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(57) Abrégé/Abstract:

A beverage dispenser with a variable pressure regulator cap assembly that includes a high pressure cavity defined by a cap body.
The high pressure cavity receives pressurized gas from a compressed gas reservoir. A low pressure cavity is connected to the high
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(57) Abrégé(suite)/Abstract(continued):

pressure cavity via a high pressure gas passageway. The low pressure cavity defines a low pressure gas passageway that
penetrates the cap body. A piston seat is positioned on a high pressure cavity side of the high pressure gas passageway. A piston
regulates introduction of the pressurized gas into the high pressure gas passageway. A diaphragm is positioned between an
ambient pressure cavity and the low pressure cavity and translates the piston relative to the piston seat. A main spring is positioned
between a diaphragm and a spring hat. Rotation of the drive screw translates the spring hat to affect compression of the main
spring against the diaphragm.
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pressed gas reservoir. A low pressure cavity is connected to the high
pressure cavity via a high pressure gas passageway. The low pressure
cavity defines a low pressure gas passageway that penetrates the cap

o body. A piston seat is positioned on a high pressure cavity side of the
high pressure gas passageway. A piston regulates introduction of the
pressurized gas into the high pressure gas passageway. A diaphragm
is positioned between an ambient pressure cavity and the low pres-
sure cavity and translates the piston relative to the piston seat. A main
spring is positioned between a diaphragm and a spring hat. Rotation
of the drive screw translates the spring hat to affect compression of
the main spring against the diaphragm.
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BEVERAGE DISPENSER AND VARIABLE PRESSURE REGULATOR CAP
ASSEMBLY

FIELD
The embodiments described herein are related to beverage dispensers. In
particular, some embodiments described in this disclosure relate to variable pressure

regulator cap assemblies implemented with beverage dispensers.

BACKGROUND

A beverage such as beer, hard cider, and some wines may contain dissolved
carbon dioxide and/or other gases. The dissolved gas gives the beverage a carbonated or
bubbly quality. The dissolved gas may come out of solution, making the beverage flat. In
particular, when exposed to atmospheric pressure, the beverage may become flat. When
the beverage becomes flat, consumers are less likely to consume the beverage.

Additionally, a flavor of the beverage may benefit from limiting or eliminating
exposure of the beverage to oxygen. Oxygen may cause oxygenation processes to occur
in the beverage, which may alter the flavor of the beverage and/or cause the beverage to
become stale or spoil. For example, craft beer, which may have a rich flavor when
produced, may adopt a cardboard-like flavor when exposed to oxygen.

The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above. Rather,
this background is only provided to illustrate one example technology area where some

embodiments described herein may be practiced.

SUMMARY OF SOME EXAMPLE EMBODIMENTS
An example embodiment includes a beverage dispenser. The beverage dispenser
includes a vessel that defines an internal volume and a regulator cap assembly. The

regulator cap assembly is configured to be received by the vessel. The regulator cap

296631.00003/99199211.1
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assembly includes a cap body, a gas reservoir sleeve, a high pressure cavity, a piston, a
low pressure cavity, and a dial. The gas reservoir sleeve is configured to at least partially
receive a compressed gas reservoir. The gas reservoir sleeve includes a first end that
defines a connection that is configured to mechanically attach to a cap body sleeve
connection, a second end opposite the first end, and a sleeve body between the first end
and the second end that extends from the cap body in a first direction when the gas
reservoir sleeve is mechanically attached to the cap body sleeve connection. The first
direction is oriented such that when the regulator cap assembly is received in the vessel,
the gas reservoir sleeve is at least partially positioned within the internal volume. The
high pressure cavity is at least partially defined by the cap body and is configured to
receive pressurized gas from the compressed gas reservoir. The piston is at least partially
positioned in the high pressure cavity. The low pressure cavity is at least partially defined
by the cap body. The low pressure cavity defines a low pressure cavity passageway that
penetrates the cap body to fluidly couple the low pressure cavity and the internal volume
when the regulator cap assembly is received in the vessel. A rotational position of the dial
determines a magnitude of a force that acts against the piston to regulate a transfer of the
pressurized gas from the high pressure cavity to the low pressure cavity.

Another example embodiment includes a method of regulating a pressure applied
by a regulator cap assembly to an internal volume defined by a vessel. The method
includes filling a high pressure cavity to a first pressure with a gas expelled from a
compressed gas reservoir. The high pressure cavity is at least partially defined by a cap
body of the regulator cap assembly. The method includes applying a high pressure spring
force against a piston in a first direction to seat the piston against a piston seat. When the
piston is seated, the piston substantially prevents the gas in the high pressure cavity from
entering a low pressure cavity. The method includes applying a main spring force in a
second direction against a diaphragm. The diaphragm is positioned between an ambient
pressure cavity and the low pressure cavity and the diaphragm includes a piston
translation portion that is configured to translate the piston relative to the piston seat in
the second direction that is substantially opposite the first direction. The method includes
rotating a dial to a first rotational position. The first rotational position is related to a
particular distance between a spring hat and the diaphragm. The method includes porting
a portion of the gas from the high pressure cavity to the low pressure cavity until a low
pressure develops against a low pressure surface of the diaphragm that is sufficient to

compress a main spring between the spring hat and the diaphragm to move the diaphragm
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in the first direction to seat the piston against the piston seat. The low pressure cavity is
configured to be in fluid communication with the internal volume.

Another example embodiment includes regulator cap assembly. The regulator cap
assembly includes a cap body, a high pressure cavity, a low pressure cavity, a piston seat,
a piston, an ambient pressure cavity, a diaphragm, a drive screw, a spring hat, and a main
spring. The high pressure cavity is at least partially defined by the cap body. The high
pressure cavity is configured to receive pressurized gas from a compressed gas reservoir.
The low pressure cavity is at least partially defined by the cap body. The low pressure
cavity is connected to the high pressure cavity via a high pressure gas passageway. The
low pressure cavity defines a low pressure gas passageway that penetrates the cap body.
The piston seat is on a high pressure cavity side of the high pressure gas passageway. The
piston is at least partially positioned in the high pressure cavity. The piston is configured
to regulate introduction of the pressurized gas into the high pressure gas passageway. The
ambient pressure cavity is at least partially defined by the cap body. The diaphragm is
positioned between the ambient pressure cavity and the low pressure cavity. The
diaphragm includes a piston translation portion configured to translate the piston relative
to the piston seat and a spring surface defining a boundary of the ambient pressure cavity.
The drive screw defines a first portion of a threaded connection. The spring hat includes a
second portion of the threaded connection. The main spring is positioned between the
spring surface of the diaphragm and the spring hat. The rotation of the drive screw
translates the spring hat to affect compression of the main spring against the diaphragm.

An example embodiment includes a regulator cap assembly. The regulator cap
assembly is configured to be received by a vessel. The regulator cap assembly includes a
cap body and a gas reservoir sleeve. The gas reservoir sleeve is configured to at least
partially receive a compressed gas reservoir. The gas reservoir sleeve includes a first end
that defines a connection that is configured to mechanically attach to a cap body sleeve
connection, a second end opposite the first end, and a sleeve body between the first end
and the second end that extends from the cap body in a first direction when the gas
reservoir sleeve is mechanically attached to the cap body sleeve connection. The first
direction is oriented such that when the regulator cap assembly is received in the vessel,
the gas reservoir sleeve is at least partially positioned within the internal volume.

The object and advantages of the embodiments will be realized and achieved at

least by the elements, features, and combinations particularly pointed out in the claims.
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It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory and are not restrictive of the

invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments will be described and explained with additional specificity
and detail through the use of the accompanying drawings in which:

Fig. 1A illustrates an example beverage dispenser;

Fig. 1B illustrates another view of the beverage dispenser of Fig. 1A;

Fig. 1C illustrates another view of the beverage dispenser of Figs. 1A and 1B;

Fig. 2 illustrates an example regulator cap assembly that may be implemented in
the beverage dispenser of Figs. 1A-1C;

Fig. 3A illustrates an example cap body that may be implemented in the beverage
dispenser of Figs. 1A-1C;

Fig. 3B illustrates another view of the cap body of Fig. 3A;

Ilig. 3C illustrates another view of the cap body of Tiig. 3A;

Fig. 3D illustrates another view of the cap body of Fig. 3A;

Figs. 4 illustrates an example vessel interface seal that may be implemented in the
beverage dispenser of Figs. 1A-1C;

Fig. 5 illustrates an example embodiment of the gas reservoir sleeve that may be
implemented in the beverage dispenser of I'igs. 1A-1C; and

Fig. 6 is a flow chart of a method of regulating a pressure applied by a regulator
cap assembly to an internal volume defined by a vessel,

all in accordance with at least one embodiment described herein.

DETAILED DESCRIPTION OF SOME EXAMPLE EMBODIMENTS

Some embodiments described herein are related to a beverage dispenser
(dispenser). More particularly, some embodiments relate to a portable dispenser
configured to preserve quality of a beverage or fluid stored in the dispenser by applying a
pressure to the beverage and limiting oxygen exposure.

An example dispenser includes a vacuum insulated vessel and a regulator cap
assembly. The regulator cap assembly seals the vessel and applies a gas pressure to a
beverage in an internal volume defined by the vessel. The pressurized gas provides

sufficient pressure to pressurize and dispense the beverage.
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These and other embodiments combine a variable pressure regulator with a gas
reservoir that seals a vessel from the outside environment, which limits oxygen
introduction into the vessel. The seal allows for a controlled pressure environment to exist
inside the vessel. Furthermore, the regulator cap assembly mounts the compressed gas
reservoir and conceals it from the user within the gas reservoir sleeve and within the
vessel when the regulator cap assenbly is received by the vessel.

The regulator cap assembly includes a user-selectable variable pressure regulator,
which allows a user to safely vary the pressure in the vessel. The regulator cap assembly
includes a cap that houses a supply of high pressure gas. The gas may be stored in a
standard high pressure gas reservoir such as a common 8-gram, 16-gram, or 33-gram
CO2 cartridge.

The cap assembly may be configured for use on different dispensers or vessels.
For example, the size, shape, and threaded interface region of vessels may vary. The cap
assembly may be sized to fit the size, shape, and threaded interface region of one or more
vessels and provides the substantially similar functionality. Moreover, the cap assembly
may be modified to accommodate and integrate with different vessels. Users may
accordingly select from a variety of dispensers with different brands, looks, feels,
beverage volumes, external features, external devices, while the functionality of the cap
assembly remains substantially similar.

Some additional details of these and other embodiments are discussed with respect
to the appended figures in which commonly labeled items indicate similar structure unless
described otherwise. The drawings are diagrammatic and schematic representations of
some embodiments, and are not meant to be limiting, nor are they necessarily drawn to
scale. Throughout the drawings, like numbers generally reference like structures unless
described otherwise.

Figs. 1A-1C illustrate an example beverage dispenser 100. Fig. 1A depicts an
exterior perspective view of the dispenser 100. Fig. 1B depicts a sectional view of the
dispenser 100. Fig. 1C depicts a partially exploded view of the dispenser 100. Generally,
the dispenser 100 is a portable beverage dispenser that may be used to store, preserve,
transport, and dispense a beverage 104, (Fig. 1B only), retained in an internal volume 106
defined by a vessel 102. The vessel 102 is configured to receive a regulator cap assembly
200. The regulator cap assembly 200 is configured to at least partially seal a mouth 132 of

the vessel 102 and to regulate a pressure applied to the beverage 104. In particular, the
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regulator cap assembly 200 may apply a pressure to the beverage 104 that is selectable
and adjustable based at least partially on a rotational position of a dial 202.

The pressure applied to the beverage 104 by the regulator cap assembly 200 may
preserve a freshness of the beverage 104 by reducing interaction between the beverage
104 and atmospheric air or oxygen. Additionally, the pressure applied to the beverage 104
may increase a period in which the beverage 104 maintains a gaseous solution (e.g.,
carbonation or nitrogenation) and/or may force a portion of a gas into solution (e.g.,
carbonize) in the beverage 104. Additionally still, the pressure applied to the beverage
104 may also be used to dispense the beverage 104 from the dispenser 100.

The vessel 102 of Figs. 1A-1C may include a double-wall vacuum vessel having a
double-wall construction as best illustrated in Fig. 1B. The double-wall construction may
form a vacuum space 126 between an interior wall 122 and an exterior wall 124 of the
vessel 102. The vacuum space 126 may insulate the beverage 104 in the internal volume
106 defined by the vessel 102 from an environment surrounding the dispenser 100. The
vessel 102 can be constructed of a metal or metal alloy that may comprise, for example, a
stainless steel or an aluminum. The internal volume 106 of the vessel 102 may be defined
to include multiple volumes and multiple shapes. For example, the internal volume 106
may be about sixty-four volumetric ounces (0z.), 32 oz., 128 oz., 1 liter (L), 2 L, 10 L, for
instance.

With reference to Figs. 1B and 1C, the vessel 102 may include a vessel height 128
of between about 150 millimeters (mm) and about 460 mm and a vessel diameter 130
between about 100 mm and about 460 mm. The vacuum space 126 or a total thickness
defined to include the interior wall 122 and the exterior wall 124 of the vessel 102 may be
between 1.5 mm and about 51 mm. The thickness of the interior wall 122 and/or the
exterior wall 124 may be between about 0.8 mm and about 3.1 mm. For example, the
example vessel 102 shown in Figs. 1A-1C includes a vessel height 128 of about 250 mm
and vessel diameter 130 of about 125 mm.

Referring to Figs. 1A-1C, in the vessel 102 a first portion of a threaded connection
may be defined at the mouth 132 of the vessel 102. The regulator cap assembly 200 may
include a second, complementary portion of the threaded connection. Accordingly, the
regulator cap assembly 200 may be received by the vessel 102 by rotating the regulator
cap assembly 200 relative to the vessel 102 to couple the regulator cap assembly 200 with
the vessel 102. When received by the vessel 102, the regulator cap assembly 200 may

apply the pressure to the beverage 104.



10

20

25

30

-7-

As mentioned above, the pressure applied to the beverage 104 may be used to
dispense the beverage 104 from the dispenser 100. For example, the pressure applied to
the beverage 104 may be greater than a pressure in the environment surrounding the
dispenser 100. The pressure may force the beverage 104 into a dispensing tube 108 that
transports the beverage 104 from the internal volume 106 of the vessel 102 to a
dispensing tap 110. When a tap handle 112 of the dispensing tap 110 is actuated, the
dispensing tube 108 may be open to the pressure of the environment, and the beverage
104 may flow in a positive y-direction in the arbitrarily assigned coordinate system of
Figs. 1A-1C. The beverage 104 may then exit the dispensing tube 108 via the dispensing
tap 110.

In the embodiment depicted in Figs. 1A-1C, the dispenser 100 may include a
vessel level indicator 114. The vessel level indicator 114 may show a level of the
beverage 104 in the dispensing tube 108, which may correlate to a volume of the
beverage 104 in the internal volume 106 of the vessel 102. In some embodiments, the
vessel level indicator 114 may be substantially similar to one or more embodiments
discussed in U.S. Provisional Application No.: 62/047,594.

Additionally, dispenser 100 of Figs. 1A-1C includes a pressure gauge 120. The
pressure gauge 120 may indicate a pressure in the internal volume 106 of the vessel 102,
The pressure indicated by the pressure gauge 120 may correspond to the pressure applied
by the regulator cap assembly 200. In the depicted embodiment, the pressure gauge 120 is
in fluid communication with the dispensing tube 108. In some embodiments, the pressure
gauge 120 may be positioned on the vessel 102 or the regulator cap assembly 200 or may
be omitted from the dispenser 100, for instance.

The dispenser 100 may include a temperature gauge (not shown). The temperature
gauge may indicate a temperature of the beverage 104 in the internal volume 106 of the
vessel 102. The temperature gauge may be in fluid communication with the dispensing
tube 108, similar to the pressure gauge 120 in Figs. 1A-1C. Alternatively, the temperature
gauge may be incorporated in the pressure gauge 120 (e.g., one gauge that indicates
pressure and temperature), fit to the vessel 102, fit to the regulator cap assembly 200, or
omitted.

The temperature and/or pressure of the beverage 104 may be important factors to
the quality of the beverage 104. The user can monitor the pressure and the temperature of

the beverage 104 using the pressure gauge 120 and/or the temperature gauge. For

296631.00003/99199211.1
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example, the user may be particularly interested in the pressure after an initial rotation of
the dial 202 (as described elsewhere in this disclosure). The pressure gauge 120 provides
feedback to the user that can be used in conjunction with the dial 202 to accurately set a
desired pressure applied to the beverage 104. The pressure gauge 120 can also be useful
for monitoring the pressure of the vessel 102 when the dispenser 100 is not refrigerated
and the temperature of the beverage 104 accordingly increases. The user may not want
contents to become over-pressurized as a result of increased temperature and may choose
to vent some or all of the pressure to maintain the pressure of the beverage 104 within a
specific range, or below a specific maximum level.

Additionally, the temperature gauge provides the user temperature information for
preserving and maintaining the quality of the beverage 104. For example, beer has a more
desirable flavor when served at medium to cold liquid temperatures. An example
preferred range may be between about 35 and about 45 degrees Fahrenheit.

The dispenser 100 of Figs. 1A-1C may include a handle 138. The handle 138 can
be mechanically attached to the vessel 102. The handle 138 may be mechanically coupled
to the vessel 102 via fasteners as shown in I'igs. 1A-1C or via band straps (not shown)
that grip around the vessel 102. The handle 138 is configured to assist in pouring the
beverage from the vessel 102 and carrying the vessel 102. The handle 138 may be rigid
and generally extend from the vessel 102 in a positive y-direction as shown in Figs. 1A-
1C. Alternatively, the handle 138 may be attached via pivot points that allow the handle
138 to swing up or down as needed by the user.

In the embodiment of Figs. 1A-1C, the vessel 102 includes the dispensing tube
108, the tap handle 112, and the dispensing tap 110. In some embodiments, the dispenser
100 may not include one or more of the dispensing tube 108, the tap handle 112, and the
dispensing tap 110. Additionally, one or more of the dispensing tube 108, the tap handle
112, and the dispensing tap 110 may be located in the internal volume 106. In these
embodiments as well as that depicted in Figs. 1A-1C, the beverage 104 may be dispensed
by reducing the pressure applied to the vessel 102, removing the regulator cap assembly
200, and pouring the beverage 104 from the mouth 132 of the vessel 102. The regulator
cap assembly 200 can be replaced onto the vessel 102 and the user can turn the dial 202 to
the desired position, causing the regulator cap assembly 200 to pressurize the remaining
contents of the vessel 102.

Additionally, in some embodiments, the vessel 102 may include one or more of

the dispensing tube 108, the tap handle 112, and the dispensing tap 110 without the vessel
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level indicator 114. Alternatively, the vessel level indicator 114 may be built directly into
the vessel 102. In these and other embodiments, a portion of the dispensing tube 108 may
be positioned in the internal volume 106 and the dispensing tap 110 and tap handle 112
may be external to the vessel 102.

The dispensing tap 110 may be configured to be operated by using one hand,
which may allow the user to hold a glass to receive the beverage 104 in their other hand.
The dispensing tap 110 may also be oriented on the vessel 102 to allow the user to place
the glass under the dispensing tap 110 at an angle less than about 90 degrees, which may
minimize the formation of excessive foam. The user opens and closes the dispensing tap
110 by pulling the tap handle 112 forward (in a negative x-direction in Fig. 1B) and
closes the dispensing tap 110 by pushing the tap handle 112 back to its starting closed
position. The tap handle 112 may also include a safety locking mechanism to prevent the
tap handle 112 from moving to the open position accidentally.

The tap handle 112 may be attached to the dispensing tap 110 by a specialized tap
handle fastener. The tap handle 112 is removable and may be replaced by customized
designs of various shapes, colors, sizes, etc. Customizing the tap handle 112 provides a
distinct level of personalization for the user or a supplier using the dispenser 100.

Fig. 2 illustrates an example embodiment of the regulator cap assembly 200 that
may be implemented in the dispenser 100 of Figs. 1A-1C. Specifically, Fig. 2 is an
exploded view of the regulator cap assembly 200 outside a vessel. The regulator cap
assembly 200 may include a cap body 204, a compressed gas reservoir 206, and a gas
reservoir sleeve 208.

In general, to use the regulator cap assembly 200, the compressed gas reservoir
206 may be assembled with the cap body 204 and the gas reservoir sleeve 208. To
assemble the regulator cap assembly 200, the compressed gas reservoir 206 may be at
least partially received in the gas reservoir sleeve 208. The gas reservoir sleeve 208 may
then be mechanically attached to the cap body 204.

In particular, the gas reservoir sleeve 208 may include a first end 240 that defines
a connection that is configured to mechanically attach to a sleeve interface 214 located at
a lower portion 210 of the cap body 204. The gas reservoir sleeve 208 may also include a
second end 242 opposite the first end 240 and a sleeve body 244 between the first end
240 and the second end 242. The sleeve body 244 may extend from the cap body 204 in a
first direction 220 when the gas reservoir sleeve 208 is mechanically attached to the cap

body 204 at the sleeve interface 214.
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With combined reference to Figs. 1B, 1C, and 2, an assembled view of the
regulator cap assembly 200 is depicted in Fig. 1C and a view of the assembled regulator
cap assembly 200 received in the vessel 102 is depicted in Fig. 1B. Accordingly, the first
direction 220 may be oriented such that when the regulator cap assembly 200 is received
in the vessel 102, the gas reservoir sleeve 208 is at least partially positioned within the
internal volume 106 defined by the vessel 102.

In more detail, the vessel 102 may be filled with the beverage 104 that may
contain a supersaturated dissolved gas such as CO2. The dissolved gas exerts a pressure
on its surroundings. The compressed gas reservoir 206 is inserted into the gas reservoir
sleeve 208 and attached to the cap body 204, thus forming the regulator cap assembly
200. The regulator cap assembly 200 is then inserted into the vessel 102 with the gas
reservoir sleeve 208 pointed in the first direction 220 in a negative y-direction toward the
bottom of the vessel 102. In this orientation, the compressed gas reservoir 206 is hidden
inside the vessel 102 and the working components of the regulator cap assembly 200 such
as the dial 202 accessible to a user.

After the regulator cap assembly 200 is received by the vessel 102, the dial 202
can be rotated. In response, the cap body 204 releases a particular amount of pressurized
gas into the internal volume 106 of the vessel 102. If a higher pressure of gas is desired,
then the dial 202 can be further rotated, which may cause more gas to be released into the
internal volume 106 of the vessel 102. The dial 202 can also be rotated in an opposite
direction to reduce or to completely shut-off a supply of gas from the compressed gas
reservoir 206. For example, if the user wants to remove the regulator cap assembly 200
from the vessel 102, then the user may completely shut-off the supply of gas.

The regulator cap assembly 200 thus stores the compressed gas reservoir 206 and
also conceals it within the gas reservoir sleeve 208 during use. The compressed gas
reservoir 206 is further hidden within the internal volume 106 of the vessel 102 when the
regulator cap assembly 200 is received in the vessel 102 as shown in Fig. 1B. Positioning
the compressed gas reservoir 206 out of view and also generally out of the physical reach
of the user and other surroundings may provide simplicity, aesthetic appeal, ease of use,
improved ergonomics, teduced total number of parts/components, lower cost
manufacturing, improved safety, or some combination thereof.

For example, in beverage dispensers in which a gas reservoir is outside of avessel,
the gas reservoir may add a potentially unbalanced shape to the beverage dispenser. The

unbalanced shape may result in an unbalanced weight distribution. Moreover, locating the
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gas reservoir on the outside of the vessel may expose the gas reservoir to physical contact
that may cause accidental damage from drops, or hanging onto or hitting other objects,
that may break secals and cause a rapid release of high-pressure gas. Some other
dispensers utilize a separate fill device which houses a gas reservoir in a separate
handheld pump. These handheld pumps can become lost, misused, or become
accidentally opened or damaged, thus causing the high-pressure gas to release suddenly.
Accordingly, integrating the compressed gas reservoir 206 into the regulator cap
assembly 200 may improve safety and ergonomics. In addition, integrating the
compressed gas reservoir 206 into the regulator cap assembly 200 may reduce the risk of
misplacing the compressed gas reservoir 206.

In the embodiment depicted in Fig. 2 (and other Figs. of this disclosure), the
sleeve interface 214 includes a threaded region that enables the gas reservoir sleeve 208
to mechanically attach to the cap body 204. In some embodiments, the sleeve interface
214 may include another structure that enables mechanical attachment between the gas
reservoir sleeve 208 and the cap body 204. For instance, the sleeve interface 214 may
include a locking press-fit, a fastened connection, a locking-clip connection, and the like.

The cap body 204 of Fig. 2 includes a cap diameter 248 that allows it to be held
with a human hand. For example, the cap diameter 248 of the cap body 204 shown in Fig.
2 may be about 60 mm. In other embodiments, the diameter may be between about 38
mm and about 153 mm. In other embodiments, one or more of the components may
include another shape or size.

When the gas reservoir sleeve 208 is mechanically attached to the cap body 204, a
seal of the compressed gas reservoir 206 may be pierced. Piercing the seal may allow gas
contained in the compressed gas reservoir 206 to flow from the compressed gas reservoir
206 to the cap body 204.

The compressed gas reservoir 206 may include any type of cartridge that includes
a compressed gas and/or any standard sized gas reservoir such as a carbon dioxide (CO2)
cartridge available in the food industry. For example, the compressed gas reservoir 206
may include a CO2 cartridge, a nitrogen (N2) cartridge, an argon cartridge, and a mixed
gas (e.g., 60% N2 - 40% (CO2) cartridge. Each type of compressed gas reservoir 206 may
be suitable for a particular type of beverage (e.g., the beverage 104). For instance, the
compressed gas reservoir 206 may include an 8 gram, 16 gram, and/or 33 gram CO2
cartridge. Embodiments configured to receive the 33 gram CO2 cartridge may be further

configured to carbonalte the beverage in the vessel 102. The N2 cartridge may be suitable
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for wines, which may not be carbonated but may benefit from displacement of
atmospheric air from the vessel 102 before storage of the wine. The argon cartridge may
be suitable for wine or spirits and the mixed gas cartridge may be suitable for
nitrogenated beers.

Figs. 3A-3D illustrate an example embodiment of the cap body 204 that may be
implemented in the dispenser 100 of Figs. 1A-1C. In particular, Fig. 3A is a first
perspective view of the cap body 204. I'ig. 3B is a second perspective view of the cap
body 204. Fig. 3C is a sectional view of the cap body 204. Fig. 3D is an exploded view of
the cap body.

The cap body 204 generally contains one or more components that enable
regulation of a pressure applied by the cap body 204 to an internal volume defined by a
vessel 102. For example, with combined reference to Figs. 1B, 2, and 3A, the cap body
204 may be configured to receive the compressed gas reservoir 206. Through selection of
a rotational position of the dial 202, a particular pressure can be output by the cap body
204 to the beverage 104 in the internal volume 106 of the vessel 102.

Referring to Tligs. 3A and 3B, external views of the cap body 204 are depicted.
Viewed externally, the cap body 204 may include the dial 202 (Fig. 3A only), a lower cap
body 302, and a hand grip 304.

The hand grip 304 makes up an outer circumference of the cap body 204. With
combined reference (o Figs. 1B, 2, and 3A-3B, the hand grip 304 allows the user to grip
the cap body 204 while assembling and disassembling the regulator cap assembly 200.
For example, the user can hold the cap body 204 at the hand grip 304 and rotate the gas
reservoir sleeve 208 relative to the cap body 204. Additionally, the hand grip 304 may
enable the user to assemble and dissasemble the dispenser 100 of Fig. 1B. For example,
the user can grip the hand grip 304 while rotating the regulator cap assembly relative to
the vessel 102,

As best illustrated in Fig. 3B, the hand grip 304 may be mechanically connected to
the lower cap body 302. For example, the grip fasteners 306 may mechanically connect
the hand grip 304 to the lower cap body 302. In Fig. 3B only one of the grip fasteners 306
is labeled. Mechanically connecting the hand grip 304 to the lower cap body 302 enables
a user to rotate the cap body 204 using the hand grip 304.

The hand grip 304 is not mechanically connected to the dial 202. Instead, the hand
grip 304 surrounds the dial 202. The dial 202 may rotate within the hand grip 304 and not
result in a rotation of the cap body 204. Accordingly, when the cap body 204 is received
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in a vessel 102, the cap body 204 may be secured to the vessel 102 through rotation of the
cap body 204 relative to the vessel 102, using the hand grip 304. While the cap body 204
is received by the vessel 102, the dial 202 may be rotated without affecting a rotational
position of the cap body 204 relative to the vessel 102. As described elsewhere in this
disclosure, rotation of the dial 202 determines the pressure applied by the cap body 204.
Accordingly, independence of the dial 202 from the hand grip 304 and lower cap body
302 enables changing the pressure without loosening the cap body 204.

With continued reference to Fig. 3B, the lower cap body 302 may include the
sleeve interface 214 and a vessel interface 320. As discussed elsewhere in this disclosure,
the sleeve interface 214 may be configured to mechanically attach a gas reservoir sleeve
(e.g., the gas reservoir sleeve 208 of Fig. 2). The vessel interface 320 may be configured
to couple with a vessel (e.g., the vessel 102 of Figs. 1A-1C).

With reference to Fig. 3A, the dial 202 and the hand grip 304 may include thereon
indicators 308, 310, and 312. The indicators 308, 310, and 312 may indicate to a user an
approximate pressure applied by the cap body 204. In the depicted embodiment, the dial
202 includes a first indicator 308 that indicates a position of the dial 202. A second
indicator 310, may correspond to a position of the dial 202 that results in zero pressure
applied by the cap body 204. Thus, when the first indicator 308 is aligned with the second
indicator 310, the cap body may not apply a pressure. A third indicator 312 may include a
rotational - triangular indicator that increases in height as it progresses in a clockwise
direction. The third indicator 312 may indicate that as the dial 202 is rotated in a
clockwise direction, the cap body 204 may apply an increasingly higher pressure. In the
depicted embodiment, flow from the compressed gas reservoir 206 may be shut off when
the dial 202 is rotated completely counter-clockwise and pressure delivered to the vessel
102 by the cap body 204 may achieve a maximum when the dial 202 is rotated
completely in the clockwise direction. In other embodiments, the compressed gas
reservoir 206 may be completely open in the counter-clockwise direction and shut off
when the dial 202 is rotated completely clockwise. Additionally or alternatively, other
indicators may be used with the cap body 204.

Referring to Figs. 3C and 3D, an assembled view of the cap body 204 is depicted
in Fig. 3C and an exploded view of the cap body 204 is depicted in Fig. 3D. The cap body
204 may define, at least a part of a border of an ambient pressure cavity 314, a low
pressure cavity 316, and a high pressure cavity 318. In Fig. 3D, the ambient pressure

cavily 314, the low pressure cavity 316, and the high pressure cavity 318 are not visible.
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In general, a pressure output by the cap body 204 is regulated by controlling an
amount of gas that is transferred from the high pressure cavity 318, which receives a gas
from a compressed gas reservoir, to the low pressure cavity 316. The amount of the gas
transferred from the high pressure cavity 318 to the low pressure cavity 316 is based on a
main spring force applied to a diaphragm 322. The main spring force is further based on a
rotational position of the dial 202. Thus, the rotational position of the dial 202 determines
the main spring force applied to the diaphragm 322 which in turn controls transfer of gas
from the high pressure cavity 318 to the low pressure cavity 316. Some additional details
of these components (e.g., 314, 316, 318, and 322) and operations performed by these
components are provided below.

The high pressure cavity 318 is configured to receive pressurized gas from a
compressed gas reservoir (e.g., the compressed gas reservoir 206 of Fig. 2). A boundary
of the high pressure cavity 318 may be defined by a cavity surface 345 of a pressure plate
344. The pressure plate 344 is positioned in a lower portion of the cap body 204. The
pressure plate 344 defines a plate channel 397 between the high pressure cavity 318 and a
volume configured to receive a portion of a compressed gas reservoir 206.

A reservoir piercer 328 may be at least partially positioned in the plate channel
397. The reservoir piercer 328 is configured to pierce an end of a compressed gas
reservoir when the compressed gas reservoir is received in a gas reservoir sleeve. For
example, with combined reference to Figs. 2 and 3C, the compressed gas reservoir 206
may be received by the gas reservoir sleeve 208. As a user mechanically attaches the gas
reservoir sleeve 208 to the cap body 204, the reservoir piercer 328 may pierce the end of
the compressed gas reservoir 206.

Referring back to Figs. 3C and 3D, the reservoir piercer 328 may further define a
pressurized gas passageway 330 that is configured to allow gas in the compressed gas
reservoir to pass from the compressed gas reservoir to the high pressure cavity 318. For
example, after the compressed gas reservoir is pierced by the reservoir piercer 328, the
gas contained in the compressed gas reservoir fills the high pressure cavity 318 via the
pressurized gas passageway 330.

The pressure plate 344 is secured to cap body 204 by a threaded interface. The
pressure plate 344 includes a pressure plate seal 343 that isolates the high pressure cavity
318 from the volume configured to receive a portion of a compressed gas reservoir. The

reservoir piercer 328 may be surrounded on its lower end (lower y-direction) by a
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pressure reservoir seal 333. The reservoir piercer 328, the pressure plate 344, the pressure
plate seal 343, and the pressure reservoir seal 333 are secured in place by a retainer 335

The pressure reservoir seal 333 may be configured to seal a cartridge face for long
periods of time (e.g., more than 24 hours) without significant loss of sealing. The pressure
reservoir seal 333 is configured to generate high sealing pressures while maintaining
material strain within acceptable creep limits to maintain sealing force for the long period
of time. The pressure reservoir seal 333 may be more effective than a solid, flat gasket,
which may take on large internal strains to meet the required sealing force and fail due to
cold flow of the material and the low rebound of the flat gasket.

In some embodiments, the cap body 204 may include a debris filter 370. An
example of the debris filter 370 may be constructed of a piece of sintered metal filter. The
debris filter 370 may be included in the pressure plate 344. The debris filter 370 may act
as a filter to remove materials prior to introduction into the high pressure cavity 318. The
sintered metal filter has a pore size of a several microns (e.g., between about 3 microns
and about 20 microns). Such a pore size may allow gas to pass through while stopping
any foreign material from continuing past removal of materials and may reduce a
likelihood that the material will become embedded on the high side pin 340 or the piston
seat 334. Materials, if allowed to proceed into the high pressure cavity 318, may lead to
unwanted gas leakage from the high pressure cavity 318 to the low pressure cavity 316.
The manifold area directly upstream of the debris filter 370 allows any blocked material
to accumulate without risk of plugging the pressurized gas passageway 330 of the
reservoir piercer 328.

The high pressure cavity 318 is connected to the low pressure cavity 316 via a
high pressure gas passageway 324. The high pressure gas passageway 324 is defined at
least partially in the cap body 204. A piston 332, which is at least partially positioned in
the high pressure cavity 318, is configured to regulate introduction of gas into the high
pressurc gas passageway 324 from the high pressure cavity 318. For example, a piston
seat 334 is positioned on a high pressure cavity side of the high pressure gas passageway
324. When the piston 332 is seated against the piston seat 334, the gas is substantially
prevented from entering the high pressure gas passageway 324. When the piston 332 is
not seated against the piston seat 334, the gas can enter the high pressure gas passageway
324 and be ported to the low pressure cavity 316.

In the depicted embodiment, the piston 332 is cone-shaped and/or generally

includes a tapered profile or conical profile (collectively, a cone shape). The cone shape
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of the piston 332 allows for smooth flow of the gas into the high pressure gas passageway
324. The shape of the piston 332 provides a variable area of the surface of the piston 332
with respect to the arca of the piston seat 334, as the piston 332 moves translates
substantially in the y-direction.

The shape of the piston 332 is an improvement over similar devices implementing
a flat or a rounded piston. In particular, in these devices the shapes allow a piston to
flutter or rapidly open and close. In contrast, the conical shape of the piston 332 reduces
the fluttering and allows the piston 332 to operate with substantially smooth transitions
from open to closed and vice versa. The shape of the piston 332 may include an internal
angle 383 of between about 15 and about 60 degrees. In some embodiments, the internal
angle may be about 50 degrees.

The piston seat 334 may include a soft seat. For example, the soft seat may be
constructed of a material softer than the relatively hard Acetyl plastic, which may be used
for the cap body 204. Some embodiments may include, for example, FKM (e.g., by
ASTM D1418 standard or equivalent), polyethylene, TEFLON®, or any other soft and
durable plastic or elastomer.

The piston seat 334 may be configured to interfere with walls of the high pressure
cavity 318. Such interference creates a gas tight seal. For instance, by extending
downward along the walls of the high pressure cavity 318, a sealing force is increased by
pressure in the high pressure cavity 318 that presses the piston seat 334 against the walls
of the high pressure cavity 318. In some embodiments, the piston seat 334 may take
another shape. For example, the piston seat 334 may be a ring, may extend partially down
the walls of the high pressure cavity, or may be integrated into the cap body 204, for
instance.

A position of the piston 332 (e.g., whether the piston 332 is seated against the
piston seat 334 or not) is determined by a high pressure spring 338 and a high side pin
340. The high pressure spring 338 is positioned between the pressure plate 344 and the
piston 332. The high pressure spring 338 is configured to apply a spring force to the
piston 332 in a first direction that acts to seat the piston 332 against the piston seat 334.

The high side pin 340 is configured to extend through the high pressure gas
passageway 324 and to contact piston translation portion 347 of the diaphragm 322. The
diaphragm 322 may contact and translate the high side pin 340, which forces the piston
332 off the piston seat 334. When the high side pin 340 forces the piston 332 off the
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piston seat 334, gas is allowed to flow from the high pressure cavity 318 into the low
pressure cavity 316.

In some embodiments, the high side pin 340 is attached to the piston 332. In some
embodiments, the high side pin 340 is attached to the diaphragm 322 or the high side pin
340 is not attached to either the piston 332 or the diaphragm 322.

The low pressure cavity 316 defines a low pressure gas passageway 321. The low
pressure gas passageway 321 penetrates the cap body 204. I'rom the low pressure gas
passageway 321, the gas in the low pressure cavity 316 can pass into an internal volume
of a vessel when the cap body 204 is received in the vessel. In addition, pressures in the
low pressure cavity 316 press against a low pressure surface 325 of the diaphragm 322.
The pressure accordingly acts to move the diaphragm 322 in a positive y-direction.

In some embodiments, the low pressure gas passageway 321 may be fit with a
one-way valve 311. The one-way valve 311 may include an umbrella style elastomeric
one-way valve that is configured to allow gas passage from the low pressure cavity 316 to
an internal volume defined by a vessel that receives the cap body 204 and to stop gas or
liquid passage in an opposite direction.

The ambient pressure cavity 314 (Fig. 3C only) may be defined within the cap
body 204 and above the diaphragm 322 (e.g., having a higher y-dimension). The
diaphragm 322 may include a diaphragm seal 381 that forms a gas-tight seal between the
low pressure cavity 316 and the ambient pressure cavity 314. A spring hat 350, a drive
screw 352, and a main spring 354 may be positioned at least partially within the ambient
pressure cavity 314.

The drive screw 352 is mechanically coupled to an internal portion of the dial 202.
Accordingly, rotation of the dial 202 results in rotation of the drive screw 352. In
addition, the drive screw 352 may define a first portion of a threaded connection. A
second, complimentary portion of the threaded connection is included in the spring hat
350. The spring hat 350 is restrained from rotational motion by guide rails that are
integral to the cap body 204, which translate the rotational motion of the drive screw 352
into linear motion of a spring hat 350 relative to the drive screw 352. Accordingly, the
rotation of the dial 202 rotates the drive screw 352. As the drive screw 352 is rotated, the
spring hat 350 is translated by the threaded connection in substantially the y-direction.

For example, rotation of the dial 202 in a counterclockwise direction to a first
rotational position may translate the spring hat 350 relative to the drive screw 352 in a

negative y-direction, which may result in translation of the spring hat 350 to a first
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particular distance relative to the drive screw 352. Similarly, rotation of the dial 202 in a
clockwise direction to a second rotational position may translate the spring hat 350
relative to the drive screw 352 in a positive y-direction, which may result in translation of
the spring hat 350 to a second particular distance relative to the drive screw 352.

The drive screw 352 extends downward (in a y-direction) a particular distance
toward the diaphragm 322. In some embodiments, the particular distance corresponds to a
distance required to ensure some portion of the high side pin 340 stays within the high
pressure gas passageway 324. The particular distance, thus prevents or reduces the
likelihood that the high side pin 340 comes out of the high pressure gas passageway 324,
which may cause a loss of alignment required for the high side pin 340 to move back into
the high pressure gas passageway 324. The length of the drive screw 352 relative to the
diaphragm 322 also works as a backstop for the movement of the diaphragm 322 to
provide a hard stop beyond which the diaphragm 322 cannot move away from the low
pressure cavity 316.

In some embodiments, the cap body 204 includes a thrust bearing 387 between the
drive screw 352 and the hand grip 304. The thrust bearing 387 reduces running friction
between the drive screw 352 and the hand grip 304 when under pressure, which may
result in less torque to be applied to the dial 202 to change its position.

The main spring 354 may be positioned between a spring surface 358 of the
diaphragm 322 and the spring hat 350. Translation of the spring hat 350 in the y-direction
may compress or enable extension of the main spring 354 between the diaphragm 322 and
the spring hat 350. Accordingly, rotation of the dial 202 affects compression of the main
spring 354 due to the change in the distance between the spring hat 350 and the
diaphragm 322.

The main spring 354 applies the main spring force against the diaphragm 322 in
the negative y-direction. The magnitude of the main spring force may be determined at
least in part by the distance between the spring hat 350 and the diaphragm 322.
Accordingly, a rotational position of the dial 202 may correspond to a particular distance
between the spring hat 350 and the diaphragm 322 and determine a magnitude of the
main spring force.

The diaphragm 322 is positioned between the ambient pressure cavity 314 and the
low pressure cavity 316. The pressure in the low pressure cavity 316 pushes the
diaphragm 322 in the positive y-direction while the main spring force presses the

diaphragm 322 in the negative y-direction.
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When a main spring force applied by the main spring 354 is greater than a force
resulting from the pressure in the low pressure cavity 316, the diaphragm 322 translates in
a negative y-direction. The piston translation portion 347 then translates the piston 332
relative to the piston seat 334, which results in gas in the high pressure cavity 318 being
introduced into the low pressure cavity 316 (and into the internal volume via the low
pressure gas passageway 321). The gas introduced to the low pressure cavity 316
increases the pressure and the resulting force acting on the diaphragm 322. As the
pressure increases, the diaphragm 322 translates in the positive y-direction, which allows
the piston 332 to seat against the piston seat 334 under the high pressure spring force
applied by the high pressure spring 338. When the piston 332 seats against the piston seat
334, introduction of the gas into the low pressure cavity 316 stops.

In some embodiments, the regulator cap assembly 200 may be able to deliver gas
to maintain a desired pressure of the vessel 102 across a range of gas pressures in the high
pressure cavity 318. The design of the regulator cap assembly 200 accomplishes this at
least in part by a specific ratio of a diameter of the high pressure gas passageway 324
versus a diameter of the diaphragm 322. The ratio may in some embodiments be between
about 0.5 and about 0.005. In some embodiments, the ratio may include a value of 0.05.
The ratio allows maintenance of a uniform pressure in the low pressure cavity 316,
corresponding to the rotational position of the dial 202, throughout a range of pressures
from maximum (o minimum in the high pressure cavity 318, that changes as a beverage is
dispensed and gas flows from the compressed gas reservoir 206 to the vessel 102.

With combined reference to Figs. 1B, 3C, and 3D, the pressure in the low pressure
cavity 316 and the internal volume 106 may be maintained based on a particular
rotational position of the dial 202. For example, the main spring force is determined by
the particular rotational position of the dial 202. The position of the diaphragm 322 may
be determined based on a balance between a pressure in the low pressure cavity 316 and
the main spring force at the rotational position of the dial 202. The pressure in the low
pressure cavity 316 may be decreased by a decrease in volume of the beverage 104 in the
internal volume 106. For instance, when the beverage 104 is dispensed, a non-liquid
volume in the vessel 102 increases, which reduces the pressure in the low pressure cavity
316. When the pressure decreases, the diaphragm 322 may move in the negative y-
direction, which may un-seat the piston 332 enabling gas introduction to the low pressure
cavity 316. The gas increases the pressure in the low pressure cavity 316. The increase in

the pressure of the low pressure cavity 316 forces the diaphragm 322 in the positive y-
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direction, which reduces the force applied to the high side pin 340 and allows the piston
332 to seat. The balance is reestablished as the pressure in the low pressure cavity 316
increases. If the pressure is not restored after the beverage 104 is dispensed, then the
resulting drop in pressure in the vessel 102 may cause dissolved gas to escape from the
beverage 104 into the non-liquid volume of the vessel 102 and the beverage 104 may go
flat.

The cap body 204 may include one or more overpressure vent channels 380. The
overpressure vent channels 380 may be defined in an internal surface of a side wall of the
cap body 204. The overpressure vent channels 380 may extend from the ambient pressure
cavity 314 to a distance defined relative to a maximum travel distance of the diaphragm
322. For instance, the overpressure vent channels 380 may extend down to a maximum
travel distance that is located above a y-dimension of a diaphragm seal 381 when the
diaphragm 322 is not engaging the high side pin 340.

If the pressure in the low pressure cavity 316 exceeds a pressure sufficient to force
the diaphragm 322 to the maximum travel distance (e.g., due to slow leaks within the cap
body 204 or due to a downward adjustment of the pressure set point), then the diaphragm
322 will move upward against the main spring 354. When the diaphragm 322 moves
above the maximum travel distance, the gas in the low pressure cavity 316 may enter the
overpressure vent channels 380 and then enter the ambient pressure cavity 314. The gas
may then pass (o a surrounding environment through an opening (not shown) defined by
ambient pressure cavity 314. The opening may be located in the hand grip 304 in some
embodiments. In the embodiment depicted in Figs. 3C and 3D, there are three
overpressure vent channels 380 that are molded into the side walls of the cap body 204. In
some embodiments, fewer than three or more than three overpressure vent channels may
be included in the cap body 204.

The overpressure vent channels 380 limit the pressure to a value only slightly
above the set point of the cap body 204. The overpressure vent channels 380 therefore
reduce the degree of over-carbonation of a beverage in circumstances of a component
failure such as a leak of gas to the low pressure cavity 316. Additionally, the overpressure
vent channels 380 may make such failures transparent to the user and may only affect the
use in cases of long storage times, in which the loss of gas prevents dispensing of a
beverage.

In embodiments implementing the overpressure vent channels 380, the drive

screw 352 may allow the diaphragm 322 (o move upwards up to about 4 mm or another
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suitable distance in reaction to pressure within the low pressure cavity 316. This allows
the diaphragm 322 seal to move upward beyond the overpressure vent channels 380 and
allowing gas to escape into the ambient pressure cavity 314 as discussed above.

In some embodiments, the diaphragm 322 may include one or more diaphragm
spacers that are located on a low pressure surface 325 of the diaphragm 322. The
diaphragm spacers hit the cap body 204 to provide a spacing between the diaphragm 322
and the cap body 204 when the diaphragm 322 is in its lowest (lowest y-dimension)
position. The diaphragm spacers may also accommodate for a space for overpressure
relief valve.

In some embodiments, the diaphragm 322 includes an overpressure relief valve.
When the overpressure relief valve is open, gas passes from the low pressure cavity 316
to the ambient pressure cavity 314, which releases a portion of the gas from the low
pressure cavity 316. The gas may then pass to a surrounding environment through an
opening (not shown) defined by ambient pressure cavity 314. The opening may be located
in the hand grip 304 in some embodiments.

With combined reference to I'igs. 1A-3D, a first step in using the regulator cap
assembly 200 may be to insert the compressed gas reservoir 206 into the gas reservoir
sleeve 208. Next, the user rotates the gas reservoir sleeve 208 onto the sleeve interface
214 thus moving the compressed gas reservoir 206 toward the regulator cap assembly 200
and the reservoir piercer 328. As the gas reservoir sleeve 208 reaches the end of the
threaded portion of the sleeve interface 214, the reservoir piercer 328 breaks a metal seal
on the compressed gas reservoir 206, thus allowing the contents of the compressed gas
reservoir 206 to fill the high pressure cavity 318.

The high pressure cavity 318 is isolated from the low pressure cavity 316 by the
piston 332, which is held in place against the piston seat 334 by the combined force of the
high pressure spring 338 and the gas in the high pressure cavity 318.

The pressure in the high pressure cavity 318 is in equilibrium with the pressure
inside the compressed gas reservoir 206. On the other side of the piston seat 334, in the
low pressure cavity 316, the pressure is in equilibrium with the contents of the vessel 102,
i.e., no additional gas pressure has been applied. Prior to attaching the regulator cap
assembly 200, the pressure inside the low pressure cavity 316 is in equilibrium with the
atmospheric pressure. If the vessel 102 is filled with the beverage 104 prior to attaching

the regulator cap assembly 200, the beverage 104 may carry aqueous gases at a pressure
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above atmospheric pressure. In this case, the pressure of the gases in the beverage 104
may equilibrate with the pressure in the low pressure cavity 316.

The user can choose to increase the pressure of the contents of the vessel 102 to
meet the desired beverage storage conditions. To do so, the user can rotate the dial 202
(e.g., in the clockwise direction). As the dial 202 is rotated by the user, it in turn rotates
the drive screw 352. As the drive screw 352 rotates, its threaded portion is in contact with
the portion of the spring hat 350, and thus transmits motion to the spring hat 350, which
motion is resolved into a translational motion in the downward (negative y) direction,
thus compressing the main spring 354. The compression of the main spring 354 in turn
exerts force on the diaphragm 322. The main spring 354 is in contact with the diaphragm
322 by way of several ribs that locate the bottom portion of the main spring 354 co-
axially with both the diaphragm 322 and spring hat 350. Rotating the dial 202 causes
compression of the main spring 354 that exerts a force on the diaphragm 322. A force is
also exerted on the opposite side of the diaphragm 322 by the pressure in the low pressure
cavity 316.

The diaphragm seal 381 forms a seal between the low pressure cavity 316 and the
ambient pressure cavity 314, thus separating these two cavities 316 and 314. If the force
exerted by the main spring 354 on the diaphragm 322 is greater than the force exerted on
the diaphragm 322 by the pressure in the low pressure cavity 316, the diaphragm 322
moves in the direction toward the low pressure cavity 316 until these two forces acting on
each side of the diaphragm 322 come to equilibrium. As the diaphragm 322 moves
toward the low pressure cavity 316 the high side pin 340 may contact the piston 332.
‘When the high side pin 340 contacts the piston 332 it may exert a force on the piston 332
that causes it to unseat from the piston seat 334.

When the piston 332 is unseated from the piston seat 334, gas is allowed to flow
from the high pressure cavity 318 into the low pressure cavity 316, thus increasing the
pressure in the low pressure cavity 316, thus increasing the force the gas pressure in the
low pressure cavity 316 acts on the diaphragm 322. In this case, gas flows from the high
pressure cavity 318 into the low pressure cavity 316 until the pressure in the low pressure
cavity 316 exerts a force on the diaphragm 322 sufficient to compress the main spring
354, and thus allows the diaphragm 322 to move in a direction away from the low
pressure cavity 316.

When the main spring 354 compresses and the diaphragm 322 moves away from

the low pressure cavity 316 the high side pin 340 exerts less force on the piston 332, and
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may move away from the piston 332 entirely, so the high side pin 340 no longer contacts
the piston 332, thus allowing the piston 332 to seat onto the piston seat 334 and stop the
flow of gas from the high pressure cavity 318 to the low pressure cavity 316. Prior to the
piston 332 re-seating on the piston seat 334, as gas flows from the high pressure cavity
318 into the low pressure cavity 316, it also flows through the low pressure gas
passageway 321 and into the vessel 102 until the pressure of the low pressure cavity 316
and the vessel 102 are in equilibrium. In this way, the regulator cap assembly 200 can
exert and control a specified gas pressure inside the vessel 102 and thus control the
conditions of the beverage stored inside the vessel 102.

The user has moved the dial 202 to a position that corresponds to a desired
pressure. This position corresponds to some point between or including the furthest most
counter-clockwise stopping point of the dial 202 and the furthest most clockwise stopping
point of the dial 202. These positions are associated with the minimum and maximum
pressures that can be delivered by the regulator cap assembly 200. At the minimum
position the high side pin 340 does not contact the piston 332 and thus no gas is released
from the high pressure cavity 318 or delivered by the high pressure reservoir into the low
pressure cavity 316 or the vessel 102. Once the user chooses to deliver pressure to the
vessel 102 by rotating the dial 202, the user can check on the pressure inside the vessel
102 by viewing the pressure gauge 120 as a feedback for setting the desired pressure. The
user may also check the pressure inside the vessel 102 at any time, using the pressure
gauge 120 before or after rotating the dial 202. The user can also check the temperature
inside the vessel 102 at any time by viewing the temperature gauge (if included). If the
user chooses not to increase the pressure inside the vessel 102, this can be accomplished
by not rotating the dial 202.

Additionally, the user may choose not to apply gas pressure to the vessel 102 at a
present time, and delay pressurization. For example, beers are often over-carbonated at
the draft source and have excess aqueous gas that escapes after filling the vessel 102. If
the vessel 102 is immediately capped, its contents may maintain an adequate level of
aqueous gas to preserve its original quality without the immediate need for supply from
the compressed gas reservoir 206. Selectively applying the pressure may enable user
control as to when the pressure is delivered from the compressed gas reservoir 206.

This overall action of the regulator cap assembly 200 results in a seamless user

interaction with the regulator cap assembly 200 by hiding the internal workings of the
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regulator, resulting in a simple and carefree interaction for the user. The tactile interface
the user interacts with is limited to rotating the dial 202.

Fig. 4 illustrates an example vessel interface seal 402 that may be implemented in
the dispenser 100 of Figs. | A-1C. In particular, Fig. 4 depicts a detailed view of a portion
of the dispenser 100 that includes the cap body 204 and the vessel 102. In Fig. 4, the
vessel interface seal 402 is depicted with a deformed cross section that may form a gas
seal between a rim 406 of the vessel 102 and the cap body 204. Tor example, with
combined reference to Figs. 3C and 4, the vessel interface seal 402 may include a
substantially circular cross section. As the cap body 204 is rotated relative to the mouth
132 of the vessel 102, a vessel interface seal recess 404 retains the vessel interface seal
402 relative to cap body 204. The rotation of the cap body 204 relative to the mouth 132
deforms the vessel interface seal 402.

In the depicted embodiment, the vessel interface seal recess 404 is configured to
position the vessel interface seal 402 relative to a rim 406 of the vessel 102 such that the
rim 406 is aligned outside of a great plane 408 of the vessel interface seal recess 404. The
alignment of the vessel interface seal 402 relative to the rim 406 allows for deformation
of a large portion (e.g. greater than 50%) of the vessel interface seal 402 into a gap
between the cap body 204 and the rim 406.

Through deformation of the vessel interface seal 402, the vessel 102 may be
sealed to the cap body 204. For example, a seal between the vessel 102 and the cap body
204 may substantially prevent liquids and gasses from escaping through the gap between
the cap body 204 and the rim 406. In addition, the deformation of the vessel interface seal
402 may provide a seal between the rim 406 and the cap body 204 despite damage to the
rim 406 and/or the vessel interface seal 402. For example, the deformation of the vessel
interface seal 402 may substantially fill irregular depressions or volumes included in
damaged portions of the rim 406.

Fig. 5 illustrates an example embodiment of the gas reservoir sleeve 208 that may
be implemented in the dispenser 100 of Figs. 1A-1C. The gas reservoir sleeve 208 of Fig.
5 may include a vent port 502 that is defined in the second end 242. A sleeve lower plug
504 may be retained in the vent port 502. The sleeve lower plug 504 is configured to blow
out in response to an overpressure of a particular pressure in the gas reservoir sleeve 208.

The overpressure may be caused by the failure of the compressed gas reservoir
206 or the pressure reservoir seal 333 that may involve a gas release that is too rapid to be

safely relieved by the other relief mechanisms. Once the sleeve lower plug 504 is blown
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out, the gas reservoir sleeve 208 may quickly relieve the pressure to an internal volume of
a vessel, for instance.

The gas reservoir sleeve 208 may also include sleeve vents 508 defined in an
internal wall 510 of the gas reservoir sleeve 208. The sleeve vent 508 extends from a first
volume 512 defined by the gas reservoir sleeve 208 that surrounds an exit of the
compressed gas reservoir 206 to a second volume 514 defined by the gas reservoir sleeve
208 that is fluidly coupled to the vent port 502. The sleeve vents 508 may be sized to
adequately channel escaping gas from a point of failure, which is most likely near an exit
of the top of the compressed gas reservoir 206 to the vent port 502.

In some embodiments, the gas reservoir sleeve 208 may include cartridge sleeve
wiper seals 532. The wiper seals 532 block liquid (e.g., the beverage 104 of Fig. 1B) from
entering the gas reservoir sleeve 208. When liquids are drawn into the gas reservoir
sleeve 208, it may cause unwanted buildup on sealing surfaces, corrosion of the
compressed gas reservoir 206, and blockage of the components of the cap body 204.
Because the compressed gas reservoir 206 cools as gas is released, the wiper seals 532
can create a positive seal to stop drawing in the liquid or liquid saturated gas into the gas
reservoir sleeve 208.

In the depicted embodiment, the gas reservoir sleeve 208 may include a bag
interface 540. The bag interface may include radial impressions around the gas reservoir
sleeve 208 meant (o allow for attachment of a bag or similar device (o suspend malerials
(herbs, fruit, nuts, wood, etc.) into the beverage to make custom infusions.

In some embodiments, the cap body 204 may define a sleeve vent channel 550.
The sleeve vent channel 550 may extend between the first volume 512 of the gas
reservoir sleeve 208 and the low pressure cavity 316. The second volume 514 may be
fluidly coupled to the first volume by the sleeve vent 508. Accordingly, a pressure in the
gas reservoir sleeve 208 may be substantially equal to a pressure in the low pressure
cavity 316.

The sleeve vent channel 550 may be a safety feature that vents an overpressure
condition in the first volume 512 or the second volume 514 to the low pressure cavity
316, which may be further vented to the ambient pressure cavity 314, for instance. For
example, if the compressed gas reservoir 206 slowly leaks into the first volume 512, the
sleeve vent channel 550 may substantially prevents a build-up of pressure in the first

volume 512 by venting some of the leaked gas to the low pressure cavity 316.
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Fig. 6 is a flow chart of a method 600 of regulating a pressure. In some
embodiments, the method 600 may include regulation of a pressure applied by a regulator
cap assembly to an internal volume defined by a vessel. For example, the method 600
may be performed by the regulator cap assembly 200 of Figs. 1A-1C. The regulator cap
assembly 200 can regulate a pressure applied to the internal volume 106 of the vessel 102
using the method 600. Although illustrated as discrete blocks, various blocks may be
divided into additional blocks, combined into fewer blocks, or eliminated, depending on
the desired implementation.

The method 600 may begin at block 602 in which a compressed gas reservoir may
be received. The compressed gas reservoir may be received into a lower portion of a cap
body of the regulator cap assembly. At block 604, the compressed gas reservoir may be
pierced. For example, the compressed gas reservoir may be pierced such that gas
contained in the compressed gas reservoir flows from the compressed gas reservoir to a
high pressure cavity.

At block 606, the high pressure cavity may be filled. For example, the high
pressure cavity may be filled to a first pressure with the gas expelled from a compressed
gas reservoir. The high pressure cavity is at least partially defined by a cap body of the
regulator cap assembly. At block 608, a high pressure spring force may be applied against
a piston. The high pressure spring force may be applied in a first direction to seat the
piston against a piston seat. When the piston is seated, the piston substantially prevents
the gas in the high pressure cavity from entering a low pressure cavity.

At block 610, main spring force may be applied in a second direction against a
diaphragm. The diaphragm is positioned between an ambient pressure cavity and the low
pressure cavity. Additionally, the diaphragm includes a piston translation portion that is
configured to translate the piston relative to the piston seat in the second direction that is
substantially opposite the first direction.

At block 612, a dial may be rotated to a rotational position. The rotational position
is related to a particular distance between a spring hat and the diaphragm. At block 614, a
portion of the gas may be ported from the high pressure cavity to the low pressure cavity.
The gas may be ported until a low pressure develops. The low pressure may exert a force
against a low pressure surface of the diaphragm that is sufficient to compress a main
spring between the spring hat and the diaphragm to move the diaphragm in the first
direction to seat the piston against the piston seat. The low pressure cavity is configured

to be in fluid communication with the internal volume.
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The method 600 may proceed to block 612 where the dial may be rotated to
another rotational position, which is related to another particular distance between the
spring hat and the diaphragm. In response to the dial being rotated to another rotational
portion, the method 600 may proceed to block 614. Again, at block 614, another portion
of the gas may be ported from the high pressure cavity to the low pressure cavity until
another low pressure develops against the low pressure surface of the diaphragm that is
sufficient to compress the main spring between the spring hat and the diaphragm to move
the diaphragm in the first direction to seat the piston against the piston seat.

At block 616, a fluid such as a beverage in the internal volume may be dispensed.
In response to a decrease in an amount of a fluid contained in the internal volume, the
method 600 may proceed to block 614. At block 614, another portion of the gas may be
ported from the high pressure cavity to the low pressure cavity until the low pressure
redevelops against a low pressure surface of the diaphragm.

At block 618, the low pressure cavity may be vented. For example, the low
pressure cavity may be vented via an overpressure vent channel defined in an internal
surface of a side wall of the cap body that extends from the ambient pressure cavity to a
distance defined relative to a maximum travel distance of the diaphragm. The low
pressure cavity may be vented in response to an overpressure condition existing in the
low pressure cavity.

At block 620, the gas reservoir sleeve may be vented. The gas reservoir sleeve
may be vented via a vent port defined in a second end of the gas reservoir sleeve and a
cartridge sleeve vent defined in an internal vertical wall of the gas reservoir sleeve that
extends from a first volume defined by the gas reservoir sleeve that surrounds an exit of a
pressurized gas reservoir to a second volume defined by the gas reservoir sleeve that is
fluidly coupled to the vent port. The gas reservoir sleeve may be vented in response to an
overpressure condition existing in a gas reservoir sleeve.

Additionally or alternatively, a volume defined by the gas reservoir sleeve may be
vented to a low pressure cavity. In some embodiments, the gas reservoir sleeve may be
vented via a sleeve vent channel defined in the cap body. The sleeve vent channel may
substantially equalize pressures in the low pressure cavity and in the volume defined by
the gas reservoir sleeve.

One skilled in the art will appreciate that, for this and other procedures and
methods disclosed herein, the functions performed in the processes and methods may be

implemented in differing order. Furthermore, the outlined steps and operations are only
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provided as examples, and some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded into additional steps and operations without
detracting from the disclosed embodiments.

In summary, embodiments described herein are generally related to beverage
dispensers. Some embodiments described in this disclosure relate to variable pressure
regulator cap assemblies implemented with beverage dispensers.

An example embodiment includes a beverage dispenser. The beverage dispenser
includes a vessel that defines an internal volume and a regulator cap assembly. The
regulator cap assembly is configured to be received by the vessel. The regulator cap
assembly includes a cap body, a gas reservoir sleeve, a high pressure cavity, a piston, a
low pressure cavity, and a dial. The gas reservoir sleeve is configured to at least partially
receive a compressed gas reservoir. The gas reservoir sleeve includes a first end that
defines a connection that is configured to mechanically attach to a cap body sleeve
connection, a second end opposite the first end, and a sleeve body between the first end
and the second end that extends from the cap body in a first direction when the gas
reservoir sleeve is mechanically attached to the cap body sleeve connection. The first
direction is oriented such that when the regulator cap assembly is received in the vessel,
the gas reservoir sleeve is at least partially positioned within the internal volume. The
high pressure cavity is at least partially defined by the cap body and is configured to
receive pressurized gas from the compressed gas reservoir. The piston is at least partially
positioned in the high pressure cavity. The low pressure cavity is at least partially defined
by the cap body. The low pressure cavity defines a low pressure cavity passageway that
penetrates the cap body to fluidly couple the low pressure cavity and the internal volume
when the regulator cap assembly is received in the vessel. A rotational position of the dial
determines a magnitude of a force that acts against the piston to regulate a transfer of the
pressurized gas from the high pressure cavity to the low pressure cavity.

In an embodiment of the beverage dispenser, the regulator cap assembly includes
an ambient pressure cavity at least partially defined by the cap body; a diaphragm
positioned between the ambient pressure cavity and the low pressure cavity, wherein the
diaphragm includes a piston translation portion configured to position the piston relative
to a piston seat and a spring surface that defines a boundary of the ambient pressure
cavity; and a main spring that includes a first portion that contacts the spring surface of
the diaphragm. The rotation position of the dial affects compression of the main spring

against the spring surlace.
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According to an aspect of the embodiment of the beverage dispenser, the regulator
cap assembly includes a drive screw that is mechanically coupled to the dial, a spring hat
that contacts a second portion of the main spring, and the spring hat is coupled to the
drive screw via a threaded connection such that a change in the rotational position of the
dial changes a distance between the spring hat and the spring surface of the diaphragm.

According to an aspect of the embodiment of the beverage dispenser, the high
pressure cavity is connected to the low pressure cavity via a high pressure gas
passageway that is defined at least partially in the cap body, the piston seat is positioned
at the high pressure gas passageway in the high pressure cavity, and the regulator cap
assembly further includes a pressure plate that is positioned in a lower portion of the cap
body, wherein the pressure plate includes a cavity surface that is a boundary of the high
pressure cavity and the pressure plate defines a plate channel between the high pressure
cavity and a volume configured to receive a portion of the compressed gas reservoir; a
reservoir piercer at least partially positioned in the pressure plate, wherein the reservoir
piercer defines a pressurized gas passageway configured to allow high pressure gas in the
compressed gas reservoir to pass from the compressed gas reservoir to the high pressure
cavity; and a high pressure spring at least partially positioned in the high pressure cavity
between the piston and the cavity surface of the pressure plate, wherein the high pressure
spring is configured to apply a spring force to the piston to seat the piston against the
piston seat.

According to an aspect of the embodiment of the beverage dispenser, the piston
includes a high side pin, the high side pin is configured to extend through the high
pressure gas passageway and to contact a piston translation portion of the diaphragm, and
the piston includes a conical profile.

According to an aspect of the embodiment of the beverage dispenser, the regulator
cap assembly includes an overpressure vent channel that is defined in an internal surface
of a side wall of the cap body, and a sleeve vent channel defined in the cap body. The
overpressure vent channel extends from the ambient pressure cavity to a distance defined
relative to a maximum travel distance of a diaphragm position and the sleeve vent channel
extends from a volume defined by the gas reservoir sleeve to the low pressure cavity.

In another embodiment of the beverage dispenser, the gas reservoir sleeve
includes a vent port defined in the second end, a sleeve lower plug that is retained in the
vent port, wherein the sleeve lower plug is configured to blow out in response to an

overpressure of a particular pressure in the gas reservoir sleeve; and a sleeve vent defined
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in an internal vertical wall of the gas reservoir sleeve and that extends from a first volume
defined by the gas reservoir sleeve that surrounds an exit of a compressed gas reservoir to
a second volume defined by the gas reservoir sleeve that is fluidly coupled to the vent
port.

In an embodiment of the beverage dispenser, the cap body defines a vessel
interface seal recess that is configured to receive a vessel interface seal configured to seal
a rim of the vessel and the regulator cap assembly when the regulator cap assembly is
received in the vessel, wherein the vessel interface seal recess is configured to position
the vessel interface seal relative to the rim of the vessel such that the rim is aligned
outside of a great plane of the vessel interface seal.

In an embodiment of the beverage dispenser, the beverage dispenser further
comprises a vessel level indicator configured to display a level of a fluid in the internal
volume and a dispenser is configured to dispense the fluid, wherein the vessel includes a
double-wall vacuum vessel.

Another example embodiment includes a method of regulating a pressure applied
by a regulator cap assembly to an internal volume defined by a vessel. The method
includes filling a high pressure cavity to a first pressure with a gas expelled from a
compressed gas reservoir. The high pressure cavity is at least partially defined by a cap
body of the regulator cap assembly. The method includes applying a high pressure spring
force against a piston in a first direction to seat the piston against a piston seal. When the
piston is seated, the piston substantially prevents the gas in the high pressure cavity from
entering a low pressure cavity. The method includes applying a main spring force in a
second direction against a diaphragm. The diaphragm is positioned between an ambient
pressure cavity and the low pressure cavity and the diaphragm includes a piston
translation portion that is configured to translate the piston relative to the piston seat in
the second direction that is substantially opposite the first direction. The method includes
rotating a dial to a first rotational position. The first rotational position is related to a
particular distance between a spring hat and the diaphragm. The method includes porting
a portion of the gas from the high pressure cavity to the low pressure cavity until a low
pressure develops against a low pressure surface of the diaphragm that is sufficient to
compress a main spring between the spring hat and the diaphragm to move the diaphragm
in the first direction to seat the piston against the piston seat. The low pressure cavity is

configured to be in fluid communication with the internal volume.
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In an embodiment of the method, the method further comprises porting another
portion of the gas from the high pressure cavity to the low pressure cavity until the low
pressure redevelops against a low pressure surface of the diaphragm in response to a
decrease in an amount of a fluid contained in the internal volume.

In an embodiment of the method, the method further comprises receiving a
compressed gas reservoir into a lower portion of a cap body of the regulator cap assembly
and piercing the compressed gas reservoir such that gas contained in the compressed gas
reservoir flows from the compressed gas reservoir to the high pressure cavity.

In an embodiment of the method, the method further comprises rotating the dial to
another rotational position that is related to another particular distance between the spring
hat and the diaphragm and porting another portion of the gas from the high pressure
cavity to the low pressure cavity until another low pressure develops against the low
pressure surface of the diaphragm that is sufficient to compress the main spring between
the spring hat and the diaphragm to move the diaphragm in the first direction to seat the
piston against the piston seat.

In an embodiment of the method, the method further comprises venting the low
pressure cavity via an overpressure vent channel defined in an internal surface of a side
wall of the cap body that extends from the ambient pressure cavity to a distance defined
relative to a maximum travel distance of the diaphragm in response to an overpressure
condition existing in the low pressure cavity; and venting a volume defined by a gas
reservoir sleeve to a low pressure cavity via a sleeve vent channel defined in the cap
body.

In an embodiment of the method, the method further comprises venting the gas
reservoir sleeve via a vent port defined in a second end of the gas reservoir sleeve and a
cartridge sleeve vent defined in an internal vertical wall of the gas reservoir sleeve that
extends from a first volume defined by the gas reservoir sleeve that surrounds an exit of a
pressurized gas reservoir to a second volume defined by the gas reservoir sleeve that is
fluidly coupled to the vent port in response to an overpressure condition existing in a gas
reservoir sleeve.

Another example embodiment includes regulator cap assembly. The regulator cap
assembly includes a cap body, a high pressure cavity, a low pressure cavity, a piston seat,
a piston, an ambient pressure cavity, a diaphragm, a drive screw, a spring hat, and a main
spring. The high pressure cavity is at least partially defined by the cap body. The high

pressure cavity is configured (o receive pressurized gas from a compressed gas reservoir.
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The low pressure cavity is at least partially defined by the cap body. The low pressure
cavity is connected to the high pressure cavity via a high pressure gas passageway. The
low pressure cavity defines a low pressure gas passageway that penetrates the cap body.
The piston seat is on a high pressure cavity side of the high pressure gas passageway. The
piston is at least partially positioned in the high pressure cavity. The piston is configured
to regulate introduction of the pressurized gas into the high pressure gas passageway. The
ambient pressure cavity is at least partially defined by the cap body. The diaphragm is
positioned between the ambient pressure cavity and the low pressure cavity. The
diaphragm includes a piston translation portion configured to translate the piston relative
to the piston seat and a spring surface defining a boundary of the ambient pressure cavity.
The drive screw defines a first portion of a threaded connection. The spring hat includes a
second portion of the threaded connection. The main spring is positioned between the
spring surface of the diaphragm and the spring hat. The rotation of the drive screw
translates the spring hat to affect compression of the main spring against the diaphragm.

In an embodiment of the regulator cap assembly, the regulator cap assembly
further comprises a dial that includes a first portion and a second portion. The first portion
is configured to be rotated by a user and is external to a beverage dispenser when the
regulator cap is received in a vessel, and the second portion is mechanically coupled to
the drive screw such that rotation of the first portion rotates the drive screw relative to the
spring hat.

In an embodiment of the regulator cap assembly, the regulator cap assembly
further comprises a gas reservoir sleeve. The gas reservoir sleeve is configured to at least
partially receive the compressed gas reservoir. The gas reservoir sleeve is configured to
mechanically attach with a lower portion of the cap body. The gas reservoir sleeve
extends from the cap body in a first direction when the gas reservoir sleeve is
mechanically attached to the cap body. The first direction is oriented such that when the
regulator cap assembly is received in a vessel. The gas reservoir sleeve is at least partially
positioned within an internal volume defined by the vessel.

In an embodiment of the regulator cap assembly, the cap body includes a lower
cap body that defines a portion of a border of the ambient pressure cavity, a portion of a
border of the high pressure cavity, and a portion of a border of the low pressure cavity.
The cap body includes a hand grip that mechanically connects to the lower cap body and

the hand grip makes up an outer circumference of the regulator cap assembly.
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In an embodiment of the regulator cap assembly, the regulator cap assembly
further comprises a one-way valve. The one-way valve includes an umbrella style
clastomeric one-way valve that is configured to allow gas passage from the low pressure
cavity to an internal volume defined by a vessel that receives the regulator cap assembly.

An example embodiment includes a regulator cap assembly. The regulator cap
assembly is configured to be received by a vessel. The regulator cap assembly includes a
cap body and a gas reservoir sleeve. The gas reservoir sleeve is configured to at least
partially receive a compressed gas reservoir. The gas reservoir sleeve includes a first end
that defines a connection that is configured to mechanically attach to a cap body sleeve
connection, a second end opposite the first end, and a sleeve body between the first end
and the second end that extends from the cap body in a first direction when the gas
reservoir sleeve is mechanically attached to the cap body sleeve connection. The first
direction is oriented such that when the regulator cap assembly is received in the vessel,
the gas reservoir sleeve is at least partially positioned within the internal volume.

In an embodiment of the regulator cap assembly, the regulator cap assembly
includes a high pressure cavity, a piston, a low pressure cavity, and a dial. The high
pressure cavity is at least partially defined by the cap body and is configured to receive
pressurized gas from the compressed gas reservoir. The piston is at least partially
positioned in the high pressure cavity. The low pressure cavity is at least partially defined
by the cap body. The low pressure cavity defines a low pressure cavily passageway that
penetrates the cap body to fluidly couple the low pressure cavity and the internal volume
when the regulator cap assembly is received in the vessel. A rotational position of the dial
determines a magnitude of a force that acts against the piston to regulate a transfer of the
pressurized gas from the high pressure cavity to the low pressure cavity.

All examples and conditional language recited herein are intended for pedagogical
objects to aid the reader in understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as being without limitation to
such specifically recited examples and conditions. Although embodiments of the present
inventions have been described in detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without departing from the spirit and

scope of the invention.
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CLAIMS
What is claimed is:
1. A method of regulating a pressure applied by a regulator cap assembly to an
internal volume defined by a vessel, the method comprising:

filling a high pressure cavity to a first pressure with a gas expelled from a
compressed gas reservoir, wherein the high pressure cavity is at least partially defined by
a cap body of the regulator cap assembly;

applying a high pressure spring force against a piston in a first direction to seat the
piston against a piston seat, wherein when the piston is seated, the piston substantially
prevents the gas in the high pressure cavity from entering a low pressure cavity;

applying a main spring force in a second direction against a diaphragm, wherein
the diaphragm is positioned between an ambient pressure cavity and the low pressure
cavity and wherein the diaphragm includes a piston translation portion that is configured
to translate the piston relative to the piston seat in the second direction that is
substantially opposite the first direction;

rotating a dial to a first rotational position, the first rotational position being
related to a particular distance between a spring hat and the diaphragm; and

porting a portion of the gas from the high pressure cavity to the low pressure
cavity until a low pressure develops against a low pressure surface of the diaphragm that
is sufficient to compress the main spring between the spring hat and the diaphragm to move
the diaphragm in the first direction to seat the piston against the piston seat,

wherein the low pressure cavity is configured to be in fluid communication with

the internal volume.

2. The method of claim 1, further comprising in response to a decrease in an
amount of a fluid contained in the internal volume, porting another portion of the gas
from the high pressure cavity to the low pressure cavity until the low pressure redevelops

against the low pressure surface of the diaphragm.

3. The method of claim 1, further comprising:

CA 2950147 2020-02-26



10

15

20

25

30

-35-

receiving a compressed gas reservoir into a lower portion of the cap body of the
regulator cap assembly; and
piercing the compressed gas reservoir such that gas contained in the compressed

gas reservoir flows from the compressed gas reservoir to the high pressure cavity.

4, The method of claim 1, further comprising:

rotating the dial to another rotational position that is related to another particular
distance between the spring hat and the diaphragm; and

porting another portion of the gas from the high pressure cavity to the low
pressure cavity until another low pressure develops against the low pressure surface of the
diaphragm that is sufficient to compress the main spring between the spring hat and the
diaphragm to move the diaphragm in the first direction to seat the piston against the

piston seat.

5. The method of claim 1, further comprising:

in response to an overpressure condition existing in the low pressure cavity,
venting the low pressure cavity via an overpressure vent channel defined in an internal
surface of a side wall of the cap body that extends from the ambient pressure cavity to a
distance defined relative to a maximum travel distance of the diaphragm; and

venting a volume defined by a gas reservoir sleeve to the low pressure cavity via a

sleeve vent channel defined in the cap body.

6. The method of claim 1, further comprising in response to an overpressure
condition existing in a gas reservoir sleeve, venting the gas reservoir sleeve via a vent
port defined in a second end of the gas reservoir sleeve and a cartridge sleeve vent
defined in an internal vertical wall of the gas reservoir sleeve that extends from a first
volume defined by the gas reservoir sleeve that surrounds an exit of a pressurized gas
reservoir to a second volume defined by the gas reservoir sleeve that is fluidly coupled to

the vent port.

7. A regulator cap assembly comprising:
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a cap body;

a high pressure cavity at least partially defined by the cap body, wherein the high
pressure cavity is configured to receive pressurized gas from a compressed gas reservoir;

a low pressure cavity at least partially defined by the cap body, wherein the low
pressure cavity is connected to the high pressure cavity via a high pressure gas
passageway, wherein the low pressure cavity defines a low pressure gas passageway that
penetrates the cap body;

a piston seat positioned on a high pressure cavity side of the high pressure gas
passageway;

a piston at least partially positioned in the high pressure cavity, the piston
configured to regulate introduction of the pressurized gas into the high pressure gas
passageway;

an ambient pressure cavity at least partially defined by the cap body;

a diaphragm positioned between the ambient pressure cavity and the low pressure
cavity, wherein the diaphragm includes a piston translation portion configured to translate
the piston relative to the piston seat and a spring surface defining a boundary of the
ambient pressure cavity;

a drive screw that defines a first portion of a threaded connection;

a spring hat that includes a second portion of the threaded connection; and

a main spring positioned between the spring surface of the diaphragm and the
spring hat, wherein rotation of the drive screw translates the spring hat to affect

compression of the main spring against the diaphragm.

8. The regulator cap assembly of claim 7, further comprising a dial that includes a
first portion and a second portion, wherein the first portion is configured to be rotated by
a user and is external to a beverage dispenser when the regulator cap is received in a
vessel, and the second portion is mechanically coupled to the drive screw such that

rotation of the first portion rotates the drive screw relative to the spring hat.

9. The regulator cap assembly of claim 7, further comprising a gas reservoir sleeve,

wherein:

CA 2950147 2020-02-26
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the gas reservoir sleeve is configured to at least partially receive the compressed
gas reservoir;

the gas reservoir sleeve is configured to mechanically attach with a lower portion
of the cap body;

the gas reservoir sleeve extends from the cap body in a first direction when the gas
reservoir sleeve is mechanically attached to the cap body; and

the first direction is oriented such that when the regulator cap assembly is received
in a vessel, the gas reservoir sleeve is at least partially positioned within an internal

volume defined by the vessel.

10. The regulator cap assembly of claim 7, wherein:

the cap body includes a lower cap body that defines a portion of a border of the
ambient pressure cavity, a portion of a border of the high pressure cavity, and a portion of
a border of the low pressure cavity;

the cap body includes a hand grip that mechanically connects to the lower cap
body; and

the hand grip makes up an outer circumference of the regulator cap assembly

11.  The regulator cap assembly of claim 7, further comprising a one-way valve,
wherein the one-way valve includes an umbrella style elastomeric one-way valve that is
configured to allow gas passage from the low pressure cavity to an internal volume

defined by a vessel that receives the regulator cap assembly.
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