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steps for measuring a time a liquid level in the reservoir falls from an upper level to a lower level to calculate a flow rate. The

calculation flow rate may then be used to determine and compare a dispensed volume versus the selected volume. Dispensing
may then continue until the selected volume has been dispensed.
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@ (57) Abstract: Disclosed is a system and method of dispensing a selected volume of liquid. The system includes an apparatus that

& has a reservoir having an inlet tube and outlet tube coupled thereto, and a controller for controlling at least a portion of the apparatus.
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N Two level sensors are positioned along the reservoir and are in communication with and controlled by the controller. The method

includes steps for measuring a time a liquid level in the reservoir falls from an upper level to a lower level to calculate a flow rate.
The calculation flow rate may then be used to determine and compare a dispensed volume versus the selected volume. Dispensing
may then continue until the selected volume has been dispensed.
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LIME TOLERANT BREWING SYSTEM AND METHOD

BACKGRQUND

[0001 ] The present disclosure is related to system for dispensing a selected volume
of liquid. In particular, the present disclosure is related to a system for dispensing a
selected volume of liquid for use in brewing a beverage, such as, for example, coffee.
[0002] Current beverage making apparatuses employ a variety of techniques to
control the volume of liquid dispensed during a beverage making process. It is desirable
to have a preselected volume of beverage dispensed to prevent "short potting,” a
condition where [ess than the intended velume of beverage is dispensed. As an example,
but not by way of limitation, during the production of coffee, a short pot would mean that
an insufficient volume of water would be combined with coffee grounds, resulting in a
coffee beverage having a resuiting flavor, extraction or other characteristics, that are
different than intended, and thus not having the desired taste or meeting other criteria.
[0003] Briefly, and in accordance with the foregoing, disclosed is a system and
method of dispensing a selected volume of liquid. The system includes an apparatus that
has a reservoir having an inlet tube and outlet tube coupled thereto, and a controller for
controlling at least a portion of the apparatus. Two level sensors are positioned along the
reservoir and are in communication with and controlled by the controller. The method
includes steps for measuring a time a liquid level in the reservoir falls from an upper level
to a lower level to calculate 2 flow rate. The calculation flow rate may then be used to

determine and compare a dispensed volume versus the selected volume, Dispensing may

then continue until the selected volume has been dispensed. While the method and
apparatus is shown and describes for use with beverage dispensing, this 18 provided by
way of illustration and not limitation.

[0004] Additional features and embodiments will become apparent to those skilled

in the art upon consideration of the following detailed description of drawings.

SUMMARY OF THE GENERAL INVENTIVE CONCEPT
[0005] The following presents a simplified summary of the general inventive

concept(s) described herein to provide a basic understanding of some aspects of the
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invention. This summary is not an extensive overview of the invention. It is not intended

to restrict key or critical elements of the invention or to delineate the scope of the
invention beyond that which is explicitly or implicitly described by the following
description and claims.

[0006] In one aspect there is provided an apparatus for controlled beverage
dispensing in a beverage maker. The apparatus comprises a controller for controlling at
least a portion of the apparatus and a reservoir. An inlet tube is provided in
communication with the reservoir for directing liquid into the reservoir and an outlet tube
15 positioned along the reservoir. An outlet valve is provided and positioned along the
outlet tube where the outlet valve 1s in communication with and controlled by the
controller. There is provided a first level sensor positioned along the reservoir at a first
level, the first level sensor being coupled to the controller and a second level sensor
positioned along the reservoir at a second level below the first level, the second level
sensor ajso being coupled to the controller. The controller includes means to measure a
time T for a liquid level 1n the reservoir to fall from the first level to the second level and
1s operative to calculate a flow rate by dividing a volume inside the reservoir between the
first level and the second level by T. The controller i1s operative to compare a
subsequently determined flow rate to a previously determined flow rate, and allowing the
outlet valve to one of remain open a longer total dispensing time when the subsequently
determined flow rate is less than the previously determined flow rate by more than a
predetermined tolerance and close sooner than a total dispensing time when the
subsequently determined flow rate 1s greater than the previously determined flow rate by
more than the predetermined tolerance.

[0007] In another aspect, there is provided an apparatus for controlled beverage
dispensing in a beverage maker. The apparatus comprises a controller for controlling at
least a portion of the apparatus and a reservoir. An inlet tube is provided in
communication with the reservoir for directing liquid into the reservoir and an inlet valve
18 positioned along the inlet tube with the inlet valve being coupled to and controlled by
the controller. An outlet tube is also positioned along the reservoir. There is provided a

first level sensor positioncd along the reservoir at a first level, the first level sensor being

coupled to the controller and a sccond level sensor positioned along the reservoir at a
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second level below the first level, the second levcl sensor also being coupled to the

controller. The controller includes means to measure a time T for a liquid level in the
reservoit to fall from the first level to the second level. The controller is operative to
calculate a flow rate by dividing a ;volumc inside the reservoir between the first level and
the second level by T. The controiler is operative to cornpare a subsequently determined
flow rate to a previously dctermined flow rate, and allowing the inlet valve to one of
remain open a longer total dispensing time when the subsequently determincd flow rate is
less than the previously determined flow rate by more than e predetermined tolerance and
close sooner than a total dispensing time when the subsequently determined flow rate is
greater than the previously determined flow rate by more than the predetermined
tolerance.
[0008] In yet another aspect, there is provided a method for controlled beverage
dispensing in a beverage maker, the method comprising:

providing a controller for controlling at least a portion of the beverage maker, a
reservoir, an outlet tube positioned along the reservoir, a first level sensor positioned
along the reservoir at a first level, the first level sensor being coupled to the controller, a
second Icvel sensor positioned along the reservoir at a second level below the first level,
the second lcvel sensor being coupled to the controller, an inlet tube and an outlet tube
positioned along the reservoir, an inlet valve along the inlet tube, and an outlet valve
along the outlet tube, the inlet valve and the outlet valve each in communication with and
controlled by the controller;

filling the reservoir by opening the inlet valve with liquid at a level at or ebove the
first level;

opening the outlet valve to dispense liquid from the outlet tube;

using the controller to measure a time T for the liquid level to fall from the first
level to the second level;

using the controller to calculate a flow rate by dividing a volume inside the
rescrvoir between the first level and the second level by T;

refilling the reservoir to a level at or above the first level by controllably operating
the inlet valve; using the controller to compare a subsequently determined flow rate to a

previously determined flow rate, and allowing the outlet valve 10 one of remain open a
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longer total dispensing time when the subsequently detcrmined flow rate is less than the

previously determined flow rate by more than a predetermined tolerance and close sooner
than a total dispensing time when the subsequently determined flow rate is grcater than
the previously determined flow rate by more than the predetermined tolerance; and
continuing the dispensing and refilling steps until a selected volume has been dispensed.
[0009] In some embodiments, the method further comprises performing an initial
calibration operation, the calibration operation comprising:

starting a bcverage dispensing cycle;

filling the reservoir with liquid above the first level; opening the outlet valve to
allow liquid to exit while measuring a time the liquid level falls from first level to the
second level,

cychcally refilling the reservoir above the first level by operating the inlet valve,
and allowing the liquid level to fall from the first level to the second level by operating
the outlet valve to definc a sub-cycle, measuring the total number of sub-cycles N to
dispense the selected volume; and

calculating an initial flow rate based on N-1 sub-cycles; and setting an initial
dispensing time based on the initial flow rate.
00010} In still yet another embodiments, there is provided a method for controlled
beverage dispensing in a beverage maker, the method comprising:

providing a controller for controlling at least a portion of the beverage maker, 2
reservoir, an outlet tube positioned along the reservoir, a first level sensor positioned
along the reservoir at a first level, the first level sensor being coupled to the controller, a
second level sensor positioned along the reservoir at a second level below the first level,
the second level sensor being coupled to the controller, an inlet tube and an outlet tube
positioned alang the reservoir, an inlet valve along the inlet tube and coupled with and
controlled by the controllcr;

filling the reservoir by opening the inlet valve with liquid at a level at or above the
first level; |

using the controller to measure a titme T for the liquid level to fall from the first

level to the second level:

using the controlier to calculate a flow rate by dividing a volume inside the
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reservoir between the first level and the sccond level by T;

refilling the reservoir to a level at or above the first level by controllably operating
the inlet valve;

using the controller to compare a subsequently determined flow rate to a
previously determined flow rate, and allowing the inlet valve to one of remain open a
longer total dispensing time when the subsequently determined flow rate 1s less than the
previously determined flow rate by more than a predetermined tolerance and close sooner
than a total dispensing time when the subsequently determined flow rate is greater than
the previously determined flow rate by morc than the predetermined tolerance; and

continuing the dispensing and refilling steps until a selected volume has been

dispensed.

[00011] Other aims, objects, advantages and features of the invention will become
more apparent upon reading of the following non-restrictive description of specific
embodiments thereof, given by way of example only with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

100012] The present disclosure will be described hereafter with reference to the
attached drawings which are given as a non-limiting example only, in which:

[00013] Figure 1 is a si@pliﬁcd diagram of a system for controlled dispensing of a
selected volume of liquid;

100014} Figure 2 is a flow diagram for a method of dispensing a selected volume
over one beverage producing cycle;

[00013] Figure 3 is a flow diagram showing steps for calibrating a system for
dispensing a selected volume of liguid; |
[00016)] Figure 4 is a simplified flow diagram showings an operation of a system for
dispensing a selected volume of liquid,;

[00017] Figure 5 is formula for calculating a remaining time to hold an outlet valve
open to dispense a selected volume of liquid; and

{00018] Figures 6A-B show a derivation of the formula of FIG. 5.

[00019] The exemplification set out herein illustrates embodiments of the disclosurc
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that is not to be construed as limiting the scope of the disclosure in any manner.

DETAILED DESCRIPTION

[00020] While the present disclosure may be susceptible to embodiment in different
forms, there is shown in the drawings, and herein will be described in detail,
embodiments with the understanding that the present description is to be considered an
excmplification of the principles of the disclosure and is not intended to be exhaustive or
to limit the disclosure to the details of construction and the arrangements of components
set forth in the following description or illustrated in the drawings.

[00021] The present disclosure provides an apparatus, system, and method for
controlled dispensing of liquid which may be used with a beverage maker or beverage
brewer. Terms including beverage, brewed, brewing, brewing substance, beverage
preparation material, brewed liquid, and brewed beverage as may be used herein are
intended to be broadly defined as inciuding, but not limited to, the brewing of coffee, tea
and any other beverages. This broad interpretation is also intended to include, but is not
limited to any process of dispensing, infusing, steeping, reconstituting, diluting,
dissolving, saturating or passing a liquid through or otherwise mixing or combining a
beverage substance with a liquid such as water without limitation to the temperature of
such liquid unless specified. This broad interprctation is also intendcd to include, but is
not limited to, beverage substances such as ground coffee, tea, liquid beverage
concentrate, powdered beverage concenirate, flaked, granular, freeze dried or other forms
of materials including liquid, gel, crystal or other forms of beverage or food materials to
obtain a desired beverage or other food product.

[00022] As shown in FIG, 1, an apparatus 8 for dispensing liquid 9 includes a
controller 10 coupled to various components or controllable devices associated with an
nlet liquid or water delivery assembly, which may include a liquid reservoir 12 and
which controls or receives information from at least a portion of a8 beverage maker that is
associated with the apparatus 8. When apparatus 8 1s used in beverage machines that
produce a heated beverage, such as coffee, tea, or soup, liquid reservoir 12 may include a
heatcr, such as heating element 13 associated therewith to heat the liquid to a

predetermined temperature or within a rangc of temperatures. Such a heating element 13
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is coupled to and controlled by controller 10. Alternatively, for ambient temperature

liquid dispensing apparatuses, the heating element 13 is not activated or no heating
element may be needed. The present disclosure may also be used for cooled liqmd
dispensing in which case a cooling element or system would be used instead of a heating
element, An inlet tube 14 1s coupled to and communicates with liquid reservoir 12 for
dispensing liquid tuto liquid reservoir 12. An inlet valve 15 is coupled with or otherwise
positioned along inlet tube 14. Inlet valve 15 may be coupled to controller 10 for
controllably permiiting or restricting flow when the particular application may so require,
or may be operated independently of controller 10.

[00023] Associated with reservoir 12 18 a first level sensor 18, coupled to controller
10, and positioned at a first level 16 above a bottom 23 of reservoir 12 which senses
whether liquid in reservoir 12 reaches the first level 16. A second level sensor 19,
coupled to contreller 10, and positioncd at a second level 17 above bottom 23 which
senses whether liquid in reservoir 12 reaches second level 17. Second level 17 is below
level first level 16. Any suitable level sensor may be used including a conductance based
level sensor positioned within the interior of reservoir 12, a capacitive level sensor, sonic
level sensor, optical level sensor or weight driven level sensor associated with reservoir
12.

[00024] A volume 21 is defined between levels 16, 17 in reservoir 12. Various
distances between level sensors 18 and 19 may be used to select volume 21, such as, by
way of example but not limitation, 0.2 inches. Volume 21 would thus be calculated by
muitiplying the distance between levels 16 and 17 by a square of the radius of reservoir
12 by p1. Other elﬁbodiments in which reservoir 12 is not cylindrical may also be used,
with volume 21 being calculated by using the cross-sectional dimensions of the reservoir
together with the distance between levels 18, 19.

[00025] Liquid is controllably dispensed from reservoir 12 via outlet tube 22. An

outlet valve 24 is associated with outlet tube 22 and is coupled to and controllably
operated by controller 10. When outlet valve 24 is open, liquid can pass out of outlet tube
22. As an example, outlet tube 22 may lead to a spray head 26 to be distributed over

beverage making material 28 positioned in a brew funnel 30 to allow the liquid, for

example heated water, to contact the beverage making material, for example ground
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coffee, to make a desired beverage such as coffee. The brewed beverage is then passed

into a container such as a coffee carafe 32 for distribution and consumption.

[00026] Controller 10 can controllably operate apparatus 8 to dispense a selected
volume of liquid, such as for example, one pot of coflee, or in larger commercial settings,
one or more multi-serving beverage containers. One embodiment of a method to dispense
a selected volume is shown in FIG. 2. For purposes of convenient illustration and
description only, first level 16 is referenced as L2 and second level 17 is referenced as Ll
herein.

[00027] In a first step 40, reservoir 12 is filled at above L2. A brew cycle is then
started 42 and, in one embodiment in which the liquid is heated, the heating element or
heater 13 is turned off. Heater 13 may be turned off to prevent a situation where the
surface of the liquid stored reservoir 12 starts to boil, bubble, or otherwise vaporize as the
liquid is heated, Such bubbling or vaporization may cause level sensors 18, 19 to
erroneously report the liquid has rcached those levels. The present method may be used
in combination with more accurate level sensors that can account for, ignore, adjust for or
cancel the effects of such conditions. However, where less expensive or more readily
available level sensors are used, the heater 13 may be turned off to increase accuracy as
described above.

[00028] Liquid is dispensed at this point by controllably operating outlet valve 24 to
allow liquid to pass-out through outlet tube 22. Volume 21 may be locatcd above outlet
tube 22 to create a head pressure to force liquid out tube 22 when outlet valve 24 is
opened. The timing of opening outlet valve 24 in combination with level sensors 18, 19
detecting their respective levels conveniently allows controller 10 to determine a time Tl
that it takes a liquid level to drop from L2 to Ll (step 46). This time in combination with
determining known volume 21 allows simple calculation of a flow ratc out outlet tube 22.
That simple calculation may be flow rate equals known volume 21 divided by TL. At this
point, the calculated flow rate may be used to calculate the time outlet valve 24 need to
remain open to dispense the selected volume. Once T1 is calculated, inlet valve 15 is
opened to allow reservoir 12 to refill to continue the brewing cycle.

[00029] Steps 48 through 66 represent an embodiment of the present method that

may bc used to account for discrepancies in the flow rate over at least a portion of the
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brewing cycle. These discrepancies may be caused by a variety of factors including but

not limited to, turbulence within the reservoir, a power surge, movement of apparatus 8, a
momentary inaccurate reading by one or both of the level sensors 16, 18, and other
factors.

[00030] To account for such a discrepancy, Tl is compared to some previously
calculated flow rate to see if the two rates are the same within a tolerance, to deem the
calculated flow rate stable and thus reliable for timing calculations, In a step 48, for
example, if T1 is within 2% of a previous measured or calibrated time Tp, Tl is used (step
50). IfT1 is not within the selected tolerance, a second time T2, is measured (step 52). If
T2 1s within a selected tolerance, such as for example is 2% (step 54) of Tp or 2% of T1
(step 58), T2 15 used (step 56). The comparison may be made to either of Tp or Tl
because repeatability or stability is the desired trait of the timing measurements. If T2 is
not within tolerance with respect to Tl or Tp, a third time T3 is measured, again as the
time the liquid level falls from 1.2 to LI (step 60). If T3 is within a selected tolerance,
such as 5% of T2, T3 15 used (step 64). Otherwise, Tp is used again because Tp
apparently is the only stable time (66). The tolerance for the third sub-cycle to measure
T3 may be less precise than for the previous two readings because stability 1s being
measured over a longer period.

[00031] Although three sub-cycles are shown for determining a new Tp, more cycles
may be used. However, in an embodiment where the liquid is heated, the heatcr may not
be turned on until all the times have been measured (see step 68). As discussed above,
having an aclivated heater while the level sensors are operating may cause less than
optimal readings because of bubbling, vaporization, turbulence, or other factors. Limiting
taking L.2-L.1 sub-cycle time measurements to only a subset of the total L2-L1 sub-cycles
in a particular brewing cycle, allows a stable flow rate to be measured while allowing the
heater to be reactivated within a reasonable time to allow the apparatus to be resct for
another heating cycle. In one embodiment, between one and three L2-11 sub-cycles are

timed out of five total L2-L1 sub-cycles needed to dispense a se¢lected volume for one

brew cycle.
[00032) One embodiment of an imitial calibration method is shown in FIG. 3. In a

calibration environment, a brewing cycle is started (step 80). It is assumed the liquid level
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in the reservoir 12 is already at lcast at L2. In step 82, outlet valve 24 1s opened to allow

liquid to escape while contiroller 10 monitors the amount of time it takes the liquid level
in the reservoir to drop from L2 to L1. Once the first L2-L1 cycle 18 completed, the inlet
valve 15 is opened to permit refilling of reservoir 12, A count of the number of L2-L1
cycles, designated hereinafter as N, is kept (step 84). The total number of cycles N may
include a partial cycle because outlet valve 24 may close prior to the completion of that
last cycle if the selected volume has been dispensed. Therefore the actual numbcer of full
cycles may be designated N-I.

[00033) An average flow rate Ro may then be calculated as shown in step 86, as
being equal to (N x Qr2)*TvL12, where Qri2 is volume 21, and Ty, 1s time 1t takes the
level to fall from L2 to L1, Controller 10 may be programmed o measure a total outlet
time to (step 88) which is uscd to calculate the total dispensed volume Qo in the forrmula
shown in step 90.

[00034] A method for dispensing a sclccted volume Qo during operation of the
apparatus 8 is shown in FIG, 4. A brew cycle 92 is started. An initial outiet valve open
time, referred to herein as Vo, is calculated using the values calculated during the
calibration cycle, such as shown in FIG. 3, or using values from one or more previous
brew cycles (step 94). An L2-L1 sub-cycle is started (step 96) with flow rate Ro being
recalculated (step 98). The series of L2-L.1 times used to calculate the new flow rate may
be selected based on the stability considerations discussed for FIG. 2, The dispensed
volume is monitored in step 100 against the selected dispensed volume (Step 102). If Qo
has not been dispensed (step 104), a remaining Vo on-time, designated herein as TR, 15
calculated and another L.2-L1 sub-cycle is permitted. Otherwise, outlet valve 24 1s shut
and thc brew cycle is ended (step 106).

[00035] The remaining valve open timc may be recalculated several times over the
course of the brew ¢ycle depending on the flow rate calculated for the L2-L1 sub-cycles.
A formula 110 is shown in FIG. 5 for calculating the remaining Vo on-time after N
cycles, where TDx is the time from end of the previous cycle to the end of the current
cycle x. A derivation of the formula is shown in FIG. 6A-B, where the bottom of 6A

continues to the top of 6B.
[00036] It is envisioned that a software module may be used to retrofit an existing
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beverage machine to provide for the controlled liquid dispensing described above. The

term "module" referenced in this disclosure is meant to be broadly interpreted and
broadly cover various types of software code including but not limited to routines,
functions, objects, libraries, classes, members, packages, procedures, methods, or lines of
code together performing similar functionality to these types of coding. The retrofit may
include, but is not limited to, adding a new controller module or component, updating an
cxisting controller with the sofiware module through any available programming method,
including flashing a controller's memory, replacing a chip, replacing a circuit board, or
copying and running software code on memory accessible to a controller's
microprocessor. The software module may be included as part of a retrofit kit for
updating an existing dispensing machine to include the functionality describe above, Itis
also envisioned that kit may be used to refrofit an existing beverage maker that lacks a
flow regulator. Thus an altcrnative version of the kit may include a flow regulator and
sufficient components and instructions for connecting it to the inlet line and a software
module.

[00037] While embodiments have been illustrated and described in the drawings and
foregoing description, such tllustrations and descriptions are considered to be exemplary
and not restrictive in character, it being understood that only illustrative embodiments
have been shown and described and that all changes and modifications that come within
the spirit of the invention are desired to be protected. The applicants have provided
description and figures which are intended as illustrations of embodiments of the
disclosure, and are not intended to be construed as containing or implying limitation of
the disclosure to those embodiments. There are a plurality of advantages of the present
disclosure arising from various features set forth in the description. It will be noted that
alternative embodiments of the disclosure may not include all of the features described
yet still benefit from at least some of the advantages of such features. The foregoing
description of the illustrative embodiments of the invention has been presented to
illustrate the principles of the invention and not to limit the invention to any particular

embodiment illustrated. It 1s intended that the scope of the invention be defined by all of

the embodiments encompasscd within the appended claims.
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CLAIMS

What is claimed is:
1. An apparatus for controlled beverage dispensing in a beverage maker, the apparatus

COmpIisimg:

a controller for controlling at least a portion of the apparatus;

a reServolr;

an inlet tube in communication with the reservoir for directing liquid into the
reservoir;

an outlet tube positioned along the reservoir;

an outlet valve positioned along the outlet tube, the outlet valve being in
communication with and controlled by the controller;

a first level sensor positioned along the reservoir at a first level, the first level sensor
being coupled to the controller;

a second level sensor positioned along the reservoir at a second level below the first
level, the second level sensor being coupled to the controller;

the controller including means to measure a time T for a liquid level in the reservorr to
fall from the first level to the second level;

the controller being operative to calculate a flow rate by dividing a volume inside the
reservoir between the first level and the second level by T; and

the controller being operative to compare a subsequently determined flow rate to a
previously determined flow rate, and allowing the outlet valve to one of remain
open a longer total dispensing time when the subsequently determined flow rate is
less than the previously determined flow rate by more than a predetermined
tolerance and close sooner than a total dispensing titme when the subsequently
determined flow rate is greater than the previously determined flow rate by more

than the predetermined tolerance,

2. The apparatus of claim 1, further comprising an inlet valve positioned along the let

tube, the inlet valve being in communicaiion with and controlled by the controller,

3. The apparatus of claim 1, further comprising a spray hcad positioned at an end of the
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outlet tube.

4. The apparatus of claim 1, further comprising the controller being operative to only use
a flow rate in calculation of the total dispensing time when the flow rate 1s a stable
flow rate, the stable flow rate being determined by comparison to one or more

previously determined flow rates.

5. The apparatus of claim 4, further comprising the flow rate being a stable flow rate

when the flow rate is within about two percent of a one or more previously determined

flow rates.

6. The apparatus of ¢laim 1, wherein each of the first level sensor and the second level
sensor are onc of a capacitive level sensor, a sonic level sensor, an optical level sensor,

or & weight driven level sensor.

7. The apparatus of claim 1, wherein the distance between the first level and second level

1s about 0.2 inches.

8. An apparatus for controlled beverage dispensing in a beverage maker, the apparatus

comprising:

a controller for controlling at least a portion of the apparatus;

a Teservolr,

an inlet tube in communication with the reservoir for directing liquid into the
reservoir;

an inlet valve positioned along the inlet tube, the inlet valve being coupled to and
controlled by the controller;

an outlet tube positioned along the reservoir;,

a first level sensor positioned along the reservoir at a first level, the first level sensor
being coupled to the controller;

a second level sensor positioned along the reservoir at a second level below the first

level, the second level sensor being coupled to the controller;
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the controller including means to measure a time T for a liquid level in the reservoir to

fall from the first level to the second level;

the controller being operative to calculate a flow rate by dividing a volume inside the
reservoir between the first level and the second level by T; and

the controller being operative to compare a subsequently determined flow rate to a
previously determined flow rate, and allowing the inlet valve to one of remain
open a longer total dispensing time when the subsequently determined flow rate is
less than the previously determined flow rate by more than a predetermined
tolerance and close sooner than a total dispensing time when the subsequently
determined flow rate is greater than the previously determined flow rate by more

than the predetermined tolerance.

9. A method for controlled beverage dispensing in a beverage maker, the method

comprisng:

providing a controller for controlling at least a portion of the beverage maker, a
reservoir, an outlet tube positioned along the reservoir, a first level sensor
positioned along the reservoir at a first level, the first level sensor bemng coupled
to the controller, a second level sensor positioned along the reservoir at a second
level below the first level, the second level sensor being coupled to the controller,
an inlet tube and an outlet tube positioned along the reservoir, an inlet valve along
the inlet tube, and an outlet valve along the outlet tube, the inlet valve and the
outlet valve each in communication with and contirolled by the controller;

filling the reservoir by opening the inlet valve with liquid at a level at or above the
first level,

opening the gutlet valve to dispense liquid from the outlet tube;

using the controller to measure a time T for the liquid level to fall from the first level
to the second level;

using the controller to calculate a flow rate by dividing a volume inside the reservoir
between the first level and the second level by T;

refilling the reservoir to a level at or above the first level by controllably operating the

inlet valve;
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12.

13.

14.

15
using the controller to compare a subsequently determined flow rate to a previously

determined flow rate, and allowing the outlet vaive to one of remain open a longer
total dispensing time when the subsequently determined flow rate is less than the
previously determined flow rate by more than a predetermined tolerance and close
sooner than a total dispensing time when the subsequently determined flow rate is
greatcr than the previously determined flow rate by more than the predetermined
tolcrance; and

contimuing the dispensing and refilling steps until a selected volume has been

dispensed.

The method of claim 9, further comprising determining when the selected volume has

been dispensed by calculating a flow rate by dividing a volume of liquid between the
first level and the second level by time T, measuring a total time the outlet valve
remains open during the dispensing cycle and multiplying the total time by the flow

rate.

The method of claim 10, further comprising detecting discrepancies in the flow rate to

identify a stable flow rate, and using the stable flow rate in determining when the

selected volume has been dispensed.

The method of claim 11, the step of detecting discrepancies comprising comparing a

current flow rate to the previously determined flow rate, and designating the current

flow rate as the stable flow rate when the current flow rate is within a selected

tolerance of the previously determined flow rate.

The method of claim 12, the selected tolerance being about 2%.

The method of claim 12, the step of detecting discrepancies further comprising
comparing the current flow rate to two or more previously determined flow rates, and
designating the current flow rate as the stable flow rate when the current flow rate is

within a selccted tolerance of any of the previously determined flow rates.



CA 02626484 2013-09-10

WO 2007/051200 PCT/CA2006/060356
16

15, The method of claim 14, further comprising extending a dispensing period where the

stable flow rate is less than at least one of the previously determined stable flow rates.

16, The method of claim 9, further comprising performing an initial calibration operation,

the calibration operation comprising;

starting a beverage dispensing cycle;

filling the reservoir with liquid above the first level; opening the outlet valve to allow
liquid to exit while measuring a time the liquid level falls from first level to the
second level;

cyclically refilling the reservoir above the first level by operating the inlet valve, and
allowing the liquid level to fall from the first level to the sccond level by
operating the outlet valve to define a sub-cycle, measuring the total number of
sub-cycles N to dispense the selected volume; and

calculating an initial flow rate based on N-1 sub-cycles; and setting an imtial

dispensing time based on the initial flow rate.

17. The method of claim 9, further comprising heating the liquid during one of refilling
liquid and storing liquid in the reservoir, and controllably deactivating heating during

sensing of at least one of the first level and the second level.

18. A method for controlled beverage dispensing in a beverage maker, the method

comprising:

providing a controller for controlling at least a portion of the beverage maker, a
reservoir, an outlet tube positioned along the reservorr, a first level sensor
positioned along the reservoir at a first level, the first level sensor being coupled
to the controller, a second level sensor positioned along the reservoir at a second
level below the first level, the second level sensor being coupled to the controller,
an inlet tube and an outlet tube positioned along the reservoir, an inlet valve along
the inlet tube and coupled with and controlled by the controller;

filling the reservoir by opening the inlet valve with liquud at a level at or above the
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first level:

using the controller to measure a time T for the liquid level to fall from the first levcl
to the second level;

using the controller to calculate a flow rate by dividing a volume inside the reservoir
between the first level and the second level by T,

refilling the reservoir to a level at or above the first level by controllably operating the
inlet valve;

using the controller to compare a subsequently determined flow rate to a previously
determined flow rate, and allowing the inlet valve to one of reiain open a longer
total dispensing time when the subsequently determined fiow rate is less than the
previously determined flow rate by more than a predetermined tolerance and close
sooner than a total dispensing time when the subsequently determined flow rate is
greater than the previously determined flow rate by more than the predetermined

tolerance; and

continuing the dispensing and refilling steps until a selected volume has been

- dispensed.
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FIG. 4
FIG. 3

’ Start Brew }\ . 80 ‘ StartBrew 92

Calculate Initial Vo

Measure total time -
. Level is Falling from | on-Time 04
| L2-L1 in Calibration —" 82
Brewing Cycle
] 96

; Start L2-L1 Subcycle J+~ .

Keep Count of l
Number of Sub-Cycles

Required to Fill Tank —
d n 84

(Define total cycles as 08
N, actual full cycles = Recalculate Ro Rate
N-1)
' - Monitor Volume
Calculate Average. , Dispensed . \_- 100
Flow Rate (Ro) 86 °
RO=(N-Q_12)/Ty12
Has Qo Been . RRecglqulat\i
Dispensed? efc’)‘:"]r'&ge .
M — _
easure Total Qutlet 88 YES 102

Valve Time (To) 104

.Calculate Total
Volume (Qo);
Qo=RoTo

90

FIG. 5

| TanTn(-—Z:-Q-{- ...---——-TD”)
IL12 . T1 In |




CA 02626484 2008-04-17
WO 2007/051200 PCT/US2006/060356

FIG. 6A
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