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(57) Abstract: The present invention relates to a

beverage production device for preparing a liquid

10 comestible from a portioned food substance con-

tained in a sealed capsule (3), comprising a cen-

'—»11 trifugal unit (2) for receiving the sealed capsule

(3), driving means (5) connected to the centritugal

9 unit (2) for enabling a rotational motion of the

el centritugal unit (2), liquid supply means (4,6,7)

being connected to the centrifugal unit (2), means

(8) for measuring the flow rate or the pressure of

the supplied liquid and control means (9) for con-

trolling the rotational speed of the driving means

dependent on the measured flow rate or the mea-
sured pressure of the liquid.
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Controlled beverage production device using centrifugal

forces

Field of the invention

The present invention relates to a device and a capsule
system for preparing a liquid comestible from a food
substance contained in a receptacle by passing ligquid
through the food substance using centrifugal forces. In
particular, the invention relates to a device and a
method for controlling the flow rate of a liquid during

the beverage preparation.

Background of the invention

It is known to prepare beverages by separating a mixture
consisting of brewed coffee and coffee powder with
centrifugal forces. Such a mixture is obtained by the
interaction of hot water and coffee powder for a defined
time. The water is then forced through a screen, on which

screen powder material is present.

The existing centrifugal systems suffer the inconvenience

that the strength of coffee cannot be regulated properly.

For instance, GB1506074 relates to a centrifugal device
comprising a filter for filtering coffee. However, the
contact time Dbetween coffee and hot water is not
controllable. For example, the coffee granulometry can
influence the residence time of liquid in the coffee and

so the extraction quality.
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On the other hand, solutions are known for increasing the
pressure 1in the cell such as by a fixed or pressure-

responsive restriction means.

It is known to increase the pressure in the centrifugal
cell by increasing the rotational speed such as in
EP651963. In this document, the pressure increase is
obtained by a rubber-elastic element interposed at the
interface between the 1lid and the cup of the centrifugal
cell. Such an element deforms elastically to leave a
filtering passage for the liquid when a certain pressure

is attained at the interface.

FR2487601, Us4545296 and W02006/112691 relate to
centrifugal systems wherein a fixed restriction is placed
downstream of the filter to increase the ©pressure.
However, in these systems, the contact time of the coffee
and water is not truly controlled. As in EP651963, the
taste of the coffee can be modified by changing the speed

consequently the pressure in the cell.

GB2227405 discloses an apparatus for preparing a coffee
infusion wherein the speed and/or duration of rotation is

set to give a predetermined strength of infusion.

W02007/041954 relates to a coffee maker with combined
milling stage and brewing stage. Different approaches can
be used to control the flavours of the brewed coffee. A
first approach 1is to control the grain size of coffee
powder during milling stage. A second apprcach 1is to
control the speed of water penetration through the milled
coffee powder. Therefore, different rotational speeds of

the brewing basket are set up by the controller. A
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disadvantage is that depending on the flow
characteristics in the ground coffee taking into account
the powder characteristics, <coffee compaction, water
quality, temperatures, etc., the strength and other
quality attributes (e.g., crema) of the coffee can

fluctuate a lot.

In PCT/EP08/056310, a solution is proposed into which a
flow restriction is placed in or outside the centrifugal
cell, e.g., a capsule containing coffee powder. The flow
restriction can comprise a regulating vwvalve offering a
back-pressure. The wvalve opens under the effect of
pressure in the cell. The wvalve can be preloaded by a
resilient element (rubber or spring). A control unit can
be provided in the device for setting the rotational
speed according to the nature of the liquid to be brewed

and/or the substance of the capsule.

Based on the prior art, the present invention aims at
providing a device and a method for allowing an efficient
control of the strength of a liquid comestible such as a
coffee or tea beverage 1in a centrifugal Dbeverage
production device which takes into account the flow

attributes through the ingredients.

The present invention also aims at providing a device and
a method for allowing the production of different levels
of foam or "crema" of the ligquid comestible, in

particular for coffee beverages.

In particular, one aspect of the invention, is to ensure
that the key quality attributes of the beverage can be
controlled properly. In particular, one aspect of the

invention is to ensure that the strength or concentration
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of the Dbeverage is reproducible, i.e., that this
characteristic does not fluctuate much for a same desired
beverage. Still an aspect of the invention is to ensure
the key quality attributes (i.e., concentration, coffee
crema level) as well as the volume of the beverage can be
produced and selected in a controllable manner depending

on the type of beverages desired.

Object and summary of the invention

In a first aspect, the present invention relates to a
beverage ©production device for preparing a liquid
comestible from a portioned food substance contained in a
capsule or cell, comprising a centrifugal unit for
receiving the capsule or cell, driving means connected to
the centrifugal unit for enabling a rotational motion of
the capsule or cell in the unit, liquid supply means
being connected to the centrifugal unit to supply ligquid
in the capsule or cell, means for measuring the flow rate,
or respectively the pressure, of the liquid, and a
control unit for controlling the flow rate of liquid, or
respectively the pressure of liquid, to match a flow rate
reference, or respectively a pressure reference, in a
control loop by automatically adjusting the rotational
speed of the driving means during the extraction phase of
the beverage production depending on the measured flow
rate, or respectively the measured pressure, of the

liquid.

With a device according to the present invention it 1is
possible to enable a controlled interaction between a
preferably portioned food substance provided in a capsule
or cell and a liquid such as water. Thereby, the

interaction is particularly enabled due to the
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centrifugal forces exerted on the capsule or cell during
and after 1ligquid has been provided thereto and, the
substance:liquid interaction <control is particularly
obtained by monitoring and adjusting the flow rate of

liquid that feeds the capsule or cell.

In a preferred embodiment, the capsule is removably
insertable into the centrifugal unit of the device. The
centrifugal unit of the device preferably comprises two
enclosing members which are movably arranged relatively
to each other and which are designed to enclose the

capsule within the device.

One enclosing member is preferably equipped with a liquid
injection assembly which enables the provision of liquid
to the capsule enclosed within the centrifugal unit of
the device. Preferably, the injection assembly 1is
arranged centrically with respect to a rotational axis of
the centrifugal unit. The injection assembly preferably
comprises a tubular member for providing liquid to a
central inlet port of the capsule. In a possible
embodiment, the injection assembly comprises a piercing
member designed to pierce the inlet port in a face of the
capsule. The injection assembly 1is connected to the

liquid supply means of the device.

A second enclosing member of the centrifugal unit is
preferably a rotary drum which is of complementary shape
to the capsule. Hence, a user may insert the capsule into
said rotary drum which is held in the drum a stable

manner.

The driving means for driving the centrifugal unit 1is

preferably a motor such as an electric motor which is
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connected to the control means of the device. Thereby,
the driving means are connected to the rotary drum by
means of a motor axle which thus enables a rotational
movement of the rotary drum and the capsule housed by the

rotary drum.

The liquid supply means of the device comprise a
reservoir for storing liquid. Preferably, the reservoir
is a boiler which comprises heating means in order to
heat the liquid therein. However, the liquid supply means
may as well comprise a liquid reservoir and an in-line
heating element such as a thermoblock or an instant
heater placed downstream of the reservoir in the fluid

circuit.

15
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Moreover, the liquid supply means preferably comprise a
pump for providing liquid from the reservoir to the
injection assembly and thus, to the centrifugal unit of
the device. The pump 1is preferably connected to the

control means of the device.

The means for measuring the flow rate of the liquid are
preferably arranged in the fluid circuit between the
liquid supply means and the centrifugal unit of the

device.

The control unit preferably comprises an event-triggered
state machine connected to the driving means and the
means for measuring the flow rate of the liquid provided
to the centrifugal unit. Moreover, the control unit is
preferably connected to a manual interface which can be

operated by a user.

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 8 of 62



WO 2010/026053 PCT/EP2009/060771
7

In particular, the flow rate reference can be a flow rate
set point which is set as a constant during an extraction
phase. The extraction phase is here defined as the main
phase during which liguid is supplied by the supply means
to the capsule and said liquid passes through the
ingredients in the capsule and beverage liquid is thus

dispensed from the capsule.

In a possible alternative, the flow rate reference
represents a variable profile of flow rate, i.e., set
points varying in function of time. Indeed, it might be
advantageous in some case to vary the flow rate set point
during the extraction phase in order to achieve
particular extraction profiles. In this case, the control
unit can store a variable profile of flow rate which
corresponds to a particular selected beverage. However,
for avoiding too much control complexity, preference is
given to a constant flow rate set point for a same

desired beverage.

In a preferred mode, the control unit is preferably
configured for selecting or calculating different preset
flow rates corresponding to respectively different
beverage (e.g., coffee) strengths. The control unit is
preferably connected to a user's interface for a

selection of the different beverages by the user.

Therefore, the control unit enables the regulation of the
flow rate (as a constant or variable ©profile) Dby
adjusting the speed of the driving means during at least
one essential phase of the beverage preparation in order
to set the strength (i.e., the concentration) of the

beverage to be prepared. Thereby, the strength can be
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selected by a user of the device by means of the manual

interface.

Moreover, the control unit is configured for controlling

the wvolume of the beverage by receiving data from the
flow measuring means and controlling accordingly the
volume of liquid supplied by the liquid supply means, in

particular, the pump, to the capsule or cell.

However, it may as well be possible that the strength
and/or volume are set by identification means arranged
within the device which interact with the capsule
provided to the device. Such identifications means may be
a barcode scanner for example which reads a barcode
provided on an outside face of the capsule and which
enables a detection of the type of capsule and/or the
nature of ingredients provided within the capsule in
order to apply a predefined extraction profile for the

beverage to be prepared.

During the Dbeverage extraction phase of a beverage
preparation cycle, the speed of the driving means is thus
regulated in control loop to correct the flow rate at a
substantially constant wvalue or, eventually to follow a
predefined flow rate profile. Hence, a preset nominal
flow rate is obtained during the extraction phase of the
beverage production. Since the flow rate 1is directly
linked to the contact time of the 1liquid with the
ingredient in the capsule, the strength of the beverage
is thus essentially determined by maintaining the flow
rate to said predefined set point or profile

corresponding to the selected strength of the beverage.
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During the extraction phase, a centrifugal cell which is
placed within the centrifugal unit acts as a centrifugal
pump by drawing liquid such as water from the liquid
supply. Accordingly, the rotational speed of the motor
driving the centrifugal unit in rotation compensates for
the flow rate fluctuation to the set point. In particular,
when the measured flow rate becomes lower than the set
point, the rotational speed is increased by the control
unit to raise the flow rate up to the set point and,
inversely, when the measured flow rate becomes higher
than the set point, the rotational speed is decreased by
the control unit to lower the flow rate down to the set
point. Obviously, the lowest possible fluctuations of

flow rates to the set point are preferred.

The centrifugal cell according to the present invention
may be a single-use capsule provided to the centrifugal
unit. Furthermore, the centrifugal cell may as well be a

refillable filter cell.

The single-use capsule to be used with the present
invention can be closed before use in a gas impervious
manner to maintain freshness of the food ingredients
housed therein. The capsule ©preferably contains a
protective atmosphere for the ingredients such as inert
gas. The capsule can be closed by a membrane which is
pierced or peeled off during the beverage preparation
process. The capsule may comprise coding means such as a
barcode for example which is read by the machine.
Accordingly, corresponding parameters, such as for
example the beverage strength, the beverage volume and/or
the beverage crema or foam, can be adjusted by the

control means.
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In case a refillable filter cell 1s provided to the
centrifugal cell, said filter cell is preferably
removably arranged within the device. Furthermore, the
filter cell is preferably designed to be accessible from
the outside of the device. Therefore, removing and
loading of food substance from or to the centrifugal cell

is enabled.

The pump of the liquid supply means is set to supply a
sufficient quantity of water during the beverage
preparation cycle to the centrifugal cell whereas the
rotational speed of the centrifugal cell actually
regulates the flow rate of the dispensed liquid. The pump
is preferably a low pressure pump such as a centrifugal

pump or any other suitable low pressure pump.

The contact time between the food ingredients and hot
water contained in the <capsule wvaries 1in inverse
proportion to the water flow rate which circulates in the
liquid supply circuit and thus, through the centrifugal
cell. In general, for obtaining a higher concentration or
strength of the beverage to be prepared, the water flow
rate can be set at a relatively low value, whereas for
obtaining a lighter concentration or strength of the
beverage, the water flow rate is set at a relatively

higher wvalue.

This 1is in particular advantageous for preparing a hot
beverage such as coffee, tea, hot chocolate or the like
with a desired concentration respectively a desired

strength.

The flow rate 1is measured by flow rate sensing means

which are placed in the liquid flow path of the device.
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Such flow metering means provide continuous indications

to the control means

speed of the motor.

which, in

response, regulate the

The flow rate sensing means 1s preferably a pulse-coded

flow-metering turbine placed between the water supply,

e.g., a water reservoir and the liquid injection assembly

of the centrifugal cell

. The turbine thus generates

electrical impulses which period is proportional to the

velocity of the flow.

designed to

electrical impulses

calculate

metering turbine.

Preferably, t

he control

Accordingly,

the

the control means are

flow rate Dbased on the

provided by the pulse coded flow-

means are also configured to

control the wvolume of the delivered beverage. Accordingly,

the volume is set up by receiving information of the flow

meter such as by coun

ting the number of impulses

generated by the flow meter or by measuring the period of

the impulses.

The manual interface of the device preferably comprises a

selection means for the user to select the strength of

the Dbeverage

beverage. The

and preferably

user may

also the wvolume of the

thus select the concentration

and/or volume of the beverage to be prepared. For example

for a coffee beverage,

be selected (
volumes (e.qg.
different cup

selection of

e.g., light,
, 25, 40,

medium,

different strength of coffees can

strong) and different

110, 250 mL) corresponding to

sizes. For example, for simplifying the

the user interface but still meeting the

larger possible preference of the users, the choices can

be made possible amongst a limited number of selectable

combinations

relative to

coffee

strengths and volumes,
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for example, under coffee selections which are explicit
for the wuser (e.g., ristretto, espresso light/strong,

lungo light/strong, Americano, etc.).

When different kinds of beverage are proposed such as
coffee, tea, milk, etc., the selection means may also be
used to select the kind of beverage to be prepared in
such as coffee, tea, herbal tea, soup or hot chocolate
for example. Thereby, the selections means may provide
information about different 1liquid comestibles to be
prepared for which different extraction profiles are

stored.

In a possible embodiment relating to the preparation of a
coffee Dbeverage with the present device, the manual
interface may be used for selecting a desired kind of
coffee, such as a ‘ristretto’, an ‘espresso’, a ‘lungo’
or an 'Americano' which may express a particular
combination of coffee strength and volume. Furthermore,
the strength of coffee can eventually be further adjusted

selectively for one or more of these kinds of coffees.

Moreover, the desired coffee strength is preferably
chosen by selection means such as a potentiometer of the
manual interface. Accordingly, the strength of a coffee
beverage to be prepared can be varied by a continuous or
incremental variation of the flow rate set point which
has been set initially by the device. In a possible
embodiment, the strength of coffee beverage can be set,
for instance, after the selection of coffee volume 1is

carried out.

Considering in particular, coffee preparation from ground

coffee contained in the cell, i.e., a single-use capsule,
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the extraction profile set by the control means of the
device preferably comprises at least a pre-wetting phase,
an extraction phase and a dry-spinning phase which differ
normally in at least the associated rotational speed of

the driving means.

The pre-wetting phase of the extraction profile takes
place at the beginning of the beverage preparation cycle.
Thereby, liquid such as water is supplied to the
centrifugal cell, i.e. the capsule, which is maintained
static or is rotated at relatively low speed, preferably
lower than 200 rpm, most preferably lower than 100 zrpm.
Accordingly, the pre-wetting phase enables a homogeneous
wetting of the dry food ingredients, i.e., ground coffee,
housed within the capsule. Hence, the compacting of dry
ingredients and a resulting blockage during the beverage

preparation cycle can be effectively prevented.

The amount of liguid provided to the centrifugal cell
respectively to the capsule during the pre-wetting phase
is preferably chosen such that the cell respectively the
capsule is full of liguid and gas is essentially expelled
out of the capsule. Accordingly, the food ingredients are
completely flooded. During this phase, there is
essentially no extracted liquid being dispensed from the
capsule as the centrifugal pressure at low speed in the
capsule remains too low to enable to overcome the
pressure losses created in the capsule and the possible

restriction means in the flow path (e.g., valve means).

After the pre-wetting phase, the extraction phase of the
extraction profile takes place. It preferably comprises a
ramp up of the driving means to the extraction speed

level which is a higher rotational speed than during the
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pre-wetting phase. Preferably, a predefined extraction
speed 1is set to avoid important fluctuation of the flow
rate during the ramp-up phase. Once the predefined
extraction speed is reached, the rotational speed of the
driving means is controlled by the control means in order

to provide a relatively constant flow rate of the liquid.

In order to control the contact time between food
ingredients and water during the beverage preparation
cycle, the wvalue of the ligquid flow rate is calculated by
the detection of the period of the impulses generated by

the flow meter.

Depending on the type of beverage to be delivered, during
the extraction phase, the rotational speed can be
comprised between 5,000 and 15,000 rpm, preferably 8,000
and 12,000 rpm. In particular, the speed can be
influenced by the flow resistance in the capsule and by

the restriction means.

After the extraction phase, the spin-drying phase of the
extraction profile takes place. Thereby, the water pump
of the liquid supply means is stopped by the control
means in order to stop supply of water to the centrifugal
cell. Moreover, a second ramp-up phase or acceleration of
the rotational speed is carried out followed by a phase
where the rotational speed is maintained at a relatively
elevated constant value to perform spin-drying of the
food ingredients in the centrifugal cell respectively
within the capsule. The beverage preparation cycle can be
ended up by a deceleration phase where the rotational

speed is progressively lowered to the zero wvalue.
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Accordingly, any residual ligquid present in the
centrifugal cell or the capsule 1is eliminated and
discharged via a spout of the device. The rotational
speed of the spin-drying phase is sgset higher than the

rotational speed controlled during the extraction phase.

Since the concentration of the residual liquid discharged
by the centrifugal cell may have a different
concentration than the 1liquid comestible discharged
during the extraction phase, the residual liquid may be
discharged by purging means which can be selectively
connected to a spout of the device. Therefore, the
concentration of the beverage to be prepared is not
influenced by the residual liquid discharged during the

spin-drying phase.

It should be understood that the spin-drying phase can be
carried out for a predetermined time (e.g., a few

seconds) .

The extraction profile and particularly the rotational
speed may vary for each kind of beverage to be prepared
in order to influence the concentration or strength of
the beverage. Accordingly, different extraction profiles
may be chosen by means of the manual interface. The
predefined extraction profiles are preferably stored in

the control means or memory means connected thereto.

Furthermore, the centrifugal unit of the device
preferably comprises flow restriction means at a delivery

side of the centrifugal unit.

The flow restriction means at the delivery side of the

centrifugal unit may comprise a pressure-responsive valve
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which opens under the pressure of the liquid coming out
of the unit. Such a wvalve is for example described in

PCT/EP08/056310.

In an embodiment, the restriction means 1is a fixed
Venturi duct (eductor) formed of one or more small
outlets. The restriction means can be provided at the
delivery outlets of the capsule or downstream of the

capsule.

The advantage 1is that a certain pressure 1is necessary
before the 1ligquid can exit the <centrifugal unit and
therefore, the contact time of liquid is promoted in the
cell by creating a delayed release. Accordingly, an
improved interaction between water and the substance
contained in the capsule 1is obtained. For coffee, for
example, 1t may be advantageous to optimize interaction
of water and the ground coffee particles contained in the
centrifugal cell to obtain a good extraction of the

coffee and aroma compounds.

Moreover, the restriction such as the valve provides a
relatively high pressure drop which  promotes the
generation of a nice amount of crema or foam of the

beverage.

During the extraction phase, the food ingredients within
the centrifugal cell are traversed by liquid provided by
the liquid supply means. The beverage resulting from the
interaction of 1liquid and food ingredients, which 1is
discharged from the centrifugal cell due to the
centrifugal forces acting thereon, forces the flow
restriction valve to open when the pressure of liquid

exceeds the preload of the valve. The beverage extract is
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thus discharged from the centrifugal cell via the spout

with a relatively consistent flow.

In a preferred embodiment, the flow restriction valve can
be formed by at least one engaging portion of the device
which is adapted to move relatively to an engaged portion
of the device or, alternatively, of an engaged portion of
the capsule under the effect of the pressurized liquid
exiting the capsule, for making a thin annular laminating

passage for the liquid.

The preload of the flow restriction valve is preferably
adjustable. Thus, the preload of the wvalve can be
increased to force the rotational speed to increase for
maintaining the same flow rate. Conversely, the preload
can be decreased to lower the —rotational speed for
maintaining the same flow rate. Thereby, the adjustment
of the preload of the valve can impact on the level of

crema or foam of the beverage which can be created.

Thereby, it has been found that a higher rotational speed
of the driving means during the extraction phase provides
a higher amount of crema or foam of the beverage. This is
particularly advantageous for coffee beverages for which

a distinctive crema or foam is desired.

According to the described embodiment, it can be possible
to control both the beverage strength (for example the
coffee concentration in the coffee liquid extract in the

cup) and the amount of foam or crema on the beverage.

It is thus possible to provide for example a ‘ristretto’
coffee extract with a relatively high concentration of

coffee and a high amount of c¢rema by adjusting,
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respectively, the volume of 25mL, a relatively low flow
rate and a relatively high ©preload of the flow
restriction wvalve. On the contrary, it 1is for example
also possible to prepare a relatively 1light ‘lungo’
coffee extract with a low amount of crema by adjusting
the volume to 110mL, a relatively high flow rate and a

relatively low preload of the restriction valve.

In a preferred embodiment, the preload on the flow
restriction valve 1is adjustable by mechanical actuation
means driven manually or by a motor controllable by the
control unit. Hence, the amount of foam or crema of the

beverage to be prepared can be adjusted by the user.

In a possible alternative, the speed of the driving means
may be controlled in relation to a detected pressure of
ligquid 1in the <centrifugal cell respectively 1in the
capsule or of the pressure of liquid reigning in the
liquid supplying 1line Dbefore the <cell. Thereby, the
pressure in the cell or before the cell 1is preferably
measured by a pressure sensor positioned within the cell
or upstream of the cell, e.g., in the liquid supplying
line between the pump and the water injection point in
the cell. It should be noted the present invention can
be adapted to a control of the pressure of liquid as an
alternative to a control of flow rate or as an additional
control means to regulate the rotational speed and,

consequently, the strength of the beverage.

In a second aspect, the present invention relates to a
system for producing a beverage from portioned
ingredients provided within a capsule, the system
comprising a beverage producing device having a

centrifugal unit comprising at least two enclosing
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members for enclosing the capsule by a relative movement
of the enclosing members,

driving means connected to the centrifugal unit for
enabling a rotational motion of the centrifugal unit,

a liquid injection assembly designed to interact
with the capsule provided to the device and connected to
liquid supply means,

means for measuring the flow rate, or respectively
the pressure, of the liquid,

control means for controlling the flow rate, or
respectively the pressure, of liquid to match a flow rate
reference, or respectively a pressure reference, 1in a
control loop by automatically adjusting the rotational
speed of the driving means during the extraction phase of
the beverage production depending on the measured flow
rate, or resgpectively the measured pressure,

wherein the capsule 1is designed to be removably

inserted into the centrifugal unit of the device.

The capsule to be used with the device according to the
present invention 1is ©preferably a single-use capsule
sealed in a protective atmosphere before use. The capsule
can have a rigid dished body and a 1lid, wherein the 1id
of the capsule comprises outlet openings arranged at a
peripheral portion of the 1lid. In a possible alternative,
the capsule can be capsule permeable to liquid and gas

when inserted in the device such as a filter capsule.

The capsule preferably contains ground coffee, soluble

coffee, tea, cocoa, milk and combinations thereof.

For coffee, the amount of coffee can differ 1in the
capsule depending on the type of coffee beverage to be

delivered. For instance, a lungo-type coffee <can be
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prepared from a higher amount of coffee contained in the
capsule compared to a ristretto or an esgpresso-type
coffee. The coffee powder may also be prepared from many

different blends and origins.

The capsule to be used in the device can be associated to
a code containing information relative to one or more of
the following parameters: flow rates, beverage volumes,

speeds, beverage temperatures, etc.

The injection of the 1liquid provided by the device
preferably takes place at an upper face of the capsule
which may already have an inlet port and the injection of
liqguid can be done by connecting an injection member such
as a tube to an inlet port of the capsule. In a possible
alternative, a foil of the capsule which covers the 1lid
can be pierced by a piercing member connected to the
injection member of the device. The output of the
beverage to be prepared takes place at a peripheral
section of the 1lid of the capsule which is provided with

a plurality of outlet openings.

It should be wunderstood that the single-use capsule
according to the present invention may contain any of a
culinary liquid such as soup or sauce, a beverage liquid
such as coffee, chocolate, milk, tea, etc., or a

nutritional liquid such as an infant formula.

In a third aspect, the present invention relates to a
method for preparing a liquid comestible from a portioned
food substance contained in a capsule or cell by passing
ligquid through the substance using centrifugal forces,
comprising the steps of

connecting the capsule or cell to a liguid supply,
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rotating the capsule or cell about its rotational
axis to enable an interaction between the ligquid and the
portioned ingredients provided within the capsule,

controlling the flow rate, or resgpectively the
pressure, of liquid to match a flow rate reference, or
respectively a pressure reference, by automatically
adjusting the rotational speed of the driving means
during the extraction phase of the beverage production
depending on the measured flow rate, or respectively the

measured pressure, of liquid.

In particular, the flow rate is controlled in relation to
a selection of strength of the beverage carried out by

the user.

Furthermore, the level of c¢rema or foam can also be
controlled by adjusting the load on the restriction valve

at the exit of the capsule or cell.

In order to avoid unnecessary repetitions, the method can
be defined as including all the possible operations as
aforementioned described in relation to the operations of

the device or system of the invention.

Brief description of the drawings

Further features, advantages and objects of the present
invention will become apparent for a skilled person when
reading the following detailed description of embodiments
of the present invention, when taking in conjunction with

the figures of the enclosed drawings.

Fig. 1 is a schematic representation of the centrifugal

system;
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Fig. 2 is a graphical representation of the speed as a
function of time during a typical brewing cycle for
a concentrated strong coffee Dbeverage and a

comparatively lighter coffee beverage;

Fig. 3 1s a cross sectional view of the centrifugal

unit according to a non-limiting example;

Fig. 4 is an enlarged view of a detail of figure 3.

Fig. 5 is a sectional side view of a capsule according

to the present invention.

Fig. © 1s a perspective side view of a capsule
according to figure 5 with its top membrane being

removed.

Fig. 7 is a sectional side view of a centrifugal unit

according to a variant of the invention.

Fig. 8 is an enlarged view of a detail of figure 7 when
centrifuged liquid is delivered.
Fig. 9 shows an example of a user's interface of the

device of the invention.

Detailed description of the figures

Figure 1 is a schematic drawing of the centrifugal system

according to the present invention.

As can be seen in figure 1, the system comprises a

centrifugal unit 2 in which a centrifugal cell 3 can be
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placed. The centrifugal cell 3 may be a single-use
capsule which contains portioned food ingredients. Before
its insertion in the wunit, the capsule 1is preferably
sealed in a gastight manner to maintain freshness of the
food 1ingredients contained therein. Alternatively, the
centrifugal cell 3 may be a re-fillable filter cell

removably connectable to the centrifugal unit 2.

The centrifugal unit 2 is connected to driving means b5
which is ©preferably an electric motor. The driving
means 5 1is designed to rotate a rotary drum of the
centrifugal unit 2 along an axis of rotation A and thus,
the centrifugal cell 3 housed within the rotary drum of
the centrifugal unit 2 about the same axis A of the
centrifugal cell 3. It should be noted that the cell
could be part of or all the rotary drum, in particular,
when the cell is not gpecifically a single-use capsule

but a refillable part of the device.

The centrifugal unit 2 further comprises a collecting
part and an outlet duct 35 through which the beverage to
be prepared is discharged into a provided receptacle 48

such as a cup or mug, for example.

The system further comprises liquid supply means which
comprise a water reservoir 6 and a fluid circuit 4. The
reservoir 6 preferably comprises water heating means 31
for heating the water contained within the reservoir 6.
The heating means 31 may be a heating coil. The heating
of the water may as well be obtained by a thermoblock in
the fluid circuit 4 and placed downstream relatively to

the water reservoir 6.
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The 1ligquid supply means further comprise a pump 7
connected to the reservoir 6. The pump 7 is preferably a
centrifugal pump. Moreover, the pump 7 1is connected to

the centrifugal unit 2 by means of the fluid circuit 4.

The pump 7 is preferably a low pressure pump which serves
the purpose of ©providing sufficient 1liquid to the
centrifugal unit 2 at low pressure. In addition, during
operation of the centrifugal unit 2, the centrifugal cell
3 acts as a centrifugal pump by drawing water from the

liquid supply.

In the centrifugal unit 2, a flow restriction means 19 is
provided to create a restriction of the flow of the
centrifuged liquid which leaves the cell 3 before it 1is
collected in the collecting part of the unit. The flow
restriction means 19 enables to increase the dwell time
of ligquid in the «cell and therefore improves the
extraction, in particular, for coffee or tea, between the
ligquid and the ingredients <contained in the <cell.
Furthermore, due to the high rotational forces necessary
for the flow to pass through restriction means, the
velocity of the flow is significantly high. As a result,
a nice amount of foam or crema can be obtained.
Preferably, the flow restriction means 19 is a valve
which opens or at least provides an increase of a flow
opening(s) by pressure of the centrifuged liquid in the
cell. For this, the wvalve 19 comprises elastic biasing
means 27 for counter-acting the pressure of the
centrifuged liquid up to a given load. Furthermore, the
valve's load acting in restriction or closing on the flow
can be made adjustable by means of a load actuating means
50. For instance, the load actuating means 50 acts on the

elastic biasing means 27 to vary positively or negatively
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the pre-load on the wvalve 19. Therefore, the higher the
elastic means are pre-stressed, e.g., by a compressive
constraint of the actuating means 50 on the resilient
member, the higher the pressure of liquid is necessary
for overcoming the restriction means, i.e., for opening
the wvalve, and maintaining the flow rate, therefore, the
higher the rotational speed must be. As a result, the
level of foam or crema can be controlled by adjusting the

load of the valve means 19.

In the fluid circuit 4 between the liguid supply means
and the centrifugal unit 2, metering means 8 for the flow
rate of the ligquid are situated. The metering means 8 1is
preferably a pulse-coded flow-metering turbine which
generates electrical impulse data 10. Thereby, the period
of the generated impulses is preferably proportional to
the wvelocity of the ligquid flow within the fluid circuit
4,

The system further comprises control means 9 which
comprise a counter 11, a central controller 11 such as a
PID (proportional-integral-derivative) controller able to
provide control loop feedback mechanism, and a manual
user interface 13. The control means 9 are preferably
connected to the flow-metering turbine 8 to receive the
process variable relative to the flow rate and to the
driving means 5 of the rotational motor for input of the
manipulated wvariable to the motor, i.e., the rotational
speed. Furthermore, the controller 12 is connected to the

pump 7 to start and stop the liquid supply in the circuit.

The counter 11 connected to the flow-metering turbine 8
enables an analysis of the generated impulse data 10. The

analysed data is then transferred to the central
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controller 12. Accordingly, the exact actual flow rate of
the ligquid within the fluid circuit 4 can be calculated

in real-time.

Therefore, the central controller 12 connected to the
driving means 5 may adjust the rotational speed of the
driving means depending on the measured flow rate of the

liquid.

Moreover, the central controller 12 preferably comprises
a memory (not shown) in which certain parameters of the
extraction profile can be saved such as rotational speeds
of the centrifugal cell, initial extraction speed of the
cell, calibration of the flow meter, prewetting time, dry
spinning time, acceleration and deceleration speed ramps,
etc. In particular, the controller 12 may contain the set
points and wvalues of the rotational speed of the driving
means 5 at different phases of the beverage preparation
cycle. These parameters serve as part of different
predetermined beverage preparation profiles in relation
to control algorithms for ©processing the different

profiles on demand.

In addition, a manual interface 13 is connected to the
central controller 12 which enables a user of the device
of the invention to choose at least the strength of the
beverage and, preferably also, the dispensing volume of
the beverage to be prepared. Thus, the central controller
12 controls the flow rate during the extraction phase
which corresponds to the selected beverage strength in
response to an input of the manual interface by varying
the rotational speed of the driving means accordingly.
The manual interface can be any mechanical, interactive

or multimedia user: machine interfacing means which 1is
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associated to the device or remote. Thus, the manual
interface can be a keyboard, touch screen, cellular phone,

personal computer, laptop, palm, etc.

Figure 2 is a graph showing examples of wvariation of the
rotational speeds of the driving means as a function of
time during typical beverage preparation cycles for a
highly concentrated beverage and for a comparatively

lighter beverage.

The characteristic curve 14 of figure 2 may for example
represent an extraction profile for a strong short coffee,
such as an ‘espresso’ or ristretto’ type coffee. By
contrast, the characteristic curve 15 of figure 2 may for
example represent an extraction profile for a lighter

‘lungo’ type coffee.

Next, a beverage preparation cycle according to the
present invention will be described with reference to
figure 1 and the characteristic curves 14 and 15 of

figure 2.

At the beginning of the beverage preparation cycle, and
after the user's selection, the centrifugal pump 7 is
switched on by the controller 12 and thus, hot water is
pumped from the reservoir 6 to the centrifugal cell 3

through the flow-metering turbine 8.

Simultaneously or shortly after, the motor speed 1is
started at a low speed to ensure a pre-wetting of the dry
food ingredients, e.g., roast and ground coffee, provided
within the centrifugal cell respectively the capsule 3.
Preferably, said pre-wetting phase A lasts for a given

time t; between 3 and 10 seconds. The prewetting time is
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preferably a time as determined by a count of impulse
data generated by the flow sensing means, which is
already stored or storable such as by transfer from a
code on the capsule or <cell in the memory of the

controller 12.

During said pre-wetting phase A, the motor speed Sp 1is
preferably as low as 10-200 rpm (round-per-minute) to
ensure a homogeneous distribution of water in the
ingredients. Normally, the speed is too low to enable the
ligquid to overcome the restriction valve 19. Therefore,
during this phase, the liquid remains in the cell and

simply fills the wvolume non-occupied by the ingredients.

Thereby, the counter 11 analyses the impulse data 10
generated by the flow-metering turbine 8. For example,
the counter 11 counts the amount of impulses for a pre-
defined period of time. At a predefined count N;, the end
of the pre-wetting phase A is reached. Thereby, the count
N1 can be adjusted by software loaded in the memory of
the control means. Moreover, it may be possible to define
the time of the pre-wetting phase A and/or the volume to
be provided to the centrifugal cell 3 during the pre-

wetting phase by means of the manual interface 13.

The parameters regarding the rotational speed Sa, the
volume of the provided liquid and the time t; of the pre-
wetting phase A are preferably equal for all different
kinds of beverages to be prepared. For example, for
different types of <coffee beverages such as e.qg.
‘ristretto’, ‘espresso’ or ‘lungo’, N; or ti; may be the
same. However, the parameters of the pre-wetting phase A
may as well be set different for different kinds of

beverages to provide different wetting profiles.
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After the pre-wetting phase A, the extraction phase B of
the beverage preparation cycle takes place. Hence, when
the number N: of counted impulses is reached, the control
means 12 accelerate the driving means 5 in a ramp-up
phase B’ to the extraction phase B to reach a
predetermined speed set-point S: respectively S, for the

rotational speed of the driving means 5.

It should be understood that the time for the described
ramp up B’ may differ for different kinds of beverages to

be prepared.

The set point S:,S2 is the initial speed wvalue for the
extraction phase which can be determined in relation to
the selection made at the manual interface. The set point
S1,S8, preferably differs for different beverages such as
different coffee beverages for example. As can be seen in
figure 2, the set point S, of the lighter beverage 15
relates to a higher rotational speed of the driving means
5 than the set point 3S; of the comparatively strong
beverage 14, as the contact time between water and the
food ingredients within the centrifugal cell 3 1is
proportionally shorter at a higher rotational speed (at

set point S;).

The increase of the rotational speed from Sp to S1 or S,
provides the liquid a sufficient momentum to traverse the
ingredients in the cell and forces the valve means 19 to
open under the pressure of the centrifuged ligquid.
Therefore, the ramp-up phase causes the opening of the
valve or enlargement of the wvalve's opening and, thereby,
the centrifuged 1ligquid starts being discharged through
the duct 35.
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At the beginning of the extraction phase B, the
distinctive flow rate at the set point S1,S; is calibrated
by the impulse data 10 received from the flow meter 8.
Accordingly, the flow rate at the beginning of the
extraction phase B is linked to a predefined rotational

speed of the driving means.

It should be understood that the initial flow rate
through the centrifugal cell 3 during the centrifugal
beverage preparation process can be affected due to
progressive compaction of the food ingredients within the
centrifugal cell 3 for example. Accordingly, the pressure
drop at the centrifugal cell 3 changes and thus, the flow
rate through the centrifugal cell 3 diverges. Therefore,
in order to maintain a substantially constant flow rate
through the centrifugal cell 3, the rotational speed of
the driving means 5 is varied such as being increased or
decreased in order to compensate for the changes of the

flow rate.

Hence, after the above described calibration of the flow
rate at the set point S:,S;, the control means 9 may vary
the rotational speed of the driving means 5 continuously
or at small intervals to maintain a relatively constant
nominal flow rate during the extraction phase B. In order
to provide a relatively stable flow rate and avoid too
much oscillation, the correction of flow rate can be
typically controlled by using a PID control algorithm
implemented in the controller wherein the process value
(PV) 1s the measured flow rate, the desired flow rate is
the set point (ST) and the manipulated variable (MV) is
the gspeed output from the controller to the rotational

motor.
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More precisely, the counter 11 particularly measures the
periods of the impulses generated by the flow meter 8.
Hence, 1f the measured period is higher than a set
reference value, which was calibrated Dbefore, an
acceleration of the speed is necessary and vice versa.
The speed can be varied stepwise or continuously. In a
stepwise speed control, the flow rate correction can be
made by the control unit varying the speed of + or - 200

rpm, for instance.

Accordingly, during the extraction phase B, the
rotational speed of the driving means 5 1is constantly
adjusted by the control means 9 in response to the sensed

flow rate data 10.

Accordingly, a substantial constant value of the flow
rate which differs only by a certain tolerance of, for
instance, +/- 10% can be obtained. The rotational speed
of the driving means 5 is adjusted preferably at
intervals of 1less than 1 second, for instance, 1n the

order of a few milliseconds.

After a second count N, of the flow-metering means 8 is
reached, the water pump 7 is stopped by the control
means 9. Thereby, the count N; of the flow-metering
means 8 determines the total volume of the beverage to be

dispensed.

It should be understood that the count Ny, N'; may vary for

different kinds of beverages.

Preferred volumes of different types of coffee beverages

are for example 2bmL for a ‘ristretto’, 40mL for an
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‘espresso’, 110mL for a ‘lungo’, and 250mL for an

'"Americano' type coffee beverage.

Accordingly, the indicated reference numeral N, may refer
to a short beverage such as a ‘ristretto’ or ‘espresso’
type coffee for example, whereas the reference numeral Ny
which relates to a greater number of counted impulses and
thus, to a greater liquid volume may refer to a ‘lungo’

type coffee beverage for example.

After the pump 7 is stopped, a dry-spinning phase C of
the beverage preparation cycle takes place in order to
empty the cell from residual liquid. The rotational speed
of the driving means 5 is preferably higher than during
the extraction phase B. Hence, at second count N, an
acceleration ramp up C’ takes place until a predefined
set point S¢ of rotational speed is reached. Then, spin-
drying of the ingredients within the centrifugal cell 3
is carried out for a predefined period of time t.. Thereby,
said predefined time tc for the spin-drying phase C can be
predetermined in the software of the control means, e.g.,

5-10 seconds.

After the spin-drying phase C, the rotational speed of
the driving means 5 is decelerated as indicated by the
deceleration phase D in figure 2. Accordingly, the

beverage preparation cycle is finished.

Of course, the spin-drying phase C could be run at the
same rotational speed as the extraction phase or at a

lower speed.

Before the start of each beverage preparation cycle, the

manual interface 13 of the system preferably comprises a
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pre-selection for enabling a user to choose preferably

two parameters:

- the volume of beverage (e.g., 25, 40, 110, 250 mL) and,

- the coffee concentration (e.g., from light to strong).

The selection is then received by the control means 9
which calculates the corresponding flow rate by measuring
the periodicity of the impulses which then serves as a
reference for controlling the rotational speed of the
driving means 5. Thereby, in order to avoid a too big
oscillation of the control loop at the start of the
extraction phase B according to the selection made, the
system is first set up around the set point wvalue of

speed Si,35;.

In a preferred embodiment, the following data is saved in
the memory of the control means 9 and can be adjusted by

means of dedicated software:

- The motor speed Sa at the pre-wetting phase (i.e., a few
rem),

- The calibration of the flow meter in volume unit per
impulse (e.g., mL/Impulse),

- The number N of impulsions during prewetting,

- The acceleration ramp up to the extraction phase B’,

- The acceleration phase to the spin-drying phase C’,

- The spin-drying speed S¢,

- The spin-drying time tg,

- The deceleration rate D.

0Of course, these functions can Dbe assured by an

integrated circuit.
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Figure 3 1s a cross sectional view of an embodiment of

the centrifugal unit 2 according to the present invention.

The centrifugal unit 2 of the device comprises an upper
enclosing member 20 and a lower enclosing member 32 which

can be moved relative to each other.

The capsule 3 to be used with the device or the system
according to the present invention may be any of the

capsules described in PCT/EP08/056310 (WO 2008/148646).

The capsule 3 as shown in figure 3 is pre-opened before
it is inserted in the device, 1i.e., a sealing foil
arranged at an upper face of the capsule is removed by
peeling, or a central hole is perforated in the foil of

the capsule when the capsule is inserted in the device

The capsule 3 optionally comprises an 1inner member
forming a 1lid 17 which is inserted in the dished body of
the capsule. The 1lid 17 and body 42 delimit together an
internal enclosure 33 for receiving a portioned food
substance. The 1lid 17 comprises outlet openings 34 (see
figure 4) at a peripheral section 47 of the 1lid 17 for
filtering the beverage and maintaining the food (coffee)
particles within the capsule 3 during the Dbeverage
preparation. Accordingly, only the ligquid comestible to

be prepared is discharged through the outlet openings 34.

The lower enclosing member 32 of the centrifugal unit 2
is a receiving assembly which comprises a liquid duct 35,
for example, protruding on a side of the assembly 32 for
guiding the centrifuged liquid coming out of the capsule
3 to a receptacle 48 such as a cup or glass (see figure

1).
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The liquid outlet 35 is in communication with a liquid
receiver 36 forming a cylindrical wall placed at a short
distance about a rotating drum 16 into which the capsule
is inserted as illustrated in figure 3. Thereby, the
rotary drum 16 is preferably a hollow capsule holder with
an internal cavity complementary shaped to receive the
capsule. The liquid receiver 36 defines with the drum 16

an intermediate cavity 37 for collecting the liquid.

Below the liquid receiving assembly 32, are placed means
for driving the capsule receiving drum 16 in rotation
inside the receiving assembly 32. The driving means 5
comprise preferably a rotary motor which can be supplied
by electricity or gas power. The drum 16 and the driving
means 5 are connected by a motor axle 23 which preferably
protrudes through an aperture in the bottom of the liquid

receiver 36.

The upper enclosing member of the centrifugal unit 2 is a
liquid injection assembly 20 which comprises a water line
22 which is in fluid connection with the pump 7 and the
flow meter 8 (see figure 1). Moreover, the water line 22
is connected to a water injector 21 which is arranged co-
centrically to the rotational axis A of the capsule 3

within the centrifugal unit 2.

In the shown embodiment, the water injector 21 1is
designed as a simple water inlet of the capsule. However,
the water injector 21 may as well be equipped with
puncturing means which are designed to puncture or tear a
membrane or foil provided at an upper face of the

capsule 3.
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About the water injector 21 is mounted a capsule rotary
engaging part 39. The engaging part 39 has a central bore
39a for receiving the water injector 21 and rotational
guiding means such as a ball or needle bearing 25

inserted between the engaging part 39 and the injector 21.

In order to enable sealing of the water inlet of the
capsule, a sealing member 24 is arranged around the water
injector 21 at a lower face of the rotary engaging part
39. The sealing member 24 is thus arranged between the
rotary engaging part 39 and an upper face of the capsule
3. Thereby, the sealing member 24 applies a certain
sealing pressure on the upper 1lid 17 of the capsule.
Hence, water is effectively prevented from leaking along
the upper surface of the capsule 3 and from by-passing
the capsule to release directly through liquid outlet 35
of the centrifugal unit 2. Furthermore, a venting means
(not shown) can be provided through the injection
assembly 20 for enabling gas to escape from the capsule

as liquid is filled in the capsule.

The liquid receiving assembly 32 and the liquid injection
assembly 20 are preferably arranged to encase the capsule
or centrifugal cell 3, the receiving drum 16 and the
water injector 21. Preferably, the receiving assembly 32
and the injection assembly 20 can be moved relatively to
each other such that a user of the device may access the
rotary drum 16 1in order to exchange the capsule 3 for
example. Therefore, a closing mechanism (not shown) may
be connected to the receiving and the injection assembly
32,20 in order to enable a relative movement of the

receiving and the injection assembly 32,20.
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In order to enable a sealing of the receiving assembly 32
and the injection assembly 20 during the operation of the
device, sealing means such as an O-ring 49 for example

are provided at the contact surfaces of the assemblies.

The water injection assembly 20 further comprises a valve
system 19 for controlling the flow of 1ligquid that is
discharged from the capsule 3 during operation of the
device. The valve system 19 can be arranged on the
capsule rotary engaging part 39 in the form of an annular
engaging portion 40 which is biased under the force of

elastic loading means 27.

As can be seen in figure 4, the annular engaging portion
40 includes a pressing peripheral pinching edge 26 which
applies a closing force on the peripheral rim 41 of the
capsule 3 to be able to restrict the flow of ligquid under

the force of the elastic loading means 27.

As can be seen in figure 4, the elastic loading means 27
can be a rubber-elastic ring member which is supported by
an upper and a lower annular seat portion 28, 29. Other
means such as spring-biased loading means 27 may as well

be applied to the device.

It should be understood that the load of the elastic
loading means 27 1is preferably adjustable. Hence, the
pressure of the ligquid which has to be exerted on the
flow restriction wvalve 19 in order to enable a
discharging of liquid from the capsule 3 to the outlet 35

of the device can be adjusted.

As can be seen in the figure, the pinching edge 26 1is

preferably ‘V’/-shaped or cone-shaped. Thus, the sealing
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pressure 1in a localized area 1s increased. The wvalve
means 19 further comprises an internal base member 30
which is preferably an integral part with the rotary
engaging part 39 of the injection assembly 20. The
elastic loading means 27 thus are inserted in a space
located between the base portion 30 the engaging portion

40.

Therefore, at a rest position, the engaging portion 40 of
the valve 19 keeps closing on the rim 41 of the capsule 3

under the compressive effect of the resilient means 27

The operation of the device is described in the following.

The capsule device is opened by moving the two assemblies
20, 32 relatively one another, e.g., by means of a
dedicated closing mechanism and separating the two
assemblies 20, 32. As a result, a single-use capsule 3
containing a food substance can be inserted in the device,
i.e., placed in the cavity of the rotating drum 16. The
device 1is then closed by the assembly 20 being connected
back onto the assembly 32 and locked by the c¢losing
mechanism. In the locked position, the water injector 21
is connected to a water inlet 44 of the capsule. Water
can thus be introduced in the capsule via the central
water injector 21. The capsule can be driven in rotation
by activating the driving means 5. The centrifugation is
carried out by rotating the capsule around the central
axis of rotation of the device that is preferably aligned
to the central axis 72 of the capsule. During the
prewetting phase as described, previously, the capsule is
filled with water and the ingredients are entirely wetted.
The control means control the speed as such a low speed

that liquid pressure is insufficient to open the valve 19.
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After a sufficient acceleration of the rotational speed
is carried out and the extraction phase 'per se' begins,
the centrifuged liquid is allowed to pass through the
plurality of outlet openings 34 provided in a peripheral
portion 47 of the 1lid 17 of the capsule. Under the effect
of high centrifugal forces, the food substance, such as
e.g. ground coffee powder, tends to compact itself
radially whereas water 1s forced to flow through the
substance. This results in the substance being both
compacted and intimately wetted by water. Due to the high
rotational movement of the capsule, the centrifugal
forces exert themselves uniformly on the mass of the
substance. Consequently, the water distribution is also
more uniform compared to usual methods using a pressure
pump to exert the pressure in the capsule. As a result,
there is lower risk of preferential flow path through the
substance which could 1lead to areas which are not
properly wetted and so not properly brewed, dispersed or
dissolved. As result of the high centrifugal forces
during the extraction phase, the wvalve is forced to open
and liquid is so projected as a laminar flow at

relatively high velocity in direction of the wall 36.

Figures 5 and 6 relate to a capsule which is preferably
used with the device and system according to the present
invention. However, it should Dbe understood that the
shown embodiment is just an exemplary embodiment and that
the capsule according to the invention can take wvarious

different embodiments.

The capsule 3 comprises a rigid dished body 42 which
comprises an annular rim portion 41. The capsule 1is

preferably design as being rotationally symmetric about
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central axis Z. Thereby, it should be noted that the
capsule may not necessarily have a circular section
around axis Z but may take another form such as a square,
rectangle or a polygonal form. Thereby, axis Z 1is
preferably aligned to the axis of rotation A when the

capsule is inserted in the device.

Moreover, the capsule 3 comprises a 1lid 17 which
preferably has the form of a disc of plastic comprising a
central portion 46 and a peripheral portion 47. The
central portion 46 can be substantially flat and may
comprise an 1inlet port 44 for enabling the fitting or
introduction of a water injection member 21 of the

beverage production device.

It should be noticed that the 1id 17 can be a rigid or
semi-rigid member made of thermoformed or injected
plastic for instance. However, this part could also be
made of a flexible membrane which is sealed to the inner
surface of the dished body without departing from the

scope of the invention.

At the side of the 1id 17 which faces the inside of the
capsule 3, the inlet port 44 can extend by a tubular
inlet portion 43 which serves for ensuring the water is
guided toward the direction of the bottom of the body to
ensure complete wetting of the substance 38 in the
enclosure and so reduced risk of leaving for example "dry

powder spots".

The upper surface of the capsule 3 may be equipped with a
foil 45 which enables sealing of the capsule 3. The foil
preferably covers the 1lid 17 and is welded or adhesively

connected onto the peripheral edge 41 of the body of the
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capsule. The foil can be permanently connected to the
edge if the foil is intended to be pierced for forming
the inlet and outlets or, alternatively, the connection
is peelable. Before the capsule is inserted into the
rotary drum 16 of the device, said foil 45 needs to be
pierced or removed in order to enable a preparation of

the beverage.

The 1id 17 further comprises a peripheral portion 47
including a collecting recess 18. The collecting recess
18 forms a U-shape in transversal section (figure ©6)
which opens in the direction of the sealing foil 45. The
recess 1is preferably continuously extending at the
periphery of the 1id 17 although it can be replaced by
several discontinuous recessed portions which may be

separated by reinforcing elements or walls, for example.

The collecting recess 18 comprises an inner peripheral
portion of wall 47 of the 1lid 17 into which is provided a
series of outlet openings 34 forming a fluid
communication between the enclosure 33 and the collecting

recess 18.

Furthermore, the outlet openings 34 may be formed by a
filter paper, a woven Or non-woven portion or another
meshed or porous membrane (not shown). Thus, the 1id 17
which 1is inserted in the dished body 42 comprises a
circumferential band of a porous material. The porous
material provides restriction of the flow, creating a
certain pressure drop, e.g., between 0.5 and 4 bar, and
leading to a filtering of the solid particles. 1In
particular, the size of the pores of the material can be
chosen to retain also the coffee fines, 1i.e., the

particles of particle size as low as 90 microns. The
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paper, fabric, meshed or porous material can be formed of
a band or bands which can be welded or otherwise combined

to the 1lid.

During operation of the device, the capsule 3 is rotated
about its axis Z. Thereby, the liquid which 1is
centrically injected into the capsule 3 will tend to be
guided along the inner surface of the side wall of the
body, up to the inner side of the 1lid, and then through
the outlet openings 34. Due to the centrifugation of the
liquid provided centrically to the capsule 3, the liquid
and the ingredients 38 provided within the capsule are

made to interact in order to form a liquid comestible.

Figs. 7 and 8 ©provide a variant of the Dbeverage
preparation system of the invention in which the load of
the wvalve means is adjustable for enabling a control of
the opening pressure in order to control the foam or
crema level. For simplifying the present description and
avoid repetitions, the same numerical references have
been used to refer to similar technical means as in the
previous embodiments. The novel aspects of the present
embodiment essentially lie in piercing means of the
device for piercing inlet/outlets in the capsule and in a
different configuration of the flow restriction wvalve 19

compared to the other embodiments.

As illustrated, the water injector 21 extends coaxially
in the capsule 3 by a hollow piercing member 51. The
piercing member extends below the upper surface of the
capsule 3, in the cavity 33. The piercing member 1is
formed as a hollow tube to supply ligquid in the capsule
at its tip. The piercing member can so be used to pierce

a sealing membrane 52 of the capsule which closes the 1id
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in a gastight manner before the capsule is inserted in

the device.

The capsule rotary engaging member 39 can further
comprise outlet piercing members 53 placed in axial
alignment with the ligquid collector of the capsule when
the member 39 is engaged in closure on the capsule. The
outlet piercing members 53 serve to pierce the membrane
52 of the capsule to define a plurality of outlets at the
periphery of the capsule from which liquid collected in
the collector can leave the capsule. The outlet piercing
members are introduced in the collecting recess 18 of the
capsule which is sized in such a way that the peripheral
portion 47 of the 1id <cannot Dbe ©perforated. The
centrifuged liquid can thus Dbe discharged from the
collecting recess 18 via the holes which are formed in

the sealing foil 52 by the piercing members.

The device further comprises a flow restriction means
forming a valve assembly 19 which operates in opening
when the pressure of centrifuged liguid has reached a
certain threshold. For this, the rotary engaging member
39 has a protruding peripheral edge 40 which engages on
the peripheral edge 41 of the capsule. The engagement is
forced by an elastic biasing mechanism 27 which provides
elastic compressive forces onto the rotary engagement
member 39. In this particular embodiment, the elastic
biasing mechanism 27 comprises a base 54 at one end into
which is fitted a compression spring 55 and an abutting
member 56 at the opposite end. The base 54, spring 55 and
abutting member 56 are housed into a tubular frame 57.
The abutting member 56 is further connected to a screw
element 58 which protrudes externally from the frame.

The screw element and tubular frame 57 form together an
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actuating means 50. They comprise a complementary thread
80 assembly enabling to tune the compressive load of the

elastic member on the engagement member 39.

As illustrated in Fig. 8, the engagement member 39 which
normally applies a closing force onto the edge 41 of the
capsule by pressing edge 81, is pushed upwards by the
pressure exerted by the centrifuged liquid during the
extraction phase, as soon as the rotational speed has
reached a sufficient wvalue. The annular gap 59 which is
formed between the protruding peripheral edge 41 of the
capsule and the pressing edge 81 of the valve determines
the laminar flow of liguid. A very thin gap of about 0.1
to 1 mm is maintained opened by the pressure of the
centrifuged 1ligquid, thus enabling the liquid to be
released at a high wvelocity in the direction of the
impact wall 61 of the receiver. Therefore, as the flow
rate of liquid increases during the ramp up phase B', the
flow gap 59 increases proportionally. When the flow rate
is stabilized during extraction phase B as controlled by
the controller, a relatively consistent jet of liquid 60
is projected onto the impact wall 61 of the receiver.
This results in a reproducible level of crema, extraction
after extraction. When the load of the elastic member is
increased by forcing the spring in compression, this
results in an increase of the speed by the controller to
maintain the flow rate at the set point. For coffee, it
is noticed that a higher amount of coffee crema can be
obtained accordingly. If a lower amount of crema 1is
desired, the wuser <can reduce the compression on the
elastic member by the actuating means, which results in
an automatic reduction of the speed for maintaining the
same flow rate. Therefore, it 1is possible to control

simply the level of foam of the beverage by adjusting the
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load on the flow restriction wvalve. Of course, the screw
element can be actuated manually by the user or by use of
a motor. If a motor is utilized, it is also possible to
automatically control the actuation by the controller
which can send input command to the motor. In such case,
it is also offered the possibility to use the wvalve
compressive load as a manipulated variable to control the

speed and/or flow rate in a control loop scheme.

It should alsoc be noted that the wvalve 19 can leave one
or more minimal outlets in its closed state and that the
opening of the wvalve by the pressure of liguid causes the
enlargement of the one or more outlets. For example, a
few radial channels forming minimal oulets can be
provided in the edge 81 pressing on the surface of the
capsule. Channels forming outlets may also be provided
within the surface of the edge 41 of the capsule or both
in the edges 81 or 41.

It should also be noted that the flow restriction valve
could also be made downstream of the capsule without
necessarily engaging a part of the capsule but it could

be entirely designed in the device itself.

As illustrated in Fig. 9, a user's manual interface 13
can provide a choice of beverages, such as coffee,
regarding a volume selection area 70, a strength
selection area 71 and, optionally, a selection area 72
for a "crema" or foam level. The volume selection area 70
can present a plurality of discrete selecting keys 700,
701, 702 such pressure-sensitive switches, each one
prompting for a user to select a predetermined volume of
the Dbeverage. For instance, key 700 represents the

shortest cup, e.g., for a ristretto coffee volume of
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about 25

46

mL; key 701 represents a short espresso coffee

cup of about 40 mL and key 702 represents a lungo coffee

cup of about 110 mL. The strength selection area 71 can

S0 be

concentra

actuated independently to set the desired

tion for each desired volume, e.g., amongst low,

medium or high strength levels. The actuation of this

strength
fix the

aforement

selection key 710, e.g., a potentiometer, will
flow rate set point 1in the controller, as

ioned, which finally determine the interaction

time of the ligquid with the ingredients in the capsule.

The crema or foam selection area 72 may also comprise a

selection

key 720, e.g., a potentiometer, for adjusting

the level of crema desired. The different levels, e.g.,

low, medium, high, will be obtained by wvaryving, e.g.,

continuou

sly or stepwise, the load constraint applied on

the restriction wvalve and, consequently, will have a

direct influence on the rotational speed necessary to

open the
regulatin

strength

restriction valve during beverage extraction for
g the flow rate at the set point as fixed by the
selection. It should be noted that the selection

key 720 for crema can be the mechanical actuation means

50 of Fig. 7 if the adjustment system is not automated.

Of course the user interface may include a touch screen

or an a
receiving
interface

display,

rray of membranes or mechanical buttons for
input from the wuser. Additionally, the user
112 may include a graphical or character

such as in the form of a color, monochrome, or

ILCD display. The user interface may also include a voice

prompt interface, wherein the local food waste monitoring

device includes a speaker and provides audio instructions,

data, and prompts to a user. The user may then press

buttons to provide input in response. Alternatively, the

user may

and the

speak instructions in response to the prompts,

instructions may be collected via a microphone
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and interpreted to commands through wvoice recognition

software installed on the controller or interface.

Although the present invention has been described with
reference to preferred embodiments thereof, many
modifications and alternations may be made by a person
having ordinary skill in the art without departing from
the scope of this invention which is defined by the

appended claims.
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Claims

PCT/EP2009/060771

A beverage production device for preparing a liquid

comestible from a portioned food substance contained in a

capsule or cell,

comprising

a centrifugal unit (2) for receiving the capsule or

cell (3),

(2)

driving means (5) connected to the centrifugal unit

for enabling a rotational motion of the capsule or

cell in the centrifugal unit,

liquid supply means (4,6

$ 1)

being connected to the

centrifugal unit to supply liquid in the capsule or cell,

respectively the pressure,

respectively the pressure,

means (8)

and

for measuring

the flow rate, or

of the liquid,

a control unit (9) for controlling the flow rate, or

or respectively a pressure reference, in

to match a flow rate reference,

a control loop

by automatically adjusting the rotational speed of the

driving means during an extraction phase of the beverage

production

depending on the

measured

respectively the measured pressure.

2.

flow rate, or

A beverage production device according to claim 1,

wherein the reference flow rate is a constant set point

or

a wvariable

profile of

calculated by the control unit

3.

or

flow
(9).

rates

stored 1in or

A beverage production device according to claim 2,

wherein the control unit is arranged for selecting

calculating

different

flow

rate

set points
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corresponding to respectively different beverage

strengths.

4. A beverage production device according to claim 3,
wherein it comprises a manual interface (13)

configured to enable at least a selection of the strength

of the beverage during the beverage production process

and the volume of the beverage to be prepared.

5. A beverage production device according to claim 3,
wherein 1t comprises an identification means for
receiving information from a capsule code as to the

strength and/or volume of the beverage to be prepared.

6. A Dbeverage production device according to any of
claims 1 to b5,

wherein the liquid supply means comprise a pump (7)
which is designed for supplying fluid to the centrifugal

unit (2) and which is operated by the control means (9).

7. A beverage production device according to any of
claims 1 to o,

wherein the centrifugal unit (2) is designed to act
as a centrifugal pump by drawing water from the ligquid

supply means (4,6,7).

8. A beverage production device according to any of
claims 1 to 7,

wherein the control means (9) are designed to detect
the electrical impulses (10) of the flow meter in order
to calculate the flow rate and the dispensing volume

during the beverage production.

9. A beverage production device according to claim 8,
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wherein the means for measuring the flow rate is a

pulse-coded flow metering turbine (8).

10. A beverage production device according to any of
claims 1 to 9,

wherein the control wunit 1s arranged to control
extraction profile comprises at least a pre-wetting phase
(A) and an extraction phase (B) which differ in at least
the associated rotational speeds (Sa,S:1,S2) of the driving

means (5).

11. A beverage production device according to any of
claims 1 to 10,
wherein device further comprises flow restriction

means (19) at a delivery side of the centrifugal unit (2).

12. A beverage production device according to claim 11,

wherein the flow restriction means comprises a valve (19).

13. A beverage production device according to claim 12,

wherein the wvalve (19) is adjustable.

14. A gsystem for producing a beverage from portioned
ingredients provided within a capsule, the system
comprising a beverage producing device having a
centrifugal unit (2) comprising at least two enclosing
members (20,32) for enclosing the capsule by a relative
movement of the enclosing members (20,32),

driving means (5) connected to the centrifugal unit
(2) for enabling a rotational motion of the centrifugal

unit (2),
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a liguid injection assembly (20) designed to
interact with the capsule (3) provided to the device and
connected to liquid supply means (4,6,7),

means (8) for measuring the flow rate, or
respectively the pressure, of the liquid,

control means (9) for controlling the flow rate, or
respectively the pressure, to match a flow rate reference,
or respectively a pressure of reference, in a control
loop by automatically adjusting the rotational speed of
the driving means during the extraction phase of the
beverage production depending on the measured flow rate,
or respectively the measured pressure,

wherein the capsule (3) is designed to be removably

inserted into the centrifugal unit (2) of the device.

15. A system according to claim 14,
wherein the capsule (3) 1is a single-use capsule

sealed in a protective atmosphere before use.

16. A system according to claims 14 or 15,
wherein the capsule (3) <contains ground coffee,

soluble coffee, tea, cocoa and/or milk.

17. A method for preparing a liquid comestible from a
portioned food substance contained in a capsule or cell
(3) by passing liguid through the substance (38) using
centrifugal forces, comprising the steps of

connecting the capsule or cell (3) to a 1liguid
supply (4,6,7),

rotating the capsule or cell (3) about its
rotational axis (Z) to enable an interaction between the
liquid and the portioned ingredients (38) provided within
the capsule (3),
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controlling the flow rate, or resgpectively the
pressure of supplied 1liquid, to match a flow rate
reference, or respectively a pressure of reference, in a
control loop by automatically adjusting the rotational
speed of the driving means during the extraction phase of
the beverage production depending on the measured flow

rate, or regpectively the measured pressure.

18. The method according to claim 17,
wherein controlling the flow rate is carried out in

relation to a selection of the strength of the beverage.

19. The method according to claims 17 or 18,
wherein the level of crema or foam can be controlled
by adjusting the load on a flow restriction valve (19) at

the exit of the capsule or cell.

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 54 of 62



PCT/EP2009/060771

WO 2010/026053

1715

10

~—11
—

~—12

«—50

27

13

A

<
I

35

48

FIG. 1

A\./\

FIG. 2

IPR2023-00485

Nespresso USA, Inc. Ex. 1007

Page 55 of 62



WO 2010/026053 PCT/EP2009/060771

2/5

49 30

39

N
(o)

20<

AN

VI
PN

N
[00]

I
V4 1

N
(o)
]

oy

’

47 \

b
AN,
N\

—
%
/

34

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 56 of 62



WO 2010/026053 PCT/EP2009/060771

3/5
45 Y4 3
34 17
41 | X 4 ) 18
\MM//////J IR 2

17a

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 57 of 62



WO 2010/026053 PCT/EP2009/060771

4/5
50
58—k
57 —f ~80
56" / n fzo

7o

\
)
E\

IV |
39a_ 4\ q
i 25 ] ! ’\ |21 39 4,
U 1 | 2
N  ames T <
{
32< 17 53 ¢
\ﬁ 42 g 32, 36
\
A V \\\\\
16
3 ; 37
FIG. 7

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 58 of 62



WO 2010/026053 PCT/EP2009/060771

5/56

700 701 702
) 3 \

M M
7104
/E@H L@;\_JZO
STRENGTH CREMA
(» (. 13
71 72
FIG. 9

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 59 of 62



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/060771

CLASSIFICATION OZSZUBJECT MATTER

NS RA7031

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A47J

Documentation searched other than minimum documentation to the extent that such documerts are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 0 367 600 A (TOKYO SHIBAURA ELECTRIC CO
[JP1) 9 May 1990 (1990-05-09)

1,14,17

column 7, line 23 - line 31

figure 1

A WO 2007/041954 A (LI ZHIPING [CNI)

19 April 2007 (2007-04-19)
page 13, paragraph 3

figure la

A BE 894 031 Al (GUERIN A)

4 February 1983 (1983-02-04)
the whole document

column 10, Tine 33 ~ column 11, 1ine 28

1,14,17

14

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the internaticnal filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not in conflict with the application but
cited (o understand the principle or theory underlying the
invention

'X" document of particular relevance; the claimed invention
cannot be considerad nove! or cannot be considered to
involve an inventive step when the document is taken alone

“Y" document of particular relevance; the claimed invention
cannot be considered 1o involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the ant.

'&" document member of the same patent family

Date of the actual completion of the intemational search

2 February 2010

Date of mailing of the international search report

08/02/2010

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. {(+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Kempeneers, dJohanna

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 60 of 62



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2009/060771

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 4 545 296 A (BEN-SHMUEL SONJA [US])

8 October 1985 (1985-10-08)
column 7, line 36 - line 59
figures 1,2

A WO 2007/110768 A2 (TUTTOESPRESSO SPA [IT];

DOGLIONI MAJER LUCA [IT])

4 October 2007 (2007-10-04)

page 4, line 8 - line 10

page 4, line 17 - line 29

page 9, line 3 - page 11, line 27
figures 1,4,5

A EP 0 651 963 Al (SEB SA [FR])
10 May 1995 (1995-05-10)
column 3, line 52 - column 6, line 53
figures 1,4,5

E WO 2009/106598 Al (NESTEC SA [CHI;

COLANTONIO JEAN-LUC [CH]; BONACCI ENZO
[CH]; DENISART)

3 September 2009 (2009-09-03)

page 4, paragraph 3

page 19, line 17, paragraph 2 - page 20,
last line, paragraph 2

page 23, paragraph 2

page 24, 1ine 4 - Tine 10

page 25, line 4 - line 7

figure 1

1,14,17

1,14,17

1,14,17

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 61 of 62



INTERNATIONAL SEARCH REPORT

"

ion

on patent famity

S

International application No

PCT/EP2009/060771
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 0367600 A 09-05-1990 DE 68906509 D1 17-06-1993
DE 68906509 T2 30-09-1993
us 4962693 A 16-10-1990

WO 2007041954 A 19-04-2007 CN 101374442 A 25-02-2009

BE 894031 Al 04-02-1983  NONE

US 4545296 A 08-10-1985  NONE

WO 2007110768 A2 04-10-2007 AR 060176 Al 28-05-2008
AU 2007231019 Al 04-10-2007
CA 2646718 Al 04-10-2007
CL 8452007 Al 08-02-2008
EP 2001343 A2 17-12-2008
JP 2009531106 T 03-09-2009
US 2009136639 Al 28-05-2009

EP 0651963 Al 10~05-1995 DE 69408088 D1 26-02-1998
DE 69408088 T2 10-06-1998
ES 2114155 T3 16-05-1998
FR 2712163 Al 19-05-1995

WO 2009106598 Al 03-09-2009  NONE

IPR2023-00485
Nespresso USA, Inc. Ex. 1007
Page 62 of 62



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report



