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“Method for automatic adjustment of the quantity of coffee and coffee machine
using said method”
DESCRIPTION

Technical Field

The present invention relates to improvements to automatic machines for
preparing coffee, such as and in particular, but not exclusively, espresso coffee.
More specifically, the present invention relates to a method and a device
for dosing the quantity of coffee dispensed to the infusion unit at each infusion
cycle.
State of the art

In the field of automatic machines for preparing coffee, for example in

particular for domestic or professional use, but also in the field of vending ma-
chines, it is necessary to accurately dose the quantity of coffee powder that is
dispensed to the infusion chamber of the machine during each operating cycle.
In the most recent machines the coffee is loaded in beans and a grinding unit
contained inside the machine grinds a predetermined quantity of beans to pro-
duce the dose of powdered coffee required to obtain a cup of coffee. Some
machines also allow the user to modify the quantity of coffee within certain lim-
its, to obtain a stronger or weaker beverage.

US-A-4659023 describes a method and a device for dosing the quantity
of powdered coffee dispensed at each infusion cycle by a grinding unit which
grinds the coffee beans contained in the machine. The dose of coffee powder is
determined by detecting the pressure exerted on a sensor by the coffee powder
delivered from the grinding unit.

US Patent 5492054 describes a different system for dosing the coffee
with a device to adjust the quantity of powder as a function of the quality of
beverage to be obtained.

These dosing systems are complex, in particular due to the need to use
complex and imprecise sensors, and devices cooperating therewith to deter-
mine the quantity of powder ground.

In the most modern machines the quantity of coffee ground for each in-
fusion cycle is determined by the number of revolutions of the grinder of the
grinding unit, or in an equivalent manner by the number of revolutions of the

motor that makes said grinder rotate. In substance, as the quantity of coffee
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powder ground is proportionate to the number of revolutions of the grinder, the
latter is used as a parameter directly proportionate to the quantity of coffee
powder dispensed into the infusion chamber. The number of revolutions of the
grinder can be aetermined in a simple and reliable manner, with considerable
degree of precision with inexpensive and robust sensors. For example, an en-
coder can be used on the shaft of the motor that controls the grinder, or a ca-
pacitive or magnetic sensor or the like, which counts the number of revolutions
or fractions of revolution of the grinder by detecting the passage of reference
notches provided on the grinder at a suitable angular distance, as a function of
the resolution to be achieved in determining the quantity of coffee ground.

However, this particularly simple and reliable system has the drawback
of being somewhat imprecise and inconstant in measuring the quantity of cof-
fee.

In fact, this system to determine the quantity of coffee ground is influ-
enced by the following factors:

— adjustment of the distance of the grinders of the grinding unit,

— type of coffee beans present in the loading hopper of the machine,

- voltage of the power supply of the machine, -

— state of wear of the grinders of the grinding unit,

— quantity of coffee present in the bean container at the time of grinding,
— ambient temperature and humidity,

— number of revolutions of the grinder.

Of these parameters only the last can be accurately controlled in the
aforesaid manner with a specific sensor. The other factors unpredictably modify
the correlation between number of revolutions of the grinder and quantity of cof-
fee powder obtained. Moreover, as mentioned above, as far as the grinders are
concerned, there are machines with fixed settings and others with variable set-
tings, in which the user can take action within a certain margin to modify the
distance between the grinders, in order to vary the dimension of the ground
powder and consequently the organoleptic properties of the beverage prepared
therewith. This makes measuring the quantity of coffee ground by the number
of revolutions of the grinder even more susceptible to errors. Moreover, the sys-
tem has a certain degree of instability through time with deviation of the value of

quantity in weight ground with respect to the factory setting.
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If the quantity of powder for each cycle decreases this causes a high
dispensing speed due to the decreased pressure drop to which water delivered
from the boiler of the machine is subjected while passing through the com-
pressed coffee powder in the infusion chamber, thereby determining an end
product of poor quality. Conversely, if the trend through time is an increase in
the quantity of coffee with respect to the factory set value, there is the risk that
the machine will no longer be able to operate due to triggering of the overstress
control provided on the infusion chamber - closing actuator. This control is set
so that the infusion cycle is aborted when the motor unit that controls closing of
the infusion chamber exceeds a maximum absorption limit, indicating the fact
that excessive resistance is encountered during closing of the infusion chamber
due to the excessive quantity of coffee powder therein.

EP-A-245197 discloses a device for the preparation of coffee, wherein a
grinding device feeds ground coffee to an infusion chamber. An electric motor
is provided for opening and closing the infusion chamber. A pressure sensor is
also provided, associated to the movable portion of the infusion chamber, in or-
der to detect the pressure generated during closing of the chamber. Said pres-
sure is determined by the amount of coffee powder in the chamber and said
pressure is used as a control parameter to change the amount of coffee pow-
der. The device is complicated due to the need of arranging an extra pressure
sensor at the brewing or in fusion chamber.

DE-A-19629239 discloses a device for the preparation of coffee bever-
ages, including an infusion chamber, a closure member for said infusion cham-
ber, a detector for detecting the displacement of said closure member and a
sensor for detecting the flow rate of the coffee beverage dispensed by the infu-
sion chamber during the brewing process. The device is designed such that if
the flow rate does not correspond to a preset value, the travel of the closure
member is changed such that at the subsequent brewing cycle the powder cof-
fee is pressed at a lower or higher degree, depending on the flow rate being
lower or higher with respect to the desired pre-set value.

DE-U-9005651 discloses a machine for producing coffee beverages with
a coffee grinder, having a device measuring the revolutions of the grinder in or-
der to establish the amount of ground coffee.

Objects and summary of the invention
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According to one aspect, an aim of the invention is to provide a method
for control and automatic adjustment of the dose or quantity of coffee powder
dosed in an infusion cycle which at least partly overcomes the aforesaid draw-
backs.

An object of one embodiment of the invention is to provide a method to
control the quantity of coffee powder dispensed in an infusion cycle, i.e. to
automatically adjust the quantity of coffee, which allows the correction of any

-errors maintaining substantially constant through time the dose of coffee, i.e.

the quantity in weight of coffee, optionally also allowing the user to adjust this

dose within certain limits.

According to a different aspect, the object of the invention is to provide
an automatic machine for preparing coffee which supplies a dosage that is
more accurate and constant through time, i.e. automatic adjustment of the dose
or quantity of coffee powder in the infusion chamber.

Within the scope of the present description and of the appended claims,
dose or quantity is generally intended as a quantity in weight and dosage as a
dispensing of a quantity in weight of coffee powder.

In one embodiment, the invention provides for a method for automatic
adjustment of the dose, i.e. of the quantity in weight of coffee powder in a ma-
chine for preparing coffee, in particular espresso coffee, comprising the follow-
ing steps:

— dispensing a predetermined quantity of coffee powder into an infusion
chamber,

— through an electric actuator, closing the infusion chamber compressing the
coffee powder in the infusion chamber,

— detecting at least one operating parameter of the electric actuator during at
least a part of the step of closing the infusion chamber and compressing
the coffee powder, so as to set the dose of coffee powder dispensed in the
subsequent dispensing cycle as a function of the operating parameter de-
tected.

In substance, the method according to the invention is based on the idea
of controlling at each dispensing cycle, or during at least some of the dispens-
ing cycles performed by the machine, the quantity of coffee powder effectively
dispensed by means of an electrical parameter of the actuator that closes the
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infusion chamber, said parameter in particular being a function of the quantity
of coffee powder compressed. Consequently, when through said parameter ex-
cessive or insufﬁcient coffee powder is detected in relation to a pre-set value,
action can be taken on the dispensing unit to modify the quantity of coffee dis-
pensed during the subsequent infusion cycle and in substance obtain automatic
adjustment of the dose, i.e. of the quantity in weight of coffee.

For example, if during the current infusion cycle the quantity of powder
compressed in the infusion chamber is excessive with respect to the preset
quantity, during the subsequent cycle the quantity of coffee is decreased
through a suitable setting of the dispensing system. Conversely, if during the
current cycle the quantity of coffee powder is below the preset quantity, a
greater quantity of coffee will be dispensed during the subsequent cycle.

It is easy to understand that optimal operation is achieved when the con-
trol is performed at each infusion cycle. Nonetheless this is not strictly neces-
sary. In fact, assuming that the machine performs infusion cycles with a rela-
tively high frequency with respect to the speed with which the factors that influ-
ence correlation between quantity of coffee and number of revolutions can vary,
the control could be performed only during some infusion cycles. For example,
the control can be performed during the first cycle subsequent to the machine
being switched off and on again, or if a time exceeding a minimum time interval
has elapsed since the previous infusion cycle.

In general, coffee powder can be dispensed into the infusion chamber by
a device of any type. In fact, the aforesaid control method can also be used in a
machine in which a coffee powder is dispensed in doses to the infusion cham-
ber from a powder container. In this case, coffee can be dispensed, for exam-
ple, through an auger, a rotating distributor, or the like. Control of the electrical
parameter of the infusion chamber closing actuator allows, during the subse-
quent infusion cycle, modification of the number of revolutions of the dispenser
to adjust the quantity of coffee powder dispensed in the case of a discrepancy
between preset quantity and actual quantity of coffee. In this case a sensor or
transducer is provided to detect the number of revolutions of the auger or other
dosing device.

In a preferred embodiment of the invention however, dispensing is per-
formed through a grinding unit. This unit grinds the quantity of coffee beans re-
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quired during each cycle. The coffee is then dispensed directly or indirectly from

the grinding unit to the infusion chamber and control of the electrical parameter

of the infusion chamber closing actuator allows adjustment of the number of
revolutions of tﬁe grinder of the grinding unit in the subsequent infusion cycle
according to the criteria indicated above.

In a practical embodiment, the method according to the invention pro-
vides for definition of an interval delimited by a maximum value and a minimum
value, within which the value of the aforesaid parameter of the electric actuator
must fall. In this case, dispensing of the coffee powder is controlled as follows:
- if the parameter controlled exceeds the maximum value of the acceptable

interval of values, the dose of coffee powder dispensed during the subse-
quent cycle is decreased with respect to the predetermined quantity of the
cycle in progress;

— if the parameter does not reach the minimum value, the dose of coffee dis-
pensed during the subsequent cycle is increased with respect to the prede-
termined quantity of the cycle in progress;

- the quantity of coffee is maintained unvaried during the subsequent cycle if
the parameter falls within the interval of acceptable values.

Normally, the infusion chamber is designed so that it always reaches one
position at the end of the closing operation, determined by the closing mecha-
nism. This means that the total volume of the coffee powder compressed in the
infusion chamber is always the same at each cycle. In this case, in an advanta-
geous embodiment the method provides for interruption of the infusion chamber
closing step if the stress exerted by the actuator exceeds a threshold value.
This stress can be determined using the same parameter used to control the
quantity of coffee and correct the dose of coffee during the subsequent cycle,
although this is not strictly necessary. For example, the parameter used to con-
trol the quantity of coffee powder actually dispensed to the infusion chamber
can be an average value calculated through time, i.e. a mobile average of the
absorbed current, while the limit of the stress exerted by the closing actuator is
obtained by controlling an instantaneous parameter, such as the instantaneous
current absorbed by the electric motor.

In a manner known per se, if the quantity of coffee in the infusion cham-
ber is so great that it causes stress on the closing mechanism that makes the
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electric parameter controlled exceed an alarm value, the infusion cycle is inter-
rupted and the infusion chamber is opened unloading the coffee powder without
it being used anq consequently without any coffee being prepared.

In conventional machines this situation makes it impossible for the ma-
chine to operate and requires a maintenance operation to reset the machine
correctly, for example, setting the value of the number of revolutions of the
grinder or the number of revolutions of a feeder that determine the predeter-
mined quantity of coffee powder for each dispensing cycle. Conversely, by ap-
plying the method according to the invention, the dose of coffee dispensed dur-
ing the subsequent cycle to the one that was interrupted will be lower and can
therefore give rise to a correct and complete infusion cycle.

In practice, the method can be implemented so that in the case of a
quantity of coffee not corresponding to the preset quantity, i.e. in the case in
which the parameter controlled is outside the interval of acceptable values, a
control unit imposes a variation (increase or decrease) according to fixed val-
ues. For example, when the controlled parameter does not reach the minimum
acceptable value, during the subsequent cycle the grinder of the grinding unit
could be made to perform a number of revolutions equal to the preset number
plus N, where N is a fixed value. Analogously, if the controlled electrical pa-
rameter exceeds the maximum set value, during the subsequent cycle the num-
ber of revolutions of the grinder can be equal to the preset number minus N.

In the event of an infusion cycle being interrupted due to the maximum
stress value on the infusion chamber closing mechanism being reached, it may
be necessary to take action with subsequent decreases in the total number of
revolutions of the grinder, in the event of the decrease of N revolutions not be-
ing sufficient. In this case the machine will abort two or more consecutive infu-
sion cycles, but will still return to operating conditions automatically.

It would also be possible to set the control program so that the number N
of revolutions (which can also be a fraction of a number), by which the preset
number is modified if the controlled parameter exceeds the interval of accept-
able values, is variable. For example, the real value of the controlled parameter
can be compared with the limit values of the acceptable interval so that the
greater the difference between the real value of the controlled parameter and
the nearest acceptable value is, the higher the value N will be set. This allows
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faster correction of machine operation. Therefore, if for any reason the quantity
of coffee actually dispensed into the infusion chamber falls substantially below
an acceptable minimum, the control unit can correct the preset quantity of cof-
fee, increasing By the factor N the number of revolutions of the grinder impos-
ing a higher value of N with respect to the one that would be set in the case of a
modest discrepancy between the real value of the controlled electrical parame-
ter and the nearest acceptable value.

In practice, the parameter of the electric actuator that is used for this
type of automatic control and adjustment can be any parameter indicative of the
stress that is produced to reach the closing position of the infusion chamber. In
a particularly advantageous embodiment, the parameter used is a function of
the current absorbed by the electric actuator that controls closing of the infusion
chamber and is therefore proportional to the power absorbed by the electric ac-
tuator, as the supply voltage is constant.

In a particularly advantageous embodiment the parameter is constituted
by a mobile average of the absorbed current, as this function has proved par-
ticularly stable and consequently useful for this type of control. Moreover, it as-
sumes a precise and easily repeatable peak value as a function of the quantity
of coffee that is dispensed into and compressed in the infusion chamber. It is
consequently possible to easily identify a one-to-one correspondence between
quantity of coffee powder to be actually dispensed into the infusion chamber
and maximum value of the mobile average of the absorbed current. This makes
it possible to use the method according to the invention in an efficient and reli-
able manner also in those machines in which the user can set variable quanti-
ties of coffee powder according to the quality of beverage to be obtained.

When the infusion chamber is designed to be able to assume different
closing positions rather than a single position, it is possible to prevent the infu-
sion cycle from aborting in the case of an excessive quantity of coffee in the in-
fusion chamber. In fact, if the quantity of coffee dispensed is unintentionally so
much higher than the theoretically set value as to cause overstressing of the
closing mechanism in the event of the infusion chamber reaching the final clos-
ing position, the actuator can be controlled so that the infusion chamber is not
completely closed, but reaches an incomplete closing position which is none-
theless sufficient to perform the infusion cycle, i.e. in which an adequate seal is
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reached between the parts of the infusion chamber to allow pressurized hot wa-
ter to be fed and made to flow through the compressed coffee powder. In this
case the method according to the invention allows the quantity of coffee to be
corrected during the subsequent cycle and therefore the machine returns to
operate with the required quantity of coffee within one or, in any case, a few
consecutive dispensing cycles taking the infusion chamber to the correct com-
pletely closed position.

According to a different aspect, the invention also relates to a machine
for preparing coffee with a control unit that implements a method as defined
above.

Further advantageous features and embodiments of the method and of
the machine according to the invention are indicated in the appended claims
and will be described in greater detail with reference to a non-limiting embodi-
ment.

Brief description of the drawings

The invention will be better understood by following the description and
accompanying drawing, which shows practical non-limiting embodiments of the
invention. More specifically, in the drawing:

Figure 1 shows an automatic coffee machine to which the present inven-
tion can be applied;

Figure 2 shows a diagram of the grinding unit and of the infusion unit of
the coffee machine;

Figure 3 shows a schematic view of the infusion unit with the infusion
chamber closed;

Figures 4 and 5 show block diagrams relative to two embodiments of the
method according to the invention; and

Figures 6, 7 and 8 show the trend of the current absorbed by the closing
motor of the infusion chamber in three different operating conditions.

Detailed description of embodiments of the invention

Figure 1 shows, in a perspective view, a coffee machine to which the in-
vention can be applied. In this embodiment, this is an automatic coffee machine
for domestic use, comprising an infusion unit 3 contained inside which is an in-
fusion chamber in two parts movable with respect to each other, described in
greater detail hereunder. Coffee powder, obtained by grinding coffee beans
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contained in a container, schematically indicated as a hopper 5 in Figure 2, is
dispensed into the infusion unit 3. Still in Figure 2 reference number 7 indicates
a grinding unit that grinds the coffee beans contained in the hopper 5 to pro-
duce a determiﬁate quantity of coffee powder, which is then dispensed into the
infusion chamber of the unit 3.

By feeding pressurized hot water through the compressed coffee powder
in the infusion chamber of the infusion unit 3 coffee is produced, which is dis-
pensed through spouts 9 placed over a drip tray 11 on which one or more cups
T or other containers are placed.

With reference to the diagram in Figure 2, the grinding unit 7 comprises
a pair of grinders 15, 17. In the embodiment shown in the drawing, these are
flat grinders, but it must be understood that the conformation of the grinding unit
is not relevant for the purposes of implementation of the present invention, and
can assume any other configuration suitable to grind the coffee beans con-
tained in the hopper 5. As observed above, it would also be possible to imple-
ment the method described hereunder in greater detail in a machine in which
the grinding unit 7 is replaced with a simple dispenser of coffee powder deliv-
ered from a powdered coffee receptacle or container. In both cases, both the
auger or other feeder and the grinding unit constitute a doser of coffee powder
to the infusion unit 3.

The grinding unit 7 is operated by an electric motor 19, for example a
stabilized 24 V direct current motor. The use of actuators of a different type
would also be possible. The motor 19 is interfaced with a control unit 21, for
example a programmable control unit with a microprocessor or the like. The
control unit can be associated with a memory containing a program that imple-
ments the method to be described hereunder. In one embodiment, the program
is memorized in an EPROM, in a ROM or in another suitable storage media.

The motor 19 can be equipped with an encoder 23 through which the
control unit 21 can detect the number of revolutions made by the motor 19. Al-
ternatively, or in combination, the control unit 21 can be interfaced with one or
more sensors 25 mounted on the grinding unit 7 and suitable to read the num-
ber of revolutions or fractions of revolution made by the rotating grinder 17.
Whatever solution is adopted, the control unit 21 is able to activate and deacti-
vate the motor 19 and to detect, directly or indirectly, the number of revolutions
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and/or fractions of revolution made by the grinder 17 at each infusion cycle, i.e.
at each operating cycle of the machine 1.

When the grinding unit 7 is substituted by a doser of powder delivered
from a receptacle, the control unit 21 can be interfaced with the control motor of
a feed auger or other equivalent member to activate and deactivate dispensing
of coffee and to determine the number of revolutions of the dispenser and,
therefore, ultimately the quantity of coffee dispensed.

The control unit 21 is programmed so that at each dispensing cycle a
predetermined quantity or dose of coffee powder is dispensed from the grinding
unit 7. The predetermined quantity is defined, i.e. expressed in terms of number
of revolutions (optionally fractions of revolution) of the grinder 17, of the motor
19 or, in any case, of the coffee powder dosing element.

In the embodiment shown, the coffee powder produced by the grinding
unit 7 is delivered through a duct 29 into an inlet or hopper 31 disposed in the
upper part of the infusion unit 3 and from the hopper 31 the powder P falls into
the underlying portion of the infusion chamber of the infusion unit 3, when this
is in the open configuration.

The infusion unit 3 can be designed in any way. In general, it will have an
openable and closable infusion chamber. In one embodiment, the infusion
chamber comprises two reciprocally movable portions. Preferably, one portion
is movable and one is fixed with respect to a load-bearing structure of the ma-
chine. Figures 2 and 3 show a particular embodiment of an infusion unit 3
which can be used in combination with the present invention. However, it must
be understood that this unit is shown here by way of example as it can vary in
forms, arrangements and operating criteria to the extent in which it remains
compatible with the operating logic of the automatic control and adjustment
method of the dose of coffee forming the subject-matter of the present inven-
tion.

In one embodiment, the infusion unit 3 comprises an infusion chamber
with two portions 33 and 35. The portion 35 is fixed and the portion 33 is mov-
able and defines therewithin a seat 36 into which the coffee powder P from the
grinding unit 7 is dispensed when said portion 33 of the infusion chamber is in
the position in Figure 2, i.e. under the hopper 31.

The portion 33 of the infusion chamber can be moved from the position
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shown in Figure 2 to the position shown in Figure 3, where it cooperates with
the portion 35 to close the infusion chamber and compress the coffee powder P
contained therein. In one embodiment, the portion 33 of the infusion chamber
has a movable bottom 37 through which pressurized hot water fed from a duct
39 can flow. In this embodiment, the fixed portion 35 of the infusion chamber is
in fluid connection through a duct 41 with the dispenser spouts 9, only one of
which is shown schematically in Figures 2 and 3.

Reference number 45 generically indicates a mechanism for transmitting
the opening and closing movement of the infusion chamber 33, 35 and for com-
pressing the coffee powder through the movement of the chamber 33, 35, and
the bottom 37 thereof. The mechanism 45 is operated by an electric motor, in-
dicated schematically here with 47 in a lateral position, but which is actually
aligned with the axis of oscillation of the mechanism 45, all as known per se.

The motor 47 can be a low voltage direct current electric motor, for ex-
ample 24V stabilized. The motor 47 is interfaced with the control unit 21 so that
the latter can activate and deactivate the motor 47. A current sensor is also
provided, schematically shown at 49, connected to the central control unit 21,

“through which the latter can determine the current absorbed by the motor 47 in

the various closing and opening steps of the infusion chamber.

Figures 6, 7 and 8 show the trend of the current absorbed by the motor
47 during the movement for closing the infusion chamber and compressing the
coffee powder P in said chamber, i.e. the movement from the position in Figure
2 to the position in Figure 3. More specifically, the three Figures 6, 7, and 8
show the trend of the current | absorbed by the motor 47 in three different con-
ditions, which vary according to the quantity in weight of coffee powder P dis-
pensed into the infusion chamber. More specifically, Figure 6 shows the trend
of the current | when the infusion unit 3 is loaded with a dose of 8 g of coffee.
Figure 7 shows the trend of the current | when the infusion unit 3 is loaded with
9 g of coffee, while Figure 8 shows the trend of the current | when a quantity of
ground coffee equal to 10 g is dispensed into the infusion chamber. These
quantities are substantially those that a user can set on automatic machines
that allow adjustment of the quantity of coffee to modify the organoleptic prop-
erties of the beverage prepared.

In the diagrams in Figures 6, 7, and 8, t, indicates the starting time of the
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infusion chamber closing cycle, ti the time of completion of the closing cycle
and stopping of the motor 47. The diagram representing the absorbed current |
is superimposed with a curve, indicated with Iy, which represents the trend of
the mobile average of the absorbed current relative to the last second of motor
operation. In other terms, at the generic point t along the abscissa, the curve Iy
gives the average value of the absorbed current in the time interval [t; t-A]
where A= 1 second.

It can be seen in the three diagrams in Figures 6, 7, and 8, that the curve
Im has a well-defined maximum (Iuax), the value of which depends strongly on
the quantity of coffee that has been dispensed into the infusion chamber. It has
been experimentally determined that for each quantity of coffee a relatively nar-
row well-defined interval can be defined, within which the value Iyax of the curve
Im falls. It is thus possible to define well-determined bands of values, each cor-
responding to a quantity of powdered coffee, which the user can select within a
relatively narrow interval (for example 8-10 grams), within which the quantity of
coffee powder can be varied maintaining it at values compatible with correct
operation of the machine.

This allows the operating parameter of the electric actuator 47, repre-
sented in this embodiment by the mobile average Iu, to be used to verify
whether the quantity of powdered coffee dispensed into the infusion chamber at
each cycle corresponds to the quantity preset by the user (or set in the factory,
if the machine does not allow the user to vary said quantity).

This correspondence between parameter of the electric actuator 47 and
quantity of coffee powder actually present in the infusion chamber allows the
machine 1 described above to be controlled according to the method schema-
tized and summarized in the block diagram in Figure 4 and described here-
under.

When the user wishes to prepare a cup of coffee, he will start the infu-
sion cycle. As in this embodiment the machine is equipped with a grinding unit,
starting the infusion cycle will activate the grinding unit 7 which grinds a preset
quantity of coffee powder. As stated above this quantity is defined in terms of
number of revolutions or fractions of revolution of the grinder 17 and/or of the
motor 19, which number is indicated with K in the flow chart.

After dispensing the quantity of ground coffee into the cavity 37 of the
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portion 33 of the infusion chamber, which is in the position in Figure 2, the con-
trol unit 21 starts the closing step of the infusion chamber to pass from the posi-
tion shown in Figure 2 to the position shown in Figure 3. During this movement
the control unit 21 receives from the sensor 49 the value of current instantane-
ously absorbed by the motor 47 and calculates the mobile average Iu. If this pa-
rameter exceeds a maximum safety value before the infusion chamber reaches
the closed position shown in Figure 3, this means that the infusion cycle cannot
be concluded, as otherwise excessive stress would be exerted on the mecha-
nism 45, which could cause damage to the machine. In this case the infusion
cycle stops and the coffee is unloaded from the infusion chamber without clos-
ing of the chamber being completed and consequently without the beverage be-
ing dispensed.

Conversely, if the controlled parameter (Im) does not reach the maximum
alarm value, and the infusion chamber reaches the correct position in Figure 3,
the control unit starts the infusion by activating the pump (not shown) which dis-
penses pressurized hot water (also not shown) into the infusion chamber 33,
35. Besides this (simultaneously to infusion, before infusion or after infusion)
the control unit 21 verifies whether the controlled parameter (ly) falls within an
interval of acceptable values defined by a maximum acceptable value (l4) and a
minimum acceptable value (I2). These two acceptable values are in actual fact
dependent on the quantity of coffee set by the user, if the machine has this
function. Therefore, the interval of acceptable values defined in the block dia-
gram in Figure 4 is an interval that may not be unique, but dependent on the
quantity of coffee that has been set by the user through a suitable interface 50
with the control unit 21.

The control unit 21 is programmed so that if the controlled parameter
falls within the interval [l2; |1] of acceptable values, no adjustment will be made
with regard to the quantity of coffee ground during the subsequent infusion cy-
cle.

If the parameter is below the minimum limit (I2) of the interval of accept-
able values, the central control unit 21 will ensure that during the subsequent
infusion cycle the quantity of coffee ground by the grinding unit 7 and then dis-
pensed into the infusion chamber is greater than the quantity dispensed in the

current cycle. This is achieved by ensuring that during the subsequent cycle the



WO 2008/105017 PCT/IT2008/000097

10

15

20

25

30

-15 -

number of revolutions and/or fractions of revolution K of the grinder 17 is higher
than the number of revolutions or fractions of revolution of the current cycle. As
mentioned above, the variation in the number of revolutions can be a fixed
variation or a variation which is variable as a function of the discrepancy be-
tween real value of the detected parameter and minimum acceptable value. In
the flow chart, N indicates the variation imposed on the number of revolutions
K, so that if this variation is necessary during the subsequent cycle we will have
K=K+N.

Conversely, when the control parameter Iy exceeds the maximum value
of the interval of acceptable values, the control unit 21 in a specular manner to
the one defined above ensures that during the subsequent infusion cycle the
quantity of ground coffee dispensed into the infusion chamber is lower by de-
creasing by a fixed or variable value the number of revolutions or fractions or
revolution of the grinder 17, imposing K=K - N.

After infusion, the infusion chamber is opened and the spent coffee
powder is unloaded from said chamber, the portion 33 of the infusion chamber
returning to the position in Figure 2 to receive the next load of ground coffee.

From the above description it is understood how the method for auto-
matic adjustment of the quantity of coffee dispensed at each infusion cycle ac-
cording to the invention allows quick and automatic adaptation, with a self-
learning function, of the behavior of the machine when there is a variation in the
parameters that cause a variation in the quantity of ground coffee with respect
to the theoretical value corresponding to a determinate number of revolutions
and/or fractions of revolution (K) of the grinder 17. In this way, a drift due, for
example, to variations in environmental conditions, in the properties of the cof-
fee beans, in the wear of the grinders or the like is corrected in the interval of
one or, in any case, a few infusion cycles.

Even when the coffee is not ground by a grinding unit 7, but is dispensed
from an auger feeder or the like, the loading conditions of the infusion chamber
33 can vary, for example, as a result of a greater or lesser compression of the
coffee powder in the receptacle above the dispensing auger. Also in this case
the method according to the invention allows these unforeseeable variations to
be taken into account and correction of the errors during the subsequent infu-
sion cycles.
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The description above refers to the typical case of an infusion chamber
which is designed always to close in a single operating position, i.e. infusion
position. This position is usually determined by the kinematic structure of the
mechanism 45..The diagram in Figure 4 also represents control of the stress
that causes forced interruption of the infusion cycle in the case of overstress. In
the case of overstress, the value K is decreased during the subsequent cycle.
This decrease can be of a value N, as indicated in the diagram, or also of a
greater value, such as 2N or 1.5 N.

Nonetheless, it would also be possible to provide an infusion chamber
that is able to operate even without necessarily reaching a unique closing posi-
tion, represented by the stroke end of the closing movement. In this case, the
method according to the invention can be improved substantially to prevent the
carrying out of infusion cycles which are aborted, i.e. which cannot be termi-
nated due to an excessive quantity of coffee in the infusion chamber. In this
case the method according to the invention can develop according to the steps
schematically summarized in the flow chart in Figure 5 and will be described
hereunder.

As can be seen from comparing the flow charts in Figures 4 and 5, in this
embodiment if the controlled parameter exceeds the maximum admissible
value before closing, the cycle is not interrupted and the coffee unloaded, but
instead the closing movement of the infusion chamber is stopped. It is assumed
that in the position reached the chamber is sufficiently closed to be able to per-
form an infusion cycle.

Subsequent operation is substantially equivalent to that illustrated with
reference to Figure 4, with the different that the factors to be controlled to mod-
ify in one direction or the other the quantity of coffee dispensed during the sub-
sequent cycle are two: the value of the controlled parameter (ln) and whether
the position of complete closing of the infusion chamber has been reached. The
control logic is clearly summarized in the diagram in Figure 5. If the infusion
chamber has reached the maximum closing position, i.e. the stroke end posi-
tion, the system operates as described with reference to Figure 4. Conversely,
incomplete closing of the infusion chamber in any case indicates an excessive
quantity of coffee present in the chamber and this consequently gives rise to a
decrease in the quantity of coffee dispensed during the subsequent cycle (K=K-
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N is set at the subsequent cycle).
It is understood that the drawing only shows an example given by way of
a practical demonstration of the invention, as said invention can vary in forms
and arrangemeﬁts without however departing from the scope of the concept
5 underlying the invention. Any reference numbers in the appended claims are
provided to facilitate reading of the claims with reference to the description and
to the drawing, and do not limit the scope of protection represented by the

claims.
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CLAIMS

1. A method for automatic adjustment of the quantity of coffee pow-
derina maching for preparing coffee, comprising the steps of:

— dispensing a predetermined quantity of coffee powder to an infusion cham-
ber;

— by means of an electric actuator, closing said infusion chamber compress-
ing the coffee powder in the infusion chamber;

characterized by: detecting at least one parameter of said electric actuator dur-

ing at least a part of the step to close the infusion chamber and compress the

coffee powder; and by setting the quantity of coffee powder dispensed in a

subsequent dispensing cycle as a function of said parameter.

2. Method as claimed in claim 1, characterized by defining at least a
maximum value and a minimum value defining an interval of acceptable values
of said parameter and by:

— decreasing the dose of coffee powder dispensed during a subsequent cycle |
with respect to said predetermined quantity, if said parameter exceeds said
maximum value;

— increasing the dose of coffee powder dispensed during a subsequént cycle
with respect to said predetermined quantity, if said parameter does not
reach said minimum value;

- leaving said predetermined quantity substantially unvaried, if said parame-
ter falls within said interval of acceptable values.

3. Method as claimed in claim 1 or 2, characterized in that at each
dispensing cycle said infusion chamber is taken to a same closing position.

4, Method as claimed in claim 1, 2 or 3, characterized in that said in-
fusion chamber does not complete closing and the coffee powder is unloaded
without giving rise to an infusion step, if at least one parameter of the electric
actuator reaches or exceeds an alarm value.

5. Method as claimed in claim 1 or 2, characterized in that closing of
the infusion chamber takes place in variable positions as a function of said pa-
rameter, the closing movement and consequently compression of the coffee
powder being interrupted when said parameter reaches a preset value.

6. Method as claimed in one or more of the previous claims, charac-
terized by defining said predetermined quantity of coffee powder in terms of
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number of revolutions of a grinding unit that grinds coffee beans to produce
said coffee powder.

7. Mgthod as claimed in one or more of the previous claims, charac-
terized in that said parameter is determined on the basis of the current ab-
sorbed by said electric actuator.

8. Method as claimed in one or more of claims 1 to 6, characterized
in that said parameter is determined on the basis of the power absorbed by
said electric actuator.

9. Method as claimed in one or more of claims 1 to 7, characterized
in that; said parameter is determined by a mobile average value of the current
absorbed by the electric actuator in a time window during closing of the infusion
chamber; and in that said value is compared with an interval of acceptable val-
ues.

10. Method as claimed in claim 9, characterized in that said parameter
is defined by the maximum of said value of the mobile average of the absorbed
current.

11. Method as claimed in one or more of the previous claims, charac-
terized by comparing said parameter with an interval of acceptable values
settable as a function of the qualitative properties of the coffee desired.

12. A machine for preparing coffee comprising: a coffee powder
doser; an infusion chamber with at least two portions movable with respect to
each other; an electric actuator for opening and closing the infusion chamber; a
control unit, interfaced with said doser and with said electric actuator, to dis-
pense through said doser a predetermined quantity of coffee powder into said
infusion chamber and to perform a cycle to close said infusion chamber and de-
liver hot water into said infusion chamber; characterized in that said control unit

detects at least one operating parameter of said electric actuator during closing
of the infusion chamber and sets the quantity of coffee powder dispensed dur-
ing a subsequent dispensing cycle as a function of said operating parameter.

13. Machine as claimed in claim 12, characterized in that said doser
comprises a grinding unit to grind coffee beans and produce said coffee pow-
der.

14, Machine as claimed in claim 13, characterized in that a sensor is
associated with said grinding unit to determine the number of revolutions of the
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grinding unit, said predetermined quantity of coffee powder being defined in

terms of number of revolutions of said grinding unit.

15. Machine as claimed in claim 12, characterized in that said doser
comprises a powdered coffee dispenser.

16. Machine as claimed in one or more of claims 12 to 15, character-
ized in that said control unit is programmed so as to:

-~ decrease the quantity of coffee powder dispensed during a subsequent cy-
cle with respect to said predetermined quantity, if said parameter exceeds a
maximum set value;

— increase the quantity of coffee powder dispensed during a subsequent cy-
cle with respect to said predetermined quantity, if said parameter does not
reach a minimum set value;

- leave said predetermined quantity substantially unvaried if said parameter
falls within an interval of acceptable values defined between said maximum
value and said minimum value.

17. Machine as claimed in one or more of claims 12 to 16, character-
ized in that said infusion chamber is arranged and controlled always to reach
during each dispensing cycle the same constant closing position.

18. Machine as claimed in one or more of claims 12 to 17, character-
ized in that said control unit causes opening of the infusion chamber and
unloading of the powder from said infusion chamber without giving rise to an in-
fusion step, if at least one parameter of the electric actuator reaches or ex-
ceeds an alarm value before said infusion chamber has reached a closed posi-
tion.

19. Machine as claimed in one or more of claims 12 to 16, character-
ized in that said infusion chamber has a plurality of closing positions, the clos-
ing movement and consequently compression of the coffee powder being inter-
rupted when said parameter reaches a preset value.

20. Machine as claimed in one or more of claims 12 to 19, character-
ized in that said operating parameter of the electric actuator is determined on
the basis of the current absorbed by said electric actuator.

21. Machine as claimed in one or more of claims 12 to 19, character-
ized in that said operating parameter of the electric actuator is determined on
the basis of the power absorbed by said electric actuator.
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22. Machine as claimed in one or more of claims 12 to 19, character-
ized in that: said operating parameter is determined by a mobile average value
of the current absorbed by the electric actuator in a time window during closing
of the infusion chamber; and in that said control unit is programmed to compare
said value with an interval of acceptable values.

23. Machine as claimed in claim 22, characterized in that said pa-
rameter is defined by the maximum of said mobile average value of the ab-
sorbed current.

24. Machine as claimed in one or more of claims 12 to 23, character-
ized in that said control unit is programmed to compare said operating parame-
ter with an interval of acceptable values settable as a function of the qualitative

properties of the coffee desired.
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