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ONE-WAY VALVE, APPARATUS AND METHOD OF USING THE VALVE

Priority Claim to Provisional Applications

{00011 This patent application claims priority on U.S. Provisional Patent Application
Serial No. 60/633,332, filed December 4, 2004, and U.S. Provisional Patent Application
Serial No. 60/644,130, filed January 14, 2005, both of which are entitled "One-Way
Valve, Apparatus and Method of Using the Valve", and are hereby incorporated by

reference in their entireties as part of the present disclosure.

Field of the Invention
[0002] The present invention relates to one-way valves and apparatus and methods
using one-way valves, and more particularly, to one-way valves defining valve seats and
flexible valve covers overlying the valve seats, and to dispensers and packaging

incorporating such valves and methods of using such valves.

[0002a] In the specification the term “comprising” shall be understood to have a broad
meaning similar to the term “including” and will be understood to imply the inclusion of
a stated integer or step or group of integers or steps but not the exclusion of any other
integer or step or group of integers or steps. This definition also applies to variations on

the term “comprising” such as “comprise” and “comprises”.

Background Information
[0003] Asecptic packaging is widely used to prolong the shelf life of food and drink
products. With conventional aseptic packaging, the product is filled and sealed in the
package under sterile or bacteria- free conditions. In order to maximize shelf life prior to
opening. the product and the packaging material may be sterilized prior to filling, and
the filling of the product in the packaging is performed under conditions the prevent re-
contamination of the product. One such prior art dispenser system that employs an
aseptically filled package is shown in U.S. Patent No. 6,024,242, The package includes
a pouch that holds the food or beverage, and a tlexible, open-ended tube connected to

the pouch for dispensing the product therethrough. A pinch valve is used in the
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dispenser to pinch the open end of the tube and thercby close the tube from the ambient
atmosphere. In order to dispense product, the pinch valve is released trom the tube, and
the product is in turn allowed to flow from the pouch and through the open end of the

tube.

[0004] One of the drawbacks of this type of prior art dispenser and packaging is that
during installation of the pouch and tube assembly into the dispenser, and during
dispensing, there is a risk that bacteria or other unwanted substances can enter into the
open ended tube and contaminate the product. If the product is a non-acid product, such
as a milk-based product, it must be maintained under refrigeration to ensure the life of

the product.
[0005] Clearly it would be advantageous if an apparatus couid be devised that at least
amcliorates onc or more of the above-described drawbacks and/or disadvantages of the

prior art.

Summary ot'the [nvention

[0006] In accordance with a first aspect. the present invention is directed to an
apparatus for storing fluid and dispensing multiple portions of the stored fluid
therefrom. The apparatus comprises a one-way valve assembly including (i) a valve
body defining an axially-extending valve seat and one or more flow apertures extending
through the valve body and/or the valve seat; and (ii) a valve cover formed of an elastic
material and including a cover base mounted on the valve body and fixedly secured
against movement relative thereto, and a valve portion overlying the valve seat. The
valve portion defines a predetermined radial thickness and forms an interference fit with
the valve seat. The valve portion and the valve seat define a normally closed, axially-
extending valve opening therebetween. The valve portion is movable radially between a
normally closed position with the valve portion engaging the valve seat, and an open
position with at least a segment of the valve portion spaced radially away from the valve
seat to connect the valve opening in fluid communication with the flow aperture and

thereby allow the passage of tluid trom the flow aperture through the valve opening. A
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hermetically sealed variable- volume storage chamber stores therein multiple portions of
the fluid, and is connectible in fluid communication with the one-way valve assembly. A
pump is coupled between the variable- volume storage chamber and the one-way valve
assembly, and is configured to pump discrete portions of fluid from the variable-
volume storage chamber, through the flow aperture, and through the valve opening to

dispense the portions of fluid therethrough.

[0007] In one embodiment of the present invention, the valve body defines a first
axially- extending passageway coupled in fluid communication between the variable-
volume storage chamber and the flow aperture. In this embodiment, the apparatus
further comprises a fitting coupled to the valve body and forming a hermetic seal
therebetween. The fitting defines a second passageway coupled in fluid communication
with the first axially-extending passageway for allowing the flow of fluid therebetween.
The fitting also defines a tube connection surface hermetically connectable to a tube
with the second passageway coupled in fluid communication with the tube to thereby
allow the passage of fluid from the tube, through the second passageway and, in turn,

through the first axially- extending passageway, flow aperture and valve opening.

[0008] In one embodiment of the present invention. the valve body further includes a
body base and a first substantially frusto-conical portion extending between the body
base and the valve seat. The flow aperture extends axially through the substantially
frusto- conical portion adjacent to the valve seat, and the valve cover includes a second
substantially frusto-conical shaped portion extending between the cover base and valve
portion, overlying the first substantially frusto-conical shaped portion of the body, and
forming an interference fit therebetween. Preferably, the valve portion includes a
substantially annular segment that engages the valve seat substantially throughout any
period of dispensing fluid through the valve opening to maintain a hermetic seal

between the valve opening and ambient atmosphere.

[0009] In accordance with various embodiments of the present invention, at least one

of (i) the valve cover and valve seat define a decreasing degree of interference

3
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thercbetween in a direction trom an upstream end toward downstream end of the valve
opening; (ii) the valve portion defines a decreasing radial thickness when moving
axially in a direction from an upstream end toward a downstream end of the valve seat:
and (1ii) the valve seat is defined by a radius that progressively increases in magnitude in

a direction from an upstream end toward a downstream end of the valve seat.

[00010] In some embodiments of the present invention, the variable- volume storage
chamber is defined by either (i) a flexible pouch, or (ii) a rigid body including a piston
slidably received within the body, and forming a fluid-tight scal between a peripheral
portion of the piston and the body, and defining the variable- volume storage chamber
between the piston and the flow aperture of the one-way valve assembly. In such
embodiments, the variable- volume storage chamber stores the fluid therein in a
substantially airless condition during shelf life and dispensing of fluid through the

oneway valve assembly.
[00011] Also in some embodiments of the present invention, the pump is either a

peristaltic pump or a manually-engageable pump. In connection with the peristaltic

pump, the apparatus further comprises a flexible tube coupled in fluid
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communication between the variable-volume storage chamber and the one-way valve
assembly, and the peristaltic pump engages an external portion of the flexible tube for
pumping discrete portions of fluid therethrough. The manually-engageable pump, on the
other hand, includes a compression chamber, a compressive surface receivable within the
compression chamber, and a manually-engageable actuator coupled to the compression
chamber and/or the compressive surface. Manipulation of the manually-engageable
actuator causes the compressive surface and/or compression chamber to move relative to
the other between (i) a rest position, and (i) at least one actuated position for pressurizing
fluid within the compression chamber and, in turn, dispensing fluid through the one-way
valve assembly. In one such embodiment, the apparatus further comprises a flexible
member defining on one side thereof the manually-engageable actuator, and defining on
another side thereof the compressive surface. In one such embodiment, the flexible
member is substantially dome shaped, and the compression chamber is defined by a

recess opposing the substantially dome-shaped flexible member.

[00012] Inone embodiment of the present invention, the valve body defines an axially
exposed portion defining a relatively raised, substantially annular edge portion formed
adjacent to an outlet interface of the valve cover and valve seat, and a relatively recessed
portion formed within the relatively raised portion. The edge portion defines a radial
width that is substantially less than an axial depth of the recessed portion to substantially

prevent the collection of fluid at the outlet interface.

[00013]  Inaccordance with another aspect, at least a portion of at least one of the pump,
the valve cover, the valve body, and a surface defining the variable-volume storage
chamber is penetrable by a needle for filling the variable-volume storage chamber
through the needle with the fluid to be stored therein, and the resulting penetration
aperture is thermally resealable by applying laser energy thereto.

[00014] Inaccordance with another aspect, the present invention is directed to a method
for storing fluid and dispensing multiple portions of the stored fluid therefrom,

comprising the following steps:

(1) providing a hermetically sealed variable-volume storage chamber and storing

therein multiple portions of the fluid in a substantially airless condition;
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(2) providing a one-way valve assembly including (i) a valve body defining a
valve seat and a flow aperture extending through at Jeast one of the valve body and valve
seat; and (ii) a valve cover formed of an elastic material and including a valve portion
overlying the valve seat, wherein the valve portion defines a predetermined radial
thickness and forms an interference fit with the valve seat, the valve portion and the valve
seat define a normally closed, axially-extending valve opening therebetween, and the
valve portion is movable relative to the valve seat between a normally closed position
with the valve portion engaging the valve seat, and an open position with at least a
segment of the valve portion spaced away from the valve seat to connect the valve
opening in fluid communication with the flow aperture and thereby allow the passage of

fluid from the flow aperture through the valve opening;

(3) providing a pump coupled between the variable-volume storage chamber and
the one-way valve assembly and pumping with the pump discrete portions of fluid from
the variable-volume storage chamber, through the flow aperture, and in turn through the

valve opening; and

(4) maintaining the fluid in the variable-volume storage chamber substantially

airless during the shelf life and dispensing of fluid through the one-way valve assembly.

[00015]  Tn one embodiment of the present invention, the mcthod further comprises the
steps of: (i) providing at least one of the variable-volume storage chamber, pump and
one-way valve assembly with a needle penetrable and thermally resealable portion; and
(ii) filling the variable-volume storage chamber with the fluid by penetrating the needle
penetrable and thermally resealable portion with a needle, introducing the fluid through
the needle and into the variable-volume storage chamber, withdrawing the needle, and
hermetically resealing a resulting needle hole in the needle penetrable and thermally

resealable portion by applying thermal energy thereto.

[00016]  Inone such embodiment, the method further comprises the step of forming a
substantially transparent needle penetrable and thermally resealable portion by combining
(i) a styrene block copolymer; (ii) an olefin; (iii) a pigment added in an amount of less
than about 150 ppm; and (iv) a lubricant. In one such embodiment, the pigment is a

substantially transparent near infrared absorber.

[00017]  Inone embodiment of the present invention, the variable-volume storage chamber

5
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is defined by either (i) a flexible pouch, or (ii) a rigid body including a piston slidably
received within the body. and forming a fluid-tight seal between a peripheral portion of
the piston and the body, and defining the variable- volume storage chamber between the
piston and the flow aperture of the one-way valve assembly, and the method further
comprises the step of substantially sterilizing the scaled, empty flexible variable-
volume storage chamber prior to filling same. Preferably, the sterilizing step includes at
least one of (i) transmitting radiation, and (ii) transmitting a fluid sterilant, onto the

variable- volume storage chamber.

[00018] In some embadiments of the present invention, the method comprises the step
ot aseptically filling the variable- volume storage chamber with at least one of a milk-
based product, a baby formula, and a water-based product. One such embodiment
further comprises the step of maintaining the milk-based product, baby formula, or
water-based product substantially preservative- free substantially throughout the filling
and dispensing of the product. One such embodiment further comprises the step of
maintaining the milk- based product, baby formula, or water-based product substantially
at ambient temperature throughout the shelf-life and dispensing of multiple servings of

the product from the variable- volume storage chamber.

[00019] One embodiment of the present invention further comprises the steps of: (i)
providing a flexible tube coupled on one end in fluid communication with the variable-
volume storage chamber, and coupled on another end in fluid communication with a
oneway valve assembly, and a pump in the form of a peristaltic pump; and (ii) engaging
with the peristaltic pump an external portion of the flexible tube and pumping discrete

portions of fluid therethrough.

[00020]) Another embodiment of the present invention further comprises the steps of: (i)
providing a pump in the form of a manually-engageable pump including a compression

chamber, a compressive surface in fluid communication with the compression chamber,
and a manually-engageable actuator coupled 1o at least one of the compression chamber

and compressive surface; and (ii) manually engaging the manually-engageable actuator

6
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and moving with the actuator at least one of the compressive surface and compression
chamber relative (o the other between a rest position and at least one actuated position
and, in turn, pressurizing fluid within the compression chamber and dispensing fluid

through the one-way valve assembly.

[00021] One advantage of the apparatus and method of some forms or embodiments of
the invention is that the one-way valve assembly can hermetically seal the product in the
package throughout the shelf lite and multiple dispensing of the product. As a result,
non-acid products, such as milk-bascd products, do not require refrigeration during shelf
life or usage of the product. Other advantages of the apparatus and method of the
present invention will become readily apparent in view of the following detailed

description and accompanying drawings.

[00021a] An apparatus in accordance with this invention may manifest itself in a variety
of forms. It will therefore be convenient to hereinafter provide a detailed description of
the invention with reference to several example embodiments. The purpose of
providing this detailed description is to instruct persons having an interest in the subject
matter of the invention how to put the invention into practical effect. It is to be clearly
understood however that the specific nature of this detailed description does not

supersede the generality of the preceding broad description. In the drawings:

Brief Description of the Drawings
[00022] FIG. 1 is a side elevational view of an apparatus embodying the present

invention including a one-way valve and tube assembly:

[00023] FIG. 2 is a somewhat schematic view of a dispenser employing the one-way
valve and tube assembly in combination with a reservoir storing a substance to be
dispensed, and a pump for pumping the substance from the reservoir through the tube

and onc-way valve assembly;

[00024] FIG. 3 is a cross-sectional view of the one-way valve assembly of FIG. 1;

7
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[00025] FIG. 4 is a front perspective view of the one-way valve assembly of FIG. 1;

[00026] FIG. 5 is a front perspective view of another embodiment of a one-way valve
assembly with the flexible valve cover removed, and including a chamfered edge at the

dispensing tip for preventing the collection of substance at the tip after dispensing;

[00027] FIG. 6 is a partial, cross-sectional view of the valve body and fitting of the

oneway valve assembly of Fig. 5;

[00028] FIG. 7 is a partial cross-sectional, somewhat schematic view of a flexible

pouch, tube and valve assembly recetved within a hox and mounted within a dispenser;

[00029] FIG. 8 is a perspective view of the flexible pouch, tube and valve assembly of

FIG. 7,
[00030] FIG. 9 is an exploded cross-sectional view of a port located on the flexible
pouch of FIG. 7 that includes a needle penetrable and laser rescalable stopper for needle

penetrating the stopper and filling the pouch with a fluid therethrough and laser

resealing

7a
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the resulting needle hole in the stopper after withdrawing the needle therefrom;

[00031] FIG. 10 is a perspective view of another embodiment of a valve assembly of the
present invention including a manually engageable, dome-shaped actuator for pumping
fluids through the valve, wherein the valve is mounted on a box and coupled in fluid

communication with a flexible pouch located within the box;
[00032] FIG. 11 is a cross-sectional view of the valve assembly of FIG. 10;
[00033] FIG. 12 is a rear perspective view of the valve assembly of FIG. 11;

[00034] FIG. 13 is an upper perspective, cross-sectional view of the valve assembly of
FIG. 11;

[00035] FIG. 14 is a side elevational view of the valve assembly of FIG. 11 attached to the
flexible pouch;

[00036] FIG. 15 is a perspective cross-sectional view of the valve assembly of FIG. 11
attached to a rigid body including a plunger slidably received therein and forming with

the body a variable-volume storage chamber;

[00037] FIG. 16 is a cross-sectional view of another embodiment of a valve assembly,
dome-shaped actuator, and flexible pouch coupled in fluid communication with the dome-

shaped actuator and valve assembly and mounted within a relatively rigid container;

[00038] FIG. 17 is a top plan view of the snap ring of the assembly of FIG. 17 that secures

the integral dome-shaped actuator and valve cover to the container; and

[00039] FIG. 18 is a top plan view of the integral dome-shaped actuator and valve cover of
FIG. 16.

Detailed Description of the Invention

[00040] InFIGS. 1 and 2, an apparatus embodying the present invention is indicated
generally by the reference numeral 10. The apparatus 10 comprises a one-way valve
assembly 12 connected in fluid communication with a tube 14. The apparatus 10 is used
to hermetically seal with respect to the ambient atmosphere a substance within the tube 14

and to dispense the substance through the one-way valve assembly 12. The substance

13-
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may take the form of any of numerous different products that are currently known, or that
later become known, including without limitation any of numerous different food and
beverage products, such as milk-based products, including milk, evaporated milk,
condensed milk, cream, half-and-half, baby formula, growing up milk, yogurt, soup, and
any of numerous other liquid nutrition products, ice cream (including dairy and non-diary,
such as soy-based ice cream), juice, syrup, coffee, condiments, such as ketchup, mustard,

and mayonnaise, and gases, such as coffee aroma.

[00041]  With reference to FIG. 2, the apparatus 10 is mountable within a dispenser 16
comprising a pump 18 that is connectable to the tube 14 to squeeze the tube and, in turn,
dispense a substance within the tube through the one-way valve 12 and into a container
20. The dispenser also includes a reservoir 22 defining a variable-volume storage
chamber 24 for storing the substance to be dispensed. The reservoir 24 includes a fitting
26 connected to the end of the tube 24 opposite the one-way valve 12 and coupled in fluid
communication between the tube and variable-volume storage chamber 24 for allowing
the passage of substance from the storage chamber into the tube. Alternatively, the tube
may be heat sealed, welded, adhesively attached, or otherwise connected to the reservoir,
or material forming the reservoir, such as a plastic or laminated pouch, in any of
numerous different ways that are currently known, or that later become known. The
dispenser 16 also includes a housing 28 for enclosing the components as illustrated, and
includes access panels or other openings in a manner known to those of ordinary skill in
the pertinent art to allow access to the interior of the housing to install a fiesh reservoir

when the reservoir is emptied, and/or to repair or replace components.

[00042]  As shown in FIG. 3, the one-way valve assembly 12 includes a valve body 30
defining a first axially-extending passageway 32, an axially-extending valve seat 34, and
a flow aperture 36 axially extending through the valve body 30 adjacent to the valve seat
34 and coupled in fluid communication with the first axially-extending passageway 32.
The one-way valve assembly 12 further includes a valve cover 38 formed of an elastic
material and including a cover base 40 mounted on the valve body 30 and fixedly secured
against axial movement relative thereto, and a valve portion 42 overlying the valve seat.
The valve portion 42 defines a predetermined radial thickness and an inner diameter D1
less than the outer diameter D2 of the valve seat 34 to thereby form an interference fit

therebetween, as indicated by the overlapping lines in FIG. 3. As can be seen, the valve

-14-
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portion 42 and the valve seat 34 define 2 normally closed, axially-extending valve
opening or seam 44 therebetween. As described further below, the valve portion 42 is
movable radially between a normally closed position, as shown in FIG. 3, with the valve
portion 42 engaging the valve seat 34, and an open position (not shown) with at least a
segment of the valve portion 42 spaced radially away from the valve seat 34 to connect
the valve opening 44 in fluid communication with the flow aperture 36 to thereby allow
the passage of substance from the flow aperture 36 through the valve opening 44. As also
shown in FIG. 3, a fitting 46 is fixedly secured to the valve body 30 and forms a hermetic
seal therebetween. The fitting 46 defines a second passageway 48 coupled in fluid
communication with the first axially-extending passageway 32 for allowing the flow of
substance therebetween, and an annular, axially-extending tube connection surface 50 that
is hermetically connectable to the tube 14 with the second passageway 48 coupled in fluid
communication with the tube to thereby allow the passage of substance from the tube 14,
through the second passageway 48 and, in turn, through the first axially-extending

passageway 32, flow aperture 36 and valve opening 44.

[00043]  As shown in FIG. 3, the valve body 30 further includes a body base 52 including
an annular mounting flange 54 extending radially outwardly therefrom for mounting the
valve assembly in, for example, the dispenser 16 of FIG. 2. The valve body 30 also
defines a first substantially firusto-conical portion 56 extending between the body base 52
and the valve seat 34, As can be seen, the flow aperture 36 extends axially through the
first substantially frusto-conical portion 56 such that the radially inner edge of the flow
aperture 36 is substantially contiguous to the valve seat 34. The valve cover 38 includes a
second substantially frusto-conical shaped portion 58 extending between the cover base
40 and valve portion 42, overlying the first substantially frusto-conical shaped portion 56
of the valve body 30, and, as indicated by the overlapping lines in FIG. 3, forming an

interference fit therebetween.

[00044]  As can be seen in FIG. 3, the substantially frusto-conical and valve portions 58
and 42, respectively, of the valve cover 38 each define a progressively decreasing radial
thickness when moving axially in a direction from the substantially frusto-conical portion
58 toward the valve portion 42. As a result, progressively less energy is required to open
the valve when moving axially in the direction from the interior toward the exterior of the

valve, Substance is dispensed through the valve by pumping the substance at a sufficient

10
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pressure (either by manually, mechanically or electro-mechanically squeezing the tube
14, or otherwise pumping the substance through the tube or into the valve) through the
flow aperture 36 to open the valve opening or seam 44 (the “valve opening pressure”).
Once the pressurized substance enters the valve opening or seam 44, progressively less
energy is required to radially open respective axial segments of the valve cover when
moving axially in the direction from the interior toward the exterior of the valve. Asa
result, the valve itself operates as a pump to force the substance through the normally-
closed valve opening 44. Preferably, a substantially annular segment of the valve portion
42 engages the valve seat 34 substantially throughout any period of dispensing substance
through the valve opening 44 to maintain a hermetic seal between the valve opening 44
and ambient atmosphere. 1f desired, the valve can be configured in other ways in order to
require progressively less energy to open the valve (i.¢., to decrease the valve opening
pressure) when moving in the axial direction from the interior toward the exterior of the
valve. For example, the valve cover 38 and valve body 30 may define a decreasing
degree of interference therebetween when moving in a direction from the interior toward
the exterior of the valve assembly. Alternatively, the valve seat 34 may define a
progressively increasing diameter when moving axially in a direction from an inner end
toward a distal end of the valve seat (or from the interior end toward the exterior end of
the valve seat), Ifdesired, the valve assembly may include only one of these features, or
may include any desired combination of these features in order to achieve the desired

performance characteristics.

[00045] The valve assembly 12 otherwise is preferably constructed in accordance with the
teachings of the following commonly assigned, co-pending patent applications which are
hereby incorporated by reference in their entireties as part of the present disclosure: U.S.
Patent Application Serial No. 10/640,500, filed August 13, 2003, entitled “Container And
Valve Assembly For Storing And Dispensing Substances, And Related Method”, U.S.
Patent Application Serial No. 29/174,939, filed January 27, 2003, entitled “Container and
Valve Assembly”, U.S. Patent Application 60/613,583, filed September 27, 2004, entitled
“Laterally-Actuated Dispenser with One-Way Valve for Storing and Dispensing Metered
Amounts of Substances”, U.S. Patent Application Serial No. 29/188,310, filed August 15,
2003, entitled “Tube and Valve Assembly”, U.S. Patent Application Serial No.
29/191,510, filed October 7, 2003, entitled “Container and Valve Assembly”, and U.S.
Patent Application Serial No. 60/528,429, filed December 10, 2003, entitled “Valve
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Assembly And Tube Kit For Storing And Dispensing Substances, And Related Method”.

[00046] In accordance with such teachings, at least one of the valve seat diameter D2, the
degree of interference between the valve portion 42 and valve seat 34 (as indicated by the
overlapping lines in FIG. 3), the predetermined radial thickness of the valve portion 42,
and a predetermined modulus of elasticity of the valve cover 38 material, is selected to (1)
define a predetermined valve opening pressure generated upon squeezing the tube 14 that
allows passage of the substance from the tube through the normally-closed valve opening
44, and (2) hermetically seal the valve 12 and prevent the ingress of bacteria or
contamination through the valve apening 44 and into the tube 14 in the normally closed
position. In the illustrated embodiment of the present invention, each of the valve seat
diameter D2, the degree of interference between the valve portion 42 and valve seat 34,
the predetermined radial thickness of the valve portion 42, and the predetermined
modulus of elasticity of the valve cover 38 material, is selected to (i) define a
predetermined valve opening pressure generated upon squeezing the tube 14 that allows
passage of the substance from the tube (or variable-volume storage chamber coupled in
fluid communication thereto) through the valve opening 44, and (2) hermetically seal the
valve opening 44 and prevent the ingress of bacteria through the valve opening and into

the tube in the normally-closed position.

[00047] The flow aperture 36 extends angularly relative the valve seat. In the illustrated
embodiment, the flow aperturc cxtends angularly within the range of about 30° to about
45°. However, as may be recognized by those of ordinary skill in the pertinent art based
on the teachings herein, this angular range is only exemplary, and may be changed as
desired, or otherwise required. In addition, one or more additional flow apertures 36 may
be added and angularly spaced relative to the aperture 36 as shown, for example, in any of

the commonly-assigned, co-pending patent applications incorporated by reference above.

[00048]  As shown in FIG. 3, the valve body 30 defines an annular recess 60 formed at the
junction of the base 52 and frusto-conical portion 56. The valve cover 38 includes a
corresponding annular flange 62 that projects radially inwardly, is received within the
annular r(;cess 60 of the valve body 30 to secure the valve cover to the valve body. As
can be seen, the valve body 30 defines a tapered surface 64 on the axially outer or front
side of the annular recess 62 to facilitate movement of the annular flange 62 into the

annular recess 60.
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[00049]  The valve assembly 12 further includes a protective cover or shield 66 that
extends annularly about the flexible valve cover 38, and extends axially from the base of
the valve cover 38 to a point adjacent to the dispensing tip of the valve but spaced axially
inwardly therefrom. As shown in FIG. 3, the valve body 30 defines a first peripheral
recess 68 formed at the junction of the mounting flange 54 and body base 52, and the
valve shield 66 defines a first corresponding annular protuberance 70 that projects
radially inwardly and is snap fit into the peripheral recess 68 to lock the valve shield to
the valve body. In addition, the valve shicld 66 dcfines a scecond peripheral recess 72
formed on the axially inner side of the first annular protubcrance 70, and the body base 52
defines a second corresponding annular protuberance 74 that projects radially outwardly
and is snap fit into the peripheral recess 72 to further lock the valve shield to the valve
body.

[00050]  As also shown in FIG. 3, the valve shield 66 is spaced radially relative to the
second frusto-conical portion 58 and valve portion 42 of the valve cover 38 to form an
annular, axially extending gap 76 therebetween. The gap 76 allows the valve cover to
freely expand or move radially outwardly during dispensing of substance through the
normally closed valve opening or seam 44. The tip 78 of the valve portion 42 defines an
annular portion 80 that tapers radially outwardly toward the distal end 82 of the valve
shield 66 to substantially block, or block a substantial portion of, the distal end of the
annular gap 76 to thereby prevent any unwanted substances from becoming deposited

therein.

[00051] The fitting 46 includes an annular mounting flange 84 that is received within a
corresponding mounting recess 86 to mount the fitting to the valve body 30. As shown in
FIG. 3, the fitting and valve body form an interference at the inner annular surfaces 88
and 90 thereof to allow the fitting and valve body to be ultrasonically welded to each
other and form a hermetic seal therebetween at the annular engagement line of these
surfaces. One advantage of the illustrated shear joint design is that it ensures relatively
high joint strength and a hermetic seal throughout. As may be recognized by those of
ordinary skill in the pertinent art based on the teachings herein, the fitting and valve body
may be connected to one another in any of numerous different ways that are currently
known, or that later become known. Alternatively, the fitting and valve body may be

formed integral with each other when molding the valve body and fitting. One advantage
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of forming the fitting separate from the valve body is that the different sizes of fittings,
and/or different types of fittings, may be attached to the valve bodies. As shown in FIG.
3, the tube connection surface 50 is a conventional barbed fitting surface that frictionally
engages the interior of the flexible tube 14 to secure the fitting to the tube and forma
hermetic seal therebetween. In the illustrated embodiment, the tube 14 is a conventional
silicone tube. However, as may be recognized by those of ordinary skill in the pertinent
art based on the teachings herein, the fitting and/or tube may take the form of any of
numerous different configurations and/or may be formed of any of numerous different

matcrials that are currently known, or that later become known.

[00052]  As shown in FIG. 2, the valve and tube assembly 10 may be mounted within a
dispenser 16 and connected to a conventional peristaltic pump 18 that is rotatably driven,
as indicated by the atrows in FIG. 2, to squeeze the tube 14 and, in turn, pump substance
from the reservoir 24, through the one-way valve 12, and into a receiving container or

other receptacle 20,

[00053] InFIGS. 5 and 6, another valve assembly embodying the present invention is
indicated generally by the reference numeral 112, The valve assembly 112 is
substantially similar to the valve assembly 12 described above, and therefore like
reference numerals preceded by the numeral “1” are used to indicate like elements. The
primary difference of the valve assembly 112 in comparison to the valve assembly 12 is
that the dispensing tip of the valve seat 134 defines a recess 192 therein, and a very thin,
annular, chamfered edge 194 formed between the recess 192 and the distal edge of the
valve seat 134. As can be seen, the radial width of the chamfered edge 194 is
substantially less than the axial depth of the recess 192 and the diameter of the valve seat
134 (by a magnitude in both instances of at least about 5 and preferably of at least about »
10). Inone embodiment of the present invention, the radial width of the edge portion is
within the range of about 5mm to about 25 mm. One advantage of this configuration is
that the thin, annular edge 194 substantially prevents any substance from collecting at the
dispensing tip after being dispensed from the valve. Preferably, the valve 112 is mounted
in a substantially vertical or upright orientation (as shown typically in FIG. 2) such that
the dispensing tip is facing downwardly (either such that the axis of the valve is oriented
substantially perpendicular to, or at an acute angle relative to, the horizontal). The slight

surface area of the annular edge 194 substantially prevents any fluid that flows onto the
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surface from having sufficient surface tension to overcome the force of gravity that pulls
the fluid downwardly and away from such surface. As aresult, the annular edge 194
substantially prevents any fluid or other substance from collecting thereon, and thus

facilitates in maintaining a clean dispensing tip.

[00054] InFIGS. 7-9, another tube and valve assembly embodying the present invention is
indicated generally by the reference numeral 210. The tube and valve assembly 210 is
sﬁbstantially similar to the tube and valve assemblies 10, 110 described above, and
therefore like reference numerals preceded by the numeral “2”, or preceded by the
numeral “2” instead of the numeral “1”, are used to indicate like clements. A primary
difference of the tube and valve assembly 210 in comparison to the tube and valve
assemblies described above, is that the tube 214 is formed integral with a flexible pouch
forming the reservoir 224, and the flexible pouch, tube and valve assembly may be
mounted within a relatively rigid box 225. In one embodiment, the inlet end 226 of the
tube 214 is built into the base of the pouch 222, such as by heat-sealing, ultrasonically
welding, crimping, or adhesively attaching the tube to the pouch material. As may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, the
tube may be connected in fluid communication with the pouch, or formed integral with
the pouch, in any of numerous different ways that are currently known, or that later

become known.

[00055] Asindicated in FIG. 7, when mounted within the dispenser housing 216, the tube
214 is coupled to a peristaltic pump 218 of a type known to those of ordinary skill in the
pertinent art, and the valve assembly 212 extends through a dispensing opening 221
formed in a panel 223 of the dispenser housing 216. As can be seen, the mounting flange
254 is seated on the inner side of the panel 223, and a clamp 229 with one or more
suitable fasteners 221, such as thumb screws, that releasably secure the valve 212 in
place. A control unit 233 is electrically coupled to the pump 218 to control operation of
the pump and, in turn, control dispensing of the food or beverage product or other
substance within the reservoir 224 of the pouch 222 through the tube 214, one-way valve
assembly 212, and into the cup or other receptacle 220. The dispenser may include
suitable controls to allow a user to actuate the control unit 233 and pump 218, such as

buttons or switches, all of a type known to those of ordinary skill in the pertinent art.

[00056] In one embodiment, the material of the pouch 222 is an oxygen/water barrier

15

-20-




WO 2006/063000 PCT/US2005/044167

material. An exemplary such material is a plastic laminate with an approved food contact
material layer. In one such embodiment, the material is a heat-sealable film including an
oxygen/water barrier layer and, preferably, an outer layer exhibiting appropriate wear and
flexibility properties. Examples of suitable outer layers are nylon, either linear or
biaxially orientated, polysthylene, polypropylene, and polystyrene. Examples of
oxygen/water barrier materials are ethylene vinyl alcohol (EVOH) and silicon oxide. An
exemplary heat-sealable material is polyethylene, such as linear low-density, ultra linear
low-density, high-density or metallocene catalyzed polyethylene. An exemplary pouch
material is a laminate including a nylon co-polymer, on the outside, EVOH, and
metallocene catalyzed polyethylene on the inside, wherein the layers of the laminate are
adhered together in a manner known to those of ordinary skill in the pertinent art. As
may be recognized by those of ordinary skill in the pertinent art, if the tube is not
provided as an integral part of the pouch, anti-block additives should be avoided to ensure

good pouch-edge/tube fusion.

[00057]  The tube 214 preferably is made of a material that is sufficiently soft that it can be
squeezed or otherwise deformed by, for example, the péristaltic pump 218, but does not
puncture or permanently deform when so squeezed or deformed. In one embodiment of
the present invention, the material is a co-extruded metallocene catalyzed polyethylene,
such as the metallocene catalyzed resin sold by Dow Chemical Corporation under the
designation Dow AG 8180. As indicated above, the tube material may be heat sealed,

crimped, or adhesively attached to the pouch material.

[00058] The dimensions of the tube 214 can be adapted to the type of food material or
other substance to be dispensed therethrough. In some embodiments, the internal
diameter of the tube is within the range of about 5 mm to about 15 mm, and preferably is
within the range of about 7 mm to about 8 mm. In some such embodiments, the thickness
ofthe tube material is within the range of about 1 mm to about 2 mm, and in one such
embodiment, the thickness is about 1.5 mm. The length of the tube 214 may be set as
desired or otherwise required by a particular dispensing system. In some embodiments,
the length of the tube is within the range of about 15 cm to about 25 cm. As may be
recognized by those of ordinary skill in the pertinent art based on the teachings herein, the
materials of construction of the pouch, tube and valve assembly, may take the form of any

of numerous different materials that are currently known, or that later become known for
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performing the functions of the respective components, Similarly, the dimensions of
these components, and the manner in which these components are connected or otherwise
formed, may take any of numerous different dimensions or configurations as desired or
otherwise required. For example, the materials of the pouch, or the dimensions of the
pouch and tube, may be the same as disclosed in U.S. Patent No. 6,024,252, which is

hereby expressly incorporated by reference in its entirety as part of the present disclosure.

[80059]  Depending on the design of the housing 216 of the dispenscr, it may not be
necessary to arrange the pouch 222 within the box 225. However, the box 225 can
provide a convenient mechanism for holding and transporting the flexible pouch 222,
and/or for mounting the pouch 222 within the dispenser housing 216. In one embodiment
of the present invention, the box 216 is a cardboard box of a type known to those of
ordinary skill in the pertinent art. As shown in FIG. 9, the box 225 may define an
aperture 227 extending through a base wall thereofthat allows the tube and valve
assembly to be passed therethrough. Alternatively, the box 225 may be provided with a
perforated or frangible portion allowing part of the box to be removed to access the tube
and valve assembly. As may be recognized by those of ordinary skill in the pertinent art
based on the teachings herein, the box may be formed of any of numerous different
materials, and may define any of numerous different shapes and/or configurations, that

are currently known, or that later become known.

[00060]  As shown in FIGS. 7-9, the pouch 222 preferably includes a needle penctrable and
thermally resealable stopper 235 for filling the reservoir 224 through the stopper with a
needle or other injection member, and thermally resealing the resulting needle hole with a
laser or other thermal or chemical source. As can be seen, the stopper 235 is mounted or
otherwise received within a port 237 extending through an upper portion of the pouch
222. As shown in FIG. 9, the port 237 may extend through an aperture formed in an
upper wall of the box 225. If desired, a support ring 239 may be located between a flange
241 of the port 237 and the adjacent wall of the box 225. As can be seen, the support ring
239 extends laterally (or radially outwardly) from the port to support the port during
needle filling and resealing through the stopper. The pouch, tube and valve assembly are
preferably sterilized prior to filling, by, for example, applying radiation, such as gamma
or ebeam radiation thereto, or another type of sterilant, such as vaporized hydrogen

peroxide. Then, the hermetically sealed, sterilized, empty pouch, tube and valve
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assemblies are aseptically filled with a liquid food, drink or other substance to be
contained therein. One advantage of this filling method and construction is that it
provides for improved shelf-life of the substance within the pouch, and allows the pouch
to be non-refrigerated during storage and throughout the usage of the pouch (i.e., the
pouch may remain non-refrigerated from the first to the last dose dispensed from the

pouch).

@

[00061] It desired, and as indicated typically in broken lines in FIG. 7, a tamper-proof
cover 243 may be secured to the flange 241 of the port after needle filling through, and
thermally resealing the stopper 235 in order to prevent removal of the stopper, or
otherwise tampering with the stopper, without damaging the cover 243. The stopper 235
forms a fluid-tight peripheral seal with the port 237 in a manner known to those of
ordinary skill in the pertinent art. In addition, the cover 243 may form a fluid tight seal
between the stopper and the ambient atmosphere and, in turn, provide additional moisture
and/or vapor transmission barrier between the stopper and ambient atmosphere. The
cover 243 may be connected to the port in any of numerous different ways that are
currently known, or that later become known, including by a snap-fit connection,

ultrasonic welding, adhesive, or otherwise.

[00062]  As shown in FIG. 9, in an alternative configuration, the stopper 235 may be
retained within the port 237 by a cover 245 that is snap-fit to the port 237 to fixedly
secure the stopper within the port. The cover 245 includes an internal flange 247 that
engages a peripheral flange 249 of the stopper 235 to fixedly secure the stopper to the
port. The internal flange 247 defines a central aperture 251 for receiving therein a central
raised portion 253 of the stopper 235 defining the needle penetrable and thermally
resealable portion of the stopper. The cover 245 further defines a plurality of snapping
flanges 255 angularly spaced relative to each other below the internal flange 247. Each
snapping flange 255 defines a tapered cross-sectional configuration to permit the cover
245 to be slidably mounted over the flange 237 of the port 239 and to form a snap-fit in
engagement with the underside of the flange 237 of the port to prevent the cover from
being removed from the port. Preferably, when snapped in place, the internal flange 247
applies a substantially predetermined compressive preload to the elastic flange 249 of the
stopper 235 to thereby form a fluid-tight seal between the cover, stopper and port. In
addition, the internal peripheral edge 257 of the stopper is configured in a manmer known
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to those of ordinary skill in the pertinent art based on the teachings herein to engage the
internal surfaces of the port 237 and form a fluid-tight seal therebetween throughout the
shelf-life and usage of the pouch. The cover 245 includes a cover disk 259 that is
received within a peripheral recess 261 formed within the cover on the upper side of the
internal flange 247. The cover disk 259 defines an annular protuberance 263, and the
cover disk defines an annular recess 265 for receiving therein the annular protuberance of
the cover and thereby fixedly securing the cover disk thereto. The cover disk 259 is
fixedly secured to the cover after needle penetrating and thermally resealing the region
253 of the stopper to thereby prevent access to the stopper and provide an added barrier to

prevent the transmission of moisture, vapor, or gas through the stopper.

[00063] In FIGS. 10-13 another assembly embodying the present invention is indicated
generally by the reference numeral 310. The assembly 310 is similar in many respects to
the assembly 210 described above with reference to FIGS. 7-9, and therefore like
reference numerals preceded by the numeral “3” instead of the numeral “2” are used to
indicate like elements. As shown in FIG. 10, the one-way valve assembly 312 includes a
manually engageable, dome-shaped actuator 315 for dispensing substantially metered
amounts of fluid from a pouch 322 (FIG. 14) defining a variable-volume storage chamber
324 through the valve. The valve assembly 312 includes an integral rigid tube 314
defining on an upstream end thereof a mounting flange 317 for mounting the tube and
valve assembly to arelatively rigid box 325 that contains therein the flexible pouch 322
(FIG. 14). The box 325 and pouch 322 may be the same as or substantially similar to the
box and pouch described above, or may be made of any of numerous different materials,
and/or may take any of numerous different shapes and/or configurations that are currently

known or that later become known.

[00064] The dome-shaped actuator 315 is made of ani elastomeric material that is flexible
and can be manvally engaged and pressed inwardly to operate the actuator and thereby
pump fluid from the variable-volume storage chamber 324 through the one-way valve
312. As shown in FIG. 11, the one-way valve 312 includes a flap 317 extending inwardly
from the actuator 315, a valve body 330 defining a compression chamber 332 for
receiving therein from the variable-volume storage chamber 324 each dosage or discrete
pottion or serving of fluid to be dispensed, a relatively rigid valve seat 334, and at least

one flow aperture 336 extending through the valve body 330 adjacent to the valve seat
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334 and coupled in fluid communication with the compression chamber 332. The one-
way valve assembly 312 further includes a valve cover 338 formed of an elastic material
and including a cover base 340 mounted on the valve body 330 and fixedly secured
against axial movement relative thereto, and a valve portion 342 overlying the valve seat
334. The valve portion 342 and valve body 330 form an interference fit therebetween.
As can be seen, the valve portion 342 and the valve seat 334 define a normally closed,
axially-extending valve opening or seam 344 therebetween. The valve portion 342 is
movable radially between a normally closed position, as shown, with the valve portion
342 engaging the valve seat 334, and an open position (not shown) with at least a segment
of the valve portion 342 spaced radially away from the valve seat 334 to connect the
valve opening 344 in fluid communication with the flow aperture 336 and thereby allow
the passage of fluid from the compression chamber 332 to the flow aperture 336 and
through the valve seam 344.

[00065] The one-way valve 312 also includes an inlet passageway 348 extending through
the tube 314 and coupled in fluid communication with the variable-volume storage
chamber 324 (FIG. 12). The one-way valve 312 may be connected directly to the
variable-volume storage chamber 324 and then welded or otherwise sealed to the pouch
322 so as to prevent contaminants from entering the compression chamber or valve.
Alternatively, the inlet passageway 348 can be coupled to a flexible tube of the type
shown, for example, in FIG. 2, and the flexible tube can, in turn, connect the valve 312 to
the storage chamber 324. As can be seen, in its normally-closed position, the flap 317
separates the compression chamber 332 from the inlet passageway 348 and storage
chamber 324. Thus, during the downward stroke of the dome-shaped actuator 3185, as
indicated by the arrow in FIG. 11, the flap 317 prevents the fluid within the compression
chamber 332 from flowing rearwardly back into the inlet aperture 348 and variable-
volume storage chamber 324, and in turn allows the manually depressed actuator to
pressurize the fluid in the compression chamber sufficiently to overcome the valve
opening pressure and bo dispensed through the valve. Then, during the upward or return
stroke of the dome-shapcd actuator 315, the suction force or vacuum created within the
compression chamber causcs the flap 317 to flex away from the inlet aperture, as
indicatcd by the arrow in FIG. 11, to thereby place the compression chamber 332 in fluid
communication with the inlet passageway 348 and allow the next dose of fluid to flow

into the compression chamber.
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[00066] The valve assembly 312 otherwise may he constructed in accordance with the
teachings of the commonly assigned, co-pending patent applications incorporated by
reference above. In accordance with such teachings, at least one of the valve seat
diameter D2 (as shown in FIG. 11, the valve seat defines a gradually decreasing diameter
‘when moving from the upstream toward the downstream end of the valve seat), the
degree of interference between the valve portion 342 and valve seat 334, the
predetermined radial thickness of the valve portion 342, and a predetermined modulus of
elasticity of the valve cover 338 material, is selected to (1) define a predetermined valve
opening pressure generated upon depressing the dome shaped actuator 315 that allows
passage of fluid from the compression chamber 332 through the normally-closed valve
opening 344, and (2) hermetically seal the valve 312 and prevent the ingress of bacteria or
other contaminants through the valve opening 344 and into the passageway 348 in the
normally closed position. In the illustrated embodiment of the present invention, each of
the valve seat diameter D2, the degree of interference between the valve portion 342 und
valve seat 334, the predetermined radial thickness of the valve portion 342, and the
predetermined modulus of elasticity of the valve cover 338 material, is selected to (i)
define a predetermined valve opening pressure generated upon depressing the actuator
315 that allows passage of a substantially predetermined volume of fluid from the
reservoir 324 into the chamber 332 and through the valve opening 344, and (2)
hermetically scal the valve opening 344 and prevent the ingress of bacteria or other

contaminants through the valve opening in the normally-closed position.

[00067] The valve assembly 312 further includes a protective cover or shield 366 (not
shown in FIG. 10) that extends annularly about the flexible valve cover 338, and extends
axially from the base of the valve cover 338 to a point adjacent to the dispensing tip of the
valve but spaced axially inwardly therefrom. The shield 366 is mounted to the valve
body 330 and includes a peripheral flange 367 that compressively engages a
corresponding peripheral flange 369 of the dome-shaped actuator 315 to fixedly secure
the dome-shaped actuator to the valve body, and includes a lower annular flange 371 that
compressively engages the cover basc 340 of the valve cover to fixedly secure the valve

cover to the valve body.

[00068] The one-way valve assembly 312 operates as follows, The dome-shaped actuator

315 is pressed downward, such as my manual engagement, to pressurize and in turn
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