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(57) Abstract: The invention relates to a method for the preparation of a beverage in a beverage preparation machine (1) from a capsule
(2) containing beverage ingredients by feeding water to the capsule through a first wall (6) of the capsule by a water pump (16) of the
machine under the control of a control unit (21); the brewed beverage being extracted through a second wall (9) of the capsule; said
second wall being preferably opened for extraction of the brewed beverage at least by the effect of pressure being built up inside the
capsule as a result of the water being fed in the capsule; comprising: - feeding a first volume of water (V1) in the capsule containing
beverage ingredients in dry state for prewetting the beverage ingredients in the capsule before beverage is extracted from the second
wall (9) of the capsule ("prewetting"); - feeding a second volume of water (V2-V1) in the capsule to have beverage extracted from
the second wall (9) of the capsule; wherein the feeding of the first volume is controlled at, at least one flow rate value that provides a
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continuous increase of the water pressure from the pump in a first ramp-up phase (30) of water pressure and, wherein the feeding of the
second water volume is controlled to start immediately and without flow interruption after the feeding of the first water volume and is
controlled to increase the water pressure until at least one pressure of extraction after a second ramp-up phase of pressure (31) which
is controlled to be steeper than the first ramp-up phase (30) of pressure.
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Method for the preparation of a beverage from a capsule with prewetting

Field of the Invention:

The invention relates to a method for preparing a beverage in a beverage preparation
machine, such as a coffee machine, from a capsule containing ingredients by feeding
water to the capsule through a first wall of the capsule by a pump of the machine and
by extracting the beverage through a second wall of the capsule. The method more
particularly focuses on the preparation of a hot beverage, in particular coffee, from
ground coffee containing capsules to improve the in-cup quality of the beverage by an
improved control and particular sequencing of certain preparation parameters, in
particular, the flow and pressure of water feeding the capsule.

Background:

Beverage preparation machines utilizing capsules with beverage ingredients are
widely known and used. The most popular ones are those which make use of
disposable capsules, also called pods or cartridges that contain ground coffee,
mixtures of ground coffee and milk, soluble coffee, leaf tea or combinations thereof.
Closed capsules such as disclosed in EP0512468 that open reaching a sufficient
pressure are well known in the art. Methods using such capsules are also known such
as in EP0512470.

It is also known that a prewetting of the coffee in professional-type coffee machines by
injecting a small amount of water and reposing for a few seconds may improve or vary

the extraction results such as by exalting the aromas.

EP0870457 relates to a flexible water impermeable pod (sachet) positioned in a
chamber provided with fixed pointed means suitable to perforate the pod material once
this is pressurized and biased against the chamber walls and the perforating means.
According to this document, water is fed to the pod and the flow of water is interrupted
before reaching a pressure sufficient to cause the perforation of the pod walls.

EP2001343B1 relates to a process of preparing a beverage comprising the steps of
feeding water to a closed beverage preparation chamber, such as a closed rigid
cartridge, to prepare a beverage, opening the chamber and dispensing the thus
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prepared beverage from an outlet of the chamber, wherein it comprises the following

steps:

- feeding water to the preparation chamber until a first pressure (P1) of at least 3
bar is reached,

- interrupting at least once the flow of water to the preparation chamber (t pump),

- maintaining the preparation chamber in a closed condition at the first pressure
(P1) for a pressure holding time (toump-t1) being within the range of 1 to 60
seconds,

- opening the outlet of the preparation chamber and,
- dispensing the thus prepared beverage.

In other words, the method according to this patent comprises a prewetting phase of
the ingredients in a rigid cartridge during which the flow of water is interrupted and the
pressure is held constant for a few seconds before the flow is resumed for the beverage

extraction.

WO02015104165 relates to another method in which a first volume of water is fed in the
capsule and, after an interruption, a second volume of water is fed in the capsule and
wherein the time point of interrupting the flow of water into the capsule is determined
by evaluating a measurement signal output by a flow meter. According to this method,
it is possible to determine more precisely and more clearly the time point at which the
capsule is correctly filled with water for prewetting.

A problem of the prior art methods is that prewetting has a number of disadvantages.
It may result in blocking problems of the flow when not properly controlled such as if
the flow is resumed when the delivery wall of the capsule has been opened. The
control of the pump is considerably more complex as illustrated by W0O2015104165.
The preparation time of the beverage is also increased drastically compared to a
conventional preparation without prewetting. Indeed, the pump has to start from an off
mode to a full operation mode and the ramp up of pressure will take more time. The

electrical power used is also quite considerable.
The present invention aims at proposing a solution to these disadvantages.

It is an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

2
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Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of

common general knowledge in the field.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the

sense of “including, but not limited to”.

Summary of the Invention:

The invention relates to a method for the preparation of a beverage in a beverage
preparation machine from a capsule containing beverage ingredients by feeding water
to the capsule through a first wall of the capsule by a pump of the machine; the brewed
beverage being extracted through a second wall of the capsule; said second wall being
preferably opened for extraction of the brewed beverage at least by the effect of the
pressure being built up inside the capsule as a result of the water continuing to be fed

in the capsule; comprising:

- feeding a first volume of water in the capsule containing beverage
ingredients in dry state for prewetting the beverage ingredients in the
capsule before beverage is extracted from the second wall of the capsule
(“prewetting”);

- feeding a second volume of water in the capsule to have beverage extracted
from the second wall of the capsule;

wherein the feeding of the first volume is controlled at, at least one flow rate
value that provides a continuous increase of the water pressure from the
pump in a first ramp-up phase of water pressure and,

wherein the feeding of the second water volume is controlled to start
immediately and without flow interruption after the feeding of the first water
volume and is controlled to increase the water pressure until at least one
pressure of extraction after a second ramp-up phase of pressure which is
controlled to be steeper than the first ramp-up phase of pressure.

In one aspect, the present invention provides a method for the preparation of a

beverage in a beverage preparation machine from a capsule containing
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beverage ingredients by feeding water to the capsule through a first wall of the
capsule by a water pump of the machine under the control of a control unit; the
brewed beverage being extracted through a second wall of the capsule;

comprising:

- feeding a first volume of water in the capsule containing beverage
ingredients in dry state for prewetting the beverage ingredients in the
capsule before beverage is extracted from the second wall of the capsule
(“prewetting”);

- feeding a second volume of water in the capsule to have beverage extracted
from the second wall of the capsule;

wherein the feeding of the first volume is controlled at, at least one flow rate
value that provides a continuous increase of the water pressure from the

pump in a first ramp-up phase of water pressure and,

wherein the feeding of the second water volume is controlled to start immediately and
without flow interruption after the feeding of the first water volume and is controlled to
increase the water pressure until at least one pressure of extraction after a second
ramp-up phase of pressure which is controlled to be steeper than the first ramp-up

phase of pressure.

Therefore, the invention produces an efficient prewetting of the beverage ingredients
in the capsule by having a continuous feeding of water in the capsule without
interruption and by having a low or reduced flow rate during prewetting. The invention
thereby eliminates the problems linked to significant holding time with the capsule
standing full of water, as well as the problem linked to the resuming of the flow by the
pump after interruption and the potential blocking issues originated from such change

of state of the pump.

In one aspect, the flow rate of the pump is regulated for the feeding of the first volume
of water, particularly to match at least one flow rate set point, until a predetermined
flow time or predetermined water volume is reached or a predetermined pressure set
point lower than the extraction pressure is reached. Therefore, the flow rate is
measured and compared to a set point and the end of the first volume is determined

3a
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by any one or any combination of: a time constant value, a volume constant value or

eventually a pressure constant value. In the last case, a pressure value is measured,
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e.g., directly by a pressure sensor or indirectly by measuring with a sensor the current
consumed by the pump and computing the pressure, and compared to a pressure set
point for ending the feeding of the first volume of water at lower or reduced flow rate.
The easiest method is however to allocate a predefined time for the first volume of
water fed to the capsule at a regulated flow rate.

In a preferred aspect, the feeding of the first volume of water is controlled at a value
comprised between 20 and 120 ml/min, more preferably 50-100 ml/min, during a period
comprised between 3 and 25 seconds, more preferably 5-20 seconds. Above the given
maximum limit of flow rate, the prewetting time must be shortened and prewetting does
not become very efficient, whereas below the minimum limit, the prewetting time is too
long, the pressure is too low to increase and/or the preparation time becomes too time-

consuming.

In an aspect, the pressure of the water pump is regulated for the feeding of the second
volume of water, particularly to match at least one pressure set point. The second
volume of water may be fed until the targeted volume of beverage is extracted. In an
alternative, additional volume(s) of water is (are) fed until the targeted volume of
beverage is extracted. Such additional volume(s) of water can be regulated by flow or
pressure. In particular, the flow rate and/or pressure of additional volume(s) can be
lower or higher than the flow rate and/or pressure of the second volume of water fed.
The variation of flow rate and/or pressure from one volume to the other can be

continuous or stepwise depending on the regulation.

Therefore, contrary to the first volume of water, the second volume is preferably not
regulated by flow rate but only by pressure because it becomes possible to provide
different pressures of extraction depending on the types of capsules (e.g., containing
ground coffee blends of different origins). Furthermore, it is more relevant to control
the pressure of extraction to avoid a too high or too low pressure of extraction for a
given capsule. Of course, a different regulation could also be envisaged such as a flow

rate or a mixed regulation (flow rate and pressure).

The flow rate of the second volume of water fed through the first wall of the capsule is
higher than the flow rate of the first volume of water fed for prewetting. When the

pressure is regulated for the second volume of water, the pump is regulated at a
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pressure set point higher than 6 bar, preferably between 8 and 25 bar, more preferably

at a pressure set point of 10 to 20 bar.

Preferably, the second volume of water is started to be fed before the opening pressure
for opening the second wall of the capsule is reached. Generally, the opening of the
second wall is obtained by breaking, cutting or tearing the wall against a capsule
support of the machine comprising one or a plurality of protrusions. In order to
overcome the pressure drop necessary for opening the wall, it is necessary to set a
sufficiently high pressure set point so that the pressure ramp-up phase is steep enough

and opening is obtained successfully.

The pump is preferably chosen to be of a type which is controllable in pressure and
flow rate such as a gear pump, a membrane pump or a syringe pump. The pump is
dimensioned to be able to deliver flow rate over a wide range of flow rates such as 50
to 500 ml/min.

In one aspect, the flow rate is determined with flow rate determination means arranged

according to any one or a combination of the following manners:

a) by determining the reduction of volume by time unit of a pressurized water
chamber of a syringe pump of the machine or,

b) by measuring by a flow meter the flow rate of water fed by the pump to the
capsule or,

c) by measuring the rotational speed of the motor of a rotary volumetric pump

and computing the flow rate accordingly.

In particular, in manner a), the reduction of volume of the pressurized water chamber
may be determined by the relative displacement of a displaceable wall delimiting the

chamber, displaced by an electrical actuator, as a function of time.

Furthermore, the capsule type may be identified by the beverage preparation machine.
Certain parameters of the preparation are determined by the control unit as a function
of the type of the capsule identified. In particular the feeding of the first volume of water
and/or the second volume of water may be controlled by the control unit as function of
the type of capsule identified. For example, depending on the capsule type, e.g., coffee
blend, the feeding of the first volume of water can be regulated at a different flow rate
or flow rates and/or the second water volume at a different pressure or pressures. The

feeding of additional volume(s) of water may further be controlled.

5
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Generally, the feeding of the first volume of water may alternatively be set by the
control unit without regulating the flow rate regulation but simply by powering the pump
at a predetermined current level for a predetermined time to provide a slow flow rate
and the steady increase of the pressure as desired for prewetting. In this case, these
characteristics for the feeding of the first water volume, i.e., powering of the pump and

timing, can be predetermined as function of the type of capsule for example.

The invention further relates to a beverage preparation machine for the implementation
of the method as aforementioned, comprising:

a source of water,

a dispensing outlet,

a brewing unit for receiving the capsule,

a water pump for feeding water to the brewing unit,

wherein it comprises a control unit arranged for controlling the pump for:

- feeding a first volume of water in the capsule containing beverage
ingredients in dry state for prewetting the beverage ingredients in the
capsule before beverage is extracted from the second wall of the capsule
(“prewetting”);

- feeding a second volume of water in the capsule to have beverage extracted
from the second wall of the capsule;
wherein the feeding of the first volume is controlled at, at least one flow rate
value that provides a continuous increase of the water pressure from the
pump in a first ramp-up phase of water pressure and,
wherein the feeding of the second water volume is controlled to start
immediately and without flow interruption after the feeding of the first water
volume and is controlled to increase the water pressure until at least one
pressure of extraction after a second ramp-up phase of pressure which is
controlled to be steeper than the first ramp-up phase of pressure.

The machine may comprise a syringe pump by which the water flow rate is
determined or calculated by the reduction of volume of a pressurized water
chamber as a function of time. Alternatively, the machine comprises a pump and a
flow meter for measuring the flow rate fed by the pump to the capsule. Still

6
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alternatively, the machine may comprise a rotary volumetric pump by which the
rotational speed of the motor is measured and the water flow rate is computed

according to the result of this measurement.

The machine may also comprise a pressure sensor or a sensor for measuring at
least one electrical parameter representative of a consumption of power by the
pump. The electrical parameter provides input to the control unit that is indicative
of the pressure of water. The control unit may be connected to the pump to control
the power supplied to the pump to maintain the water output flow at the set point of
pressure or to vary the pressure according to a pressure profile comprising more

than one pressure set point.

Brief Description of the Drawings:

Fig. 1 shows an exemplary schematic representation of a beverage preparation
machine adapted for the implementation of the method according to the invention;

Fig. 2 is an exemplary graph representing the measured evolution of the water
volume fed by the pump to the capsule (left Y-axis) and the measured water
pressure (right Y-axis) as a function of time (X-axis) for the preparation and delivery
of a water volume of 60 ml for preparing a coffee liquid extract;

Fig. 3 is an exemplary computerized control chart of the preparation of the coffee
liquid of Fig. 2 showing respectively (from top to bottom), the time scale, the water
temperature, target water volume, the hybrid flow and pressure regulation, the flow
rate threshold during flow regulation and the pressure set point during pressure

regulation;

Fig. 4 shows a more detailed internal cross-sectional view of a beverage
preparation machine with a syringe-type pump for the implementation of the
method of the invention;

Fig. 5 is a perspective cross-sectional view of the water pump of the machine of
Fig. 4;

Fig. 6 is a perspective view of the actuator and transmission of the water pump of
the machine of Fig. 4;



v

2018232564 23 Aug 2019

25

30

Fig. 7 is a cross-sectional view of the water pump of Fig. 4, the electrical connection
of the pump to an electric power source associated with a current sensor for
measuring at least one electrical parameter representative of a consumption of

power from the source by the actuator being schematically illustrated.

Detailed Description of the Invention:

The present invention relates to a method of preparation using a preparation
beverage machine 1 represented in a non-limitative manner in Fig. 1. The machine
1 is usually adapted to receive a beverage capsule 2 and prepare a beverage
therefrom. The capsule is usually received in a beverage extraction unit 3 adapted
to enclose the capsule and feed it with water from a controlled fluid circuit 4. The
machine may optionally comprise a capsule identification unit 5 in which each
capsule 2 may be individually identified for enabling an adaptation of the
preparation, in particular the parameters of preparation, to the identified capsule.
For example, the conditions of the prewetting can be changed as function of the
type of capsule identified by the identification unit 5.

The capsule 2 usually comprises a first wall 6 through which water from the fluid
circuit is fed to the beverage ingredients 7 in the capsule. The first wall may be, for
instance perforated by perforation members 8 of the machine for enabling the
introduction of water. The capsule further comprises a second wall 9 through which
the beverage is extracted from the capsule. The second wall is preferably initially
closed and opened by the conjugated effect of the rise in pressure in the capsule
and the mechanical interaction with capsule support 10 of the machine. As known,
the capsule support may comprise one or a plurality of protrusions that engages
mechanically the second wall deforming under pressure until it breaks or
perforates. The beverage may drain through channels or holes 11 to be collected
in a collecting chamber 12 and dispensed through an outlet 14 to a receptacle 13
placed underneath. It is also within the scope of the invention to have a capsule
with a second wall that opens only by the effect of the pressure rising in the capsule
and without any contribution of mechanical interaction or that opens by the
conjugated effect of the rise in pressure in the capsule and mechanical interaction
member(s) provided in the capsule itself.
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The fluid circuit of the beverage preparation machine comprises a source of water
that can be a water tank 15. The water tank is usually refillable and may, for this,
be removably connected at one end of the fluid circuit. The fluid circuit 4 further
comprises a water pump 16 fluidly connected to the water tank, such as via a first
water line 17 supplied with water. It also comprises a water heater 18 fluidly
connected to the water pump such as via a second water line 19. The brewing unit
3 may be connected to the water heater such as via a third water line 20. Additional
water lines, not illustrated here, are possible such one to bypass the water heater
or connected to additional components such as a water cooler or a purge or

pressure relief valve or recirculating water lines.

The beverage preparation machine comprises a control unit 21 that is generally
adapted for receiving data input 22 from the different electronic components of the
machine and for controlling such components such as by providing data output 23
to the various electronic components of the machine. The control unit 21 may be
divided in electronically connected sub-units that may be physically separated in
the machine. The control unit generally comprises processing means such as a
microcontroller, at least one volatile and/or non-volatile memory for encoding
instructions for the operation of the method such as in the form of one or more
operating programs and values such as set points such as temperature(s), flow
rate(s), pressure(s), current-related data, time and so on.

The machine may comprise flow rate determination means to measure the flow rate
of water coming in the capsule. The flow determination means may comprise a flow
meter 24 fluidly arranged in the fluid circuit for measuring the flow of water fed from
the pump 16 to the capsule in the brewing unit and for providing flow rate related
input to the control unit. The flow meter 24 as illustrated in Fig. 1 may be positioned
in the water line 17 between the water tank 15 and the pump 16 or in another
position along the water circuit if more appropriate. The flow rate determination
means may also be embodied in the pump itself. For example, the pump may be a
syringe pump by which the water flow rate is determined by the reduction of volume
of a pressurized chamber as function of time. A more detailed description of a
machine comprising a syringe pump follows in relation to Figs 4 and 7 and is also

described in detail in co-pending European patent application No. 16177217.3. The
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pump may comprise a rotational part which rotational speed is proportionate to the

water flow rate which is computed by the control unit.

The water pump 16 may be any suitable pump but preferably a pump adapted for being
controlled by the control unit as to the power supplied to the actuator 25 of the pump
such as by pulse-width modulation to vary the flow rate and/or pressure. Therefore,
the pump is preferably a membrane pump, a gear pump or syringe pump. The actuator
25 can be a rotational electrical motor acting on the activation of the membrane, gear
means or piston of the syringe pump. It comprises input means that receives input
signals from the control unit for the control of its rotational speed. The actuator is further
preferably connected to a current sensor 26 which is connected to the control unit to
input signal representative of the current consumed by the actuator. The current sensor
can be at least one of an ammeter, a voltmeter and potentiometer, for measuring at
least one electrical parameter representative of a consumption of power by the
actuator from a current source supplying the actuator (not represented).

The control unit 21 connected to the current sensor 26 is arranged by its control logic
to determine the pressure of water at the outlet 52 of the pump. The electrical
parameter(s) measured, such as the absorbed current, may be at least one parameter
provided for the determination of the pressure. In return, the control unit is configured
to control the electrical power supplied to the actuator 25 by the electrical power source
(not represented). It should be noted that the current sensor 26 can be integrated into
the control unit itself or into the actuator of the pump. The control unit can also be part

of a powering unit including a power source.

In a variant, the current sensor 26 may be replaced by a pressure sensor (e.g. pressure

transducer) or equivalent pressure determination means.

The water heater 18 is also connected to the control unit 21 by providing water
temperature related input such as through one or more temperature sensor 27 (such
as NTC). The control unit is connected to the heater for controlling the activation of the
heating element and for regulating the temperature accordingly.

Optionally, a capsule identification member 28 is arranged in the machine for
identifying the capsule and/or retrieving data from a data carrier on the capsule before
preparation of the beverage in the brewing unit. The capsule identification member

provides an input signal to the control unit as to the type of capsule and/or preparation

10
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parameters (e.g., set points, times, volumes, etc.) related to such capsule. The
characteristic of the capsule that can be measured by the capsule identification
member can be a mechanical, electrical, electromagnetic and/or optical nature. At least
one of a capsule’s colour, graphic pattern, shape, electric conductivity, capacitive

conductivity, inductive conductivity, magnetic conductivity may be measured.

The identification of the capsule enables to determine the type of capsule and adapt
the preparation parameters accordingly including the conditions of control of the first
volume for prewetting and second water volume for extraction of the beverage.
Different types of capsules may correspond to different capsule characteristics, such
as different coffee blends, coffee weights, capsule sizes and combinations thereof.
Different coffee blends may encompass different coffee grinding characteristics (e.g.,
particle size distribution, mean diameters), coffee origins, densities, roasting degree

and combinations thereof.

The method of the invention will now be described in relation with Figs. 2 and 3. After
the capsule has been enclosed in the brewing unit 3 and a preparation starting signal
is validly inputted into the control unit (e.g., identified capsules and/or button pressed
on a user interface of the machine), a first volume of water V1 is fed under the control
of the control unit from the pump to the capsule for prewetting the beverage ingredients
(Fig. 2). This first volume of water V1 is preferably regulated by flow rate using flow
rate determination means. The flow is controlled to be slow but continuous. The slow
flow rate, preferably between 50 and 100 ml/minute is maintained for a few seconds,
preferably between 5 and 20 seconds. During this period, no beverage is extracted
from the second wall 9 of the capsule. The second wall of the capsule remains
preferably non-opened until the end of the first volume feeding since the pressure at
the wall does not attain the opening pressure, e.g. breaking pressure. For this, the flow
rate and flow time are predetermined as function of the opening pressure of preferably
each type of capsule considering its backpressure characteristics. As illustrated in Fig.
2, the pressure increases gradually in a first pressure ramp-up phase 30, as the
capsule is filled with water. The flow rate of the water pump is regulated by the control
unit via the flow determination means so that the measured flow rate is compared to
at least one flow rate set point (possibly several different values for a possible flow rate

profile during this phase) and the flow of the pump is adjusted such as by pulse width

11



10

15

20

25

30

WO 2018/162440 PCT/EP2018/055397

modulation to match the flow rate set point. In the illustrated example, the memorized

flow set point in the unit is at 50 ml/minute.

Immediately following the prewetting with the first volume of water, a second volume
of water V2-V1 is fed from the pump to the capsule without interruption between the
first and second volume of water (Fig. 2). In particular, the pressure is significantly
increased such as by the control unit increasing the current at the pump. During the
feeding of the second volume of water, the control unit regulates the pump by the
pressure, and preferably no longer by the flow rate. For this, the control logic of the
control unit is arranged to immediately switch from a flow rate regulation to a pressure
regulation, e.g. after the time elapsed for the first volume, by determining the water
pressure at the outlet of the pump. At least one pressure set point becomes the
reference for adjusting the current supplied to the pump. The pressure set point is
selected to be a value above the opening characteristic of the second wall of the
capsule. For example, the pressure set point is set at 20 bar whereas the opening
pressure of the second wall is at 8 bar. Turning to such maximum pressure set point
forces the pump to supply water to the capsule at a higher flow rate at least temporarily
and to adapt the flow rate as function of the encountered backpressure. The extraction
phases can be programmed to decrease or increase the flow rate progressively or
stepwise. The number of extraction phases is not limited and such phases can be
controlled by pressure or flow rate. In a possible example, the regulation of the pump
can be programmed to provide, after opening of the capsule, a drip-by-drip beverage
dispensing similar to a coffee filter drip-type machine.

At the beginning of the feeding of the second water volume, the beverage ingredients
such as ground coffee may compact against the second wall and the backpressure
may increase significantly. As a result, the flow rate may also be increased, at least
temporarily to counter the backpressure. This may result in a steeper curve portion of
the flow rate (illustrated by the portion of cumulated water volume 32 of water volume
V3-V1). As a result, the pressure ramp-up phase 31 for the second volume of water
becomes steeper than the pressure ramp-up phase 30 in the first volume.

The term “steeper” to qualify the second ramp-up phase 31 compared to the first ramp-
up phase 30 means that the portion of pressure curve in the phase is more vertical in
the pressure axis (Y- axis) direction. More particularly, according to the prewetting of
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the invention carried out at a slow flow rate, the first and second ramp-up phases of
pressure may form a curve that is exponential or close to an exponential growth. Any
tangent (first derivative of the exponential curve in that point) measured in the second
ramp-up phase 31 has therefore a higher slope (and thereby “steeper”) than any
tangent measured in the first ramp-up phase.

The opening of the second wall of the capsule generally happens at an intermediate
pressure point 33 that may be variable from capsule to capsule as it depends on the
opening characteristics of the second wall (e.g., wall thickness, material). After opening
of the capsule, the pressure generally continues to increase up to the pressure of
extraction 34 as controlled by the unit. After reaching the maximum extraction
pressure, the pressure may stabilize at the maximum extraction pressure 34 until the

end of the extraction or even decrease.

In a variant, more than one pressure set point can be provided to the preparation cycle
of the beverage to form a pressure profile (rather than a single pressure set point). The
extraction of the beverage can so be controlled at more than one extraction pressure,
e.g., two or three different set points as function of time. The pressure curve may also
be influenced by the backpressure created in the capsule and at the interface with the
support of capsule, such as by the compaction of ingredients and/or the flow opening

area created in second wall during extraction.

The end of the feeding of the second water volume may be determined by a water
cumulated volume as determined by the flow rate determination means and controlled
by the control unit. The pump is stopped accordingly when the cumulated water volume
is reached (e.g. at 60 ml in Figs 2 and 3).

Preferably, part or all preparation parameters, in particular, water cumulated
volume(s), flow rate set point(s), pressure set point(s), first water volume feeding
time(s), water or heater temperature(s) can form preparation parameters that may be
stored in a memory of the control unit. These parameters may be contained partly or
totally in at least one look-up table of a memory or may be transferred partly or totally
from a data carrier on the capsule or an external machine to a memory of the control

unit.

Figures 4 to 7 illustrate an exemplary embodiment of the beverage preparation

machine 1 with a water tank 15 and a dispensing outlet 14 connected via a water pump
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16. The water tank 15 may connect to a connection line 17 for connecting the water
tank 15 to the pump 16. The water pump 16 can be configured to drive water from the
water tank to the outlet through a capsule (not represented) arranged in the beverage

extraction unit 3.

The pump 16 is a syringe-type pump that includes a chamber 35 and a displaceable
wall 36 delimiting the chamber. The pump further comprises an electric actuator 25
driving the displaceable wall 36 between a first position and a second position for
causing an inflow of liquid from the water source into the chamber 35 and for causing
an outflow of water from chamber 35 to the beverage extraction chamber. For instance,
such water is passed by the pump through a heater 18.

The pump 16 includes a powering unit 38 that has an electric power source 39 and
that is configured for supplying power to actuator 25. The powering unit 38 can be
connected by an electric plug or connector 37 to the mains or a different power supply,
e.g. a battery or transformer (DC) and/or renewable energy supply (solar photovoltaic

supply).

The powering unit 38 has a sensor 26 for measuring at least one electrical parameter
representative of a consumption by the actuator 25 of power from the power source.
The powering unit 38 includes a control unit 21 connected to the sensor 26 and to the
power source. The control unit 21 is configured to control the power supplied to the
electrical actuator 25 by the power source 39 as a function of: the at least one
measured parameter; and a desired water input into chamber 35 and/or a desired liquid
output from chamber 35, such as a desired flow and/or pressure of the liquid input
and/or of the liquid output.

The control unit 21 may control the water heater 18. The control unit 21 can control the
opening and closing of the brewing unit 3 comprising a capsule support 10 and a
capsule cage 41. The control unit may also control the opening and closing of a
moveable seat 40 on which the capsule can sit before insertion in the machine (also
shown in Fig. 1).

The control unit 21 can be connected by wired or wireless communication to a user-
interface 42 or to a communication module for communicating with an external

machine, e.g. a network and/or a portable machine (e.g. a smartphone).
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Back to the syringe pump, the water chamber 35 can have a pump inlet 43 in fluidic
connection with the water tank and a pump outlet 44 in fluidic connection with the water
heater and brewing chamber. Such pump inlet 43 may have an anti-return valve 53
for preventing an outflow of liquid from the chamber 35 via inlet. The pump outlet 44
may have an anti-return valve 54 for preventing an inflow of liquid into chamber 35 via
outlet. Typically, the water chamber 35 forms a single cavity of variable volume with

which such inlet and outlet fluidly communicate.

The actuator 25, typically an electrical motor, is connected to the displaceable wall 36
by a transmission 46. The transmission 46 associated with the motor may include a
gear arrangement, such as a spur-gear arrangement, e.g. an arrangement comprising
one or more of a (toothed) wheel 47, (toothed) pinion 48, snail or archimedian screw
49, such as a toothed wheel 47 connected via a toothed pinion 48 to a further toothed
wheel 50 intermeshing with an archimedian screw 49 secured to displaceable wall 36.

The control unit 21 can be configured to control the electric power source to supply a
desired voltage to electric actuator 25, such as a constant or variable voltage, e.g. an
alternating voltage at a fixed or adjustable frequency and/or at a fixed or adjustable
amplitude. The sensor 26 may be configured to measure as at least one parameter a
current intake by actuator at the desired voltage.

The control unit 21 can be configured to control electric power source to supply a
desired current to the electric actuator 25, such as a constant or variable current e.g.
an alternating current at a fixed or adjustable frequency and/or at a fixed or adjustable
amplitude. The sensor 26 may be configured to measure as at least one parameter a

voltage intake by actuator 25 at the desired current.
The control unit 21 can be configured to:

- carry out a comparison, such as a comparison over time, of the at least one measured
parameter and a predetermined set point stored in the control unit, such as a
predetermined set point selected from: a factory stored set point; a predetermined set
point stored by updating the control unit, e.g. a wired or wireless updating; and a
predetermined set point provided ad hoc for a beverage serving, such as a
predetermined set point associated with an ingredient of the beverage serving or with
a user-input dedicated to the beverage serving; and
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- control the power supplied to actuator 25 as a function of the comparison.

The control unit 21 may be configured to adjust a voltage intake by actuator 25 from
the power supply to ensure a desired current intake by the actuator derived from
measuring with the current sensor 26 the current intake as at least one parameter, e.g.
to provide the liquid at a desired pressure from the chamber 35 towards the dispensing
outlet.

The control unit 21 can be configured to adjust a current intake by the actuator 25 from
the power supply to ensure a desired voltage intake by the actuator derived from
measuring with the current sensor 26 the voltage intake as at least one parameter to
provide the liquid at a desired flow rate (ml/min.) from chamber 35 towards outlet.

The control unit 21 may be configured to interrupt the powering of actuator 25 when
the displaceable wall 36 delimiting the chamber reaches an end wall 51 of the chamber
or a physically-determined or a sensor-determined end position, e.g. an end position
determined by a magnetic or optical sensor or an end position determined by a
mechanical stop (not represented).

To determine the water flow rate, the control unit 21 may receive an input related to
the reduction of volume of the chamber 35 as function of time. The volume of the
chamber 35 is reduced directly by the displacement of the displaceable wall 36 towards
the end wall 51. The displacement can thereby be determined by measuring the
rotational speed of at least one of the rotational members of the transmission, e.g.
pinion 47, via a sensor. The flow rate is then computed from the measurement of the
rotational speed considering the proportionality with the volume of the chamber.
Alternatively, the position of the displaceable wall or archimedean screw can be
determined by position sensors and the flow rate computed from the position of the

wall as a function of time.

The control unit 21 can generally be configured to: carry out a comparison, such as a
comparison over time, of the at least one measured parameter and a predetermined
set point associated with the capsule; and control the power supplied to the actuator
37 as a function of the comparison. For instance, the control unit 21 controls the power
supplied to actuator 25 so as to minimise a difference between the predetermined set
point and the at least one measure parameter (e.g., the water pressure). The

predetermined set point can be derivable from a characteristic of the capsule
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containing the ingredients or of a user-input associated with the ingredient. A
characteristic of the ingredients may be derived from a flow property of the ingredients
in the brewing unit. This flow property can be derived from the at least one electrical
parameter representative of the consumption of power from source by the actuator
measured by current sensor. Depending on the type of beverage, the ingredient (e.g.
ground and/or instant coffee, tea or milk concentrate or powder) used therefore may
be more or less resistant to the flow of liquid therethrough.
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Claims:

1.

Method for the preparation of a beverage in a beverage preparation machine
from a capsule containing beverage ingredients by feeding water to the capsule
through a first wall of the capsule by a water pump of the machine under the
control of a control unit; the brewed beverage being extracted through a second

wall of the capsule; comprising:

- feeding a first volume of water in the capsule containing beverage
ingredients in dry state for prewetting the beverage ingredients in the
capsule before beverage is extracted from the second wall of the capsule

(“prewetting”);

- feeding a second volume of water in the capsule to have beverage extracted
from the second wall of the capsule;

wherein the feeding of the first volume is controlled at, at least one flow rate
value that provides a continuous increase of the water pressure from the
pump in a first ramp-up phase of water pressure and,

wherein the feeding of the second water volume is controlled to start
immediately and without flow interruption after the feeding of the first water
volume and is controlled to increase the water pressure until at least one
pressure of extraction after a second ramp-up phase of pressure which is
controlled to be steeper than the first ramp-up phase of pressure.

. Method according to claim 1, wherein said second wall being opened for

extraction of the brewed beverage at least by the effect of pressure being built
up inside the capsule as a result of the water being fed in the capsule.

Method according to claim 1 or 2, wherein the flow rate of the water pump is
regulated for the feeding of the first volume of water until a predetermined flow
time or predetermined water volume is reached or a predetermined pressure

set point lower than the extraction pressure is reached.

. Method according to claim 3, wherein the flow rate of the water pump is

regulated for the feeding of the first volume of water to match at least one flow

rate set point.
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5. Method according to claim 1, wherein the feeding of the first volume of water is
controlled by a predetermined powering of the water pump during a

predetermined time.

6. Method according to any one of claims 1 to 5, wherein the feeding of the first
volume is controlled at a value comprised between 50 and 100 ml/min during a

period comprised between 5 and 20 seconds.

7. Method according to any one of claims 3 to 6, wherein the pressure of the water

pump is regulated for the feeding of the second volume of water.

8. Method according to claim 7, wherein the pressure of the water pump is
regulated for the feeding of the second volume of water to match at least one

pressure set point.

9. Method according to claim 7 or 8, wherein the second volume of water is fed
until the targeted volume of beverage is extracted.

10.Method according to claim 7 to 9, wherein the second volume of water is
controlled to be started before the opening pressure for opening the second wall
of the capsule is reached.

11.Method according to any one of claims 7 to 10, wherein the pressure for feeding
the second volume is measured by a pressure sensor or by a sensor measuring

a current-related variable of the motor driving the water pump .

12.Method according to any one of claims 7 to 11, wherein the pressure is
regulated at a pressure set point comprised between 8 and 20 bar.

13.Method according to claim 12, wherein the pressure is regulated at a pressure
set point comprised between 10-15 bar.

14.Method according to any one of the preceding claims 3, 6 to 13, wherein the
flow rate is determined by flow rate determination means arranged according to

any one of the following manners :

a) by determining the reduction of volume by time unit of a pressurized water
chamber of a syringe pump of the machine or,
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b) by measuring by a flow meter the flow rate of water fed by the pump to the

capsule or,

c) by measuring the rotational speed of the motor of a rotary volumetric pump

and computing the flow rate accordingly.

15.Method according to claim 14, wherein in manner a), the reduction of volume
by time unit of the pressurized water chamber is determined by the relative
displacement of a displaceable wall delimiting the chamber, displaced by an

electrical actuator.

16.Method according to any one of the preceding claims, wherein the capsule type
is identified by the beverage preparation machine and, at least the feeding of
the first volume of water and/or the second volume of water are/is controlled by

the control unit as function of the type of capsule identified.

17.A beverage preparation machine for the implementation of the method
according to any one of the preceding claims, said beverage preparation

machine comprises:

a source of water,

a dispensing outlet,

a brewing unit for receiving the capsule,

a water pump for feeding water to the brewing unit,

wherein it comprises a control unit arranged for controlling the pump for:

- feeding a first volume of water (V1) in the capsule containing beverage
ingredients in dry state for prewetting the beverage ingredients in the
capsule before beverage is extracted from the second wall of the capsule

(“prewetting”);

- feeding a second volume of water in the capsule to have beverage extracted
from the second wall of the capsule;

wherein the feeding of the first volume is controlled at, at least one flow rate
value that provides a continuous increase of the water pressure from the

pump in a first ramp-up phase of water pressure and,
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wherein the feeding of the second water volume is controlled to start
immediately and without flow interruption after the feeding of the first water
volume and is controlled to increase the water pressure until at least one
pressure of extraction after a second ramp-up phase of pressure which is
controlled to be steeper than the first ramp-up phase of pressure.

18.Beverage preparation machine according to claim 17, wherein it comprises:

- asyringe pump by which the water flow rate is determined by the reduction

of volume of a pressurized water chamber by time unit or,

- apump and a flow meter for measuring the flow rate fed by the pump to the

capsule or,

- a rotary volumetric pump by which the rotational speed of the motor of a
rotary volumetric pump is measured and the flow rate computed accordingly.

19. Beverage preparation machine according to any one of claims 17 or 18,
wherein it comprises a sensor for measuring at least one electrical parameter
representative of a consumption of power by the water pump and the control
unit being connected to the pump to control the power supplied to the pump to
maintain the water output flow at the set point of pressure or to vary the pressure
according to a pressure profile comprising more than one pressure set point.
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