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the cap portion. A shuttle assembly Is In contact with the biasing member. The shuttle assembly includes a shuttle and a plug
member. The plug member Is attached to the shuttle.
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FIG. 5A

(57) Abstract: A valve assembly including a base portion and a cap portion attached to the base portion. The valve assembly also 1n -
cludes a biasing member disposed between the base portion and the cap portion. The biasing member 1s adjacent a perforation
formed 1n the cap portion. A shuttle assembly 1s in contact with the biasing member. The shuttle assembly includes a shuttle and a
plug member. The plug member is attached to the shuttle.
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TITLE

VALVE ASSEMBLIES AND METHODS OF INFLATING OR DEFLATING A TYRE

CROSS-REFERENCE TO RELATED APPLICATION
This application is claiming the benefit, under 35 U.S. C. 119(e), of the
provisional application which was granted Serial No. 61/671,380 filed on July

13, 2012, the entire disclosure of which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The invention relates to a valve assembly and, more particularly, to a
control valve assembly for use with a wheel.

Valve assemblies used to restrain a pressurized fluid such as air within a
sealed container are known. Valves are typically specialized for a task they are
used with. Valves for use with a wheel mounted to a vehicle are an example of
a specialized valve. Conventional valve assemblies are typically low in cost,
reliable, and easily replaced. Despite such benefits, the conventional valve
assembly is not without its disadvantages.

The conventional wheel valve includes a resilient sealing member and a
valve seat. Typically, the resilient sealing member is urged against the valve
seat by a biasing member. A force applied by the biasing member is relatively
constant with regards to a temperature range the conventional wheel valve may
be used in. As a non-limiting example, the temperature range may be from
about 0° Fahrenheit to about 120° Fahrenheit. The elasticity of the resilient
sealing member, however, may vary greatly with respect to the temperature
range. As a résult, the force applied by the biasing member may not be large
enough to seal the conventional valve assembly at low temperatures and
Increasing elasticity of the resilient sealing member at high temperatures may
result in leakage or failure of the valve assembly. .

The conventional valve assembly may also be limited to a lower

operating pressure range. As a non-limiting example, the operating pressure
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range may be up to about 100 pounds per square inch (psi). Exposing the

conventional valve assembly to pressures greater than the aforementioned

- pressure range may result in a leakage or a failure of the conventional valve

assembly.

The valve assembly may also be a specialized for use with a particular
wheel, tire inflation system or application. For example, certain tire inﬂation
systems are utilized to manually and/or automatically adjus’t a pressure within
the wheel. Typically, the valve assembly used with the tire inflation system
iIncludes a diaphragm urged towards a valve seat by a biasing member. Such
valve assemblies tend to be bulky, expensive, and visible. During an inflation
cycle or a deflation cycle, the tire inflation system applies pressure to an air
conduit in fluid communication with the valve assembly to unseat the
diaphragm of the valve assembly, which allows the tire inflation system to
adjust the pressure within the wheel. To reseat the diaphragm of the valve
assembly, the tire inflation system must rapidly drop the pressure within the air
conduit by at least a specified amount. However, backpressure within the air
condult resists rapid depressurization, causing the diaphragm to operate slowly
at higher pressures. Backpressure within the air conduit is exacerbated by long
lengths of the air conduit and higher pressures. As a non-limiting example, the
higher pressures may be greater than 100 psi. As a result of backpressure, the
tire inflation system must rapidly drop the pressure within the air conduit by an
increased amount, which increases a duration of the inflation cycle or the
deflation cycle. Slower operation of the wheel valve results in delayed and
Inaccurate operation of the tire inflation system at higher pressures.

It would be advantageous to develop a valve assembly that is
inexpensive, may be used with a wheel, the valve assembly operable in an
iIncreased temperature range, the valve assembly operable at higher pressures,

and the valve assembly able to be quickly closed with a minimal drop in

pressure by a tire inflation system during an inflation cycle or deflation cycle.
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BRIEF SUMMARY OF THE INVENTION

A valve assembly is provided. In an embodiment, the valve assembly
comprises a base portion. A cap portion is attached to the base portion. A
biasing member Is disposed between the base portion and the cap portion and
Is adjacent a perforation formed in the cap portion. The valve assembly also
comprises a shuttle assembly in contact with the biasing member. The shuttle
assembly comprises a shuttle and a plug member. The plug member is
attached to the shuttle.

In another embodiment, the valve assembly comprises a base portion.
A cap portion is attached to the base portion. A biasing member is disposed
between the base portion and the cap po.rtion and Is adjacent a perforation
formed in the cap portion. A shuttle assembly is in contact with the biasing
member. The shuttle assembly comprises a plug member. The plug member
IS In sealing contact with a ridge formed about the perforation formed in the cap
portion.

A wheel assembly is provided. The wheel assembly comprises a tire
and a wheel nm attached to the tire to form a wheel. A valve assembly is
positioned within the wheel.

A method of inflating or deflating a wheel is provided. |n an
embodiment, the method of inflating or deflating a wheel comprises providing a
valve assembly. The valve assembly comprises a shuttle assembly and a
biasing member that is disposed between a base portion and a cap portion. A
fluid is directed through the valve assembly via a perforation in the cap portion,
about the shuttle assembly and biasing member and via a perforation in the
base portion. The method also comprises urging the shuttle assembly toward
the base portion or the cap portion so as to open or close the valve assembly.

A method of placing a valve assembly in a closed position is also
provided. In an embodiment, the method of closing a valve assembly
comprises providing the valve assembly. The valve assembly comprises a
shuttle assembly and a biasing member that are disposed between a base
portion and a cap portion. A fluid is provided in the valve assembly which is at

first flow rate in the base portion, at a second flow rate adjacent the shuttle
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assembly and at a third flow rate in the cap portion. The method also

comprises urging the shuttle assembly toward the cap portion so as to close

the valve.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The above, as well as other advantages of the process will become
readily apparent to those skilled in the art from the following detailed
description when considered in the light of the accompanying drawings in
which:

FIG. 1 depicts a sectional view of an embodiment of a wheel assembly
In accordance with the invention;

FIG. 2 depicts a sectional view of another embodiment of a wheel
assembly in accordance with the invention;

FIG. 3 depicts a perspective view of an embodiment of the valve
assembly in accordance with the invention which is suitable for use in the
wheel assemblies of FIG. 1 and FIG. 2:

F1G. 4 depicts an exploded view of the valve assembly of FIG. 3;

FIG. 5 depicts a sectional view of the valve assembly of FIG. 3 along line
5-5 under certain conditions;

FIG. S5A depicts a sectional view of the valve assembly of FIG. 3 along
line 5A-5A under certain conditions;

FI1G. 6 depicts a perspective view of certain areas within the valve
assembly of FIG. 3.

FIG. 7 depicts a perspective view of a base portion of the valve
assembly of FIG. 3;

FIG. 8 depicts a sectional view of the base portion of FIG. 7 along line
8-8:

FIG. 9 depicts a perspective view of an embodiment of a cap portion of
the valve assembly of FIG. 3;

FIG. 9A depicts a perspective view of another émbodiment of a cap

portion suitable for use with the valve assembly of FIG. 3;
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FIG. 10 depicts a sectional view of the cap portion of FIG. 9 along line
10-10;

FIG. 10A depicts a sectional view of the cap portion of FIG. 9A along line
10A-10A;

FIG. 11 depicts a perspective view of a portion of the valve assembly of
FIG. 3; and

FIG. 12 depicts a sectional view of the portion of FIG. 11 along line
12-12.

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that the invention may assume various alternative
orientations and step sequences, except where expressly specified to the
contrary. It is also to be understood that the specific assemblies and methods
Hlustrated in the attached drawings, and described in the following specification
are simply exemplary embodiments of the inventive concepts defined in the
appended claims. Hence, specific dimensions, directions or other physical
characteristics relating to the embodiments disclosed are not to be considered
as limiting, unless the claims expressly state otherwise. Also, although they
may not be, like elements in various embodiments may be commonly referred
to with like reference numerals within this section of the application.

Various embodiments of a valve assembly 20 are described herein. The
embodiments of the valve assembly 20 described herein may have applications
to commercial and off-highway vehicles. Also, it would be understood by one
of ordinary skill in the art that these embodiments could have industrial.
locomotive, military and aerospace applications.

The valve assembly 20 is preferably utilized with a wheel assembly 22,
22A. When utilizing the valve assembly 20 with a wheel assembly, the wheel
assembly may have advantages over known wheel assemblies when inflating,
deflating and/or operating the assembly. However, it should be appreciated
that the valve assembly may be used with other types of assemblies. For
example, the valve assembly 20 may be utilized in a pneumatic assembly (not

depicted).
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Embodiments of wheel assemblies 22, 22A are illustrated in FIGs. 1 and
2. As lllustrated, the wheel assembly 22, 22A comprises a tire 24 and a wheel
nm 26, 26A. Preferably, the tire 24 is sealingly attached to an outer surface 28,
28A of the wheel rhm 26, 26A.

The tire 24 is conventional in the art. The tire 24 comprises an inner
surface 30 and an outer surface 32. A portion 34 of the inner surface 30 faces
the wheel rim 26, 26A. When the tire 24 is attached to the wheel rim 26, 26A,
the outer surface 32 forms an outer surface of a wheel 36.

The wheel rim 26, 26A comprises an inner surface 38 and the outer
surface 28, 28A. In certain embodiments, the wheel rim 26, 26A also
comprises a first flange portion 42 and a second flange portion 44. A first
portion 46 may be attached to and extend axially from the first flange portion 42
on an end. On an opposite end, the first portion 46 is attached to a second
portion 48 which extends axially and radially therefrom. The second portion 48
may also be attached to a rib portion 50. When provided, the rib portion 50 is
attached to the second flange portion 44. Preferably, the rib portion 50 is of a
thickness which Is greater than the other portions of the wheel rim 26.

Attaching the tire 24 to the wheel rim 26, 26A forms the wheel 36. The
wheel 36 houses a fluid such as, for example, air. It should be appreciated that
the wheel 36 may house alternative fluids. Preferably, the fluid is pressurized.
Within the wheel 36 the fluid (or pressurized fluid) may be at a pressure from
about 2 to 180 psi. Preferably, the fluid is at a pressure from about 5 to 180
psil.

The valve assembly 20 is in fluid communication with the wheel 36.
Preferably, the valve assembly 20 is provided within the wheel 36.

In an embodiment like the one illustrated in FIG. 1, the valve assembly
20 is attached to the wheel rim 26. In this embodiment, the valve assembly 20
Is attached to the outer surface 28 of the wheel rim 26. However, it should be
appreciated that the valve assembly 20 is not limited to being attached to the
outer surface 28 of the wheel rim 26 as is illustrated in FIG. 1 as, in other

embodiments, the valve assembly 20 may be attached to the inner surface 38,



10

15

20

29

30

CA 02879072 2015-01-13

WO 2014/028142 | PCT/US2013/0499135

I

an inboard surface 52, 52A or an outboard surface 54, 54A of the wheel rim 26,
26A.

In the embodiment illustrated in FIG. 1, the valve assembly 20 is
attached to the outer surface 28 of the wheel rim 26 such that an annular
portion 58 and a portion of an upper wall portion 126, 126A of the valve
assembly 20 abuts the outer surface 28 of the wheel rim 26. In other
embodiments like the one illustrated in FIGs. 9A and 10A, the valve assembly
20 includes an outer groove 40 which is disposed about the annular portion 58.
In an embodiment, the outer groove 40 is ring-shaped. Preferably, a first
sealing member (not depicted) is provided in the outer groove 40 and about the
annular portion 58 to provide a seal between the valve assembly 20 and the
outer surface 28, 28A of the wheel rim 26 which prevents fluid from escaping
from the wheel 22. The first sealing member may have an annulaf shape and
be formed of rubber or another suitable material. In an embodiment, the first
sealing member is an O-ring.

In other embodiments like the one shown in FIG. 2, an inflation system
conduit 62A extends into the wheel 36 so that the valve assembly 20 is
separated from the outer surface 28A of the wheel rim 26A by a space 63. In
this embodiment, the inflation system conduit 62A is provided through the
outboard surface 54A of the wheel rim 26A, extends axially, turns and extends
radially through the outer surface 28A of the wheel rim 26A. The inflation
system conduit 62A is sealingly engaged with the wheel rim 26A.

Referring back to FIG. 1, in certain embodiments, the inflation system
conduit 62 Is in fluid communication with the valve assembly 20 via a valve
mount 64. In these embodiments, the inflation system conduit 62 is sealingly
engaged with the valve mount 64. The valve mount 64 is disposed through a
perforation 66 formed in the wheel rim 26. The valve mount 64 may extend
from the inner surface 38 of the wheel rim 26 through to the outer surface 28,
28A thereof.

The valve mount 64 comprises a flange portion 68, connecting portion
70 and sealing member 72. The flange portion 68 abuts the sealing member

72 and Is attached to an end of the connecting portion 70. The flange portion
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68, connecting portion 70 and sealing member 72 may be concentric. The
connecting portion 70 includes threads formed on an outer surface (not
depicted) thereof for engaging threads provided in a perforation 74, which
hereinafter may also be referred to as the “cap pérforation,” formed in a cap
portion 56. The sealing member 72 is provided about a portion of the
connecting portion 70 and is sealingly disposed within the perforation 66
formed in the wheel rim 26. The sealing member 72 comprises an annular
portion 76 attached to a body portion 78. The sealing member 72 is preferably
elastomeric and may be formed of rubber or another suitable material.

The Inflation system conduit 62, 62A may be in fluid communication with
a fluid supply 80 and is utilized to communicate fluid from the fluid supply 80 or
the wheel 36. The fluid supply 80 provides pressurized fluid when it is desired
to inflate the wheel 36. The pressurized fluid provided by the fluid supply 80 is
at a pressure that is greater than the pressure of the fluid in the wheel 36. The
pressurized fluid provided by the fluid supply 80 may be at a pressure of 180
psi or more. The fluid supply 80 and the inflation system conduit 62, 62A may
be provided as a portion of a tire inflation system.

Referring now to FIGs. 3-12, embodiments of the valve assembly 20 will
be described. As illustrated in FIG. 5, under certain conditions, the valve
assembly 20 may be in a closed position or placed in the closed position. Also,
as lllustrated in FIG. 5A, under certain conditions, the valve assembly 20 may
be in an open position or placed in the open position.

Preterably, the valve assembly 20 comprises a housing 81. The housing
81 Is preferably metallic. However, it should be understood that the housing
may be formed utilizing other materials. The housing may be formed in a
unitary manner or by joining a plurality of components. Preferably, the housing
81 comprises a base portion 82 and the cap portion 56. The valve assembly
20 also comprises a biasing member 86 and a shuttle assembly 88.

The base portion 82 is a generally annular member into which the cap
portion 56, biasing member 86 and shuttle assembly 88 are partially disposed.
As best illustrated in FIGs. 7 and 8, the base portion 82 comprises an outer wall

portion 90, a lower wall portion 92, and a stem portion 94. Preferably, the base
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portion 82 is unitarily formed by casting a metal. However, it should be
understood that the base portion 82 may be formed using other materials and
processes. It should also be understood that the base portion 82 may be
formed by joining a plurality of components.

The outer wall portion 90 is of a generally cylindrical shape. The outer
wall portion 90 is attached to the lower wall portion 92 at a first end 95 thereof
and extends away therefrom. The outer wall portion 90 and the lower wall
portion 92 define a base cavity 96. Preferably, an inner face 98 of the outer
wall portion 90 includes a thread portion formed thereon for engaging a thread
portion formed on the cap portion 56. An outer face 100 of the outer wall
portion 90 may be knurled. In other embodiments (not depicted), the outer face
of the outer wall portion may include a thread portion formed thereon for
engaging a thread formed in a component the valve assembly is coupled to.

The lower wall portion 92 is attached to the outer wall portion 90 on a
side and the stem portion 94 on an opposite side thereof. The lower wall
portion 92 is in a perpendicular relationship with both the outer wall portion 90
and the stem portion 94. The lower wall portion 92 defines a perforation 102
formed in the base portion 82, which hereinafter may also be referred to as the
"base perforation.” The base perforation 102 extends through the lower wall
portion 92 and allows the base cavity 96 to communicate with a stem cavity
104.

The base perforation 102 is shaped to militate against pressure losses
that occur as fluid flows through an orifice constriction and to set a relative flow
rate of the fluid that enters the base cavity 96 or the stem cavity 104. The base
perforation 102 has a diameter 106 which is of a length that varies radially and
may be of a generally hourglass shape. Alternately, the base perforation may
be of another shape that militates against pressure losses that occur as a fluid
flows through an orifice constriction. In an embodiment, the diameter 106 of
the base perforation 102 varies from a first end 108 to a second end 110. In
this embodiment, it is préferred that the diameter 106 of the base perforation
102 gradually decreases in length from the first end 108 adjacent the base

cavity 96 to a reduced diameter in a center portion 112 of the lower wall portion
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92 and then gradually increases In length along a remaining portion of the
lower wall portion 92 to the second end 110 adjacent the stem cavity 104. In
other embodiments (not depicted), the varying diameter of the base perforation
may be defined by a pair of circular fillets formed in the lower wall portion of by
other conic sections.

The stem portion 94 is of a generally cylindrical shape. The stem portion

94 s attached to the lower wall portion 92 at a first end 114 thereof and

- extends away therefrom. The lower wall portion 92 and the stem portion 94

define the stem cavity 104. Preferably, an inner face 116 of the stem portion
94 includes a groove 118 formed therein for engaging a filter 120 (removed
from FIGs. 7 and 8 for the ease of illustration). As illustrated in FIGs. 5 and 5A.
the filter 120 is at least partially disposed in the stem cavity. |n other
embodiments (not depicted), the inner face may include a thread portion
formed thereon for engaging a thread portion formed on the filter or another
portion of the assembly. In still other embodiments (not depicted), a thread
porﬁbn may be formed on an outer face of the stem portion for engaging a
thread portion formed on the filter or another portion of the assembly.

The cap portion 56 is attached to the base portion 82. The cap portion
o6 Is an annular member into which the shuttle assembly 88 and the biasing
member 86 are partially disposed. Referring now to FIGs. 9 and 10, the cap
portion 56 comprises an outer wall portion 124 and the upper wall portion 126.
The outer wall portion 124 and the upper wall portion 126 define a cap cavity
128. Preferably, the cap portion 56 is unitarily formed by casting a metal.
However, it should be understood that the cap portion 56 may be formed using
other materials and processes. It should also be understood that the cap
portion 56 may be formed by joining a plurality of components.

The outer wall portion 124 is of a substantially cylindrical shape. The
outer wall portion 124 is attached to the upper wall portion 126 at a first end
130 thereof and extends away therefrom. An outer face 132 of the outer wall
portion 124 may be of a stepped configuration and include a thread formed

thereon for engaging the thread formed on the inner face 98 of the base portion
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82. At least a portion of the outer face 132 may be shaped to facilitate turning
the cap portion 56 during assembly or disassembly of the valve assembly 20.

The upper wall portion 126 is substantially ring-shaped. The upper wall
portion 126 is attached to the outer wall portion 124 at an outer edge portion
thereof. The outer wall portion 124 and an inner face 136 of the upper wall
portion 126 define a groove 138. The groove 138 is an annular recess which
receives a second member end 140 of the biasing member 86.

The upper wall portion 126 defines the cap perforation 74. The cap
perforation 74 Is formed through the upper wall portion 126 and is aligned with
the base perforation 102. The inflation system conduit 62, 62A is in fluid
communication with the valve assembly 20 via the cap perforation 74.

As lllustrated in FIGs. 9A and 10A, the outer groove 40 may be formed
in the the upper wall portion 126A. The outer groove 40 may abut and be
disposed about the annular portion 58. In other embodiments, a portion 141 of
the upper wall portion 126A separates the outer groove 40 from the annular
member 58.

The cap perforation 74 is shaped to militate against pressure losses that
occur as a fluid flows through an orifice constriction and to set a relative flow
rate for the fluid as it is directed through the valve assembly 20. As shown in
FIG. 10, the cap perforation 74 has a first portion 142 which has a diameter 144
of a length that is substantially constant and a second portion 146 which has a
diameter 148 of a length which varies. The first portion 142 is preferably of a
cylindrical shape. The second portion 146 is defined by a rounded portion 150
of the upper wall portion 126 and gradually increases in diameter to a ridge 152
Included on the inner face 136. The diameter 148 of the second portion 146 is
greater than the diameter 144 of the first portion 142. Alternately, the cap
perforation may be of or defined by other shapes that militate against pressure
losses that occur as a fluid flows through an orifice constriction. For example,
In an embodiment (not depicted), the second portion may be defined by a pair
of circular fillets formed in the upper wall portion and the inner face.
Additionally, in other embodiments (not depicted), the first portion and/or

second portion may be defined by other conic sections. Furthermore, it should
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be understood that the upper wall portion may include at least one additional
feature to facilitate applying a pressurized fluid to the cap cavity. In certain
embodiments (not depicted), the at least one additional feature may be one of a
hollow cylindrical protuberance extending from the upper wall portion, a thread
formed in the upper wall portion, or a fitting adapted to receive a coupling.

The ridge 152 is formed about and abuts the second end 110 of the cap
perforation 74. The ridge 82 is shaped to militate against pressure losses that
occur as a fluid flows through an orifice constriction. When the valve assembly
20 i1s In the closed position, a sealing surface 154 of a plug member 156 abuts
and sealingly contacts the ridge 152. The ridge 152 is an annular body and
has a hemispherical cross-section. However, it should be appreciated that the
cross-section of the ridge may be of other shapes.

The inner face 136 comprises a first portion 158. The first portion 158 is
an annular portion and separates the ridge 152 from the groove 138. The first
portion 138 includes a first surface 160 which is attached to the ridge 152 and a
second surface 162 which defines a portion of the groove 138. Preferably, the
first surface 158 and second surface 160 are attached to each other to provide
the first portion 158 with a sharply defined edge portion 164.

Referring back to FIG. 4, the shuttle assembly 88 comprises a shuttle
166 and the plug member 156. The plug member 156 is engaged with the
shuttle 166 via an aperture 168 formed in the shuttle 166. The shuttle
assembly 88 Is partially disposed in the base cavity 96. The shuttle assembly
88 Is biased towards the lower wall portion 92 of the base portion 82 by the
blasing member 86.

Referring now to FIGs. 11 and 12, the shuttle 166 comprises a main
portion 170 and a plurality of shuttle supports 172. Preferably, the shuttle 166
IS unitarily formed by injection molding a thermoplastic, preferably
polyoxymethylene, such as that sold by E.I. duPont de Nemours and Company
under the trademark Delrin®. However, it should be appreciated that the
shuttle 166 may be formed using other materials and processes. For example,
the shuttle may be formed by machining a metal. It should also be appreciated

that the shuttle may be formed by joining a plurality of components.
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The main portion 170 Is a ring-shaped body. However, it should be
appreciated that other shapes may be used. The main portion 170 comprises
an outer edge 174 that is sharply defined. A definition of the outer edge 174
may be defined by the process used to form the shuttle 166. The outer edge
174 i1s shaped to increase a drag force applied to the shuttle assembly 88 by a
fluid flowing adjacent thereto. The main portion 170 defines the aperture 168.
An outer face 176 of the main portion 170 has a diameter smaller than an inner
diameter 178 of the outer wall portion 124 adjacent thereto. A space between
the outer face 176 of the main portion 170 and the outer wall portion 124 forms
a portion of a fluid passage 180 which exists when the valve assembly 20 s in
the open position. A first side 182 of the main portion 170 faces the lower wall
portion 92.

The shuttle supports 172 are equally spaced apart and attached to the
first side 182 and the outer face 176 of the main portion 170. Preferably, each
shuttle support 172 is a generally wedge-shaped body. However, it should be
appreciated that the shuttle supports may be shaped differently or be of
another shape. As shown in FIG. 12, each of the shuttle supports 172
comprises an upper edge 156 that is sharply defined. A definition of the upper
edges 156 may be defined by the process used to form the shuttle supports
172. The upper edges 156 are shaped to increase a drag force to the shuttle
assembly 88 by a fluid flowing adjacent thereto.

The shuttle supports 172 define an outer diameter 186 of the shuttle 42.
As shown In FIG. 5A, the outer diameter 186 of the shuttle 166 is smaller than
a diameter 187 of the inner face 98 of the base portion 82. Each of the shuttle
supports 172 abuts the lower wall portion 92 of the base portion 82 when the
valve assembly 20 is in the open position. When the valve assembly 20 is in
the open position, the spaces 188 between successive shuttle supports 172
form a portion of the fluid passage 180.

The plug member 156 is an annular body formed from a resilient
material. The plug member 156 comprises the sealing surface 154 and a
bulbous base 190. A retaining groove 192 is provided between the sealing
surface 154 and the bulbous base 190. As shown best in FIG. 4, the plug
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member 156 may be unitarily formed. However, it should be appreciated that
the plug member may be formed from a plurality of components.

The sealing surface 154 is formed in a distal end of the plug member
156 opposite the bulbous base 190. The sealing surface 154 is of a circular
shape and is preferably flat. However, it is understood that the sealing surface
154 may be of another shape. The sealing surface 154 is sharply defined by
an outer edge 194. The outer edge 194 is shaped to decrease a flow rate of
the fluid flowing adjacent thereto when the valve assembly 20 is in the open
position. The outer edge 194 may be defined by the‘process used to form the
sealing surface 154.

The sealing surface 154 is disposed adjacent the cap perforation 74 and
abuts the ridge 152 so as to be in sealing contact therewith when the valve
assembly 20 is in the closed position as is shown in FIG. 5. When the valve
assembly 20 i1s in the open position, a space 196 separates the ridge 152 and
the sealing surface 154 as is shown in FIG. 5A. Also, when the valve assembly
20 is In the open position, the edge portion 164 of the first portion 158 and an
adjacent portion 197 of the sealing surface 154 provide a portion 198 within the
valve assembly 20 where the flow rate of the fluid is reduced when compared
with other portions of the valve assembly 20 such as, for example, adjacent the
ends 108, 110 of the base perforation 102 or adjacent the cap perforation 74
and ridge 152.

Referring back to FIG. 4, the bulbous base 190 preferably has a
generally hemispherical shape. However, it should be appreciated that the
bulbous base may be of another shape. Afleast a portion 200 of the bulbous
base 190 has a diameter which is of a length that is greater than that of the
retaining groove 192. Referring now to FIGs. 5 and 5A, an area between the
bulbous base 190 and the shuttle 166 defines a shuttle cavity 202. The shuttle
cavity 202 is shaped to increase a drag force applied to the shuttle assembly
88 by a fluid flowing adjacent thereto.

The retaining groove 192 is' defined by the area between the sealing
surface 154 and the bulbous base 190. The plug member 156 is attached to
the shuttle 166 by engaging the main portion 170 and the retaining groove 192.
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To assembly the shuttle assembly 88 and engage the main portion 170 and the
retaining groove 192, the bulbous base 190 is compressed and directed
through the aperture 168 and the main portion 170 is alighed with the retaining
groove 192. ,

As illlustrated best in FIGs. 5 and 5A, the biasing member 86 is disposed
between the base portion 82 and the cap portion 56 adjacent the cap
perforation 74. The biasing member 86 contacts the shuttle assembly 88 and
applies a force thereto. Preferably, the biasing member 86 applies the force to
the shuttle assembly 88 via contact with the plurality of shuttle supports 172.

- As shown in FIG. 4, the biasing member 86 is preferably a compression
spring such as, for example, a coll spring formed from a spring steel. However,
it should be appreciated that the biasing member 86 may be of another kind,
type, make and/or formed from another material. The biasing member 86 is
pretensioned. To open the valve assembly 20, the biasing member 86 biases
the shuttle 166 towards the lower wall portion 92. As shown in FIGs. 5 and 5A,
a first member end 204 of the biasing member 86 abuts each of the shuttle
supports 172 and the second member end 140 abuts the cap portion 56.

In an embodiment, the valve assembly 20 also comprises the filter 120.
The filter 120 is utilized to prevent dirt and/or debris in the wheel 36 from
entering the valve assembly 20. The filter 120 may be conventional in the art.
Preferably, the filter 120 is attached to the base portion 82 by a portion 206
thereof being disposed in the groove 118 formed in the stem portion 94.

As aforementioned, the valve assembly 20 may be in the closed position
or the open position. In the open position, the fluid passage 180 is provided
through the valve assembly 20. The fluid passage 180 comprises the cap
perforation 74, base perforation 102, space 196 between the ridge 152 and the
shuttle assembly 88, space 208 between the shuttle assembly 88 and the cap
portion 56, and one or more of the spaces 210 between the shuttle supports
172.

When a pressure differential between the pressure within the inflation
system conduit 62, 62A and the pressure within the wheel 36 is above an

opening threshold, the valve assembly 20 is in or placed in the open position.
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Referring now to FIGs. 5 and 6, a relationship between an area A4 (hereinafter
referred to as the fourth area) of the sealing surface 154 bounded by the ridge
152 when the valve assembly 20 is in the closed position, the spring rate of the
biasing member 86, and the pressure differential between the pressure within
the inflation system conduit 62, 62A and the pressure within the wheel 36
determines the opening threshold and facilitates placing the valve assembly 20
In the open position. Preferably, the opening threshold is about 5 psi or more.

More preferably, the opening threshold is about 5 to about 8 psi. The valve

~assembly 20 may be configured to have a specific opening threshold. The

valve assembly 20 remains in the open position so long as the pressure
differential between the pressure within the inflation system conduit 62, 62A
and the pressure within the wheel 36 1s above the opening threshold. In the
open position, the plug member 156 does not cbntact the cap portion 56,
allowing a flow of the pressurized fluid from the base perforation 102 to the cap
perforation 74 through the fluid passage 180 or allowing a flow of the
pressurized fluid from the cap perforation 74 to the base perforation 102
through the fluid passage 180.

When a pressure differential between the pressure within the wheel 36
and the pressure within the inflation system conduit 62, 62A is above a closing
threshold, the valve assembly 20 is in or placed in the closed position.
Preferably, the closing threshold is about 5 to about 8 psi. The valve assembly
20 may be configured to be at a specific closing threshold. In the closed
position, the plug member 156 sealingly contacts with the cap portion 56,
preventing a flow of the pressurized fluid from the cap perforation 74 to the
base perforation 102 or vice versa. The valve assembly 20 remains in the
closed position until the tire inflation system determines that the pressure within
the wheel 36 needs to be adjusted.

Referring now to FIGs. 5a and 6, a relationship between an area A1
(hereinafter referred to as the first area) of the cap perforation 74, an area A2
(hereinafter referred to as the second area) between the sealing surface 154
and the ridge 152 when the valve assembly 20 is in the open position which

corresponds to an area of a side of a right cylinder and an area A3 (hereinafter
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referred to as the third area) of the reduced diameter of the base perforation
102 determines the closing threshold and facilitates placing the valve assembly
20 in the closed position. The first area A1 must be greater than the second
area A2, and the third area A3 must be greater than the second area A2 to
obtain the closing threshold that is desirable for use with the tire inflation
system. Preferably, the third area A3 is about 1.1 times greater than the
second area A2 and the first area A1 Is about 3.8 times greater than the
second area A2. Such a selection of the areas A1, A2, and A3 results in the
closing threshold of about 5 to about 8 psi. As above-discussed, when the
valve assembly 20 is in the open position, one or more spaces 210 between
the shuttle supports 172 forms a portion of the fluid passage 180. A total cross
sectional area of the spaces between supports 172 i1s about equal to the first
area A1. Also, as illustrated in FIG. 6, the fourth area A4 is Iarger than the first
area A1l.

Advantageously, the valve assembly 20 hereinabove described can
operate in an efficient manner at a wider range of pressures than the known
designs. For example, the valve assembly 20 can operate at fluid supply
and/or wheel pressures of about 5 psi to 180 psi. Further, the valve assembly
20 does not suffer from diminished performance under certain ambient
temperature conditions which is observed in the known designs. For example,
placing the valve assembly 20 in the open or closed position is not affected by
low temperature conditions. Additionally, when inflating or deflating a wheel 36
IS complete, the valve assembly 20 can be placed in the closed position quickly
to provide a desired pressure within the wheel 36. '

A method of inflating or deflating a wheel is also described herein. It
should be appreciated that the term “inflating” refers to increasing the pressure
of the fluid in the wheel and the term “deflating” refers to decreasing the
pressure of the fluid in the wheel. The method may be utilized to inflate or
deflate the wheel to a selected pressure. The pressure of the fluid in the wheel
may be selected by, for example, an operator and be from about 5 to 180 psi.

The method of inflating or deflating the wheel comprises providing a

valve assembly 20. Preferably, the valve assembly 20 is as above-described.
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Preferably, the valve assembly 20 comprises the cap portion 56, base portion
82, biasing member 86 and shuttle assembly 88 which are as above-described.
' In an embodiment, the wheel I1s provided and is In fluild communication
with the valve assembly 20 via the base perforation 102. Preferably, the wheel
36 Is as above-described. The inflation system conduit 62, 62A is provided in
fluid communication with the valve assembly 20 via the cap perforation 74.
Preferably, the inflation system conduit 62, 62A is as above-described.

When It is desired to inflate or deflate the wheel 36, the valve assembly
20 is placed in the open position. When it is desired to terminate inflating or
deflating the wheel 36, the valve assembly 20 is placed in the closed position.

When the valve assembly 20 is placed in the open position, a force
applied to the shuttle assembly 88 by the pressurized fluid from the inflation
system conduit 62, 62A through the cap perforation 74, the drag force applied
to the shuttle assembly 88, and the force applied by the biasing member 86 to
the shuttle assembly 88 urges the shuttle assembly 88 towards the lower wall
portion 92, causing the sealing surface 154 to no longer sealingly contact the
ridge 152, forms the space 196 there between, and causes each of the shuttle
supports 172 to abut the lower wall portion 92. The force applied by the biasing
member 86 to the shuttle assembly 88 and from the inflation system conduit 62,
62A through the cap perforation 74 by the pressurized fluid from the cap
perforation 74 to the fourth area A4 places the valve assembly 20 in the open
position and is greater than the force applied by the pressurized fluid from the
wheel 36 to the shuttle assembly 88 through the base perforation 102. A spring
rate or another characteristic of the biasing member 86 may be adjusted to
facilitate placing the valve assembly 20 in the open position when the
pressurized fluid from the Inflation system conduit 62, 62A is a predetermined
amount greater than the pressurized fluid within the wheel 36.

The configuration of the base perforation 102, the cap perforation 74, the
ridge 152, and the shuttle assembly 88 may also facilitate placing the valve
assembly 20 in the open position. The base perforation 102, the cap
perforation 74, and the ridge 152 are shaped to militate against pressure losses

that occur as a fluid flows through an orifice constriction. The outer edge of the
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‘main portion, the upper edges of the shuttle supports, and the shuttle cavity are

shaped to increase a drag force applied to the shuttle assembly by a fluid
flowing adjacent thereto. When the fluid flows from the cap perforation 74 to
the base perforation 102, the fluid applies the drag force to the shuttle
assembly 88. The greater the pressure within the inflation system conduit 62,
62A Is when compared to the pressure within the wheel 36, the greater the
drag force which is applied to the shuttle assembly 88.

When the valve assembly 20 is placed in the closed position, a force
applied to the shuttle assembly 88 by the pressurized fluid from the wheel 36
through the base perforation 102 and the drag force applied to the shuttle
assembly 88 urges the shuttle assembly 88 towards the cap portion 56,
causing the sealing surface 154 to sealingly contact the ridge 152. The force
applied to the shuttle aSsemny 88 to place the valve assembly 20 into the
closed position is greater than a sum of a force applied by the biasing member
86 to the shuttle assembly 88 and the force applied by the pressurized fluid
from the cap perforation 74. Further, the spring rate or other characteristic of
the biasing member 86 may be adjusted to facilitate placing the valve assembly
20 in the closed position when the pressurized fluid from the base perforation is
a predetermined amount greater than the pressurized fluid from the cap
perforation 74.

The configuration of the cap perforation 74, shuttle assembly 88, base
perforation 102, and the ridge 152 also facilitate placing the valve assembly in
the closed position. The cap perforation 74, base perforation 102 and the ridge
152 are shaped to militate against pressure losses that occur as a fluid flows
through an orifice constriction. The outer edge of the main portion, the upper
edges of the shuttle isupports, and the shuttle cavity are shaped to increase a
drag force applied to the shuttle assembly by a ﬂuid' flowing adjacent thereto.
When the fluid flows from the base perforation 102 to the cap perforation 74,
the fluid applies the drag force to the shuttle assembly 88. The greater the
pressure within the wheel 36 when compared to the pressure within the
Inflation system conduit 62, 62A, the greater the drag force is which is applied

to the shuttle assembly 88.
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When the valve assembly 20 is In the open position, the inflation system
conduit 62, 62A is in fluild communication with the wheel 36 via the valve
assembly 20. Fluid in the inflation system conduit 62, 62A may be ata
pressure which iIs greater or less than the pressure of the fluid in the wheel 36.
When it is desired to inflate the wheel 36, the fluid in the inflation system
conduit 62, 62A is at a pressure which is greater than the pressure that the fluid
Is at in the wheel 36. When It is desired to deflate the wheel 36, the fluid in the
wheel Is at a pressure which is greater than the pressure that the fluid is at in
the inflation system conduit 62, 62A.

Fluid is directed through the valve assembly 20 via the cap perforation
74, about the shuttle assembly 88 and via the base perforation 102. The
method may comprise selectively providing the fluid at a first pressure and a
second pressure within the valve assembly 20. When it is desired to place the
valve assembly 20 in the open position, the first pressure is preferably greater
than the second pressure of the fluid. In an embodiment, the first pressure is
greater than the second pressure when the pressure of the fluid in the inflation
system conduit 62, 62A is at a pressure which is greater than the pressure of
the fluid In the wheel 36. When it is desired to place the valve assembly 20 in
the closed position, the second pressure is preferably greater than the first
pressure. In an embodiment, the second pressure is greater than the first
pressure when the pressure of the fluid in the wheel 36 is at a pressure which
Is greater than the pressure of the fluid in the inflation system conduit 62, 62A.
When the pressure of the fluid in the wheel 36 is greater than the pressure of
the fluid in the inflation system conduit 62, 62A by 5 psi or more, the second
pressure is greater than the first pressure such that the valve assembly 20 is
placed in the closed position.

Portions of the valve assembly 20 can be selected to selectively provide
the first pressure or second pressure of the fluid in predetermined positions
within the valve assembly 20. In this embodiment, the first pressure and
second pressure of the fluid are exerted on separate surfaces of the shuttle
assembly 88. Preferably, the cap portion 56, base portion 82, and shuttle

assembly 88 are structured to selectively provide the first pressure between the
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cap portion 56 and shuttle assembly 88 and provide the second pressure
between the base portion 82 and shuttle assembly 88. In an embodiment, the
method comprises selecting the first area A1 to be greater than the second
area A2 and the third area A3 to be greater than the second area A2. In this
embodiment, the first area A1 Is defined by a space In the cap perforation 74,
the second area A2 is defined by a spacé provided between the 'shuttle
assembly 88 and the cap portion 56, and the third area A3 is defined by a
space in the base perforation 102. Selecting the first area A1, the second area
A2 and the third area A3 as described above allows the first pressure to be
selectively provided between the cap portion 84 and shuftle assembly 88 and
the second pressure to be selectively provided between the base portion 82
and shuttle assembly 88.

The method also comprises urging the shuttle assembly 88 toward the
cap portion 56 or base portion 82 so as to place the valve assembly 20 in the
open or closed position.

When it is desired to place the valve assembly 20 in the open position to
Inflate or deflate the wheel, the shuttle assembly 88 is urged toward the base
portion 82 by forces applied by the biasing member 86 and the first pressure of
the fluid. Preferably, the first pressure Is grelater than the second pressuré of
the fluid. Also, In these embodiments, the sum of the forces applied to the
shuttle assembly 88 by the first pressure of the fluid and the biasing member 86
are greater than that of the sum of the forces applied on the shuttle assembly
88 by the second pressure of the fluid. As the shuttle assembly 88 is urged
toward the base portion 82, the biasing member 86 which is positioned
between the cap portion 56 and shuttle assembly 88 extends toward the base
portion 82. The biasing member 86 may extend until the shuttle supports 172
contact the base portion 82.

After the wheel 36 Is Inflated or deflated to the desired pressure, the
valve assembly 20 is placed into the closed position by urging the shuttle
assembly 88 toward the cap portion 56. In certain embodiments where it is
desired to place the valve assembly 20 in the closed position, the second

pressure is greater than the first pressure of the fluid. Also, in these
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embodiments, the force applied on the shuttle assembly 88 by the second
pressure of the fluid is greater than the sum of the forces applied on the shuttle
assembly 88 by the first pressure of the fluid and the force applied by the
biasing member 86. As the shuttle assembly 88 is urged toward the cap
portion 56, the biasing member 86 is compressed until the shuttle assembly 88
sealingly contacts the cap portion 56.

A method of placing the valve assembly in the closed position is also
provided. The method may, in certain embodiments, incorporate embodiments
of the above-described method of inflating or deflating the wheel and vice
versa.

The method of placing the valve assembly in the closed position
comprises providing the valve assembly 20. Preferably, the valve assembly 20
is as above-described. In certain embodiments, the valve assembly 20 is in the
open position such that the inflation system conduit 62, 62A is in fluid
communication with a wheel 36 via the valve assembly 20. The wheel 36 and
Inflation system conduit 62, 62A may be as above-described.

The method of placing the valve assembly in the closed position
comprises providing the fluid in the valve assembly 20. The fluid is preferably
at three or more discrete flow rates within the valve assembly 20. In an
embodiment, the fluid is at first flow rate, a second flow rate and a third flow
rate. Preferably, the first flow rate is greater than the second flow rate. Also,
preferably, the third flow rate is greater than the second flow rate. In other
embodiments, the third flow rate Is greater than the first flow rate.

Preferably, the fluid is at the first flow rate in the cap portion 56, at the
second flow rate adjacent the shuttle assembly 88 and at the third flow rate in
the base portion 82. More preferably, the fluid in the cap perforation 74 is at
the first flow rate, the fluid between the cap portion 56 and shuttle assembly 88
is at the second flow rate and the fluid in the base perforation 102 is at the third
flow rate. The fluid in the cap perforation 74 is at the first flow rate as it passes
through the first area A1, the fluid between the cap portion 56 and shuttle

assembly 88 Is at the second flow rate as it passes through the second area
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A2, and the fluid in the base perforation 104 is at the third flow rate as it passes
through the third area A3.

Providing the fluid at the aforementioned flow rates in the
aforementioned locations within the valve assembly 20 generates discrete fluid
pressures within the valve assembly 20. Preferably, the fluid is at the first
pressure between the cap portion 56 and shuttle assembly 88 and the second
pressure between the base portion 82 and the shuttle assembly 88. The
second pressure applies a force on the shuttle assembly 88 which is opposite
the force applied on the shuttle assembly 88 by the biasing member 86 and the
first pressure. In an embodiment, the force applied by the second pressure is
greater than the sum of the other forces applied on the shuttle assembly 88
which enables the valve assembly 20 to close. In this embodiment, the second
pressure may be greater than the first pressure by 5 psi or more.

To place the valve assembly 20 in the closed position, the shuttle
assembly 88 is urged toward the cap portion 56 by the third pressure. When
the plug member 156 sealingly contacts the ridge 152, the valve assembly 20 is
closed. When the valve assembly 20 is closed, fluid communication between
the inflation system conduit 62, 62A and the wheel 36 is prevented.

In accordance with the provisions of the patent statutes, the present
invention has been described in what is considered to represent its preferred
embodiments. However, it should be noted that the invention can be practiced
otherwise than as specifically illustrated and described without departing from

Its spirit or scope.
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WHAT WE CLAIM IS

1. A valve assembly, comprising:

a base portion:

a cap portion attached to the base portion;

a biasing member disposed between the base portion and the cap portion
adjacent a perforation formed in the cap portion, wherein the perforation formed in the
cap portion extends through a wall portion and gradually increases in diameter to a
ridge attached to the wall portion; and

a shuttle assembly in contact with the biasing member, the shuttle

assembly comprising a shuttle and a plug member attached to the shuttle.

2. The valve assembly defined by claim 1, wherein the shuttle comprises a
plurality of shuttle supports and the biasing member applies a force to the shuttle

assembly via contact with the plurality of shuttle supports to open the valve assembly.

3. The valve assembly defined by claim 1, wherein the perforation formed in

the cap portion comprises a space which defines an area of the perforation.

4 The valve assembly defined by claim 1, further comprising a fluid passage
which comprises the perforation formed in the cap portion, a perforation formed in the

base portion, a space between a ridge and the shuttle assembly, a space between a

portion of the shuttle assembly and the cap portion, and one or more spaces between

spaced apart shuttle supports.

5. The valve assembly defined by claim 2, wherein the force applied by the
biasing member to the shuttle assembly biases the shuttle assembly toward the base
portion and a fluid in a wheel, which is in communication with a perforation formed in the
base portion, applies a force on the shuttle assembly which biases the shuttle assembly

toward the cap portion.
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6. The valve assembly defined by claim 1, wherein the shuttle comprises a

plurality of shuttle supports which are equally spaced apart.

/. The valve assembly defined by claim 1, wherein the plug member is

disposed adjacent the perforation formed in the cap portion.

3. The valve assembly defined by claim 1, wherein the plug member

sealingly contacts the ridge.

9. The valve assembly defined by claim 1, wherein when the valve assembly

IS In an open position a space separates the plug member from the ridge.

10.  The valve assembly defined by claim 1, wherein the base portion
comprises a lower wall portion which defines a base perforation, the base perforation

has a diameter that gradually decreases from a first end of the perforation to a center
portion of the perforation and gradually increases from the center portion to a second

end of the perforation.

11. The valve assembly defined by claim 1, wherein the perforation formed in

the cap portion defines a first diameter and a perforation formed in the base portion

defines a second diameter and wherein the first diameter is greater than the second

diameter.

12.  The valve assembly defined by claim 1, wherein the plug member is
engaged with the shuttle.

13.  The valve assembly defined by claim 1, wherein the plug member is in
sealing contact with the ridge and an area is defined by a surface of the plug member
and the ridge, the area is larger than an area defined by a space positioned within the
perforation formed in the cap portion and is of a circular shape.

14. A wheel assembly comprising:



CA 02879072 2015-01-13

26

a tire;

a wheel rim attached to the tire to form a wheel: and

a valve assembly positioned within the wheel, wherein the valve assembly
comprises a cap portion which has an upper wall portion that is positioned between an

outer surface of the wheel rim and an inner surface of the tire.

15.  The wheel assembly defined by claim 14, wherein the valve assembly is

attached to the wheel rim.

16.  The wheel assembly defined by claim 14, wherein the valve assembly also
comprises a base portion which is attached to the cap portion and separated from the

tire by a space filled with a pressurized fluid.

17. The wheel assembly defined by claim 14, further comprising a fluid at a
first pressure and a second pressure, wherein the fluid at the first pressure
communicates with valve assembly on a surface thereof and at the second pressure

communicates with valve assembly on an opposite surface thereof.

18.  The wheel assembly defined by claim 14, further comprising a conduit
which is in fluid communication with the valve assembly and extends radially through

the wheel rim.

19.  The wheel assembly defined by claim 14, wherein the valve assembly is in
fiuild communication with a pressurized fluid contained within the wheel on an end and a

conduit via a mounting portion on an opposite end.

20.  The wheel assembly defined by claim 15, wherein the valve assembly is
attached to an outer surface of the wheel rim and a seal to prevent fluid from escaping

from the wheel is provided therebetween.

21.  The wheel assembly defined by claim 15, wherein the valve assembly is
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attached to an axially extending portion of the wheel rim.

22. A method of inflating or deflating a wheel, comprising:

providing a valve assembly which comprises a shuttle assembly and a
biasing member that is disposed between a base portion and a cap portion, wherein the
biasing member applies a force to the shuttle assembly;

directing a fluid through the valve assembly via a perforation in the cap
portion, wherein the perforation in the cap portion extends through a wall portion and
gradually increases in diameter to a ridge attached to the wall portion, about the shuttle
assembly and biasing member and via a perforation in the base portion; and

urging the shuttle assembly toward the base portion or the cap portion so

as to open or close the valve assembly.

23.  The method defined by claim 22, further comprising selectively providing a
first pressure and a second pressure of the fluid, wherein each pressure is exerted on a

separate surface of the shuttle assembly.

24.  The method defined by claim 22, further comprising providing a wheel in
fluild communication with the valve assembly via the perforation in the base portion and
a conduit in fluid communication with the valve assembly via the perforation in the cap

portion.

25.  The method defined by claim 22, further comprising compressing the
biasing member so that the shuttle assembly sealingly contacts the cap portion so as to

close the valve assembly.

26.  The method defined by claim 22, wherein the shuttle assembly is urged

toward the base portion by the biasing member and the first pressure of the fluid to

open the valve assembly.

27.  The method defined by claim 22, wherein a first area defined by a space
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in the perforation formed in the cap portion, a second area defined by a space between
the shuttie assembly and the cap portion, and a third area defined by a space in the
perforation formed in the base portion are selected so that the first area is greater than

the second area and the third area is greater than the second area.

28.  The method defined by claim 23, wherein the first pressure is greater than

the second pressure.

29.  The method defined by claim 23, wherein the second pressure is greater

than the first pressure.

30.  The method defined by claim 23, wherein the base portion, shuttle
assembly, and cap portion are structured to selectively provide the second pressure of

the fluid between the shuttle assembly and the base portion.

31.  The method defined by claim 22, further comprising providing the fluid in
the valve assembly at first flow rate in the perforation formed in the cap portion, at a
second flow rate between the shuttle assembly and the cap portion and at a third flow
rate in the perforation formed in the base portion and urging the shuttle assembly

toward the cap portion so as to close the valve assembly.

32.  The method defined by claim 31, wherein the third flow rate is greater than
the first flow rate and second flow rate, respectively, and the first flow rate is greater

than the second flow rate.

33. The method defined by claim 22, wherein the perforation in the base

portion is defined by a lower wall portion and the base perforation has a diameter that
gradually decreases from a first end of the perforation to a center portion of the
perforation and gradually increases from the center portion to a second end of the

perforation.



CA 02879072 2015-01-13

29

34.  The method defined by claim 22, wherein the shuttle comprises a plurality
of shuttle supports and the force applied to the shuttle assembly by the biasing member
IS provided via contact between the biasing member and the plurality of shuttle supports

to open the valve assembly.

35.  The method defined by claim 22, wherein the shuttle supports are equally
space apart and the fluid is directed between the shuttle supports.
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