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1
DISPENSING METHOD AND APPARATUS
UTILIZING A SENSOR TO DETERMINE A
TIME THAT A DISPENSING VALVE IS OPEN

FIELD OF THE INVENTION

This invention relates to a liquid dispenser. More particu-
larly, this invention relates to a dispenser for dairy products,
which can dispense small, fixed-volumes of liquid from a bag,
tank or basin, or other container and, continue to accurately
deliver specified amounts as the liquid in the container is
depleted.

BACKGROUND

Many restaurants and food service providers provide cof-
fee and other beverages into which a small volume of creamer
or other liquid is added. The prior art dispensers for such
liquids open a valve for a time period that is determined using
an initial level of the liquid in the container. As liquid is
dispensed over time, the level ofthe liquid in the tank drops of
course, lowering the static pressure at the valve and as a result,
reducing the volumetric flow rate from the tank.

Some prior art creamer dispensers are able to dispense
different fixed amounts of liquid by actuating one or more
push button switches on the front panel of the device. The
switches send a signal to a computer or other controller,
which opens an electrically-actuated dispensing valve for a
time period that is supposed to allow the volume of liquid that
was requested by the actuation of a push button to be dis-
pensed from a bulk container. Such prior art dispensers
require a user to accurately fill the container and specify the
starting volume to a controller. The controller calculates dis-
pensing valve open times for each dispensing using the start-
ing or initial liquid level. Prior art devices account for the
continuously-dropping static pressure by counting the num-
ber of ounces that are requested to be dispensed from the
container. The number of ounces that are requested is used to
decrement an initial amount of liquid in the container. The
volume dispensing accuracy of prior art devices thus depends
in part on the accuracy of the initial level that is provided to
the controller.

A problem with liquid dispensers that count the number of
dispensing actuations, or which decrement a user-specified
starting amount in a container according to the number of
dispensing actuations, is that their accuracy depends largely
on whether the initial amount of liquid in a container was
accurate. If the actual starting level in the container is not
what is conveyed to the controller when the container is first
installed, every subsequently dispensed volume will not be
equal to the requested amount.

Another problem with prior art dispensers is that dispens-
ing accuracy almost invariably deteriorates as the level of the
liquid in a container falls with successive dispenses. Dispens-
ing valves require a finite amount of time to open and close.
Different valves can require slightly different amounts of time
to open and close. The amount of liquid actually dispensed
rarely matches the amount of liquid that is supposed to be
dispensed. Over time, the dispensing error accumulates. As
the liquid level in a container approaches zero, the amount of
liquid that is actually dispensed for any specified valve open
time period will almost always be different from what the
dispenser counts or think was dispensed. A liquid dispenser
that is able to more accurately dispense user-specified vol-
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umes without regard to an initial or starting volume and which
can continue to do so as a tank empties would be an improve-
ment over the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1isaperspective view of a dispenser of small volumes
of liquids;

FIG. 2 is a partial cut-a-way of the dispenser shown in FIG.
1

FIG. 3 is a cross sectional view of the dispenser shown in
FIG. 1,

FIG. 4 is an isolated view of a load cell supporting part of
a container in the dispenser shown in FIGS. 1-3;

FIG. 5 is a graph depicting plots of different polynomial
functions that model experimentally-determined valve open
times as a function of liquid level and a user-requested vol-
ume, for the dispenser shown in FIG. 13;

FIG. 6 is a perspective view of an alternate embodiment of
a container for holding liquids to be dispensed and showing a
different liquid sensor;

FIG. 7 is a cross sectional view of the container shown in
FIG. 6 showing a pressure sensor;

FIG. 8 is an end view of an alternate embodiment of the
container shown in FIGS. 6 and 7;

FIG. 9 is a perspective view of the right hand side of a
container showing another embodiment of a liquid sensor;

FIG. 10 is a left side perspective view showing light
sources used with another embodiment of a liquid sensor;

FIG. 11 is a cross sectional view of an optical liquid detec-
tor/sensor;

FIG. 12 is a cross sectional view of a light source;

FIG. 13 is a front view of an alternate embodiment of a
container and showing an alternate liquid sensor;

FIG. 14 is a perspective view of the container shown in
FIG. 13;

FIG. 15 is a cross sectional view of a detector or sensor for
use with the container shown in FIGS. 13 and 14;

FIG. 16 is a perspective view of another embodiment of a
container and another liquid detector;

FIGS. 17A-17E provide a table of valve open time in
seconds as a function of load cell output in volts; and

FIG. 18 is a plot of a third-order polynomial from which the
table in FIGS. 17A-17E was generated.

FIG. 19 is a flow chart depicting steps of a method to
dispense a volume of liquid.

DETAILED DESCRIPTION

FIG. 1is a perspective view of a liquid dispenser apparatus
10 for dispensing specific volumes of liquids. The liquids that
can be dispensed have viscosities that vary from about 1
centipoise to about 7500 centipoise. The dispensable liquids
thus include low viscosity alcohols, water, juices, moderate
viscosity liquids like dairy products such as milk and cream,
and viscous liquids that include oils including petroleum
products and syrups. The dispensable volumes range from
fractions ofa liquid ounce up to volumes measured in gallons.
An important feature of the apparatus is that unlike prior art
dispensers, the apparatus 10 permits an operator to manually
dispense any volume of liquid and immediately thereafter,
resume accurately dispensing user-requested fixed volumes
without losing accuracy of the dispensed volumes.

The apparatus 10 is comprised of a cabinet 15 having a
refrigerated upper compartment 20 and an unrefrigerated
lower compartment 25. The lower compartment 25 encloses
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refrigeration equipment used to keep the upper compartment
cold. Refrigeration equipment is well known and omitted
from the figures for clarity.

The lower compartment 25 encloses a control computer 30.
The computer 30 is preferably embodied as a single-chip
microcontroller with on-board memory. Such microcontrol-
lers are well known to those of ordinary skill in the art. Many
of them have electrical interfaces on the microcontroller
which send and receive electrical signals to and from other
circuitry and devices, not shown but which interface, i.e.,
electrically connect, the computer 30 to peripheral devices
that include an array of push-button, operator-actuated dis-
pensing control switches 35, a dispensing control valve 40 not
visible in FIG. 1. In alternate embodiments described below,
the computer 30 is coupled to various devices described
below, which are used to determine the level of the liquid 45
in the tank 50.

The dispensing valve 40 is a pinch valve. The pinch valve
40 pinches off, i.e., closes, a flexible dispensing tube that
extends from the container 50. The valve is explained more
fully below and in the Applicant’s co-pending patent appli-
cation Ser. No. 12/885,641 entitled Pinch Valve, the contents
of'which are incorporated herein by reference in their entirety.

In the preferred embodiment, a user can select a particular
volume of liquid to dispense by actuating one or more push
button switches 35 affixed to the front panel 55 of the lower
compartment 25. Wires 60 connect the switches 35 to the
computer 30 located in the lower compartment 25. Switch
closures are detected by the computer 30. Each switch
requests the computer to dispense a different volume. The
particular volume selected by the various switches is a design
choice. In one embodiment, the software in the computer
memory is written to interpret multiple switch closures,
whether they are made serially or in parallel, as requests for
multiple volumes. By way of example, actuation of a 1-ounce
switch informs the computer 30 that one ounce is requested
by a user. Actuation of a 1-ounce switch followed immedi-
ately by actuation of a 3-ounce switch, or simultaneously with
the 3-ounce switch, is construed by the computer as a user-
request for the delivery of four ounces.

Switch closures and electrical signals input to the computer
30 from one or more detectors/sensors described below
enable the computer 30 to calculate a time required to open
the dispensing valve 40 to dispense a requested volume. The
valve open time is determined using a requested volume and
areal-time, direct measurement of the liquid in a container 50.
Except for manually-dispensed volumes, which require an
operator to manually open the pinch valve, the valve open
time for each requested amount of liquid to be dispensed
under software control is considered herein to be determined
empirically. An empirical determination is considered to be a
determination that is made using sensing ofthe actual amount
ofliquid in the tank, or the actual level of the liquid in the tank,
just before the liquid is actually dispensed. Unlike prior art
devices, the valve open time is not determined by counting or
accumulating volumes that have been previously dispensed.
The valve open time required to dispense a particular volume
of liquid is determined empirically prior to each opening of
the pinch valve.

FIG. 2 is a partial cut-away view of the left side of the liquid
dispensing apparatus 10 shown in FIG. 1. FIG. 3 is a cross-
sectional view of the cabinet viewed from the left-hand side
65 of the cabinet 15. FIG. 3 also depicts one embodiment of
acontainer 50 that holds liquids and which is formed of a rigid
plastic. FIG. 4 is an isolated view of the apparatus 10 showing
in cross section, details of a shelf 70 that defines the upper 20
and lower 25 compartments. FIG. 4 shows how the front end
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of the container 50 pivots on a fulcrum or ridge 75 that
extends into and out of the plane of the figure and which rises
upwardly from the top surface of the shelf 70. FIG. 4 also
shows how the back end of the container 50 is supported on
one end 80 of a load cell 85 that is cantilevered from an
opposite end 90 by a bolt driven into the underside of the shelf
70.

The front end of the container 50 rests on the fulcrum 75
formed into the top surface of the shelf 70. The container 50
is thus able to pivot over the fulcrum 75.

The back or rear end of the container 50 rests on an elon-
gated, upright post 95 that extends downwardly from the
underside of the container 50, through a hole 100 formed in
the shelf 70, onto the cantilevered end 80 of the load cell 85.
Since the fulcrum 75 supports part of the container’s weight,
only a portion of the container’s weight is supported by the
fulcrum 75. The rest of the container’s weight is supported by
the second end 80 of the load cell 85.

The portion of the container’s weight that is impressed on
the load cell 85 causes the load cell 85 to deflect. Load cell
deflection changes the electrical resistance of a Wheatstone
bridge circuit that is attached to the load cell 85. Since the load
cell 85 deflection is proportional to the weight impressed on
the load cell by the container 50 and its contents, the signal
“output” from the load cell 85, and which is sent to the
computer 30 via the connection wires 105, represents at least
a fractional amount of liquid in the container 50.

In an alternate embodiment, the entire weight of the con-
tainer and its contents is supported by one load cell. In one
such alternate embodiment, a load cell is located above the
center of mass for the container and its contents. A hook is
attached to load end of the load cell. A liquid container is
suspended from the load cell. The entire weight of the con-
tainer and its contents is thus measured. Other embodiments
use two or more load cells, with each load cell supporting a
fractional portion of the container. One embodiment uses four
load cells at each corner of the container 50 or at each corner
of the cabinet 15. In multiple-load cell embodiments, the
outputs of the various load cells are summed by the computer
30 and provide a fairly accurate measurement of the entire
weight of the container and/or cabinet 15.

A hinged door 110 provides access to the interior of the
upper compartment 20 and to the lower compartment 25. In
one embodiment depicted in FIG. 3, the container 50 is arigid
bin or basin, which holds a flexible bag 115, and which
contains the liquid 45 to be dispensed. The bag 115 is formed
with an integral liquid dispensing tube 120. The dispensing
tube 120 extends from the bag 115 through a hole 125 in the
bottom 130 of'the container 50, through a passage 101 formed
into the shelf and through the pinch valve 40. Wires connect
the pinch valve 40 to the computer 30. Plastic bags containing
liquid to be dispensed can be placed into the container and
removed from the container via the door 110.

To dispense a fixed volume of liquid, a signal from the
computer 30 instructs a solenoid controlling the valve 40 to
open, i.e., “unpinch,” the tube 120 by actuating the pinch
valve to an open position. Opening the pinch valve allows
liquid to run out of the container through the tube. The tube
120 is kept unpinched by the computer 30 for a time period
that is only long enough to dispense the volume of liquid that
was requested by a user at the push button switches 35. When
the time required to keep the valve open has elapsed, the pinch
valve is closed. In a preferred embodiment, the pinch valve is
biased by a spring to be normally closed. The signal from the
computer 30 to the valve solenoid thus holds the valve 40
open against the spring. Closing the valve simply requires the
valve open signal from the computer to be shut off
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The time that the valve must be held open to dispense a
particular volume of liquid requested by operation of one or
more switches essentially depends on the pressure of the
liquid at the valve 40, just before the valve is opened. The
pressure of the liquid 45 on the valve 40 depends on the depth
of'the liquid 45 above the valve 40. In the figures, the depth of
the liquid 40 above the bottom 130 of the container storing the
liquid to be dispensed is denoted by the letter D. A relatively
short but nevertheless additional column of liquid exists in the
tube that is between the bottom of the container and the pinch
valve 40.

In the preferred embodiment, the depth D of the liquid in
the tank or container 50 is determined from a weight mea-
sured by the load cell 85. As is well known, a load cell is
essentially a strain gauge in combination with a resistive
circuit well known to those of ordinary skill in the electrical
arts as a Wheatstone bridge circuit. When the load cell
deforms in response to an applied force, the electrical char-
acteristics of the Wheatstone bridge circuit change. The elec-
trical characteristics of the Wheatstone bridge can thus be
correlated to a weight supported by the load cell 85. If the
density of the liquid is known, and if the geometry of the
container is known, the depth of the liquid in a container can
be derived from the weight of the container and contents, or
from just the weight of the liquid in the container.

In the preferred embodiment, the time that the valve must
be kept open to dispense a user-requested volume of liquid is
determined by evaluating a polynomial that eftectively cor-
relates a signal obtained from the load cell 85 to the time
required to open the valve 40 to dispense a requested volume.
See FIG. 19. In the preferred embodiment, the polynomial
was experimentally determined to be of the form:

VAR B+ Cx+K

where A, B and C are coefficients and K is a constant;
x is the load cell output signal and
y is the valve open time, in seconds.

In tests of a prototype liquid dispenser having one end of
the container 50 supported on a fulcrum 75 and the opposite
end supported by a load cell 85 essentially as shown in FIG.
3 and using a pinch valve as described in the aforementioned
co-pending application, the coefficients required to dispense
one ounce of liquid from the container were determined to be:
A=-0.0012, B=0.0207, C=-0.1444 and K=0.89.

FIG. 5 depicts plots of a third-order polynomial for three
different requested volumes from the prototype described
above. Values along the x axis are different outputs from the
load cell, typically a D.C. voltage. The y-axis is the time in
seconds required for the valve to be kept open in order to
dispense a volume of liquid represented by each curve.

Each curve in FIG. 5 is the plot of a polynomial for a
different requested volume. The lowest curve is a plot of the
polynomial that determines the valve open time for a first
volume ofliquid. The middle curve is a plot of the polynomial
that determines the valve open time required to dispense a
second volume of liquid, greater than the first volume. The top
curve is a plot of the polynomial that determines the valve
open time required to dispense a third volume of liquid,
greater than the second volume. The three polynomials have
different coefficients.

The polynomial that models the required valve open time
was determined experimentally by measuring volumes of
liquid dispensed through a pinch valve when the pinch valve
was kept open for a given length of time, with different
measured weights of liquid in the container, i.e., with differ-
ing liquid heights. The polynomial thus works to determine
valve open times required to dispense a volume of liquid from
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aparticular type of container, namely the one shown in FIGS.
1-3 and having a particular size, a particular discharge tube,
having particular characteristics, e.g., length and inside diam-
eter. The polynomial, which is determined experimentally,
correlates a measured weight of the container and liquid to a
required valve open time, regardless of the container’s shape.
Using a different container and/or discharge tube requires
different polynomials and/or constant to be determined, pref-
erably by curve fitting, as was done in the preferred embodi-
ment.

In another alternate embodiment, which avoids computing
apolynomial, the computer 30 reads or is otherwise provided
with a load cell output voltage. The output voltage is used as
a pointer into a table, typically stored in RAM, EEPROM,
ROM or other computer memory device, from which the
computer 30 can read an amount of time required to hold the
valve open. If the load cell outputs a voltage that is not in the
table, e.g., 7.02 volts, software in the computer 30 rounds the
value up or down, as a design choice, to the closest value in the
table.

In FIGS. 17A-17E, the valve open times are listed in the
right-hand column and are expressed in seconds of time
required to hold the valve open in order to dispense one ounce
ofliquid. The valve open times in the right-hand column were
determined by evaluating the third order polynomial equation
shown at the top of FIG. 17A and storing each resultant valve
open time as a table with the corresponding load cell output
vales. Dispensing volumes other than one ounce simply
requires a corresponding fraction or multiple of the 1-ounce
valve open time to be used.

By way of example, and using FIG. 17A, if the load cell
output voltage is 7.2 volts, the valve open time required to
dispense one ounce of liquid from the dispenser 10 is 0.4755
seconds. The time required to dispense two ounces would be
double the amount of time required to dispense one ounce,
i.e., about 0.9510 seconds. The time required to dispense
one-half ounce would be one-half the 0.4755 seconds to dis-
pense one ounce, i.e., about 0.2377 seconds.

FIG. 18 shows a plot of the polynomial from which the
table in FIGS. 17A-17E was generated. The load cell output
voltage decreases as the liquid in the container decreases. The
valve open time, which is the time required to dispense one
ounce of liquid, increases as the load cell output decreases in
response to liquid being depleted from the container. Addi-
tional methods and apparatus for determining liquid in a tank
are described below.

As mentioned above, the depth D of the liquid determines
a static pressure at the valve 40. The static pressure at the
valve 40 determines the flow rate of the liquid 45 through the
valve 40. The flow rate of the liquid 45 through the valve 40
determines the time that the valve 40 must be held open to
dispense a requested volume (or a requested weight of a liquid
to be dispensed). The time required to hold the valve open to
dispense a particular volume of liquid is therefore dependent
on the amount of liquid in a container, prior to opening the
valve 40 since the amount of liquid 45 in a particular container
inherently determines the liquid’s height therein. The experi-
mentally determined polynomial described above is thus con-
sidered to be one that correlates an amount of liquid in a
container to an amount of time required to hold the valve open
to dispense a requested volume. Evaluating the polynomial
thus inherently includes a determination of a depth of the
liquid in the container. A valve open time is thus determined
empirically, by evaluating the polynomial using for x, the
signal output from the load cell prior to opening the valve and
which corresponds to the weight supported by the load cell
85.
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FIG. 4 shows in greater detail, how the load cell 85 is
attached to the underside of the shelf 70 in the preferred
embodiment to support at least part of the weight of the
container 50, and how the front of the container 50 rests on a
ridge or fulcrum 75. One end 90 of the load cell 85 is bolted
to the underside of the shelf 70. A space is shown between the
load cell 85 and the shelf 70 to illustrate that the load cell 85
is essentially cantilevered at the first end 90.

The second end 80 of the load cell 85 supports a vertical
post 95. The post 95 extends upwardly from the second end 80
of'the load cell 85, through a hole 100 in the shelf 70 and into
engagement with the bottom ofthe container 50. The load cell
85 thus supports at least halfthe weight ofthe container 50. As
the volume of liquid 45 in the container decreases, the force
impressed on the load cell 85 will change accordingly, as will
the output signal from the load cell 85. Fach time that a
volume is requested by a user, the instantaneous value of the
load cell output signal is read by the computer 30 and used as
an input value of x in the polynomial. Evaluation of the
polynomial using appropriate coefficients will yield a value
that is the amount of time that the valve should be held open
to dispense the requested volume.

While the preferred embodiment determines the valve
open time using a load cell, alternate methods of determining
the valve open time are made by determining the actual height
of'the liquid 45 in a tank 50 prior to opening the valve. Various
ways of detecting the depth of the liquid are depicted in FIGS.
6-16 and described below. The structures in FIGS. 6-16 that
determine the depth of the liquid 45 in the tank or container 50
are different from each other yet functionally equivalent.
Each is a different means for determining the depth of a liquid
in a container.

Those of ordinary skill in the art will recognize that if the
weight of container 50 is known, the weight of the liquid 45
inside the container 50 can be determined by a straight-for-
ward subtraction of the container weight from the gross
weight of the container and liquid combined. Knowing the
weight of the liquid inside the container enables the volume of
liquid to be determined using the density of the liquid. If the
dimensions of the container 50 are known and if the volume
inside the container is known, the depth of the liquid 45 inside
the container can be determined from a straight-forward cal-
culation. The depth of the liquid can therefore be determined
directly from the signal from the load cell. The load cell
implementation is thus an equivalent means for determining
the depth of the liquid in the container, i.e., the liquid surface
height inside the container.

InFIG. 6, reference numeral 135 identifies a static pressure
sensor affixed to the bottom 130 of the tank 50. The dia-
phragm of the pressure sensor has one side exposed to the
liquid and the other side is either a vacuum or atmosphere. In
this case, the sensor does not have to be exposed to the outside
of the container, i.e., through a hole in the bottom. It is a so
called absolute sensor. Those or ordinary skill in the art will
recognize that static pressure exerted on the sensor 135 will
decrease as the depth D of the liquid 45 decreases. An optional
sight glass 140 enables a user to peer into the tank 50 and
inspect the contents thereof.

FIG. 7 is a side view of the pressure sensor 135 depicted in
FIG. 6 is shown connected to the computer 30. Not shown in
FIG. 6 are the pinch off valve 40, the user interface switches
35 and connections between the pinch-oft valve 40 and
switches 35 and the computer 30. These are also not shown in
FIG. 7 for clarity.

FIG. 8 depicts an array of photodiodes 145, i.e., diodes that
detect light and which output an electrical signal representa-
tive thereof and an array of light emitting diodes 150 on the
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opposite side of the container 50. The photodiodes 145 are
shown in FIG. 9 as being coupled to the right-hand side 155 of
the tank 50 and arranged along an inclined line. The photo-
diodes 145 are thus considered to be an inclined linear array,
which permits diodes to be vertically closer to each other than
might be possible if the photodiodes 145 were in a vertical
array. The elevation of each photodiode 145 above the bottom
130 of the tank 50, is of course, known to the computer 30.

In one embodiment, the tank 50 is constructed of either
translucent or at least partially-translucent material such as
glass or Plexiglas. The array of photodiodes 145, which detect
ambient light, is attached to one side of the container as shown
in FIG. 9. If the liquid 45 in the container is opaque or at least
partially opaque, voltage output from the photodiodes below
the surface of the liquid, i.e., at elevations less than the height
D of'the liquid in the tank, will be zero or nearly zero. Voltage
output from diodes 145 above the liquid’s surface, i.e., at an
elevation above the height D, will be greater than zero or at
least greater than the voltage output from diodes below the
surface of the liquid. The level of the liquid can thus be
determined, or at least estimated, by determining the eleva-
tion of the first diode above the bottom 130, having a greater-
than-zero or at least greater than other photodiodes 145 below
the liquid surface.

In another embodiment, the photodiodes 145 detect infra-
red and/or visible light emitted from an opposing array of IR
or visible-light emitting diodes (LEDs) 150 arranged on the
opposite side of the translucent or semi-translucent tank 50 as
shown in FIG. 10. If the liquid 45 in the tank 50 is at least
partially opaque, photodiodes 145 below the top of the sur-
face 160 of the liquid 45 will not detect light emitted from the
LED’s 150 and will have zero or near-zero output voltages. As
with the diodes that detect ambient light, light from the LED’s
150 that is detected by one or more of the photodiodes 145
permits the liquid height D to be accurately estimated or
determined exactly by comparing the voltages output from all
the photodiodes.

FIG. 11 is cross-sectional diagram of one photodiode 145.
A lens 160 on the inside surface of the side wall 170 of the
container 50 detects light incident on the lens 160. A collar
175 provides a liquid-tight seal for the diode 145 so that liquid
does not leak passed the wall 170. Small voltages generated
by the light 180 that impinges the diode 145 cause the diode
to generate a small electrical signal which can be amplified
and detected as being present or absent by the computer 30.

FIG. 12 depicts the similar structure of a light emitting
diode 150, inserted through the side wall 185 of the tank 50,
opposite the side wall 170 holding the photodiodes 145.

FIG. 13 depicts another structure for determining the depth
of liquid 45 in the container. FIG. 13 is a front view of the
container 50 and shows an array of conductivity or resistance
probes 190 configured to extend through the side wall 170 so
that the probes 190 “reach” into the interior of the container
50.

FIG. 14 is a perspective view of the right-hand side of the
tank, showing the conductivity probes 190 to be arranged in
an inclined, linear array. As with the photodiodes and LEDs,
the inclined array 190 permits more probes to be used, with
less vertical separation distance between them.

FIG. 15 is a top view of one of the probes 190. If a con-
ductive pathway exists between the two conductors 195 and
200, as will happen when the conductors are submerged in
even a partially-conductive liquid like milk or cream, an
electrical signal applied to one conductor 195 can be detected
at the adjacent conductor 200. A conductive pathway will
existifthe depth D inside the tank 50 is high enough for liquid
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to be between the two conductors. Cream has a conductivity
greater than 10 times greater than air.

FIG. 16 depicts an ultrasonic transducer 205, acoustically
coupled to or through the bottom 130 of the tank 50. Sound
waves emitted from the ultrasonic range finder transducer 205
will be reflected at the interface between the liquid surface
160 and the empty upper portion of the tank 50. The time
required for an ultrasonic pulse to transit from the transducer
205 to the interface and return can be used to directly calcu-
late the depth d of the liquid in the tank 50. In an alternate
embodiment not shown, the ultrasonic transducer 205 can be
mounted at the top of the tank so as to transmit ultrasonic
waves downward to the top 205 of the liquid 45.

Once the liquid level is determined using one or more of the
embodiments shown, a close approximation of the time
required to hold the valve open to dispense a requested vol-
ume can be directly calculated using a well-known equation
inset below. Equation (1) inset below, is an equation to cal-
culate the time required to hold the valve open in order to
dispense a volume of liquid from a tank. The dispensed vol-
ume will of course lower the height of the liquid in the tank
from an initial height h, to a lesser height denominated as h,.
The valve open time t, , is a function of the starting and
ending depth of the liquid in the tank and the ratio of the area
of the tank to the cross sectional area of the tube through
which the liquid discharges.

L M—M(AM]Z Eq. 1
o = = A

In Equation 1:

topen—the time required to hold the valve open to dispense
a user-specified volume of liquid from a tank;

h,=the initial or starting level of liquid in the tank before
the valve is opened, measured from the top of the liquid
to the lowest level of the tank, i.e., at the pinch valve;

h,=the final level of liquid in the tank to which the initial
level h, drops after the user-specified volume is dis-
pensed;

g=the gravitational acceleration constant;

A, —the surface area of the top of the tank;

A, ~the cross sectional area of the jet or tube through

which liquid leaves the tank;

Equation (1) is by Yunus A. Cengal and John M. Cibala,
FLUID MECHANICS, FUNDAMENTALS AND APPLI-
CATIONS, pp. 179-180, McGraw Hill, Higher Education,
copyright 2006.

The various structures described above can determine an
actual depth ofliquid in a container. Knowing the actual depth
D of the liquid thereby permits a direct calculation of the
valve open time that is required to dispense a specific volume
ofliquid, such as one ounce, two ounces, three ounces, and so
forth.

For clarity purposes, opening the dispensing valve 40 is
comprised of the steps of the computer 30 receiving one or
more signals from the user interface or switches 35 located on
the container 15. Those switches 35 can be configured under
software control to dispense multiple volumes on each actua-
tion or to dispense volumes that are additive of the particular
switches that are activated. Once a volume of liquid to be
dispensed is specified, the liquid surface height is determined
empirically using one or more of the structures and devices
described above and equivalents thereof. Once the requested
volume is known and the liquid level height is known, the
computer 30 calculates the open time and sends an appropri-
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ate signal to the solenoid or an interface thereof to open the
valve and, of course, close the valve at the termination of the
time period.

Those of ordinary skill in the art will recognize that the
method of determining valve open time using equation (1)
can be used with any size container and any size discharge
tube. By specifying the surface area of the container and the
cross sectional area of the discharge tube, the calculation of
valve open time remains a straight forward calculation using
the level of the liquid in the container, which can be empiri-
cally determined using one or more of the structures disclosed
herein.

The foregoing description is for purposes of illustration
only. Those of ordinary skill will recognize that the foregoing
methods and apparatus’ for the liquid dispenser include mea-
suring and dispensing liquids. They can be used to dispense
liquids that include water, alcohols, dairy products like milk
and cream and mixtures thereof as well as oils and syrups. The
foregoing description should therefore not be construed as
limiting the method and/or apparatus to dispensing small
volumes of liquids but is really for purposes of illustration.
The true scope of the invention is set forth in the appurtenant
claims.

What is claimed is:

1. A method of dispensing a user-specified volume of liquid
from a container, the method comprising:

opening a valve connected to the container to dispense the

user-specified volume of liquid through the valve, a
length of time that the valve is required to be open being
determined from a weight impressed on a load cell by the
container;

said length of time being determined by evaluating a poly-

nomial having coefficients, the coefficients of the poly-
nomial operating on a value, which is representative of a
signal obtained from the load cell.

2. The method of claim 1, wherein determining the time the
valve is required to be open comprises measuring at least a
portion of the weight of the container and the liquid it con-
tains.

3. The method of claim 1, wherein said length of time is
determined prior to each opening of the valve, by evaluating
apolynomial having coefficients, the coefficients of the poly-
nomial operating on a value, which is representative of a
signal obtained from the load cell.

4. The method of claim 3, wherein the polynomial is a third
order polynomial.

5. The method of claim 1, wherein the container is a plastic
bag.

6. The method of claim 1, wherein the container is a basin.

7. The method of claim 1, wherein the liquid is a dairy
product.

8. The method of claim 1, wherein the weight impressed on
the load cell is at least one of:

the combined weight of the container and the liquid; and

the weight of the liquid.

9. The method of claim 1, wherein the weight impressed on
the load cell is a partial weight of at least one of:

the weight of the container plus liquid; and

the net weight of the liquid inside the container.

10. The method of claim 1, wherein the weight impressed
on the load cell is a total weight of at least one of:

the weight of the container plus liquid; and

the net weight of the liquid inside the container.

11. A method of dispensing a user-specified volume of
liquid from a container coupled to a load cell, configured to
generate a signal representing a weight impressed on the load
cell by the container and its content, the container being
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coupled to a pinch valve that is both manually operable and
computer operable, the method comprising:
manually opening the pinch valve to dispense a first vol-
ume of liquid; and
after the first volume of liquid is dispensed, opening the 5
pinch valve by a computer to dispense a second, user-
requested volume of liquid, the time that the valve is
required to be open to dispense the second volume of
liquid being determined after the first volume of liquid is
dispensed, by evaluating a polynomial having coeffi- 10
cients, the coefficients of the polynomial operating on a
value, which is representative of a signal obtained from
the load cell.
12. The method of claim 11, wherein the weight impressed
on the load cell by the container is a partial weight of the 15
container and its content.
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