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Title: Improved extrusion process and associated device
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DESCRIPTION

Field of application

The present invention relates mainly, although not
exclusively, to the sector of the food industry.

In particular, the invention relates to a process for dispensing
and extruding a string of dough obtained from a viscoelastic food
dough, preferably a dough based on food meal, for example a dough
suitable for the production of pasta.

The invention also relates to a system comprising a cylindrical
tubular body and a piston, wherein this system is designed to
implement the aforementioned process for dispensing and extruding a
string of dough. The invention also relates to a 3D printer comprising
such a system.

Prior art

The preparation of food products shaped with particular or
complex forms by means of three-dimensional (3D) printing techniques
has been known for several years. The patent application WO
2010/151202 is cited by way of example, this application describing an
apparatus for printing food in two-dimensional or three-dimensional
shapes, comprising a container for printable fluid food, a container for a
binder, typically alginic acid, and a dispenser. The apparatus described
also comprises a control unit able to control the movement of the

dispenser (dispensing head). The application also describes a process
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for the production of a three-dimensional food comprising the step of
producing drops of fluid food and binder and moving the dispenser after
the deposition of each drop.

In order to perform three-dimensional printing, the relative
movement (along the three axes X, Y and Z) of the extruder and the
surface on which the extruded string is deposited must be carefully
controlled, such that the desired three-dimensional item can be printed
from a three-dimensional digital model, suitably converted into a
program for movement of the axes. Depending on the circumstances, it
can be useful to keep the extruder fixed and use the movement of the
surface along the three axes X, Y and Z, or move the extruder along one,
two or three axes, consequently limiting the movement of the deposition
surface along the other axes.

The dispenser/extruder functions in many cases which are of
interest in batch mode, causing the fluid contained inside a tubular
body to be expelled through a nozzle of said tubular body, moving a
piston along a further axis (called here "axis E"), namely the axis along
which the piston slides inside the cylindrical tubular body. This
movement of the axis E must be controlled and coordinated together
with the relative movement of the extruder and surface along the
aforementioned Cartesian axes (X, Y and Z).

In many real cases it is not possible to obtain a good 3D-
printing result without taking into account, also during the
programming of the movements X, Y, Z and E, the viscosity

characteristics, or more generally consistency of the (fluid) food material
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contained inside the cylindrical tubular body and dispensed by the
advancing movement of the piston. An optimum control of the speed of
expulsion of the extruded food material is in fact required, this being
possible only by means of sophisticated control of the movement
(position, speed and acceleration) of the piston.

In fact, normally, the (fluid) food material is loaded into a
cylindrical tubular body inside which a piston comprising a rod, integral
with a piston head, slides; the piston is moved along a linear axis and is
operated by a motor, its movement being controlled by a control system.
The movement (position, speed and acceleration) of the piston head
along the linear axis inside the cylindrical tubular body and the
characteristics of the nozzle determine the actual pressure of the food
material (fluid) contained inside the cylindrical tubular body, which
pressure also depends on the characteristics of the fluid itself. This
pressure determines whether or not extrusion is performed, and
influences the quality thereof, also depending on the characteristics of
the nozzle.

Extrusion of the material contained inside the cylindrical
tubular body is performed generally at a variable speed, with variations
in the acceleration and possible stop and restarting operations, which
are determined by the program for printing the three-dimensional item.

In fact, in accordance with the printing program, in order to
obtain complex three-dimensional forms, the speed of dispensing of the
food material must also be regulated and if necessary dispensing

stopped and started again. More particularly, the advancing movement
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of the piston inside the cylindrical tubular body must be managed in
order to perform starting and restarting of the string of extruded food
material.

The extruded food material can be a liquid material which is
heated to a suitable temperature (for example in the case where
chocolate gummy candies are produced) and immediately cooled once
dispensed or can be in the form of a very viscous dough, such as a
dough of food meal based material, used for example for the production
of pasta. In this latter case, the dough usually takes the form of a paste-
like fluid with a viscoelastic behaviour.

When a food material in the form of a viscoelastic fluid is
extruded during the printing of a three-dimensional item, control of the
dispensing of the continuous string of material and interruption thereof
are particularly complicated. Commonly, when there are variations in
the speed of advancing movement of the piston head, it is not possible
to control precisely the variable speed of extrusion of the string and
specifically stopping and starting of the extrusion operation.

In fact, when the advancing movement of the piston head is
stopped, the viscoelastic food dough which is under pressure inside the
cylindrical tubular body has an elastic energy which causes the string
of food dough to continue to be expelled from the dispensing nozzle of
the system for a certain period of time; therefore, stoppage of the piston
head in a given position does not result in an immediate interruption of
dispensing of the string of viscoelastic food material. This behaviour is

entirely undesirable since it results in irregular metering of the string of
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material being dispensed for printing of a three-dimensional item, with
the result that this type of article cannot be produced in a precise
manner.

In other cases this drawback may be overcome by cutting and
removing the excess product which emerges from the nozzle, but this is
obviously not feasible for continuous and rapid stopping and restarting
operations during 3D-printing, in particular for food products.

In an attempt to stop the dispensing of food material at the
same time as stopping of the advancing movement of the piston head in
a more precise manner, some three-dimensional printing processes
envisage, immediately following stoppage, retraction of the piston head
in a direction opposite to the direction of the dispensing nozzle. This
measure is commonly employed during the extrusion of food creams, for
example filling or dressing creams, ensuring a precise dosage for these
specific applications. The adoption of a procedure for retracting the
piston rod (and therefore the piston head connected to it) during
extrusion of a string of viscoelastic food material for the printing of
three-dimensional articles would be very problematic because it would
require determining beforehand the exact retraction needed, in terms of
distance and space, so as to be able to counteract precisely the
expansion of the pressurised fluid following stoppage. This retraction
would be dependent on the pressure of the fluid inside the cylinder
(which is impossible to calculate) and, precisely because of the elasticity
characteristics of the fluid, would be also dependent on the quantity of

fluid present at that moment inside the cylinder. Incorrect or excessive
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retraction of the piston head would result in air (or even the already
deposited string) being drawn into the cylinder, while insufficient
retraction would not solve the problem of correctly stopping the flow of
the extruded string.

The technical problem forming the basis of the present
invention is therefore that of providing an extrusion process for the
printing of three-dimensional food items which results in immediate
interruption and, if necessary, subsequent restarting of extrusion of a
string of material upon stoppage of the advancing movement of a piston
inside the cylindrical tubular body inside in which the food material to
be extruded is contained, said process being simple and precise for the
desired application, while overcoming the problems encountered in
connection with the prior art.

Summary of the invention

This technical problem is solved, according to the present
invention, by a process for the production of a three-dimensional item
by extrusion or deposition of a string of dough, comprising the following
steps:

a) providing an extruder comprising a cylindrical tubular body
having a first end closed by a bottom having at least one nozzle and a
second end, and a piston comprising a rod and a piston head which can
be removably coupled to one another;

b) feeding a viscoelastic food dough into said cylindrical
tubular body;

c) providing said piston inside the side wall of said cylindrical
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tubular body, so that the aforementioned piston head is in contact with
said side wall of the cylindrical tubular body and is freely slidable inside
said cylindrical tubular body, wherein the viscoelastic food dough is
entirely contained between said piston head and said bottom,;

d) extruding said viscoelastic food dough by progressively
advancing said rod and said piston head, coupled with said rod and
pushed by it, inside the aforementioned cylindrical tubular body,
towards said bottom of the cylindrical tubular body, along a sliding
path, resulting in the supply, at a preset speed, of a continuous string
of dough from said at least one nozzle;

e) interrupting the extrusion of said viscoelastic food dough by
stopping the progress of said rod at a specific position along the
aforementioned sliding path and by immediate movement of said rod
towards said second end, in order to decouple said rod from said piston
head and let said piston head be pushed by said viscoelastic dough
towards said second end of the cylindrical tubular body..

In particular, at the moment of interruption of the advancing
movement of the rod towards said at least one nozzle, the retraction of
the rod towards the second end of the cylindrical tubular body results
in immediate separation of the rod from the piston head. In this way,
the piston head is free to slide inside the cylindrical tubular body.

Thus, in an entirely advantageous manner, the viscoelastic
food material still present in the cylindrical tubular body can discharge
the elastic energy, accumulated in the supply step during compression

between the side wall of the cylindrical tubular body and the piston



10

15

20

25

BRL315B

head, exerting on the latter a force rapidly decreasing until the ambient
pressure is reached. As a result of this force, the piston head is
imparted a movement in a direction opposite to the said at least nozzle
(opposite to the extrusion direction), allowing the expansion of the
viscoelastic dough towards the second end of the cylindrical tubular
body, instead of towards the first end thereof, i.e. in the direction of the
at least one nozzle.

In fact, by means of the process according to the present
invention, the supply of a string of residual dough, following the
retraction movement of the rod and separation from the piston head
inside the cylindrical tubular body, is prevented.

In fact, the surface of the piston head in contact with the
viscoelastic material dough is far greater than the cross-sectional area
of the at least one dispensing nozzle, and therefore the pressurised
viscoelastic dough present inside the cylindrical tubular body (at the
moment of separation of the rod from the piston head) is able to release
the elastic energy accumulated by expanding in the opposite direction
to the nozzle and pressing against the piston head which is free to slide.
In this way, a minimum rapid movement of the piston head in the
direction opposite to the nozzle (towards the second end of the
cylindrical tubular body) imparted by the dough under pressure is
sufficient to depressurize immediately and adequately the section of the
cylindrical tubular body situated between the piston head and said
bottom, interrupting the supply of the continuous string at the moment

of separation of the rod from the piston head.
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Indeed, according to the present invention the expression
“freely slidable inside said cylindrical tubular body” means that the
piston head is able to slide in a passive manner inside said cylindrical
tubular body. For example, the piston head can slide when it is pushed
by the rod towards the first end of the cylindrical tubular body or when
it is pushed back towards the second end by the viscoelastic dough.

Accordingly, the piston head is made and molded in order to
perfectly fit inside the cylindrical tubular body and be in contact with
the side wall of the same. For example, in a conventional manner, the
piston head can have a diameter which is substantially the same of the
diameter of the inner part of the cylindrical tubular body, so that the
movement of the piston head along its sliding path inside the cylindrical
tubular body causes a specific and proper friction between the piston
head and the side wall of the cylindrical tubular body.

Preferably, said step c) of providing said piston inside the side
wall of said cylindrical tubular body is carried out by inserting the
piston inside the cylindrical tubular body through the second end of the
latter.

Preferably, during the aforementioned step e) of interrupting
the extrusion of said viscoelastic food dough, the rod is retracted
towards said second end by a preset distance.

In fact, although a minimum retraction of the piston rod
allows the piston head to be pushed towards the second end of the
cylindrical tubular body, wherein the movement of the piston head

causes supplying of the string of dough to be interrupted, it can be
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convenient to impart to the rod a retraction by a preset distance, so as
to allow sliding of the piston head (pushed by the dough under pressure
towards said second end) by a given distance inside the cylindrical
tubular body.

Preferably, the aforementioned step e) of interrupting the
extrusion of said viscoelastic food dough can be followed by an
additional step of starting again the extrusion of said viscoelastic food
dough, bringing said rod back into the aforementioned specific position
along the sliding path, this way restarting the supply of a continuous
string of dough from said at least one nozzle.

In accordance with this latter embodiment, in an
advantageous manner, following interruption of extrusion of the
viscoelastic food dough, it is possible, as required, to resume the
extrusion of the viscoelastic food material in a precise and timely
manner, preferably at a pre-set speed, by means of repositioning of the
piston head in the same specific position, which the piston head had at
the moment of interruption of extrusion during step e), with
simultaneous re-compression of the viscoelastic food dough from a
situation of maximum expansion to the compression conditions present
at the moment of separation of the rod from the piston head, during
step e) of extrusion interruption.

This kind of operation is particularly useful both in the case
when the cylindrical tubular body is loaded with a quantity of
viscoelastic food material greater than that required for the printing a

single item (and therefore the extrusion must be interrupted once an
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item has been printed, so as to proceed with printing of the next item,
this being a very common situation in the case of pasta printing) and in
the case where it is necessary to perform a relative movement along the
aforementioned Cartesian axes (X, Y and Z) of extruder and surface, for
which an interruption of extrusion is required, for example for the
printing of items which have particularly complex shapes.

Preferably, in accordance with a particular embodiment of the
process according to the present invention, the progress of said rod
inside the cylindrical tubular body towards said first end of the
cylindrical tubular body, namely towards said bottom, and the
movement of this rod towards said second end is controlled by means of
a control system of the extruder.

In particular, this system of controlling the extruder is able to
control the position, the speed and the acceleration of the rod along the
sliding path of the rod inside the cylindrical tubular body, the extrusion
of the viscoelastic food material from the at least one nozzle depending
on these parameters, as regards the actual speed of extrusion of the
string of material.

More preferably, during the aforementioned step e) of
interruption of extrusion of said viscoelastic food dough, said specific
position of the rod along the aforementioned sliding path corresponds to
a preset position previously saved by the control system of the extruder
or said specific position of the rod along said sliding path is recorded by
the control system of the extruder at the time when the rod is separated

from the piston head.
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Advantageously, this latter embodiment allows effective
automation of the process for extrusion and deposition of a string of
dough according to the invention, in particular when the
aforementioned additional step of restarting the extrusion of said
viscoelastic food dough is carried out, during which said rod is thus
brought back into a specific position, for example previously recorded
by the control system of the extruder, along the sliding path.

In particular these operations of interruption and restarting of
extrusion can be performed repeatedly and in a timely manner, without
knowing either the chemical/physical characteristics of the viscoelastic
food dough or the volume thereof (variable depending on the
progression of the advancing movement of the piston head towards said
first end of the cylindrical tubular body).

In accordance with a preferred embodiment of the process
according to the invention, the continuous string of dough extruded in
step d) undergoes a treatment of partial surface drying ("incartamento”)
immediately after deposition thereof.

In fact, as is known to the person skilled in the art, at the
moment when the dough is dispensed from at least one nozzle, the
continuous string of dough deposited can be partially dried
superficially, for example by means of application of an air flow directed
onto the string as soon as it has been deposited. Preferably, air is
applied at a temperature of between 60°C and 90°C, more preferably at
80°C.

Therefore the aforementioned partial surface drying

12
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("incartamento”) results in partial hardening of the surface of the string,
so as to help maintain its structure, which is desirable especially in
view of the subsequent deposition of further string portions onto the
string portions already deposited, with the gradual formation of a three-
dimensional article, for example an article consisting of thin multiple
layers (resulting from the continuous deposition of a string of dough
onto the same string of dough which has already been deposited).

According to a preferred embodiment, the viscoelastic food
dough prepared and dispensed as described above can be a dough
based on food meal, preferably a dough suitable for the production of
pasta.

In a preferred manner, the process according to the present
invention finds an ideal application in the production of a three-
dimensional item printed by means of a 3D-printing procedure.

The implementation of the process according to the present
invention is particularly advantageous for the extrusion of doughs
based on food meal for the production of pasta printed by means of a
3D-printing procedure.

Advantageously, in particular owing to the aforementioned
step e) involving interruption of the extrusion of said viscoelastic food
dough during which said piston head is free to slide inside the
cylindrical tubular body (in a direction opposite to the direction of
extrusion, namely in the direction towards the second end of the
cylindrical tubular body), and also owing to the aforementioned

additional step of re-starting extrusion, the process according to the
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present invention allows the printing of articles with a high degree of
precision, such as pasta shapes with precise details, ensuring that
feeding of the string of dough is interrupted and started again at the
right moment.

In this way, by means of the process according to the present
invention, above all it is possible to adjust more precisely the smallest
details of the single pasta shapes, obtaining a 3D-printed three-
dimensional product in accordance with the digital three-dimensional
model, which is of the highest standard.

This technical problem is also solved, according to the present
invention, by an extruder comprising a cylindrical tubular body, having
a first end closed by a bottom having at least one nozzle and a second
end, and a piston, comprising a rod and a piston head which can be
removably coupled to one another, wherein said piston can be inserted
through said second end inside the side wall of said cylindrical tubular
body, so that said piston head is in contact with the side wall of said
cylindrical tubular body and is freely slidable inside the cylindrical
tubular body.

More particularly, said piston is structured so that, by means
of an advancing movement of said rod from a rest position to an end-
stroke position, namely towards said first end of the cylindrical tubular
body, said rod and said piston head are coupled to one another;
whereas, by means of an advancing movement of said rod from an end-
stroke position to a rest position, namely towards said second end of

the cylindrical tubular body, said rod and said piston head can be
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uncoupled, and the latter is freely slidable inside the cylindrical tubular
body.

When the cylindrical tubular body is loaded with a viscoelastic
material, such as a dough, the device according to the present invention
allows the extrusion of the material (extruded as a continuous string of
dough) to be interrupted substantially in synchronism with retraction of
the rod, namely with the moment when the said rod is moved towards
said second end of the cylindrical tubular body.

In particular, since said rod and said piston head can
removably be coupled to one another, during the extrusion the rod is
coupled with the piston head and exerts a pressure on the latter, which
in turn pushes the viscoelastic material contained inside the cylindrical
tubular body towards said first end. Instead, when the rod is retracted
inside the cylindrical tubular body towards said second end, the rod
and the piston head are not coupled and the latter does not move
together with the rod. Once the rod has been retracted, the piston head
is therefore freely slidable inside the cylindrical tubular body: as a
result of the pressure exerted by the viscoelastic material, the piston
head can be pushed by the latter towards said second end, allowing
release of the accumulated elastic energy, thereby eliminating the
pressure within the dough, so as to allow the result explained in the
preceding paragraph to be achieved.

Advantageously, the device according to the present invention
is therefore very precise during use, thus resulting in an insignificant

and negligible amount of dough being extruded following a retraction
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movement of the rod.

The extruder described above can comprise furthermore
coupling means for removably coupling the rod with the piston head.
These coupling means have the function of facilitating the transmission
of the force exerted by the rod on the piston head when the rod
advances towards said first end (extrusion), namely when said rod and
said piston head are coupled to one another, however without hindering
the separation of the rod from the piston head when the rod is retracted
inside the cylindrical tubular body towards said second end
(interruption of extrusion).

Advantageously said coupling means can be particularly
useful when the cycle of steps which define the process according to the
present invention is repeated, in particular when a new step b) is
carried out, i.e. the step where a viscoelastic food dough is fed again
inside said cylindrical tubular body, if necessary by means of prior
extraction of said piston head from the cylindrical tubular body.

Preferably, the aforementioned coupling means for removably
coupling the rod with the piston head are engaging means, magnetic
coupling means or electromagnetic coupling means.

More precisely, said coupling means for removably coupling
the rod with the piston head are engaging means, which allow
respectively the coupling of the rod and the piston head (engagement) or
uncoupling of the two components in question (disengagement), where
necessary following a command of a control system of the extruder.

Similarly, as will be illustrated more clearly with reference to

16
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the detailed description and the drawings, these coupling means for
coupling the rod with the piston head can be electromagnetic coupling
means, which can for example be an electromagnet positioned inside
said rod or a magnetic plate positioned inside said piston head, said
electromagnet being able to generate a magnetic field acting on said
piston head.

Basically, when the magnetic plate positioned in the piston
head enters into the magnetic field generated by the electromagnet
positioned inside the rod, said piston head starts a recall movement
towards said rod, sliding in fact inside the cylinder towards said second
end, until it substantially contacts the rod and is coupled with it.

More preferably, said means for engaging the rod with the
piston head can be means for performing rotational engagement, for
example by means of a mechanism which is able to couple said rod and
said piston head to one another when said rod is rotated in a clockwise
direction and uncouple said rod and said piston head when the rod is
rotated in anti-clockwise direction.

In particular said valve operates in closed mode when there is
an advancing movement of said rod, coupled with the said piston head,
from a rest position into an end-stroke position and the piston head is
in contact with the viscoelastic food material which can be present
inside the space comprised between said piston head and said bottom
of the cylindrical tubular body or when said rod, not coupled with said
piston head, is moved towards the second end of the cylindrical tubular

body and the piston head, as a result of the pressure of the material
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which can be contained in the space comprised between said piston
head and said bottom of the cylindrical tubular body, undergoes a
sliding movement inside the cylindrical tubular body towards said
second end.

Differently, said valve is in open mode, for example, when an
advancing movement of said rod, coupled with said piston head, from a
rest position into an end-stroke position is carried out and the piston
head is not in contact with the viscoelastic food material which can be
contained in the space comprised between said piston head and said
bottom of the cylindrical tubular body.

Advantageously, in the case where the device is in this latter
operating condition, the movement of the piston head towards said
bottom (as a result of the movement of the rod coupled with the piston
head in the same direction) causes the expulsion of the air contained in
the space between the piston head and said bottom of the cylindrical
tubular body, in particular between the piston head and the viscoelastic
food material which can be contained in the same space. The expulsion
of the air allows the piston head to perform a sliding movement towards
said bottom until it comes into with said viscoelastic food material,
thereby preventing, as a result of compression of the air contained in
the space between said piston head and said bottom of the cylindrical
tubular body, the food material from being expelled from the nozzle in
an uncontrolled manner and/or air bubbles being trapped in said
material.

At the same time, said valve is in the open mode, for example,

18
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when an advancing movement of said piston head towards said second
end is induced, as a result of coupling of the piston head with the rod
by means of the aforementioned coupling means.

Advantageously, in the case where the device is in this latter
operating condition, the movement of the piston head towards said
second end (as a result of the movement of the rod coupled with the
piston head in the same direction in contact therewith and/or as a
result of the magnetic field generated by a magnet which can be
inserted in the rod) causes air to enter inside the space between said
piston head and the bottom of the cylindrical tubular body. This
incoming air allows the piston head to perform a sliding movement
towards said second end, thereby preventing the piston head plus
cylindrical tubular body system from acting as a pump, causing the
undesirable introduction of air from the nozzle into the space comprised
between the piston head and said bottom or the drawing of the already
extruded food material, which is still in contact with or in the vicinity of
the nozzle.

Consequently, this technical problem is also solved by a
printer for the production of an item printed by means of a 3D-printing
procedure, preferably for the production of pasta, comprising an
extruder such as that described.

Preferably, the aforementioned printer according to the
present invention can comprise a control system able to control the
advancing movement of said rod inside said cylindrical tubular body

towards said first end of the cylindrical tubular body, i.e. towards said

19



10

15

20

25

BRL315B

bottom, and also control the movement of said rod towards said second
end.

As explained above in connection with the process according
to the present invention, said control system of the extruder is able to
control the parameters relating to the movement of the rod, on which
the extrusion of the viscous food material from the at least one nozzle
depends.

More preferably, the aforementioned printer according to the
present invention can further comprise at least one load cell for
measuring the force applied to said piston head of the extruder, said
load cell being connected to said control system.

Even more preferably, said load cell is commonly connected to
the rod and measures the force imparted by this mechanical
component. Advantageously, said load cell can be useful for setting up
and monitoring correct operation of the device.

Further characteristic features and advantages of the present
invention will emerge from the description, provided hereinbelow, of a
mode of implementation of the process according to the present
invention, provided by way of a non-limiting example with reference to
the accompanying drawings.

Brief description of the drawings

Figure 1 relates to a step of the process according to the
present invention wherein the piston is made to move towards said first
end.

Figure 2 relates to a step of the process according to the
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present invention wherein the movement of the piston towards said first
end is interrupted and the rod is retracted.

Figure 3 shows the movement of the piston head towards said
second end, as a result of the pressure exerted by the residual dough
present in the cylindrical tubular body.

Figure 4 shows an additional step for starting extrusion again
wherein the piston is advanced towards said first end.

Figure 5 shows an embodiment of the extruder according to
the present invention wherein an electromagnet is positioned in the rod
and a magnetic plate is positioned in the piston head.

Detailed description of a preferred embodiment

Figure 1 shows an extruder 1 according to the present
invention, in a simplified form thereof, comprising:

- a cylindrical tubular body 2, having a first end 3 closed by a
bottom 8 (identifiable by means of the tapered end section of the
cylindrical tubular body 2 shown) with at least one nozzle 9, and a
second end 4;

- a piston 10 inserted inside the side wall 2a of the cylindrical
tubular body 2, through the second end 4, the piston 10 comprising a
rod 11 and a piston head 12 which can be removably coupled to one
another, the piston head 12 being in contact with the side wall 2a of the
cylindrical tubular body 2.

The piston 10 is designed in such a way that the advancing
movement of the rod 11 towards the first end 3 results in the piston

head 12 also being pushed towards said first end 3, coupled with said
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first end 3, whereas the movement of the rod 11 towards the second end
4 does not cause the movement the piston head 12, since the rod 11
and the piston head 12 are not coupled to one another.

The nozzle 9 puts the space between the piston head 12 and
the bottom 8 (storage reservoir 7) in fluid communication with the
external environment.

In particular, the piston head 12 has an upper surface 12a
and a lower surface 12b. The piston head 12 is designed to slide with a
good sealing action along the side wall 2a of the cylindrical tubular body
2, substantially preventing any dough contained inside the storage
reservoir 7 from spilling along the sliding surfaces, i.e. the side wall 2a
of the cylindrical tubular body; for this purpose the piston head 12 can,
if necessary, be provided with piston rings made of a suitable material
(not shown since entirely conventional).

The piston head 12 is freely slidable inside the cylindrical
tubular body 2; more precisely there is no physical constraint between
the piston head 12 and the cylindrical tubular body 2; the piston head
12 can move easily in a passive manner as a result of the pressure
applied on it by the overlying rod 11 and/or by the material contained
in the underlying storage reservoir 7 of the cylindrical tubular body 2.

Still with reference to Figure 1 and in a non-limiting manner,
the rod 11 has a cylindrical shape which widens out slightly towards
one end 15 of the said rod, designed to distribute the force of the
contact with the piston head 12 situated coupled underneath it, or

towards an element mounted integrally at the top of said rod, suitable
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for this purpose (not shown since entirely conventional).

At the same time, Figure 1 illustrates the step d) of extrusion
of a viscoelastic food dough according to the process of the present
invention described above in the summary.

In particular, once a viscoelastic food dough has been
introduced inside the cylindrical tubular body 2 and once said piston
10 has been inserted inside the side wall 2a of the cylindrical tubular
body 2 through the second end 4, so that the piston head 12 is in
contact with the side wall 2a and the food dough is entirely contained
between the piston head 12 and the bottom 8, an extrusion step is
performed by means of a gradual advancing movement of the piston 10
inside the cylindrical tubular body 2, i.e. of the rod 11 coupled with the
piston head 12, along a sliding path, which can be superimposed on an
axis E in turn longitudinal with respect to the length of the cylindrical
tubular body 2. During this step, the piston 10 is pushed (by an
electric motor not shown since entirely conventional) from a rest
position towards an end-stroke position, namely from the second end 4
of the cylindrical tubular body towards the first end 3.

The downwards movement of the piston 2, indicated by an
arrow, causes gradual sliding of the piston head 12 (during this step in
contact with the rod 11), which compresses, at a pressure P, the
underlying viscoelastic dough towards the inner wall 2a of the
cylindrical tubular body 2 and toward the bottom 8, causing the supply
of a continuous strand of dough.

From Figure 1 it is clear how, during the step in question, the
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end 15 of the rod 11 presses against the upper surface 12a of the
underlying piston head 12, even though the rod 11 and the piston head
12 are two mechanical elements which are separate from each other.

Figures 2 and 3 show the following step e) of the process
according to the present invention during which the extrusion of the
viscoelastic food dough is interrupted.

In particular, Figure 2 shows the step of interruption of
extrusion of said viscoelastic food dough, coinciding with stopping of
the advancing movement of the rod 11, in a first specific position
(identified by the letter "h" in Figure 2) along its sliding path, and the
immediate retraction of the rod 11 towards the second end 4 of the
cylindrical tubular body 2, until a second specific position (identified by
the letter "k" in Figure 2) is reached along its sliding path, causing in
fact the separation of the rod 11 from the underlying piston head 12.
The direction of the rod 11 during the retraction movement is indicated
in Figure 2 by means of an arrow directed upwards.

As a result of the separation operation, the rod 11 and the
piston head 12 are no longer coupled to one another; the piston head
12 is therefore free to slide inside the cylindrical tubular body 2.

The dough contained inside the storage reservoir 7, which is
still under pressure, is able to expand freely upwards, pressing against
the lower surface 12b of the piston head 12 which, since it is no longer
constrained by the rod 11, is pushed towards the second end 4, sliding
from the position "h" to the position "k". The movement of the piston

head 12 is indicated in Figure 3 by means of an arrow.
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Since it is able to expand freely towards the second end 4, the
residual dough of viscoelastic material is not expelled from the nozzle 9,
when the extrusion of said viscoelastic food dough is interrupted by
retracting of the rod 11.

Figure 4 shows a following further step where extrusion of the
dough is started again, wherein the rod 11, and therefore the piston
head 12, is moved back from the position "k" to the position "h" which
was previously recorded during the prior stopping operation. As can be
seen, the rod 11, coupled with the piston head 12, starts to move again
towards the first end 3, along the sliding path, which can be
superimposed on the axis E (movement indicated by an arrow directed
downwards). At the same time compression of the dough to the previous
pressure P is performed and the required extrusion of the string of
dough is started again.

Figure 5 shows a particular embodiment of the extruder 1
according to the present invention comprising coupling means for
removably coupling the rod 11 with the piston head 12, more
specifically the rod and the piston head 12 are removably coupled to
one another by means of magnetic coupling means.

In particular, these magnetic coupling means comprise an

electromagnet 13a, which is positioned inside the rod 11, and a
magnetic plate 13b, which is positioned inside the piston head 12.
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CLAIMS

1. Process for the production of a three-dimensional item by extrusion and
deposition of a string of dough, comprising the following steps:

a) providing an extruder comprising a cylindrical tubular body having a first end
closed by a bottom having at least one nozzle and a second end, and a piston
comprising a rod and a piston head that can be removably coupled to one another;

b) feeding a viscoelastic food dough into said cylindrical tubular body;

c) providing said piston inside the side wall of said cylindrical tubular body, said
piston head being in contact with said side wall of said cylindrical tubular body and
freely slidable inside said cylindrical tubular body, and said viscoelastic food dough
being entirely contained between said piston head and said bottom;

d) extruding said viscoelastic food dough by progressively advancing said rod and
said piston head, said piston head being coupled with said rod and pushed by it,
inside said cylindrical tubular body towards said bottom of the cylindrical tubular
body along a sliding path, resulting in the supply at a preset speed of a continuous
string of dough from said at least one nozzle;

e) interrupting the extrusion of said viscoelastic food dough by stopping the progress
of said rod at a specific position along said sliding path and by immediate movement
of said rod towards said second end, in order to decouple said rod from said piston
head and let said piston head be pushed by said viscoelastic dough towards said
second end of the cylindrical tubular body;
wherein the progress of said rod inside said cylindrical tubular body towards said
bottom and the movement of said rod towards said second end are controlled by
means of a control system of the extruder; and
during said step e) of interrupting extrusion of said viscoelastic food dough, said
specific position of said rod along said sliding path corresponds to a preset position
previously saved by said control system of the extruder or said specific position of
said rod along said sliding path is recorded by said control system of the extruder at
the time when said rod is separated from said piston head.

2. Process according to claim 1, wherein, during said step e) of interrupting the
extrusion of said viscoelastic food dough, said rod is retracted towards said second
end by a preset distance.

3. Process according to claim 1 or 2, wherein said step e) of interrupting the
extrusion of said viscoelastic food dough is followed by an additional step of starting
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again the extrusion of said viscoelastic food dough, bringing said rod back into said
specific position along said sliding path, thus restarting the supply of a continuous
string of dough from said at least one nozzle.

4. Process according to any one of the preceding claims, wherein said
continuous string of dough, extruded during step d), undergoes a treatment of partial
surface drying after deposition thereof.

5. Process according to claim 4, wherein said partial surface drying is carried out
by application of a flow of air, preferably air at a temperature of between 60°C and
90°C, more preferably at 80°C.

6. Process according to any one of the preceding claims, wherein said
viscoelastic food dough is a dough based on food meal, preferably a dough suitable
for the production of pasta.

7. Process according to any one of the preceding claims, for the production of a

three-dimensional item printed by a 3D-printing procedure, preferably for the
production of pasta.
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8. Printer for the production of an item printed by means of a 3D-printing
procedure, preferably for the production of pasta, comprising:

- an extruder (1) for extruding a viscoelastic food dough, comprising a cylindrical
tubular body (2), having a first end (3) closed by a bottom (8) having at least one
nozzle (9) and a second end (4), and a piston (10), comprising a rod (11) and a
piston head (12), said piston head and said bottom being adapted to contain said
viscoelastic food dough between them, said rod (11) and said piston head (12) being
able to be removably coupled to one another, said piston being able to be inserted
through said second end (4) inside the side wall (2a) of said cylindrical tubular body
(2), so that said piston head (12) is in contact with said side wall (2a) of said
cylindrical tubular body (2), wherein said rod (11) is movable between said first end
(3), namely an end-stroke position, and said second end (4), namely a rest position,
along a sliding path, and said piston head (12) is freely slidable inside said cylindrical
tubular body (2) and pushable by said viscoelastic food dough towards said second
end (4) when said rod (11) is moved towards said second end (4) and said rod (11)
and said piston head (12) are uncoupled; and

- a control system able to:

- control the progress of said rod (11) in said cylindrical tubular body (2) towards said
bottom (8) by stopping said progress at a specific position along said sliding path
corresponding to a previously saved preset position or at a specific position along
said sliding path recorded at the time when said rod is separated from said piston
head; and

- control the movement of said rod (11) towards said second end (4).

9. Printer for the production of an item printed by means of a 3D-printing
procedure according to claim 8, comprising at least one load cell for measuring the
force applied to said piston head (12), said load cell being connected to said control
system.

10.  Printer for the production of an item printed by means of a 3D-printing
procedure according to anyone of claims 8 or 9, wherein said extruder (1) comprises
coupling means for the removably coupling of said rod (11) and said piston head
(12), preferably said coupling means being engaging means, magnetic coupling
means or electromagnetic coupling means.

11. Printer for the production of an item printed by means of a 3D-printing
according to anyone of claims 8-10, wherein said piston head (12) of said extruder
(1) further comprises a venting valve suitable to put in fluid communication the space
of the cylindrical tubular body (2) comprised between said piston head (12) and said
bottom (8) and the space of the cylindrical tubular body (2) comprised between said
piston head (12) and said second end (4), said venting valve working in open mode
or closed mode.
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