ensure
that the process does not lead an to unsatisfactory surface finish, may be
relatively complex both from the point of view of the regulation of the
process parameters and in terms of the production and management of the
mechanical components of the mould, the details of the clamps and their
control devices.

It will be appreciated that, in the context of this specification and the
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appended claims, a “plate-like element” is to be understood as a member
having a predominantly two-dimensional development, with a relatively
small thickness which is at least one tenth lower than the two predominant
dimensions, irrespective of the properties of rigidity of that member. In
other words, a plate-like element may be rigid or readily deformable. In the
same way, a plate-like element may be a unit which can be handled
individually or may be formed by a plurality of separate and independent
components such as, for instance, a stack of superimposed sheets.

Moreover, in the present specification and the appended claims, a pin
designed to hold a plate-like element during a step of the thermoforming
process is defined as having a “free end” when it is configured such that,
during that stage, the plate-like element may be freely fitted on the pin and
removed therefrom via said free end without removing further retaining
members such as nuts or auxiliary frames from the pin.

Description of the invention

The technical problem underlying the present invention is providing a
process for thermoforming a plate-like element of composite polymer
material and a mould arranged to operate in accordance with said process,
which is structurally and functionally designed to remedy the drawbacks
discussed above with respect to the cited prior art.

This problem is resolved by the present invention by a process for
thermoforming a plate-like element of composite polymer material and a
mould operating in accordance with said process, realised in accordance
with the appended claims.

Brief description of the drawings

Other advantages and features of the invention will become clear
from the following detailed description of a preferred embodiment thereof,
given with reference to the appended drawings which are provided purely
by way of non-limiting example and in which:

Fig. 1 is a diagrammatic view of a plant for thermoforming a plate-like
element of composite polymer material, comprising a mould disposed to
operate in accordance with the process of the present invention;

Fig. 2 is a diagrammatic view of the mould of Fig. 1 in a non-operating
position;
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Fig. 3 is a diagrammatic top view of a plate-like element disposed to be
thermoformed in the mould of Fig. 2;

Fig. 4 is a diagrammatic top view of a frame disposed to hold the plate-like
element during thermoforming in the mould of Fig. 2;

Fig. 5 is a diagrammatic view in cross-section of the plate-like element of
Fig. 3 mounted on the frame of Fig. 4 before being processed in the mould
of Fig. 2;

Fig. 6 is a diagrammatic view in cross-section of a detail of a variant of the
mould of Fig. 1.

Preferred embodiment of the invention

In the appended drawings, a mould designed to thermoform a plate-
like element 10 of composite polymer material according to the process of
the invention is shown overall by 1.

In the preferred embodiment described here, the plate-like element
10 comprises a stack of superimposed sheets made from self-reinforced
polypropylene, a material which, as mentioned above, comprises a plurality
of reinforcing fibres, made from stretched polypropylene, covered by a
matrix which is also polypropylene-based but has a lower melting point than
the reinforcing fibres.

In particular, the polypropylene forming the reinforcing fibres has
properties of mechanical strength and a melting point greater than the
polypropylene forming the matrix.

The sheets are preferably made from ARMORDON®, produced by Don
& Low Ltd or from PURE®, produced by Lankhorst BV.

The Applicant considers, however, that the process of the present
invention may also be applied to plate-like elements made from different
composite polymer materials, for instance based on polyethylene and its
copolymers, for instance ethylene vinyl acetate (EVA), or self-reinforced
PET, or based on polyamides or polyesters, mixed as polymers or alone,
used for the reinforcing fibres and/or for the matrix.

Moreover, it is considered that the reinforcing fibres may also be
formed by non-polyolefin polymers or from inorganic material such as glass
or carbon.

The number of superimposed sheets of self-reinforced polypropylene
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used to form the plate-like element 10 is at least three and depends on the
mechanical properties required of the final product and the degree of
deformation to be imparted by thermoforming. The superimposed sheets of
composite material are preferably between six and 20 in number.

The plate-like element 10 has a generally rectangular shape and has
a central region 11 and a peripheral region 12 extending around the central
region 11.

The dimensions of the plate-like element may vary widely and it may,
for instance, have a length and a width of between 100 and 2000 mm and a
thickness of between 0.5 and 5 mm.

The mould 1 comprises a bearing frame 2 and secured thereto a male
member 3, which is appropriately shaped in a configuration which it is
desired to impart to the plate-like element 10, and a female member,
counter-shaped with respect to the male member 3, in order to match its
configuration, according to operational steps known per se in moulding
processes. The male member in particular comprises a projecting head 3a
which may be received in a cavity 4a of the female member 4.

The male member 3 and the female member 4 may also be
reciprocally moved between an operating position of the mould 1, in which
they are pressed against one another, with the head 3a housed in the cavity
4a, and a non-operating position, shown in Fig. 2, in which they are spaced
from one another, with the head 3a completely external to the cavity 4a.

The female member 4 is in particular fixed with respect to the bearing
frame 2, while the male member 3 is coupled to uprights 2a of the moving
frame 2 and may slide in a direction of displacement Y towards and away
from the female member 4.

The mould 1 further comprises a movement device 5 disposed to
displace the male member 3 towards and away from the female member 4
between said operating and non-operating positions.

The movement device 5 in particular comprises a mechanically or
hydraulically actuated press associated with the male member 3 in order to
displace it along direction Y and urge it against the female member 4 at a
predetermined pressure.

The mould 1 further comprises a system for controlling the
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temperature of the male member 3 and the female member 4 able to keep
the surfaces of the head 3a and the cavity 4a at a predetermined
temperature.

The mould 1 further comprises a holding device 6 on which the plate-
like element 10 is secured during the moulding step. In particular, the
holding device 6 may be positioned with respect to the female member 4
such that the plate-like element 10, in particular its central region 11, is
interposed between the male member 3 and the female member 4 when it
is secured to said holding device.

The holding device 6 is particularly configured to hold the plate-like
element 10 at its peripheral region 12, while the male member 3 and the
female member 4 are displaced towards one another into the operating
position so that they abut (and deform) the plate-like element 10 in its
central region 11.

According to a preferred embodiment of the invention, the holding
device 6 comprises a plurality of pins 7 having a free end 7a by means of
which the pins 7 may engage the plate-like element 10 via a corresponding
plurality of, preferably through, holes 13 obtained in its peripheral region
12.

The pins 7 are preferably all secured to a frame 6a configured so as
to surround the cavity 4a of the female member 4 and all project from the
same side in @ manner substantially parallel to the direction of displacement
Y. In particular, when the frame 6a is located with respect to the female
member 4, all the pins 7 stand upright from the frame 6a with their
respective free ends 7a facing the male member 3.

The pins 7 preferably have a cylindrical shape and the same diameter
and project from the frame 6a to a minimum height of approximately 10
mm, and more preferably a height of between 15 mm and 30 mm. The pins
7 may project from the frame 6 to a substantially identical extent, or their
height may be appropriately regulated in order to differentiate, where
necessary, the precise moment at which the plate-like element 10 is
released, as will be described in detail below.

Moreover, the pins 7 are disposed in sequence along the frame 6a
covering the entire peripheral region 12, with a spacing of between 2 mm
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In an alternative embodiment, not shown, the pins 7 may assume
different configurations, for instance a broken line configuration, with a base
portion adjacent to the frame 6a extending substantially parallel to the
direction Y and a second portion, comprising the free end 7a of the pin,
inclined so as to be slightly folded towards the central region 11 of the
plate-like element 10. In this particular configuration, the release of the
plate-like element 10 from the pins 7 via the free end 7a may be facilitated
at a predetermined moment of the operation to deform the plate-like
element 10, as will be described in further detail below.

In other embodiments of the invention, not shown in the drawing, the
holding device 6 may comprise different types of elements suitable to
restrain the peripheral region 12 of the plate-like element 10, for instance
fixed or movable clamps.

According to a preferred embodiment of the invention, the frame 6a
is @ mobile frame and is detachably associated with the mould 1 so that it
may be located or removed at will from its position with respect to the
female member 4, depending on the process requirements, as will be
explained in detail below. In particular, the frame 6a may be simply placed
resting on the female member 4 of the mould, in an appropriate position for
instance defined by a groove or by ribs or by reference marks, or, in the
alternative, quick coupling means, such as clamps, may be provided in
order to allow quick engagement and disengagement of the frame 6a onto
and from the female member 4.

To make the frame 6a easier to handle, it may be provided with grip
handles 6b, preferably of telescopic type.

According to a further preferred feature, the frame 6a is positioned
with respect to the female member 4 so that it may be displaced with
respect thereto, away from the male member 3, in the direction Y, towards
a position in which the pins 7 are disengaged from the plate-like element
10.

To that end, the frame 6a is supported on a resiliently deformable
member, for instance a support 8a supported by a plurality of appropriately
calibrated springs 8.
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The frame 6a is displaced against the action of the springs 8 towards
the disengaged position by an extractor device mounted on the male
member 3 and disposed to abut on the frame 6a when the male member 3
is displaced towards the operating position. In this way, the displacement of
the frame 6a towards the disengaged position is determined by the
displacement of the male member 3 towards the operating position.

The extractor device preferably comprises a plurality of projections 9
mounted on the male member 3 so as to surround the head 3a and
extending towards the female member 4 so as to be substantially aligned
with the frame 6a with respect to the direction Y.

The extent to which the projections 9 project from the male member
3 may preferably be adjusted, for instance by a short-pitch screw coupling
which enables its accurate and precise calibration.

In a preferred manner, the projections 9 are adjusted such that the
frame 6a is displaced into the disengaged position, thereby releasing the
plate-like element 10 from the pins 7, when the male member 3 has not yet
been fully displaced into the operating position.

In a preferred manner, the projections 9 are adjusted such that the
frame is displaced into the disengaged position when the male member 3
and the female member 4 are at a distance of between 5 mm and 30 mm
from the operating position.

If the holding device 6 does not comprise a plurality of pins 7, but
one or more clamps restraining the peripheral region 12, the
disengagement of the plate-like element 10 may be obtained by providing
the clamps with an actuator which causes the opening of the clamps when
the male member 3 and the female member 4 are at a predefined distance
from the operative position.

In the preferred embodiment shown here, the mould 1 is part of a
thermoforming plant 100 shown diagrammatically in Fig. 1.

The plant 1 comprises a first station 101 for the preparation of the
plate-like element 10, in which the various sheets 10a of composite
material are cut from respective rolls 101a and superimposed on one
another so as to form a stack with a predetermined number of

superimposed sheets separate from one another.
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In a preferred variant, one or a plurality of reinforcing members of a
material differing from the sheets 10a may be interposed between the
sheets 10a. The reinforcing members may be formed, for instance, by mesh
strips of basalt, glass, carbon or polyaramide fibre positioned at the regions
which, once the plate-like element has been thermoformed into the desired
final product, correspond to those regions most exposed to the risk of
impacts and deformation, in particular the corner regions.

These mesh strips are preferably of wide mesh so as to enable direct
contact between the sheets 10a between which the reinforcing strips are
interposed and therefore their stable reciprocal coupling by means of the
partial fusion of the polymer material forming them.

Moreover, depending on the position that they are to assume in the
final thermoformed article and their elongation properties, the mesh strips
may be appropriately connected to one or a plurality of pins 7 during the
stage of insertion of the stack of sheets 10a on the frame 6a, thereby
making it possible also to determine the position of the mesh strips with
respect to the remaining sheets of the plate-like element 10 in a more or
less unequivocal manner.

In a further variant, one or a plurality of sheets of thermoplastic
polyolefin material, for instance non-oriented polypropylene, may be
interposed between the sheets 10a in order to form a spacing layer between
the sheets 10a of composite material.

The stack of superimposed sheets 10a forming the plate-like element
10 is then conveyed to a second station 102 in which its peripheral region
12 is drilled in order to obtain the holes 13.

The holes 13 are preferably obtained by displacing previously melted
composite material using an appropriate instrument provided with a
plurality of pointed projections which, when heated to a temperature
greater than the melting temperature of the composite material forming the
plate-like element 10, are caused to pass through the plate-like element 10.

It is preferable, moreover, for each of said projections, to the rear of
the point designed to pass through the plate-like element 10, to bear a
flange which is also heated and disposed to bear on the area surrounding
each hole 13 so as to melt the composite material in that zone without,
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however, displacing it. In this way, a small area of substantially
homogeneous material is formed around each hole 13 and has no points
that could promote the beginning of tears in the plate-like element.

The plate-like element 10 is then preferably mounted on the mobile
frame 6a such that the free ends 7a of the pins 7 pass through the holes
13. In this way, the plate-like element 10 is held in engagement by the pins
7 and may be disengaged via the free ends 7a.

If the holding device 6 does not comprise a plurality of pins 7, but
one or more clamps, the peripheral region 12 may not be drilled in order to
obtain holes 13 and the plate-like element 10 is restrained by means of the
clamps provided on the mobile frame 6a.

The mobile frame 6a, with the plate-like element 10 mounted on it, is
displaced, using the grip handles 6b, to a consolidation station 103 in which
the plate-like element 10 is subject to a heating and pressure stage in order
at least partially to melt the matrix of the composite material so as to make
the superimposed sheets rigid with one another.

This consolidation operation preferably takes place only in the central
region 11, while the peripheral region 12 remains unconsolidated, with the
sheets of the stack remaining separate and independent.

The consolidation station 103 comprises one or a plurality of presses
104, comprising a fixed abutment surface on which the central region 11 of
the plate-like element 10 bears, while the mobile frame 6a surrounds the
abutment surface.

A moving head of the press 104 is then lowered on the abutment
surface at a predetermined pressure, preferably of between 5 and 30 bar,
and is held in position for a predetermined time, preferably for a period of
time of between 5 and 15 minutes, depending on the properties of the
composite material.

The abutment surface and the moving head are also appropriately
heated to a temperature of between 120°C and 180°C enabling the partial
fusion of the propylene forming the matrix of the composite material.

However, if the sheets 10a forming the plate-like element 10 are
made of a different material, pressure and/or temperature will be properly
defined, for instance, if the material is self-reinforced polyethylene
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terephthalate, the correct temperature to be used in this consolidation step
is from 220°C to 250°C.

In a preferred embodiment, a finish sheet 10b of thermoplastic
polymer material is disposed on the stack of composite material sheets 10a,
in an external position with respect to said stack, in order to provide the
plate-like element 10 with a desired surface finish.

Preferably, a sheet of paper 10c for sublimation printing
(“sublimation” paper), on which a desired graphical decoration is provided,
is disposed above the finish sheet 10b, on the side opposite the stack of
composite material sheets 10a.

In this way, during the step of heating and pressure of the plate-like
element 10 in the consolidation station 103, the printing of the graphical
decoration present on the paper is obtained by sublimation printing on the
finish sheet 10b.

Advantageously, the pressure and temperature conditions of
sublimation printing are compatible with the pressure and temperature
values of the consolidation of the composite material sheets 10a, and the
relatively long times required by this stage make it possible to obtain a
surface finish of the plate-like element 10 which is optimum in terms of
quality.

After the consolidation station 103, the mobile frame 6a is conveyed,
together with the plate-like element 10, to the mould 1 in which the plate-
like element 10 is subject to thermoforming.

The plate-like element 10 reaching the mould 1 has its central region
11 consolidated, while, in its peripheral region 12, the superimposed sheets
10a and, if used, the sheets 10b and 10c, are separate from one another.

Keeping the plate-like element 10 on the frame 6a after the step of
consolidation of the central region 11 makes it possible to prevent any
problems of retraction of the composite material forming the plate-like
element 10 caused by the heating of the central region 11 (shrinkage). In
this way, the plate-like element 10 arrives at the mould 1 to be subjected to
plastic deformation, with its entire perimeter pre-tensioned.

The mobile frame 6a is positioned at the location of the female
member 4 on the support 8a so that the central region 11 of the plate-like
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element 10 is aligned between the head 3a of the male member 3,
appropriately displaced into the non-operating position, and the cavity 4a of
the female member 4, and such that the peripheral region 12 of the plate-
like element 10 surrounds the cavity 4a.

The male member 3 and the female member 4 are both kept at a
temperature controlled by an appropriate temperature control system (not
shown).

Preferably, the female member 4, in particular the cavity 4a, is kept
at a temperature of between 10 and 40°C, while the male member 3, in
particular the head 3a, is kept at a temperature of between 10 and 50°C.

The male member 3 is then displaced into the operating position and,
during that displacement, the head 3a abuts on the plate-like element 10 in
its central region 11 and subjects it to plastic deformation by displacing it
within the cavity 4a.

The deformation generated in the plate-like element 10 causes the
peripheral region 12 to move in traction towards the central region 11 which
is countered by the presence of the pins 7 engaged in the holes 13.

The displacement of the male member 3 towards the operating
position is then completed, such that the head 3a is pressed against the
cavity 4a of the female member 4 at a pressure of between 15 and 40 bar.

This pressure is preferably maintained for a period of time of between
1 and 4 minutes so as to impart the configuration defined by the head 3a
and the cavity 4a to the central region 11 of the plate-like element 10 and
make it stable.

Thereafter, the male member 3 is raised from the female member 4
and displaced into the non-operating position so as to enable the
thermoformed plate-like element 10 to be removed from the mould 1 and
conveyed to a subsequent trimming station 105 in which the central region
11 of the plate-like element 10 is appropriately trimmed by removing the
peripheral region 12.

In the case of small deformations, in which the traction to which the
plate-like element 10 is subject does not bring about substantial tears in the
sheets 10a, the pins 7 remain engaged in the corresponding holes 13,
during the entire stage of displacement of the male member 3 into the
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operating position and the subsequent period in which it is kept pressed
against the female member 4. In this type of deformation, use is made of
the residual elongation of the fibres of the composite material and then the
deformation to which the plate-like element is subject at the holes 13 which
are elongated and allow the composite material to flow towards the cavity
4a.

In the case of more substantial deformations, in which the traction
exerted by the head 3a on the plate-like element 10 could fully tear the
peripheral region 12 at the holes 13, with a resulting release of the pins 7
and a lack of homogeneous action to hold the plate-like element 10, the
pins 7 may be disengaged from the holes 13 before the male member 3 is
fully displaced into the operating position.

The possibility that the plate-like element may tear completely at the
holes 13 and allow the pins 7 to escape from the lateral edge of the plate-
like element obviously depends on various factors, including the type of
composite material, the number of sheets used and the degree of
deformation imparted by the mould 1.

The Applicants have in particular observed that when the composite
material is self-reinforced polypropylene of the type of ARMORDON® or of
PURE®, with a number of superimposed sheets of between three and 30, it
is preferable for the pins 7 to be disengaged from the holes 13 when the
elongation required of the plate-like element is greater than a value of
approximately 15%.

The disengagement of the plate-like element 10 from the pins 7
should preferably take place at a minimum distance from the operating
position so as not to cause a flow of material towards the cavity 4a which is
too rapid and uncontrolled.

The pins 7 are preferably disengaged from the holes 13 when the
male member 3 is at a distance of between 5 mm and 30 mm from the
operating position.

The disengagement of the pins 7 from the corresponding holes 13 is
determined by the displacement of the frame 6a caused by the action of the
projections 9 mounted on the male member 3 which abut against the frame
6a and urge it away from the cavity 4a against the action of the springs 8.
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In this way, the frame 6a is lowered with respect to the mouth of the cavity
4a and the pins 7 may escape from the holes 13.

The projection of the projections 9 from the male member 3 may be
advantageously adjusted so as to be able to regulate their action on the
frame 6a and therefore the moment of disengagement of the plate-like
element 10 from the frame 6a.

In a variant of the present invention, the peripheral region 12 of the
plate-like element 10 may be accompanied in a controlled manner towards
the cavity 4a of the female member 4 during the deformation of the central
region 11 imparted by the head 3a.

In particular, the plate-like element 10 may be gripped at its
peripheral region 12 by a clamp 20 designed to hold the plate-like element
10 when the (static) action of the pins 7 on its own could lead to tearing of
the sheets 10a forming the plate-like element 10.

The clamp 20 is preferably disposed between the frame 6a and the
cavity 4a and its holding action takes place as an alternative or in addition
to the phase of disengagement of the frame 6a from the holes 13.

In detail, the clamp 20, as shown in detail in Fig. 6, comprises a first
jaw 21 mounted on the male member 3 and a second jaw 22 mounted on
the female member 4 in alignment in the direction Y with the first jaw 21.

The jaws 21 and 22 preferably have a surface of abutment 21a, 22a
with the plate-like element 10, respectively profiled with a central projection
23 on one of the two jaws and a corresponding groove 24 on the other of
the two jaws.

The jaws 21, 22 are clamped against one another with a
predetermined force and may preferably slide in a horizontal plane
perpendicular to the direction of displacement Y so as to accompany the
peripheral region 12 of the plate-like element 10 towards the cavity 4a
following the traction exerted by the head 3a.

To that end, the first jaw 21 is preferably mounted on a first spring
25 and on a second spring 26 operating between the male member 3 and
the first jaw 21 respectively in the substantially vertical direction Y and in a
substantially horizontal direction perpendicular to the direction Y.

The first spring 25 opposes the vertical displacement of the first jaw
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21 against the male member 3, while the second spring 26 opposes the
horizontal displacement of the first jaw 21 towards the head 3a.

In a similarly preferred manner, the second jaw 22 is mounted on a
first spring 27 and on a second spring 28 operating between the female
member 4 and the second jaw 22 respectively in the substantially vertical
direction Y and in a substantially horizontal direction perpendicular to the
direction Y.

As in the case of the first jaw 21, the first spring 27 opposes the
vertical displacement of the second jaw 22 against the female member 4,
while the second spring 28 opposes the horizontal displacement of the
second jaw 22 towards the cavity 4a.

The first springs 25 and 27 are specifically dimensioned to exert a
desired holding force on the plate-like element 10, while the second springs
26 and 28 are specifically dimensioned to control the speed of displacement
of the peripheral region 12 towards the cavity 4a.

Moreover, the first and second springs 25, 26, 27 and 28 may be
regulated in order to adjust the force that they exert on the jaws 21 and 22.

The Applicants have in particular observed that in a plate-like
element 10 of rectangular shape, the possible drawbacks due to tearing of
the sheets 10a are more likely on the long side of the rectangle. In a
variant of the invention, the mould 1 may therefore be provided with a
respective clamp 20 solely along the longer sides of the plate-like element
10.

The thermoforming process of the present invention advantageously
makes it possible to produce articles from composite polymer material, in
particular self-reinforced polypropylene, of a curved shape, such as, for
instance, containers, travel and transport baggage shells, personal
protection articles, sports equipment and motor vehicle protection articles.

This process makes it possible to achieve various advantages with
respect to known processes, the most important of which is that it is
possible to obtain thermoformed products, made in particular from self-
reinforced polypropylene, with higher-level mechanical properties.

It is therefore also possible to use less material to obtain a product
that has the same mechanical properties as thermoformed products
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obtained by known processes, with resulting savings in terms of product
weight and production costs.

The Applicants consider that the improved mechanical properties of
the thermoformed product may be linked to the fact that the plate-like
element is kept under tension along its entire perimeter after the
consolidation step and up to its plastic deformation by the mould.

In that respect, the Applicants have observed that when producing a
thermoformed article, for instance a suitcase shell, there is a saving of more
than 10% by weight in comparison with a shell of similar dimensions and
mechanical properties produced by a thermoforming process of the prior
art.

A second important advantage that may be attributed to the fact that
the plate-like element is held on the frame in a tensioned condition after the
consolidation step, lies in the fact that the plate-like element may achieve a
greater level of deformation than a similar plate-like element thermoformed
after consolidation without being kept under tension.

The Applicants have observed in that respect that, by means of the
process of the present invention, the plate-like element may be
thermoformed to obtain a thermoformed article, for instance a suitcase
shell, having a depth of more than 10% more than a suitcase shell obtained
from a similar plate-like element thermoformed by a process in which the
plate-like element is not kept under tension after the consolidation stage.

A further advantage lies in the fact that, by means of the process of
the present invention in which the plate-like element is kept under tension
along its entire perimeter after the consolidation stage and up to its
subsequent thermoforming, it is possible to carry out the moulding stage
using moulds of the multi-cavity type, thereby increasing production
volumes with no adverse effect on the quality of the thermoformed product.

A further advantage of the invention lies in the fact that the process
may be carried out using relatively simple apparatus.

The present invention thus resolves the problem discussed above with
respect to the cited prior art and, at the same time, offers advantages over

and above those described above.
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CLAIMS
1. A process for thermoforming a plate-like element (10) of composite
polymer material, in which a central region (11) and a peripheral region
(12) surrounding said central region are defined, comprising:
- providing a mould (1) including a male member (3) shaped in a
configuration that it is desired to impart to said plate-like element, and a
female member (4) counter-shaped with respect to said male member,
wherein said male and female members may be displaced between an
operating position of said mould in which they are pressed against one
another, and a non-operating position in which they are spaced from one
another,
- disposing said plate-like element (10) on said mould such that its
central region (11) is positioned between said male member and said
female member when displaced into the non-operating position,
- holding the peripheral region (12) of said plate-like element by a
plurality of pins (7) having a free end (7a) associated with said mould and
engaged in a corresponding plurality of holes (13) obtained in said
peripheral region,
- displacing said male member (3) and said female member (4)
towards the operating position until they abut on said plate-like element
and start to deform said plate-like element into the configuration of said
male member and said female member, while continuing to hold the
peripheral region of said plate-like element,
- completing the displacement of said male member and said female
member towards the operating position and maintaining them in said
operating position for a predetermined time, so as to thermoform the
central region of said plate-like element into the desired configuration,
- displacing said male member and said female member into the non-
operating position and removing said thermoformed plate-like element from
the said mould,
characterized in that said pins (7) are disposed on a mobile frame (6a)
which may be removed from said mould (1) in order to move said plate-like
element to and from said mould, while said plate-like element is held by
said pins (7).
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2. A process according to claim 1, wherein the composite polymer material
comprises a plurality of reinforcing fibres made from a first material and
coated by a matrix made from a second thermoplastic polymer-based
material.

3. A process according to claim 2, wherein said first material is a stretched
thermoplastic polymer having a melting point greater than the melting point
of said second material.

4. A process according to any of claims 2 or 3, wherein said second
material is a polyolefin polymer.

5. A process according to any of the preceding claims, wherein said
composite material is self-reinforced polypropylene.

6. A process according to any of the preceding claims, wherein said plate-
like element (10) comprises a plurality of superimposed sheets (10a) made
from said composite polymer material.

7. A process according to claim 6, wherein said plate-like element (10) is
formed by superimposing said plurality of sheets (10a) on one another to
form a stack of sheets separate from one another and providing said holes
(13) in their peripheral region (12).

8. A process according to claim 7, wherein, before said plate-like element is
disposed in said mould, the stack of superimposed sheets (10a) is subject
to a step of heating and pressure in order at least partially to melt the
second material of said composite material so as to make the superimposed
sheets rigid with one another in said central region (11).

9. A process according to claim 8, wherein said stack of sheets (10a) is
subject to a pressure of between 5 and 30 bar and a temperature of
between 120° and 180°C for a period of time of between 5 and 15 minutes.
10. A process according to any of claims 7 to 9, wherein a finish sheet (10b)
of thermoplastic polymer material is disposed on the stack of composite
material sheets in an external position with respect to said stack in order to
provide said plate-like element (10) with a desired surface finish.

11. A process according to claim 10, wherein a sheet of paper (10c) for
sublimation printing on which a graphical decoration is provided is disposed
above the finish sheet (10b), on the side opposite the stack of composite
material sheets (10a), so that the sublimation printing of said graphical
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decoration on said finish sheet is obtained during said heating and pressure
stage.

12. A process according to any of claims 6 to 11, wherein, when said plate-
like element is disposed in said mould, said superimposed sheets are
separate from one another at their peripheral region.

13. A process according to any of claims 6 to 12, wherein there are at least
3 and preferably between 6 and 20 superimposed sheets.

14. A process according to any of claims 6 to 12, wherein at least one mesh
strip, made of reinforcing material, is interposed between said
superimposed sheets.

15. A process according to any of the preceding claims, wherein said pins
(7) are disengaged from said holes (13) obtained in the peripheral region of
said plate-like element before said male and said female members are fully
displaced into said operating position.

16. A process according to claim 15, wherein said pins are disengaged from
said holes via their free end (7a) when said male member and said female
member are at a distance of between 5 mm and 30 mm from said operating
position.

17. A process according to claim 15 or 16, wherein said pins (7) are
disengaged from said holes (13) obtained in the peripheral region of said
plate-like element before said male and said female member are fully
displaced into said operating position, when the elongation of the plate-like
element (10) following thermoforming is greater than a value of
approximately 15%.

18. A process according to any one of the preceding claims, wherein, in said
operating position, said male member (3) and said female member (4) are
pressed against one another at a pressure of between 10 and 40 bar,
maintained for a period of time of between 1 and 4 minutes.

19. A process according to any of claims 6 to 18, wherein said stack of
separate and superimposed sheets is mounted on said frame (6a) before
being made rigid in said central region (11) and said frame is then
conveyed together with said plate-like element to said mould.

20. A process according to any of the preceding claims, wherein said pins
(7) are disposed in sequence at a distance from adjacent pins of between
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2 mm and 10 mm.

21. A process according to any of the preceding claims, wherein said female
member (4) is kept at a temperature of between 10 and 40°C.

22. A process according to any of the preceding claims, wherein said male
member (3) is kept at a temperature of between 10 and 50°C.

23. A mould (1) for thermoforming a plate-like element (10) of composite
polymer material comprising:

- a male member (3) shaped in a configuration that it is desired to
impart to said plate-like element, and a female member (4) counter-shaped
with respect to said male member, wherein said male and female members
may be displaced between an operating position of said mould in which they
are pressed against one another, and a non-operating position in which they
are spaced from one another,

- a movement device (5) disposed to displace the male member
and/or the female member between said operating and non-operating
positions,

- a holding device (6) for said plate-like element designed to hold said
plate-like element (10) at its peripheral region (12), while said male
member and said female member are displaced towards one another into
the operating position so that they abut against the plate-like element in its
central region (11), said holding device (6) comprises a plurality of pins (7)
having a free end which may be engaged with said plate-like element in a
corresponding plurality of holes (13) obtained in its peripheral region (12),
characterized in that said pins (7) are disposed on a mobile frame (6a)
detachably associated with said mould, in order to move said plate-like
element to and from said mould, while said plate-like element is held by
said pins (7).

24. A mould according to claim 23, wherein said pins (7) are disposed in
sequence at a distance from adjacent pins of between 2 mm and 10 mm.
25. A process according to claim 23 or 24, wherein said frame (6a) is
positioned with respect to said female member (4) so that it may move with
respect to said female member away from said male member following the
displacement of said male member towards said operating position, so as to
enable the disengagement of said plate-like element (10) from said frame
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(6a) via the free end (7a) of said pins (7).

26. A mould according to claim 25, wherein said male member (3) is
provided with an extractor device (9) designed to abut against said frame
(6a) when said male member is displaced towards said operating position so
as to displace said frame with respect to said female member.

27. A mould according to claim 25 or 26, wherein a resiliently deformable
member (8) is disposed between said frame and said female member.

28. A mould according to claim 26 or 27, wherein said extractor device (9)
is adjustable.

29. A mould according to any one of claims 23 to 28, wherein a first jaw
(21) and a second jaw (22) are mounted on said male member (3) and said
female member (4) respectively, and are designed to abut against and hold
said plate-like element (10) at its peripheral region (12) when said male
member and said female member are displaced towards one another,
before reaching said operating position.

30. A mould according to claim 29, wherein said first jaw (21) and said
second jaw (22) are mounted on respective first springs (25, 27) designed
to urge said first and second jaws against one another.

31. A mould according to claim 29 or 30, wherein said first jaw (21) and
said second jaw (22) may slide respectively towards a head (3a) of said
male member (3) and a cavity (4a) of said female member (4) and are
provided with respective second springs (26, 28) to control the sliding of
said first and second jaws towards said head and said cavity.
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