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ABSTRACT:

A pneumatic test plug and inflation assembly for the same are provided. The
pneumatic test plug may include an inflatable bladder formed by a bladder wall that is
elastically deformable, the bladder wall having at least one open end. A housing may be
disposed in the open end of the bladder wall, the housing having a mounting surface. An
inflation valve may be mounted to the mounting surface, with the inflation valve having an
interior end in fluid communication with an interior area of the bladder. The inflation valve
may define a main air passageway through which air is introduced into the interior area.
The mounting surface may be recessed into the interior area of the bladder relative to the

open end In the bladder wall such that the housing defines a cavity within the inflatable
bladder.

LEGAL02/36268100v1
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PNEUMATIC PRESSURE RELIEF TEST PLUG

FIELD OF THE INVENTION
The present invention relates to plug devices for use in pipe systems, and more
particularly to pneumatic test plug devices for sealing pipes or conduits at access ports
and tee-connections.

BACKGROUND OF THE INVENTION

Pipe or plumbing systems often include access openings or ports that allow the
interior of the pipes of the pipe system to be inspected and/or cleaned. Access opening
contigurations for such pipe systems can vary in size and shape, although many
configurations are standardized. In one common configuration, an access opening (often
referred to as a “clean-out”) is provided at the end of a relatively short section of
cylindrical pipe that extends away from the axis of the main pipe section. Clean-outs may
extend from a main pipe section at any angle. Those that extend approximately 90
degrees from the main pipe section are commonly called “clean-out tees” (referring to the
T-shape created by the intersecting pipe sections). Other access openings include, but
are not limited to, roof vents, storm drains, closet bends, and pipe ends.

Access openings may also be used to test the integrity of the pipe system.
Currently, this is accomplished by placing temporary test plugs in the clean-outs or other
openings of the pipe system. A test media such as water or air is then introduced into the
pipe system for a period of time to determine if there are any leaks. After successful
testing, the test plugs are removed. Test plugs can generally be categorized into
mechanical test plugs and pneumatic test plugs. Existing mechanical test plugs typically
Include devices that seal pipe systems via mechanical activation, such as by turning a
threaded connection member to expand an elastomeric ring that seals an inner surface of
a pipe section. Existing pneumatic test plugs include elongate elastomeric bladders that
are attached directly to an air source. The bladders are inserted into the pipe system
through the clean-outs or other access openings and are then inflated to seal the pipe
section. After testing, the test plugs are deflated or deactivated and then removed from

the pipe system.
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Although some existing pneumatic test plugs may display a maximum inflation
pressure on the outside of the bladder, this does not provide protection for overinflation,
but instead relies on the diligence of the operator and the existence and accuracy of an
air inlet pressure gauge. If the elastomeric bladders of such pneumatic test plugs were to
be overinflated, problems could occur. These problems may include damage to the test
plug, damage to the pipe system, and/or other inconveniences for the operator. A
proposed solution to this problem involves using an external pressure regulator or
external pressure relief device on the air inlet, but these solutions are cumbersome and
are otten ignored by operators. They also increase the time required to inflate the
bladder. Additionally, many pressure regulators must be set before inflation begins, and
regulation settings may differ for pipes having different internal diameters.

Other existing pneumatic test plugs include integrated pressure relief devices;
however, the present inventors have found that these particular pressure relief devices
tend to leak, do not provide repeatable results, and may disrupt testing of the pipe
system. Specifically, some pneumatic test plugs include relief valves that have
mechanical springs and seals; other pneumatic test plugs include relief valves that are
positioned on the backside of the elastomeric bladder. The present inventors have found
that pneumatic test plugs employing the former pressure relief devices may be prone to
fouling and tend to collect contamination, thus negatively affecting their performance.
Similarly, the present inventors have found that pneumatic test plugs employing the latter
pressure relief devices may release excess air into the enclosed area of the pipe system
behind the test plug, thus tending to force the test plug out of the clean-out access area
and disrupting the test.

As a result, there is a need for an improved pneumatic test plug for use with a
pipe section having a generally cylindrical internal pipe wall. The pneumatic test plug
should be easy to use and should not require the operator to make additional settings or
readings. It should be reliable, provide repeatable results, and it should not require

additional external equipment or otherwise disrupt testing of the pipe system.

BRIEF SUMMARY OF VARIOUS EMBODIMENTS
Embodiments of the present invention include a pneumatic test plug for use with a
pipe having a generally cylindrical internal pipe wall. The pneumatic test plug may
include an inflatable bladder formed by a bladder wall that is elastically deformabile, the
bladder wall having at least one open end. The pneumatic test plug may include a
housing disposed in the open end of the bladder wall, the housing having a mounting
surface. Embodiments of the pneumatic test plug may include an inflation valve mounted

to the mounting surface, the inflation valve having an interior end in fluid communication
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with an interior area of the bladder, the inflation valve defining a main air passageway
through which air is introduced into the interior area. The mounting surface may be
recessed into the interior area of the bladder relative to the open end in the bladder wall
such that the housing may define a valve cavity within the inflatable bladder.

In some embodiments, the inflation valve may further comprise a pressure release
opening. The pressure release opening may be fluidly connected to the main air
passageway. The inflation valve may further comprise a stem portion configured to
engage the mounting surface, and the inflation valve may further comprise a sleeve
portion disposed about the stem portion. Embodiments of the pressure release opening
may be defined in the stem portion such that the sleeve portion may be configured to seal
the pressure release opening when the inflatable bladder is not overinflated. In some
embodiments, the sleeve portion may be configured to deflect away from the stem portion
when the inflatable bladder is overinflated such that air is released from the interior area
of the inflatable bladder to an exterior environment. The pressure release opening may
be disposed within the valve cavity of the housing, such that the pressure release
opening may also be recessed into the interior area of the bladder relative to the open
end.

In some embodiments, the inflation valve may further comprise a fill opening
configured to receive alir to inflate the bladder.

The bladder wall may further comprise an annular portion proximate the at least
one open end that is configured to retain the housing. in some embodiments, a clamp
may be disposed about the annular portion such that the clamp may be configured to
compress the bladder wall to retain the housing.

In some embodiments, the inflation valve may be disposed entirely within the
valve cavity of the housing.

In some embodiments, the bladder may be configured to elongate during inflation.
A portion of the bladder wall disposed at a closed end of the bladder opposite the open
end may be thicker than at least a portion of a remainder of the bladder wall.

In another embodiment of the present invention, an inflation valve assembly may
be provided for use with an inflatable bladder formed by a bladder wall that is elastically
deformable. The bladder may have an open end. The inflation valve assembly may
comprise a housing disposed in the open end of the bladder wall, the housing having a
mounting surface; and an inflation valve mounted to the mounting surface, the inflation
valve having an interior end in configured to fluidly communicate with an interior area of
the bladder, the inflation valve defining a main air passageway configured to introduce air

Into the interior area. The mounting surface may be configured to be recessed into the
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interior area of the bladder relative to the open end in the bladder wall such that the
housing is configured to define a valve cavity within the inflatable bladder.

In some embodiments, the inflation valve may further comprise a pressure release
opening. The pressure release opening may be fluidly connected to the main air
passageway. The inflation valve may further comprise a stem portion configured to
engage the mounting surface, and the inflation valve may further comprise a sleeve
portion disposed about the stem portion. The pressure release Opehing may be defined
in the stem portion such that the sleeve portion may be configured to seal the pressure
release opening when the inflatable bladder is not overinflated.

In some embodiments, the sleeve portion may be configured to deflect away from
the stem portion when the inflatable bladder is overinflated such that the inflation valve
may be configured to release air from the interior area of the inflatable bladder to an
exterior environment. The pressure release opening may be disposed within the valve
cavity of the housing, such that the pressure release opening may also be recessed into
the Interior area of the bladder relative to the open end.

In some embodiments, the inflation valve may further comprise a fill opening

configured to receive air to inflate the bladder.

BRIEF DESCRIPTION OF THE DRAWINGS
Having thus described the invention in general terms, reference will now be made
to the accompanying drawings, which are not necessarily drawn to scale, and wherein:
FIG. 1 is a perspective view of a pneumatic test plug in accordance with an
embodiment of the present invention;
FIG. 2 Is a perspective, cross-section view of a pneumatic test plug in accordance

with an embodiment of the present invention;

FIG. 3 is a cross-section view of an inflation valve and housing in accordance with
an embodiment of the present invention;
FIG. 4 is a perspective view of an inflation valve and a portion of a housing In

accordance with an embodiment of the present invention;
FIG. 5 is a cross-section view of a clean-out tee and a pneumatic test plug shown

In an uninflated condition in accordance with an embodiment of the present invention;
FIG. 6 is a cross-section view of the clean-out tee and pneumatic test plug of FIG.
5 shown in an overinflated condition in accordance with an embodiment of the present
iInvention;
FIG. 7 is an exploded view of a pneumatic test plug in accordance with an

embodiment of the present invention; and
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FIG. 8 is a cross-section view of an inflation valve in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter with reference
to the accompanying drawings, in which some but not all embodiments of the invention
are shown. Indeed, the present invention may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements throughout.

As used herein, the terms “bottom,” “top,” “upper,” “Iower,” “Intertor,” “exterior,” and
similar terms are used for ease of explanation and refer generally to the position of
certain components of embodiments of the described invention in the installed
configuration {(e.g., in an operational configuration). It is understood that such terms are
not used in any absolute sense, and, as such, a component described as a “bottom wall”
may be on the same level (e.g., at the same distance from the ground) as another
component described as a “side wall” or an “upper end” in certain configurations of
embodiments of the described invention, such as when components overlap in the
pneumatic test plug. Moreover, in some embodiments, the pneumatic test plugs
described herein may be configured to be installed in more than one orientation to
accommodate different types of connections. For example, in one installation scenario,
one end of the pneumatic test plug may be disposed such that it forms an “upper” end
(e.g., pointing vertically upwards), whereas in another installation scenario that same end
of the pneumatic test plug may be disposed such that it forms a “lower” or “bottom™ end of
the pneumatic test plug (e.g., pointing vertically downwards).

The present invention describes various embodiments of a pneumatic test plug
that is configured, in an uninflated condition, to be inserted into a pipe section through an
access port or opening. In operation; the pneumatic test plug may be inflated to seal
against the internal pipe wall of the pipe section. After being used, it may be detlated and
removed from the pipe section. In general, the pneumatic test plug of the present
invention may include an inflation valve that is recessed within the interior area of the
bladder. In some embodiments, the pneumatic test plug may have at least one release
orifice in a side wall of the inflation valve, wherein overinflation of the bladder causes a
portion of the inflation valve to separate from the stem of the inflation valve, thus
releasing air from the interior area to the environment through the release orifice.

FIG. 1 shows a perspective view of a pneumatic test plug 100 in accordance with

an embodiment of the present invention. In general, the pneumatic test plug 100 includes
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a bladder 102, an inflation vaive 104 and a housing 106 for the inflation valve. The
pneumatic test plug may include a handle device 108, which in various embodiments may
be attached to the pneumatic test plug 100. The handle device 108 may facilitate
removal of the pneumatic test plug 100 from the pipe section through the clean-out
access opening or port. Additionally or alternatively, the handle device 108 may prevent
the pneumatic test plug from falling farther into a pipe. In the depicted embodiment the
handle device 108 is attached to the pneumatic test plug 100 via the housing 106,
although in other embodiments it may be attached to the bladder 102 and/or any other
component of the pneumatic test plug 100. In the depicted embodiment, the handle
device 108 is attached to the pneumatic test plug with an attachment chain 110, however
In other embodiments any suitable attachment means may be used including, but not
limited to, rope, cable, wire, chain, etc. Although in various embodiments the handie
device 108 may have other configurations, the handle device 108 of the depicted
embodiment has a generally circular profile and includes a gripping portion 112
configured to allow an operator’s fingers to pass therethrough. In various embodiments
the handle device 108 may also have other functions; for example, it may include a
surface 114 that may display text or symbols that instruct the operator how to properly
use the pneumatic test plug 100. The handle device 108 may also display a particular
color that may signify that a test plug is in use, such as, for example, orange, yellow, or
red. In the depicted embodiment the handle device 108 is constructed of a plastic
material and the attachment chain is constructed of a metal material, however, in other
embodiments the handle device and/or the attachment means may be constructed of any
suitable materials including, but not limited to, metal, plastic, and composite materials,
and combinations thereof.

FIG. 2 is a perspective, cross-section view of a pneumatic test plug 100 in
accordance with an embodiment of the present invention, showing the bladder 102,
inflation valve 104, and housing 106. In the depicted embodiment, the bladder 102
defines a bladder wall 116 and has an open end 118 and a second, closed end 120. In
some embodiments, both ends (e.g., ends 118, 120) of the pneumatic test plug may be
open, such that each end may receive a valve and housing. For example, longer plugs
may utilize valves at both ends to allow optional filling and/or pressure release selectively
from one or both ends. In some other embodiments, both ends (e.g., ends 118, 120) of
the pneumatic test plug may be open and may receive a cap or plug covering one of the
openings. The bladder wall 116 may define an interior surface 122 and an exterior
surface 124, and an interior area 126 may be partially bounded by the interior surface 122
of the bladder wall 116. In some embodiments, a series of ribs 128 are defined in the
exterior surface 124 of the bladder wall 116 that extend around the exterior surtace.

-6 -



10

15

20

25

30

39

CA 02927341 2016-04-19

049213/474251

Although other embodiments of the present invention need not include ribs 128, the ribs
may help with sealing with the internal pipe wall and help prevent the pneumatic test plug
100 from becoming dislodged during testing. It should be noted that the ribs 128 may
have any of a number of configurations of orientation, size, shape, etc. as compared to
those in FIG. 2.

With continued reference to FIG. 2, the depicted embodiment of the bladder 102
has a generally cylindrical shape and may be constructed of an elastomeric rubber
material. In some embodiments, the bladder may be constructed of various inflatable
natural or synthetic materials and may have a variety of different shapes, including, but
not limited to, generally spherical, ovoid, bottle, or pillow shaped.

In some embodiments, a portion of the open end 118 of the bladder wall 116 is
configured to couple the housing 106. In some embodiments, an annular portion 130 of
the bladder wall 116 engages and holds the housing 106 in position at or near the open
end 118. The annular portion 130 may be an integral portion of the bladder wall 116
defined at the open end 118 of the bladder 102. In some embodiments, the annular
portion 130 may be thicker and/or reinforced as compared to the remaining sections of
the bladder wall 116. Referring to FIG. 2, the annular portion 130 and/or housing 106
may include one or more projections to hold the housing 106 in position and prevent
pressure in the interior area 126 of the bladder 102 from pushing the housing and/or
valve 104 out of the bladder 102. In some embodiments the annular portion 130 may
Include one or more projections 132 that engage a corresponding groove 134 of the
housing. The housing 106 may additionally or alternatively include one or more flanges
136, 138 that engage the annular portion 130 to maintain the housing in the bladder 102.
The flanges 136, 138 may engage an upper and/or lower surface of the annular portion

130. Alternatively, one or more of the flanges may engage a groove in the annular

portion. A hose clamp 133 (shown in FIG. 1) may additionally or alternatively be used
around the annular portion 130 to retain the housing 106 in the open end 118 of the
bladder 102. The clamp 133 may compress the annular portion against the housing 102
to seal the bladder 102. As described below, the housing 106 may be made of a more
rigid material than the bladder 102 so that the housing is secured in the bladder without
collapsing the valve cavity 140.

As shown in FIGS. 2-3, the housing may have a first flange 136 and a second
flange 138. The flanges 136, 138 may engage the annular portion 130 of the bladder 102
to secure the housing when the pneumatic test plug 100 is pressurized. The first flange
136 may engage the bladder 102 at the open end 118 to stop the housing 102 from
sliding into the bladder and the second flange 138 may engage the bottom of the annular
portion 130 to keep it from sliding out under pressure.

.7 -
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In some embodiments, the projections, flanges and/or grooves described herein
may extend circumterentially around the open end 118 of the bladder 102. In some
alternative embodiments, one or more of the projections, flanges, and/or grooves may
extend partially around the circumference of the open end 118 of the bladder 102 or may
be discrete features (e.g., pins or screws) that engage a specific opening in the bladder
and/or housing. In yet another embodiment, the housing 106 may be moided into the
open end 118 of the bladder 102 or inserted into a molded fitting in the open end such
that the bladder wall 116 retains the housing therein. Some embodiments may include a
compression ferrule to retain the bladder 102 between the ferrule and the housing. Any
additional set of shapes or features may also be used to maintain the housing 106 in the
open end 118 of the bladder 102. In some embodiments, the housing may be made of a
stiffer material than the bladder.

In some alternative embodiments, the housing 106 may be an integral part of the
bladder, such that the housing is a molded portion of the bladder 102 at the open end
118, or may be chemically bonded to the bladder at the open end. In these
embodiments, the inflation valve 104 may be mounted directly to the housing-portion of
the bladder. In yet another embodiment, the mounting surface may be a portion of the
bladder wall 116 such that the inflation valve 104 is mounted directly to the wall and there
IS no cavity 140. Alternatively, the inflation valve 104 may be an integral part of the
housing 106, such that the combined device is formed together and inserted into the
bladder 102. In this embodiment, the inflation valve 104 may be integrally molded or
formed as part of the housing 106 or may be fused to the housing after manufacturing
(e.g., by chemical bonding).

Turning to FIG. 3, a portion of the housing 106 may then retain the inflation valve
104, such that the inflation valve 104 allows air to be added and/or removed from the
Interior area 126 of the pneumatic test plug 100. The housing may define a mounting
surface 142 having a mounting opening 144 therein for receiving the inflation valve 104.
The housing 106 may define a recessed valve cavity 140, which allows the infiation valve
to be mounted to the mounting surface 142 between the open end 118 and the second
end 120 of the bladder 102. A recessed housing 106 and mounting surface 142 may be
configured to ease assembly and reduce unwanted rotation of the valve 104.

As detailed above, the housing 106 may include projections (e.g., flanges 136,
138) and/or grooves 134 to allow the housing to be fixed in the open end 118 of the
bladder 102. The housing may further define a wall 146 to which the mounting surface
142 is connected. The wall 146 may be a substantially cylindrical shape, and may define
the cavity 140. The wall 146 may be sufficiently rigid to outwardly resist the pressure of

the annular portion 130 and/or clamp 133. The wall 146 may provide outward pressure
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against the annular portion 130 to facilitate a seal between the housing 106 and the
bladder 102. Additionally or alternatively, o-rings, adhesives, seals, integral molding, or
the like may be used to prevent air from escaping between the housing 106 and the
bladder 102.

As detailed above, the housing 106 may define the cavity 140 as a void between
the open end 118 of the bladder and the mounting surface 142. With reference to FIG. 2,
the cavity 140 may be recessed within the bladder 102 such that at least a portion of the
inflatable valve 104 is recessed within the open end 118, between the open end and the
second, closed end 120 within the bladder 102. The cavity 140 may be in fluid
communication with the external environment around the pneumatic test plug 100, such
that air released from the release opening 148 may vent to the external environment to
allow the inflation valve to fluidly communicate the external environment with the interior
area 126 of the bladder 102. In some embodiments, as detailed below, the inflation valve
104 may be entirely disposed within the cavity 140, while in other embodiments, the
Inflation valve 104 may at least partially protrude from the open end 118. In some
embodiments, as shown in FIG. 3, the top of the inflation valve 104 may be approximately
(e.g., within typical engineering tolerances) flush with the top of the housing 106.

The mounting opening 144 may include one or more o-rings, washers, seals, or
the like 146 for maintaining a seal between the mounting surface 142 and the inflation
vailve 104. The mounting surface 142 may additionally or alternatively include an
iIndentation 150 for sealing the exterior of the inflation valve 104 to the mounting surface
142. As detailed below, the inflation valve 104 may further include a flange 162 to assist
with sealing the valve to the housing 106. The flange 162 may cooperate with the
iIndentation 150 to form a better seal. The flange 162 and indentation 150 may form
corresponding circular shapes. In some embodiments, the indentation 150 and flange
162 may define a non-circular shape, such that the inflation valve 104 cannot rotate within
the housing 102. For example, the indentation 150 and flange 162 may be a hex, square,
triangular, oval, or other similar shape.

With reference to FIGS. 3 and 4, the inflation valve 104 may include an elongated
stem portion 152 that defines a main air passageway 154 connecting the external
environment at an exterior end 156 with the interior area 126 of the bladder 102 at an
interior end 158. The stem 152 may be inserted into the mounting opening 144 and
attached to the mounting surface 142 via a nut 160 threaded onto the interior end 158 of
the stem. Alternatively, the stem 152 may be molded, threaded, adhered, or the like to
the mounting surface 142. The stem 152 may further include the flange 162 on the
exterior side of the mounting surface 142 such that tightening the nut 160 may seal the
stem against the mounting surface. In some embodiments, the stem 152 and housing

- g -
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106 may be threaded, such that the valve may be screwed into the housing. In some
embodiments, the flange may include a taper, such that the taper of the flange rests
against a corresponding taper of the indentation.

The main air passageway 154 is defined in the stem 152 and extends through the
Inflation valve 104. In the depicted embodiment the inflation valve 104 is constructed of a
metal material, such as brass or stainless steel, however in other embodiments the
Inflation valve 104 may be constructed of other suitable materials, including, but not
imited to, other metal materials, rigid plastic materials, composite materials, or
combinations thereof such as, for example, metal fittings with plastic over-moldings.

The external end 156 of the main air passageway 154 is configured to receive a
standard air pressure valve 168 (shown in FIG. 8) that is adapted to allow pressurized air
to pass through the inflation valve 104 in order to inflate the bladder 102 through the main
alr passageway 154 and to trap the pressurized air in the interior area 126 of the bladder
102. The standard air pressure valve 168 is also configured to allow the bladder 102 to
be manually depressurized. An example of such a device includes, but is not limited to, a
pneumatic tire valve, as is used in automobile and bicycle tires. Although other
embodiments may vary, a typical standard air pressure valve 168 is generally constructed
of a metal material (such as brass or stainless steel) and may include an internal spring
and one or more rubber seals. In the depicted embodiment, the standard air pressure
valve 168 is insert-molded into the inflation valve 104 (e.g., a plastic inflation valve),
however in various other embodiments the standard air pressure valve may be coupled to
the inflation valve 104 in any other conventional manner. For example, an internal
surface of the main air passageway 152 of the inflation valve 104 may be threaded to
receive the standard air pressure valve 168, the standard air pressure valve may be
press-fit into the inflation valve 104, or the standard air pressure valve may be adhered
into the exterior opening 156 of the inflation valve 104.

The stem 152 may further include a release opening 148 connected to the main
air passageway 154. The release opening 148 may be substantially perpendicular to the
main air passageway, such that the release opening is disposed in a circumferential side
wall of the stem 152, as shown in FIG. 3. In some embodiments, the stem 152 may
include one release opening 148. In some other embodiments, the stem 152 may include
two or more release openings. The two or more release openings may be substantially
symmetrical around the stem. Alternatively, two or more release openings may be
vertically separated along the length of the stem 152. The interior area 126 of the bladder
102 may be in fluid communication with the release opening 148 at all times, such that

the pressure at the release opening substantially equals the pressure inside the bladder.
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The inflation valve 104 may further include a sleeve 164 disposed around the
stem 152. The sleeve 164 may be concentrically positioned around the main air
passageway 154. The sleeve 164 may cover the release opening 148 such that air may
not escape from the interior area 126 when the pneumatic test plug 100 is in an
underinflated or inflated condition (e.g., when the pneumatic test plug is not overinflated).
The sleeve 164 may be made of an elastic material having a predetermined fiexibility to
allow the sleeve to separate from the side wall of the stem when the pneumatic test plug
100 reaches a predetermined internal pressure (e.g., an overinflated condition). Once the
pneumatic test plug 100 Is overinflated (e.g., reaches or exceeds a predetermined
internal pressure), the sleeve 164 may deflect outwardly from the stem 152 to allow air to
exit the release opening 148. In this manner, the interior of the main air passageway 154
beneath the valve at the exterior end 156 may be sealed from the exterior environment
until the predetermined maximum pressure is reached. In some alternative
embodiments, a flap, ball-valve, or the like may be used.

The release opening 148 may be recessed within the cavity 140 below the open
end 118 of the bladder 102. In some embodiments, an upper end 166 of the sleeve 164
may also be recessed within the cavity 140, as shown in FIG. 3. The sleeve 140 may
also be customized to match the desired internal pressure of the pneumatic test plug 100.
The sleeve may be made of an elastic material such as rubber, silicone, or the like. The
pressure inside the pneumatic test plug 100 may be controlled by adjusting the thickness
(e.g., Inside and/or outside diameters) and/or elasticity of each sleeve 164.

In some embodiments the flange 162 of the stem 152 may inciude one or more
openings configured to allow air to escape underneath the sleeve from between the
sleeve 164 and the stem. In some other embodiments, air may escape only from the
upper end 166 of the sleeve 164. The stem 152 may include a barb 153, lip, or the like to
maintain the sleeve 164 on the stem. In some embodiments the inflation valve 104
detailed herein may be mounted directly to the bladder wall 116 (e.g., with no cavity).

FIG. 5 shows a typical section 10 of a pipe system that includes a clean-out tee 12
having an clean out port 14. The pipe section 10 is generally cylindrical and defines an
iInternal pipe wall 16. The pneumatic test plug 100 of the depicted embodiment of the
present invention is shown in an uninflated ‘or underinflated condition and thus may be
iInserted into the pipe section 10 through the clean-out tee 12. Although these features
are not shown in the figure, the pneumatic test plug 100 is configured to be connected to
a pressurized air source (such as an air compressor, or a hand or foot pump) using an air
hose or other flexible member adapted to supply pressurized air from the pressurized air
source. The pneumatic test plug 100 may also include a handle device (as described

above). It should be noted that although the pneumatic test plug 100 is shown in the
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figure as being used to block a portion of a vertical pipe section 10 above the clean-out
tee 12, pneumatic test plugs of various embodiments of the present invention may be
used in a variety of different orientations and thus may be used with various pipe systems
having a variety of configurations, including, but not limited to, horizontal and angled pipe
systems. It should also be noted that although the pneumatic test plug 100 is shown in
the figure inserted through a clean-out tee access opening, pneumatic test plugs of
various embodiments of the present invention may be inserted through other types of
access openings, including, for example, roof vents, storm drains, closet bends, and pipe
ends.

The pneumatic test plug 100 of the depicted embodiment is configured to be
inflated from an uninflated condition to an inflated condition. The uninflated condition
permits the pneumatic test plug 100 to be inserted or removed from the pipe section 10.
The inflated condition permits the pneumatic test plug 100 to be used to test the pipe
section 10 by sealing a portion of the pipe section 10. This allows the operator to
Introduce a fluid or gaseous test media (such as water or air) into the pipe section 10
apbove the pneumatic test plug 100. In the depicted embodiment, the pneumatic test plug
100 Is configured to be inflated using the pressurized air source, which causes
pressurized air to travel through the inflation valve 104 via the standard air pressure valve
and into the interior area 126 of the bladder 102. As the bladder 102 continues to fill with
pressurized air, the bladder wall 116 begins to expand outwardly eventually contacting
the internal pipe wall 16 of the pipe section 10 to create a seal against the inner pipe wall
16. Pressurized air may continue to be introduced into the interior area 126 of the
bladder 102 in order to exert more pressure against the internal pipe wall 16 of the pipe
section 10.

FIG. 6 shows a cross-section view of the pipe section 10 and pneumatic test plug

100 in an overinflated condition. As noted above, existing pneumatic test plugs may be
prone to problems when overinflated. However, the present invention solves this problem
by allowing some of the pressurized air in the interior area 126 of the bladder 102 to vent
to the environment when the pneumatic test plug is overinflated. In particular, as
described herein, the overinflated condition causes the pressure inside the pneumatic test
plug 100, as exerted against the sleeve 164 at the release opening 148, to deflect the
sleeve and release air from the interior area of the bladder. Referring to the FIG. 6, since
most of the bladder wall 116 is firmly pressed against the internal pipe wall 16 of the pipe
section 10, as the pneumatic test plug 100 is inflated or overinflated it is configured such
that the bladder wall 116 will expand outwardly and axially to increase the hold of the
pneumatic test plug in the pipe. For example, with continued reference to FIG. 6, the

bladder 102 may elongate axially during inflation or overintlation. As compared to FIG. 5,
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the side walls of the bladder wall 116 shown in the embodiment of FIG. 6 have elongated
and increased the surface area of the bladder 102. The thickness stretched portions of
the bladder wall 116 may decrease somewhat as a result of being elongated. An
Increase in length may increase the size of the contact surface against the inside of the
pipe and improve the hold with the inside of the pipe, such that the pneumatic test piug
100 is able to withstand a greater pressure from within the pipe. In some embodiments,
the ribs 128 (labeled in FIG. 2) may separate farther from one another during the
elongation. In such embodiments, additional surface area between the ribs may be
avallable for contact with the pipe 10. In some embodiments, the closed end 120 (shown
In FIG. 2) of the inflatable bladder 102 may be thicker than the sides of the bladder wall
116 to facilitate the elongation.

If the overinflation condition occurs while filing the pneumatic test plug 100, air
may automatically bypass the interior area 126 of the bladder 102 and be discharged
from the release opening in the stem. In this manner, some embodiments of the present
invention may automatically stop filling when they reach the predetermined maximum
pressure even If additional air is being added to the exterior end 156. Once an
appropriate pressure has been reached, the sleeve 164 may return to an undeflected
position and may again seal the release opening 148 to maintain the inflated condition of
the test plug.

FIG. 7 shows an exploded view of the pneumatic test plug 100 in accordance with
an embodiment of the present invention. In some embodiments, the pneumatic test plug
100 may be assembled by affixing the stem 152 to the mounting surface 142 (shown in
FIGS. 2-4) of the housing 106 via the nut 160. The sleeve 140 may be inserted over the
stem 152 within the cavity 140. The housing 106 and inflation valve 104 assembly may
then be inserted into the bladder 102, such that the housing 106 aligns with the annular
portion 130. In some embodiments, the clamp 133 may be attached around the annular
portion 130 to further secure the housing 106.

FlG. 8 Is a cross-section view of an inflation valve 104 that may be used with the
embodiments of the pneumatic test plug 100 discussed herein. As shown in FIG. 8, the
sleeve 164 may have an internal diameter that is less than the external diameter of the
stem 152. In this configuration, the seal may be formed by stretching the sleeve 164 over
the stem 152 during assembly. In some embodiments, the sleeve 164 may include one
or more ribs on an inner wall.

In some of the embodiments described above, overinflation of the bladder 102
releases air into the environment by causing the sleeve 164 to deflect away from the stem
152. However, in other embodiments of the present invention, the sleeve may uncover a
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release opening in other ways, for example, by sliding to uncover the release opening or
bending an exhaust flap.

Many modifications and other embodiments of the invention set forth herein will
come to mind to one skilled in the art to which this invention pertain having the benefit of
the teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to thé specific
embodiments disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are employed

herein, they are used in a generic and descriptive sense only and not for purposes of
limitation.
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WHAT IS CLAIMED IS

1. A pneumatic test plug for use with a pipe having a generally cylindrical internal
pipe wall, the pneumatic test plug comprising:

an inflatable bladder formed by a bladder wall that is elastically deformable, the
bladder wall having at least one open end,;

a housing disposed in the open end of the bladder wall, the housing having a
mounting surface; and

an inflation valve mounted to the mounting surface, the inflation valve having an
iInterior end In fluid communication with an interior area of the bladder, the inflation valve
defining a main air passageway through which air is introduced into the interior area;

wherein the mounting surface is recessed into the interior area of the bladder
relative to the open end in the bladder wall such that the housing defines a valve cavity
within the inflatable bladder, and wherein a majority of the inflation valve is disposed

within the valve cavity of the housing.

2. The pneumatic test plug of Claim 1, wherein the inflation valve further comprises a

pressure release opening.

3. The p_neumatic test plug of Claim 2, wherein the pressure release opening is

fluidly connected to the main air passageway.

4. The pneumatic test plug of Claim 2, wherein the inflation valve further comprises a
stem portion configured to engage the mounting surface, and wherein the inflation valve

further comprises a sleeve portion disposed about the stem portion.

. The pneumatic test plug of Claim 4, wherein the pressure release opening is
defined in the stem portion such that the sleeve portion is configured to seal the pressure

release opening when the inflatable bladder is not overinflated.

6. The pneumatic test plug of Claim 5, wherein the sleeve portion is configured to
deflect away from the stem portion when the inflatable bladder is overinflated such that air

is released from the interior area of the inflatable bladder to an exterior environment.

7. The pneumatic test plug of Claim 2, wherein the pressure release opening is
disposed within the valve cavity of the housing, such that the pressure release opening is

also recessed into the interior area of the bladder relative to the open end.
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8. The pneumatic test plug of Claim 1, wherein the inflation valve further comprises a

fill opening configured to receive air to inflate the bladder.

5 9. The pneumatic test plug of Claim 1, wherein the bladder wall further comprises an

annular portion proximate the open end that is configured to retain the housing.

10. The pneumatic test plug of Claim 9, further comprising a clamp disposed about
the annular portion such that the clamp is configured to compress the bladder wall to

10 retain the housing.

11. The pneumatic test plug of Claim 1, wherein the inflation valve is disposed entirely

within the valve cavity of the housing.

15 12 The pneumatic test plug of Claim 1, wherein the bladder is configured to elongate

auring inflation.

13. The pneumatic test plug of Claim 12, wherein a portion of the bladder wall
disposed at a closed end of the bladder opposite the open end is thicker than at least a

20  portion of a remainder of the bladder wall.

14, An intlation valve assembly for use with an inflatable bladder formed by a bladder
wall that is elastically deformable, the bladder having at least one open end, the inflation
valve assembly comprising:
25 a housing disposed in the open end of the bladder wall, the housing having a
mounting surface; and
an inflation valve mounted to the mounting surface, the inflation valve comprising:
an intertor end configured to fluidly communicate with an interior area of
the bladder:
30 a main air passageway configured to introduce air into the interior area;

a stem portion comprising a pressure release opening; wherein the
pressure release opening Is fluidly connected to the main air passageway,
wherein the stem portion is configured to engage the mounting surface; and

a sleeve disposed about the stem portion, wherein the sleeve is slidably

35 arranged about the stem portion, such that the sleeve is not otherwise attached to

the inflation vaive;
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wherein the mounting surface is configured to be recessed into the interior area of

the bladder relative to the open end in the bladder wall such that the housing is

configured to define a valve cavity within the inflatable bladder.

5 15 The inflation valve assembly of Claim 14, wherein the sleeve portion is configured

to seal the pressure release opening when the inflatable bladder is not overinflated.

16. The inflation valve assembly of Claim 14, wherein the sleeve portion is configured
to deflect away from the stem portion when the inflatable bladder is overinflated such that

10  the Inflation valve is configured to release air from the interior area of the inflatable

bladder to an exterior environment.

17. The pneumatic test plug of Claim 14, wherein the pressure release opening is
disposed within the valve cavity of the housing, such that the pressure release opening is

15 also recessed into the interior area of the bladder relative to the open end.

18. The pneumatic test plug of Claim 14, wherein the inflation valve further comprises

a fill opening configured to receive air to inflate the bladder.

20  19. The pneumatic test plug of Claim 4, wherein the sleeve is slidably arranged about

the stem portion, such that the sleeve is not otherwise attached to the inflation valve.
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