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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention concerns a device and a method for heating water in a machine
for making and dispensing beverages such as, for example, coffee, tea, chocolate; such a
machine comprises a feeding and heating assembly adapted to carry out such a method.

BACKGROUND OF THE INVENTION

[0002] Machines for making and dispensing hot beverages provided with devices for heating
water are known, generally defined as boilers or kettles; such devices, usually supplied by
electric current, are able to heat the water contained in a tank, by means of a heating element.

[0003] The heating element, usually made of a resistive material, is permanently dipped in the
water contained in the tank; a potential difference is applied at the ends of the heating element,
then an electric current is generated that, due to Joule effect, dissipates energy in form of heat
by heating the water. In practice, it is the same technique used for heating water inside a
conventional water-boiler.

[0004] It is then necessary to maintain the water contained in the heating device at a desired
temperature, also when the machine is not operating, so that to assure a dispensing of the
beverage at the desired temperature without long waiting times. Then, if the machine is not
operative for a long time, there will be a great energy consumption for maintaining the water at
high temperatures (usually higher than 85 °C).

[0005] For example, in case of boilers used for the preparation of beverages by means of
soluble substances, at the end of every dispensing, the level of hot water contained in the
boiler is reduced and water at ambient temperature is entered in order to fill again the boiler.
Then, there is a reducing in the whole temperature of water and, to assure that the following
dispensing of a beverage will happen at the desired temperature, it is necessary a more or less
long waiting time to heat again the water; the waiting time will depend on the amount of hot
water fed in one or more preceding dispensing.

[0006] In addition to the temperature, an important specification to be fulfilled is the flow rate of
the fed hot water, above all depending from the beverage type to be made; for example, in
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case of beverage produced by means of soluble substances, a considerable flow rate of hot
water is required (at least 10 cc/s); it is not simple to satisfy this specification, in fact with a high
flow rate of fed hot water there will be a quick decrease of temperature of water contained in
the tank, resulting in long waiting times for a following dispensing or else obtaining a beverage
whose soluble substance could give some lumps.

[0007] WO2008/139205 discloses a water dispenser provided with a flow-through heater
comprising a flow path formed between an inner cylindrical body and an outer cylindrical
sleeve. The flow path is heated by means of a thick film heater deposited on the outer surface
of the sleeve.

[0008] The main problems related to water heating, in machines for making and dispensing
beverages, are due to thermal inertia with which a determined water mass is heated; in order
to have a quick water heating the phenomenon of electromagnetic induction can be used for
generating eddy currents inside an electrically conductive element in contact with the water to
be heated; the eddy currents dissipate energy, because of Joule effect, in form of warmth
heating the conductive element and consequently the water contacting therewith.

[0009] It is known that electromagnetic induction heaters have the quality of heating rapidly the
water flowing inside a metal pipe in which the eddy currents are induced.

[0010] WO2013/084180 discloses a coffee machine provided with a heater comprising a tube
as to form the secondary winding of a transformer. The primary winding of the transformer is
instead predisposed for connection to the electric power supply network or to a high frequency
generator (inverter), which in turn, connected to the electric power supply network.

[0011] US5262621 in the name of Industrial Technology Research Institute, shows an
apparatus for heating the water flowing inside a metal pipe in which a winding of
electromagnetic induction is wound. The winding is supplied with an AC voltage, hence, inside
the pipe, eddy currents are generated which heat the pipe thereby increasing the temperature
of water flowing in its inside. The water passes through the pipe by gravity, therefore no
dispensing of hot water with high flow rate is arranged. Also in DE10350064 is shown a device
for heating water in a coffee machine in which the winding of electromagnetic induction is
wound around a chromium-plated steel pipe having a thin wall.

[0012] Anyway, the afore said heaters have a problem: inside the heating pipe the limescale
contained in the water will deposit because of heating; then, inside the heating pipe, an inner
coating of limescale will form that, at the beginning, limits the heat conduction from the pipe
towards the water and, successively, will be able to block the inside of the heating pipe with the
relative damage of the device or the whole machine. Therefore, in order to avoid damages of
the machine or the replacement of the heater, a cleaning cycle will be periodically carried out,
by means of descaling substances, to remove the limescale from the heating pipe.

[0013] For example EP2044869 shows an induction heater provided with an ultrasound
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generator; the heater comprises a cylindrical casing made of ferromagnetic material on which
a winding of electromagnetic induction is wound; inside the ferromagnetic casing there is a flow
path for the water to be heated and an ultrasound generator is integrated at one end of said
casing; in this way the limescale formation inside the heater is hindered by the ultrasonic
vibrations made by the ultrasound generator. Then, the above mentioned heaters have the
problem of needing an accurate maintenance of the heating duct. In case in which the heating
duct is blocked, the replacement of these heaters is a complex and expensive operation.

SUMMARY OF THE INVENTION

[0014] Object of the present invention is to realize a device for heating water in a machine for
making and dispensing beverages that avoids the drawbacks of the known art.

[0015] Further object of the present invention is to provide a device for heating the water
rapidly, in a machine for making and dispensing beverages, which is inexpensive, simple to
use, with a reduced power consumption and whose replacement is simple, quick and cheap.

[0016] This and further objects are achieved by the present invention through a machine for
preparing and dispensing beverages according to claim 1, and the respective dependent
claims.

[0017] In particular, according to the present invention, the machine for preparing and
dispensing beverages comprises a device for heating water, said device comprising at least
one metal duct for the water flow between an inlet and an outlet and at least one winding of
electromagnetic induction, characterized in that the loops of said winding are wound around a
spool made of an electrically insulating material having a cavity inside which said metal duct is
housed and in that said metal duct and said spool are at least partially separated by a gap
inside said cavity.

[0018] In fact, the peculiar aspect of the present invention is that in case of malfunctions, such
as for example a reduced efficiency or a blocking of the heating duct due to the limescale
deposit, it is possible to replace only such a duct simply and rapidly; there is not the need of
replacing the whole heater as it is designed so that the winding of electromagnetic induction
and the metal duct are two physically-separated pieces; this allows a simple maintenance of
the electric part (winding of electromagnetic induction) and the hydraulic part (heating duct),
separately.

[0019] In detail, the device according to the present invention comprises at least one electric
power supply circuit for said winding and, by using the phenomenon of electromagnetic
induction, eddy currents are generated inside the metal duct that heat such a duct thanks to
the Joule effect.

[0020] The device according to the present invention is able to lead the water to a temperature
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higher than 75 °C also for dispensing with a flow rate greater than 10 cc/s. This is obtained
because the water is heated almost instantaneously by passing through the metal duct that is
made of electrically conductive element, preferably of ferromagnetic material, with such a
thickness and section to have a large surface contacting the water to be heated in its inside.

[0021] To optimize the space, advantageously the duct has a spiral shape and, preferably, the
inlet and the outlet of such a duct are made on the same end so that the replacement of the
heating element could be easy for an operator.

[0022] To further simplify the replacement of the heating duct, push-in fittings are present,
known in the art, which allow connecting and disconnecting the heating duct from the rest of
the hydraulic circuit without interfering with the winding of electromagnetic induction.

[0023] Further object of the present invention is a machine according to claim 5 and respective
dependent claims, said machine comprising an assembly for supplying and heating the water.
The water comes from an independent tank or the main connection, for example.

[0024] The assembly can further comprise a water tank, typically name "air break”; such a tank
is substantially a chamber that, usually, is present in automatic dispensing machines or in
general in machines connected directly with the water main. The air break chamber separates
the water main from the hydraulic circuit of the dispensing machine in order to avoid that
possible bacteria or microorganisms, present inside the hydraulic circuit of the machine, could
pollute the whole water main.

[0025] The separation happens by an air layer; in particular, the air break chamber, hereinafter
named simply separating chamber, is typically provided with an inlet for the water coming
directly from the water main and an outlet towards the hydraulic circuit of the dispensing
machine. The inlet is placed at a height greater than the outlet and thanks to a level sensor,
typically a float, the level of water contained inside the separating chamber cannot reach such
an inlet; then a separation between the water main and the hydraulic circuit of the dispensing
machine is obtained by an air layer inside the separating chamber.

[0026] The supplying and heating assembly according to the present invention, in one of its
embodiments, can comprise a separating chamber that, in this case, is provided with two inlets
and one outlet; the outlet of the separating chamber is hydraulically connected to the inlet of
the heating duct, a first inlet of the separating chamber is connected to the water main and a
second inlet of the separating chamber is connected to the outlet of the heating duct by means
of a three-way electrovalve. It is then provided the possibility of diverting the flow of hot water
selectively from the outlet of the heating duct towards an outlet duct or towards the separating
chamber. In this way, it is possible to carry out one or more pre-heating cycles of the water
present in the separating chamber if the temperature and/or the flow rate of hot water to be
heated are high.

Brief description of the drawings
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[0027] Object of the present invention is further a method according to claim 11 and respective
dependent claims; such a method allows heating and feeding water at a determined
temperature that can be selected by the user, and with a determined flow rate function of the
type of beverage to be dispensed.

[0028] Further aspects and objects of the present invention will become more evident from the
description below, made for illustrative and not limitative purposes, with reference to the
accompanying schematic drawings, in which:

e figure 1 is a perspective view of an embodiment of the device according to the present
invention;

« figure 2 is an exploded view of the device of fig. 1;

» figures 3A and 3B are a perspective view of two embodiments of the heating duct of the
device according to the present invention;

« figure 4 is a block diagram of an embodiment of the feeding and heating assembly
through which the method for feeding and heating water according to the present
invention is carried out.

e figure 5 is a block diagram of an additional embodiment of the feeding and heating
assembly through which the method for feeding and heating water according to the
present invention is carried out.

Modes for implementing the invention

[0029] Referring to figures 1 and 2, the device 1 for heating water in a machine for making and
dispensing beverages comprises a metal duct 2 for the water flow between an inlet 2a and an
outlet 2b and a winding of electromagnetic induction 3 whose loops are wound around a spool
4, made of an electrically insulating material. The spool 4 has a cavity 5 with a substantially
cylindrical shape, with a symmetry axis 6 coincident with that of the winding 3. In the particular
shown embodiment, the metal duct 2 is made of electrically conductive material, preferably of
ferromagnetic material and has the shape of a cylindrical spiral.

[0030] The metal duct 2 is housed inside the cavity 5, so that the spool 4 and the metal duct 2
are separated at least in part by a gap, therefore in such a way that they are physically

separated, so in such a way that the duct 2 could loosely slide inside the cavity 5.

[0031] With the term "gap" is meant a space region in which there are no mechanical
constraints.

[0032] The spiral shape has been selected to maximize the water mass the metal duct 2 can
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contain and to render the structure of such a duct 2 as much as possible compact.

[0033] In other words, the spool 4 made of insulating material, on which the loops of the
winding 3 of electromagnetic induction are wound, and the metal duct 2, are two physically
separated parts.

[0034] In particular, the spool 4 is constrained to a supporting structure (not shown) of a
machine for preparing beverages, whereas the metal duct 2, which is hydraulically connected
to a hydraulic circuit of the same machine, has no mechanical constraints with the spool 4.
Then, by disconnecting the metal duct 2 from the hydraulic circuit, it is possible to draw out the
duct 2 from the cavity 5 maintaining unchanged the rest of the system. For example, if the duct
has to be replaced because of malfunction or maintenance, the drawing out of the duct 2 from
the cavity 5 is simple and quick for an operator thanks to the presence of the push-in fittings
18a, 18b, known in the art, connecting the inlet 2a and the outlet 2b of the duct 2 to the rest of
the hydraulic circuit of the machine for preparing beverages, respectively.

[0035] According to the embodiment herein shown in figures 1 and 2, the insulating spool 4,
the cavity 5 and the winding of electromagnetic induction 3 have a substantially cylindrical
shape with symmetry axes coincident with an axis 6.

[0036] Referring to figures 1 and 2, the metal duct 2 has its own symmetry axis, which in the
particular shown embodiment, is parallel and coincident with the axis 6.

[0037] The loops of the winding 3 of electromagnetic induction comprise an electric wire 3c,
sheathed with an electrically insulating material, wound around the insulating spool 4. The wire
3¢ has two ends 3a and 3b, with which the winding 3 can be electrically powered.

[0038] The device 1 according to the present invention further comprises an electric power
supply circuit 7 applying an AC voltage at the ends 3a, 3b of the winding 3. An AC current in
then generated, flowing inside the winding 3 and, consequently, a magnetic field alternating too
is produced, whose flow lines pass through the winding 3 and particularly inside the cavity 5 of
the spool 4 where the metal duct 2 is housed. To minimize the losses due to heat dissipated by
the current flowing in the loops of the winding 3, the electric wire 3c is realized with a large
section and a reduced resistivity value, in order to have a resistance value as low as possible.

[0039] As afore said, by supplying the winding 3 with the circuit 7 an alternating magnetic field
is generated inside the cavity 5, whose flow lines pass through the metal duct 2 housed inside
the cavity 5. For the Faraday law, the flow variation of the magnetic field generates, inside the
metal duct 2, eddy currents, also known as "Foucault currents”, which heat the duct 2 because
of Joule effect and, consequently, the water flowing in its inside.

[0040] Advantageously, the duct 2 is preferably made of ferromagnetic material. With a duct 2
made of ferromagnetic material, the lines of magnetic field gather more on the duct 2 and do
not disperse in the space between the winding 3 and the duct 2 inside the cavity 5, optimizing
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the generation of eddy currents.

[0041] The electric power supply circuit 7 supplies the winding 3 with a determined power and
applies an AC voltage at the ends 3a, 3b of the winding 3 at a determined frequency that is
higher than 20 kHz. In particular, the power circuit 7 has an input 20 connected to the electric
network, and an output 21 connected to the terminals 3a and 3b of the winding 3. Through
methods known in the art, the AC voltage applied by the electric network is modulated by the
circuit 7 to increase the power frequency to a value higher than 20 kHz. In other terms, the
circuit 7 takes, for example, an AC voltage at 50 Hz from the electric network and supplies the
winding 3 with a determined power and an AC voltage at a frequency higher than 20 Hz.

[0042] By supplying the winding 3 with frequencies higher than 20 Hz, two advantages are
achieved: the vibrations produced by the device 1 fall within the ultrasound field, beyond the
audible frequencies in order to avoid irritating noise or humming; in addition, the generated
ultrasounds hinder the limescale deposition on the inner walls of the duct 2.

[0043] By changing the oscillation frequency the amplitude of induced currents can be
changed and then the temperature of the duct 2 can be changed as a function of such a
frequency. In particular, when the oscillation frequency of the voltage at the ends of the winding
3 reaches a specific frequency value (resonance frequency), the efficiency of the circuit 7 is the
maximum and the dissipated energy, in the guise of heat from the duct 2, is the maximum too.
The coupling between the winding 3 and the duct 2 determines the resonance frequency value
that depends from a lot of factors such as, e.g., the shape, the size and the material of which
the heating duct 2 is made, as well as the type of winding 3. Therefore, by supplying the
winding 3 with a determined power and an AC voltage having an oscillation frequency equal to
the resonance frequency value, the duct reaches the maximum temperature. Such a
temperature can be decreased and led to a desired and determined value by adjusting the
oscillation frequency of the AC voltage with which the winding 3 is supplied. In particular, by
supplying the winding 3 with an AC voltage with an oscillation frequency higher or lower than
the resonance frequency, less energy is dissipated in the guise of heat from the duct 2, which
reaches a temperature lower than the temperature reached by supplying the winding with an
AC voltage having an oscillation frequency equal to the resonance one. Therefore, it is
possible to lead the temperature of the duct 2 to a particular desired value by adjusting the
oscillation frequency of the AC voltage with which the circuit 7 supplies the winding 3. Referring
to figures 3A and 3B, the metal duct 2 has an inlet 2a and an outlet 2b for the water flow. The
inlet 2a and the outlet 2b can be placed on the same end of the duct 2, as in the embodiment
shown in figure 3A, or on different ends, such as for example in the embodiment shown in
figure 3B.

[0044] In a preferred embodiment, the use of at least one metal duct 2 is provided, in which
the inlet 2a and the outlet 2b for the water flow are positioned on the same end of the duct 2;
for example, a duct 2 in the shape of a cylindrical spiral as that shown in figure 3B, has the inlet
2a and the outlet 2b for the water flow on opposite ends; by extending the outlet 2b or the inlet
2a of the duct 2 and passing said extension from the spiral center, a duct is obtained in which
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both the inlet 2a and the outlet 2b are positioned on the same end, as shown in figure 1, in
figure 2 and in figure 3A. The presence of the inlet 2a and the outlet 2b on the same end of the
duct 2 allows a possible replacement of the duct 2 from the cavity 5 simpler and quicker than
the embodiment in which the inlet 2a and the outlet 2b are placed on different ends.

[0045] For example, the duct 2 in an embodiment can have a spiral shape, as that shown in
figure 3A or 3B, with a wall thickness comprised between 0.3 mm and 1.5 mm and a section
with inner diameter comprised between 3 mm and 15 mm and a weight comprised between 30
gand 70 g.

[0046] The duct 2 is preferably made of food stainless steel such as, for example, EN 1.4509
having also good ferromagnetic features and a resonance frequency value of about 25 kHz.

[0047] Figure 4 shows an assembly 10 for supplying and heating water in a machine for
making beverages, comprising a pump 9 with an inlet 9a and an outlet 9b and a device 1 for
heating water according to the present invention.

[0048] The inlet 9a of the pump 9 is hydraulically connected to an unit for the water supply,
such as for example an independent tank (not shown), via a duct 15 and an electrovalve 25;
the outlet 9b of the pump 9 is hydraulically connected to the inlet 2a of the duct 2. The pump 9
can preferably have a variable speed and can be controlled in such a way that the water
pumped inside the duct 2 has a determined flow rate corresponding to the beverage type to be
prepared.

[0049] As previously described, to facilitate and speed up the drawing out of the duct 2 from
the cavity 5, push-in fittings 18a, 18b, known in the art, connect the inlet 2a and the outlet 2b of
the duct 2 with the rest of the hydraulic circuit of the assembly 10, respectively.

[0050] The assembly 10 further comprises at least one displacement meter 26 arranged
upstream the inlet 2a of the duct 2, preferably upstream the inlet 9a of the pump 9 and at least
one temperature sensor arranged at least next the end 2b of the duct 2 of the device 1 to heat
the water. The particular embodiment shown in figure 4 provides two temperature sensors 17a
and 17b placed, respectively, at the inlet 2a and the outlet 2b of the duct 2. For example, at
least one of the temperature sensors 17a, 17b can be a thermocouple. Embodiments in which
an assembly 10 for feeding and heating water comprises a different number of temperature
sensors, known in the art, are provided, the sensors being placed at different points of the
hydraulic circuit, of which at least one temperature sensor is placed at least next to the outlet
2b of the duct 2, while remaining in the protection scope of the present invention.

[0051] In general, the temperature sensor 17a, if present, can be placed substantially
upstream the inlet 2a of the heating duct 2 in order to measure the temperature of water
coming into the duct 2, whereas the sensor 17b can be placed substantially downstream the
outlet 2b of the heating duct 2 in order to measure the temperature of water coming out of the
duct 2.
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[0052] The assembly 10 further comprises a logical unit 19 for acquiring the temperature
values measured by the temperature sensors 17a, 17b. The logical unit 19 processes the
acquired values measured by the sensors 17a, 17b and determines the temperature of water
flowing inside the duct 2.

[0053] Therefore, the logical unit 19 adjusts the oscillation frequency and/or the output of
electric power from the power circuit 7 so that the temperature of water flowing inside the duct
2 could reach a determined temperature the user selected.

[0054] In particular, the logical unit 19 controls the electric power supply circuit 7 by adjusting
the oscillation frequency thereof. Based on temperature values measured by the sensors 17a
and 17b, the logical unit 19 determines the oscillation frequency with which the power circuit 7
supplies the winding of electromagnetic induction 3. Therefore, the power circuit 7 takes, for
example, an AC voltage at 50 Hz from the electric network and supplies the winding 3 with an
AC voltage at a frequency determined by the logical unit 19.

[0055] The logical unit 19 further adjusts the electric power transferred from the power circuit 7
to the winding 3 by methods known in the art, for example by a PWM modulation of the voltage
output of the circuit 7.

[0056] Then the logical unit 19 controls the power circuit 7 so that such a voltage provided to
from the circuit 7 to the winding 3 has a determined frequency and/or a determined electric
power.

[0057] The voltage at the ends of the winding 3 can then be equal to zero, i.e. the logical unit
19 controls the switching on and off of the power circuit 7. For example, in case in which the
temperature sensors 17a and 17b detect a temperature higher than an upper determined
threshold, the logical unit 19 controls the switching off of the power circuit 7 or, vice versa, in
case in which the temperature sensors 17a and 17b detect a temperature lower than a
determined lower threshold, the logical unit 19 controls the switching-on of the power circuit 7.

[0058] The logical unit 19 determines, by means of the displacement meter 26, the volume of
water pumped to the duct 2 by the pump 9. In addition, the logical unit 19 can determine the
water flow rate and in particular, if the pump is of the constant flow rate type, the logical unit 19
determines the flow rate value from an inner memory in which such a value is stored. In case
in which the pump 9 has a variable flow rate, i.e. in which the rotation speed of the pump can
be adjusted, the logical unit 19 can determine the flow rate value based on the beverage type
selection and can further adjust the speed of the pump 9 so that the water is fed from the
outlet duct 16 with a determined flow rate corresponding to a beverage type the user selected.
The control of the pump speed can happen, for example, by the power-line voltage of the
pump 9. The power-line voltage of the pump can then be adjusted through an open- or closed-
loop control. In case of open-loop control, the logical unit 19 adjusts, for example, the power-
line voltage of the pump 9 with the voltage values stored in the memory of the unit 19 or in a
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memory connected thereto and corresponding to all possible values of the desired flow rate. In
case of closed-loop control, there is at least one flow rate sensor (a flowmeter), through which
the logical unit 19 determines the water flow rate flowing inside the duct 2. Then, by comparing
such a flow rate value and the desired flow rate value, corresponding to the beverage type the
user selected, the logical unit 19 adjusts consequently for example the power-line voltage of
the pump 9.

[0059] Figure 5 shows another embodiment of the assembly 10 for supplying and heating
water in a machine for making beverages. With respect to the embodiment shown in figure 4,
the assembly 10 further comprises a separating chamber 8 with at least one inlet 12, 13 and
one outlet 11 for the water and one three-way electrovalve 14.

[0060] Referring to figure 5, the separating chamber 8 preferably comprises two inlets for the
water: a first inlet 12 hydraulically connecting the chamber 8 with a duct 15 connected to the
water main via the electrovalve 25; a second inlet 13 hydraulically connecting the chamber 8
with the outlet 2b of the duct 2 in order to heat the water. In this way it is possible to put the
water coming from the water main 15 and/or the outlet 2b of the heating duct 2 into the
separating chamber 8.

[0061] The outlet 11 of the separating chamber 8 is hydraulically connected to the inlet 9a of
the pump 9. Similarly to the embodiment shown in figure 4, the outlet 9b of the pump 9 is
hydraulically connected to the inlet 2a of the duct 2 and at least one displacement meter 26 is
connected upstream the inlet 2a of the heating duct 2, preferably upstream the inlet 9a of the
pump 9, more preferably upstream the first inlet 12 of the separating chamber 8.

[0062] The three-way electrovalve 14 comprises an inlet 14a, a first outlet 14b and a second
outlet 14c¢. The inlet 14a is hydraulically connected to the outlet 2b of the duct 2; the outlet 14b
is hydraulically connected to an outlet duct 16 from which the assembly 10 feeds the water
heated by the device 1; the outlet 14c is hydraulically connected to the inlet 13 of the
separating chamber 8.

[0063] By switching the paths in the electrovalve 14, the flow of heated water can be diverted
from the outlet 2b of the duct 2 towards the separating chamber 8 or the outlet duct 16. In the
first case, the heated fluid can be returned into the chamber 8 for carrying out one or more
pre-heating cycles if the temperature of water present in the separating chamber 8 is too low
with respect to the temperature at which it has to be fed or else if the flow rate of hot water to
be fed is too high.

[0064] In particular, the electrovalve 14 can switch so as to avoid the water flow towards at
least one of the two outlets 14b, 14c. In particular, by controlling the closing of the outlet 14c
and the opening of the outlet 14b, the electro valve 14 allows the passage of water towards the
outlet duct 16 and blocks the water passage between the duct 2 and the second inlet 13 of the
separating chamber 8; vice versa, by controlling the opening of the outlet 14c and the closing
of the outlet 14b, the electrovalve 14 blocks the water passage between the outlet 2b of the
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duct 2 and the outlet duct 16, then the water is not fed to the duct 16 but it flows towards the
inlet 13 of the separating chamber 8.

[0065] As afore described for the embodiment shown in figure 4, the logical unit 19 adjusts the
oscillation frequency and the electric power output of the power circuit 7; then, through the
temperature sensors 17a and 17b, the logical unit 19 determines the temperature of water
flowing inside the heating duct 2 and adjusts the oscillation frequency and the electric power
output of the power circuit 7 so that the temperature of water flowing inside the duct 2 reaches
a determined temperature selected by the user.

[0066] The logical unit 19 determines, by means of at least one displacement meter 26, the
volume of water pumped to the duct 2 by the pump 9. In addition, the logical unit 19 can
determine the water flow rate and, in case in which the pump 9 has a variable speed, the
logical unit 19 further adjusts the speed of the pump 9 in the same way afore described for the
embodiment shown in figure 4, i.e. in such a way that the water pumped inside the duct 2 has
a determined flow rate corresponding to the beverage type to be made.

[0067] Referring to figure 5, the logical unit 19 further controls the switching of the electrovalve
14. As afore described, if the hot water to be fed to the duct 16 must reach high temperatures
and/or flow rates, it is possible to carry out one or more pre-heating cycles; in this case, the
logical unit 19 controls the closing of the outlet 14b and the opening of the outlet 14c.
Therefore, the water is not immediately fed from the outlet duct 16 but it is circulated between
the heating duct 2 and the separating chamber 8 until the water, present in chamber 8, will
reach such a determined pre-heating temperature value that the pre-heated water can be led
to the desired temperature during the subsequent heating cycle. Such a temperature value is
determined by the logical unit 19 based on the selected beverage and the difference between
the measured temperature value and the desired temperature value that the hot water must
have to be fed to the outlet duct 16. As such a temperature value is reached, the logical unit 19
controls the opening of the outlet 14b and the closing of the outlet 14c to carry out the heating
cycle and feed the hot water to the outlet duct 16 at the desired temperature and flow rate.

[0068] The method steps for supplying and heating the water through the assembly 10 in a
machine for making beverages are now described, according to a preferred embodiment of the
present invention.

[0069] At the beginning, an user selects the beverage type and, in case, the temperature of
the beverage the machine must prepare; for every beverage type, a determined water volume
and, in case, a determined water flow rate are associated, to be fed and heated up to the
selected temperature by the assembly 10. Therefore, the logical unit 19, according to the
beverage type and the temperature of water the assembly 10 must fed to the outlet duct 16,
switches the electro valve 14 in order to have an appropriate heating cycle.

[0070] In particular, in case in which a long heating cycle has to be carried out, i.e. with a pre-
heating of the water to be heated (embodiment shown in figure 5), the logical unit 19 switches
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the electrovalve 14 in the configuration in which the outlet 14b is open and the outlet 14c is
closed. The logical unit 19 controls the opening of the electrovalve 25, then the water is put
from the water main to the separating chamber 8 up to reach a determined level
corresponding to the water amount necessary for preparing a determined beverage selected
by the user.

[0071] When the desired level is reached, detected for example by the displacement meter 26,
the logical unit 19 controls the closing of the electrovalve 25 and the switching-on of the pump
9 so that the water is pumped from the outlet 11 of the separating chamber 8 towards the inlet
2a of the duct 2.

[0072] In case in which a short heating cycle has to be carried out, i.e. with a direct dispensing
from the outlet duct 16, the logical unit 19 only controls the opening of the electrovalve 25 and
the switching-on of the pump 9 up to the end of the dispensing. The logical unit 19 then
determines, by means of the displacement meter 26, the volume of water pumped to the duct
2 and stops the dispensing when a determined water volume corresponding to the particular
beverage type the user selected, is fed to the outlet duct 16.

[0073] In an additional embodiment, the logical unit 19 further determines the flow rate of
water pumped to the duct 2 and, in case in which the pump 9 has a variable speed, the logical
unit 19 further adjusts the speed of the pump 9 so that the water flows inside the duct 2 with a
flow rate adapted to the beverage type the user selected. Afterwards, a determined water
amount with a determined flow rate flows inside the duct 2 between the inlet 2a and the outlet
2b.

[0074] The water flowing inside the duct 2 is then heated by means of the device 1. In fact, the
logical unit 19 controls the switching-on of the power circuit 7 that supplies the winding of
electromagnetic induction 3 with a determined power and an AC voltage having an oscillation
frequency equal to the resonance frequency. The oscillation frequency of the circuit 7
supplying the winding 3 is adjusted by the logical unit 19 and, by changing the oscillation
frequency of the power supply 7, the temperature of water flowing inside the duct 2 can be
adjusted. At the beginning, the logical unit 19 determines the resonance frequency and adjusts
the oscillation frequency of the circuit 7 to such a frequency.

[0075] The logical unit 19 determines, through the sensors 17a and 17b, the temperature of
water inside the duct 2. If the temperature value determined by the sensors 17a and 17b is
different from the temperature selected by the user, the logical unit 19 adjusts the oscillation
frequency of the circuit 7 and/or the power supplied by the circuit 7 to the winding 3 so that the
water inside the duct can reach the selected temperature. As afore described, the oscillation
frequency is higher than 20 kHz, so that vibrations made by the device 1 will fall within the
ultrasound field, beyond the audible frequencies. The logical unit 19 adjusts accordingly the
oscillation frequency of the circuit 7 in a range in which the frequencies are higher than 20 kHz,
preferably higher than the resonance frequency. Such a resonance frequency, for example in
one of the afore described embodiments, has a value of about 25 kHz. In case in which the
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temperature sensors 17a and 17b detect a temperature higher than an upper determined
threshold, the logical unit 19 controls the switching off of the power circuit 7 or, vice versa, in
case in which the temperature sensors 17a and 17b detect a temperature lower than a
determined lower threshold, the logical unit 19 controls the switching-on of the power circuit 7.

[0076] The hot water is then fed to the outlet duct 16 at the temperature the user selected and,
in case, with the flow rate corresponding to the beverage type the user selected. The control
logical unit 19 adjusts the oscillation frequency of the circuit 7 and/or the power supplied by the
circuit 7 to the winding 3 until all the water in the separating chamber 8 has been fed to the
outlet duct 16, so that the water temperature is maintained constant and equal to the value
selected by the user.

[0077] In case in which the temperature and the flow rate of water to be fed are high, the
method provides for the possibility of carrying out one or more heating cycles of water present
in the separating chamber 8. In this case, the logical unit 19 determines the temperature of
water in the separating chamber through the sensor 17a or 17b and, if such a temperature
value is lower than a determined value of pre-heating temperature, the logical unit 19 switches
on the electrovalve 14 by controlling the closing of the outlet 14b and the opening of the outlet
14c; then a determined water amount with a determined flow rate flows between the heating
duct 2 and the separating chamber 8 leading it to such a pre-heating temperature that the
water can be led to the desired temperature during the subsequent heating step.

[0078] In other words, the subsequent heating step is equal to that of the embodiment shown
in figure 4, but at the inlet 2a of the duct 2, pre-heated water is pumped at a specific value of
pre-heating temperature. The pre-heating temperature is determined by the logical unit 19
according to the beverage type selected by the user and as a function of the difference
between the temperature value measured by the sensor 17a or 17b and the desired
temperature value. Once the water reached the pre-heating temperature, the logical unit 19
controls the opening of the outlet 14b and the closing of the outlet 14c thereby carrying out the
heating cycle in which the pre-heated water flows again in the duct 2, is heated and fed to the
outlet duct 16 at the desired temperature and flow rate.

[0079] At the end of the feeding, both the pump 9 and the power circuit 7 are switched off and
the whole hydraulic circuit of the assembly 10 is empty, i.e. without water in its inside and ready
for starting a new feeding and heating cycle.

[0080] Advantageously, the logical unit 19 controls the switching off of the power circuit 7 just
before all the water present in the hydraulic circuit of the assembly 10 has been fed to the
outlet duct 16. In this way, the last part of the water flow (not many cc) is heated thanks to the
thermal inertia of the duct 2 that is also advantageously cooled.

[0081] The method can provide also a rinsing step of the whole hydraulic circuit, with cold
water at the end of every cycle, in order to eliminate possible limescale deposits inside the duct
2.
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[0082] The present invention can provide embodiments different from those heretofore
described and shown in figures; for example, referring to the geometrical shape of the duct 2, it
has to be observed that an embodiment, comprising a straight duct 2 or a duct 2 having an U-
shape or a flat spiral shape, falls again within the protection scope of the present invention.

[0083] An embodiment in which the duct 2 is realized in the shape of several cylindrical spirals,
one in another, is provided too.

[0084] Additional embodiments having a different number of metal ducts 2, made of different
types of materials, still fall within the protection scope of the present invention as defined in the
appended claims.

[0085] Other embodiments can anyway provide for a different geometrical shape of the spool
4 and/ or the cavity 5 and/ or the winding 3 of electromagnetic induction. Additional
embodiments can provide for the presence of a metal duct 2, housed inside a cavity 5, in which
the symmetry axes of the insulating spool 4 and/or the winding of electromagnetic induction 3
and/or the cavity 5 and/or the metal duct 2 are not coincident, even though remaining in the
protection scope of the present invention as defined in the appended claims.

[0086] The geometrical shape and the symmetry of the whole structure have been selected for
a better easiness of implementation and description of the present invention.

[0087] Another embodiment is provided in which the duct 2 is sheathed on the outside with
some insulating material; in this case, the insulating coating and the spool 4 are separated at
least partially by a gap inside the cavity 5 so that such a duct 2 with the coating can loosely
slide inside the cavity 5 of the spool 4. Also in this case, both the duct 2 and the spool 4 are
separated at least partially by a gap, i.e. the space allowing the loose sliding between the
thermically insulating coating and the spool 4. Another embodiment of the assembly 10 can
provide for a separating chamber 8 provided with at least one heating element placed in its
inside for pre-heating the water coming from the duct 15. In this case, the water is pre-heated
inside the separating chamber 8 up to reach a determined pre-heating temperature without
carrying out a pre-heating cycle through the heating duct 2.
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Patentkrav

1. Maskine til fremstilling og dosering af drikke, omfattende en indretning (1) til
opvarmning af vand, hvor indretningen (1) omfatter mindst en metalkanal (2)
til vandstremmen mellem et indlgb (2a) og et udlagb (2b) og mindst en vikling
af elektromagnetisk induktion (3), hvor slgjferne af viklingen (3) er viklet rundt
om en spole (4) fremstillet af et elektrisk isoleringsmateriale med et hulrum (5),
inden i hvilket metalkanalen (2) er anbragt, og ved at metalkanalen (2) og spo-
len (4) i det mindste er delvist adskilt af et mellemrum inden i hulrummet (5),
hvor mellemrummet er konfigureret som et rumomrade uden mekaniske be-
greensninger,

hvor maskinen er kendetegnet ved, at indretningen (1) omfatter mindst et
elektrisk stremforsyningskredslgb (7), der anvender en vekselstremsspaen-
ding med en frekvens, som er hgjere end 20 kHz, mellem terminalerne (3a,

3b) af viklingen af elektromagnetisk induktion (3).

2. Maskine ifglge krav 1, hvor den mindst ene metalkanal (2) er spiralformet.

3. Maskine ifglge et af de foregaende krav, hvor den mindst ene metalkanal

(2) er fremstillet af ferromagnetisk materiale.

4. Maskine ifelge et af de foregaende krav, hvor indlgbet (2a) og udiabet (2b)

til vandstremmen er placeret pa samme ende af den mindst ene metalkanal

2).

5. Maskine ifglge et af de foregaende krav, omfattende en anordning (10) til at
tilfere og opvarme vand, hvor anordningen (10) omfatter mindst en pumpe (9)
med et indlgb (9a) og et udlab (9b), en kanal (15) til vandtilfgrslen, en udlgbs-
kanal (16).
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6. Maskine ifglge krav 5, hvor anordningen (10) yderligere omfatter mindst et
adskillelseskammer (8) med mindst et indlab (12, 13) og et udlab (11) til van-
det, hvor pumpens (9) indlgb (9a) er hydraulisk forbundet med udlgbet (11) af
mindst et adskillelseskammer (8), og udlagbet (9b) af pumpen (9) er hydraulisk
forbundet med indlgbet (2a) af kanalen (2).

7. Maskine ifglge krav 6, hvor anordningen (10) omfatter en trevejs-elektroven-
til (14) med et indlgb (14a), et ferste udlagb (14b) og et andet udlab (14c), hvor
udlgbet (2b) af kanalen (2) er hydraulisk forbundet med indlabet (14a) af elek-
troventilen (14); hvor trevejs-elektroventilen (14) er indrettet til selektivt at om-
dirigere vandstremmen fra udlgbet (2b) af kanalen (2) af indretningen (1) mod

indigbet (13) af adskillelseskammeret (8) eller mod udlabskanalen (16).

8. Maskine ifglge et af kravene 5 til 7, hvor anordningen (10) omfatter mindst
en temperatursensor (17a, 17b) placeret mindst i neerheden af udlgbet (2b) af

kanalen (2).

9. Maskine ifglge et af kravene 5 til 8, hvor anordningen (10) omfatter en logisk
enhed (19) til at styre et elektrisk stramforsyningskredslab (7), hvor den logi-
ske enhed (19) yderligere er indrettet til at styre pumpen (9) og til at opna tem-

peraturveerdierne malt af mindst en temperatursensor (17a, 17b).

10. Maskine ifelge krav 9, hvor den logiske enhed (19) yderligere er indrettet
til at afbryde trevejs-elektroventilen (14) til at abne/lukke mindst et udlgb (14b,
14c).

11. Fremgangsmade til at tilfere og opvarme vand i en maskine til at fremstille
og dosere drikke ifglge krav 1, hvor fremgangsmaden omfatter trinnene med
at:

a) veelge en type drik og temperaturen pa vandet, der skal tilferes til en ud-
lebskanal (16);
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b) pumpe en bestemt maengde vand, der bestemmes ifalge den type drik, der
veelges i trin a), ind i opvarmningskanalen (2) af indretningen (1);

c) opvarme vandet, der pumpes ind i kanalen (2) under trin b) af indretningen
(1) ved elektromagnetisk induktion;

d) bestemme vandets temperatur i det mindste ved udlegbet (2b) af kanalen
(2);

e) tilfere vandet, der pumpes under trin b) og opvarmes under trin c) til udiabs-
kanalen (16);

f) modulere stremledningsspaendingen tilfart af et kredslab (7) af indretningen
(1) ifelge den type drik, der veelges i trin a) og ifelge forskellen mellem veerdien
pa vandtemperaturen ved udigbet (2b) af kanalen (2), bestemt under trin d),
og temperaturveerdien, der veelges under trin a), for at lede vandstremmen
inden i kanalen (2) til temperaturen, der veelges under trin a);

kendetegnet ved, at streamledningsspaendingen, der tilfares af kredslabet (7)
i trin f), er frekvensmoduleret, og hvor svingningsfrekvensen for spaendingen,

der tilfgres af streamkredsen (7), er hgjere end 20 kHz.

12. Fremgangsmade ifelge krav 11, omfattende et trin g) med at forvarme van-

det, sa det nar en bestemt veerdi af forvarmningstemperatur.

13. Fremgangsmade ifslge krav 12, hvor veerdien af forvarmningstemperatu-
ren bestemmes af en logisk enhed (19) ifelge den type drik, der veelges i trin
step a), og ifelge forskellen mellem veaerdien pa vandtemperaturen, der be-

stemmes under trin d), og temperaturvaerdien, der veelges under trin a).

14. Fremgangsmade ifalge krav 11 til 13, kendetegnet ved, at trin e) falger

efter trin g), og at trinnene b), c), d) og f) er samtidige.

15. Fremgangsmade ifalge et eller flere af krav 11 til 14, hvor svingningsfre-

kvensen af stremkredsen (7) under trin f) er hgjere end resonansfrekvensen,
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der bestemmes af koblingen mellem kanalen (2) og viklingen (3) af indretnin-

gen (1).
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Fig. 2
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Fig. 3 A
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