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A pressure relief apparatus includes a valve having a body. A shaft is rotatably disposed In the body and has an exterior end
extending through the body. A plug, which may contain an internal passageway, 1Is mounted on the shaft and Is disposed In the
fluid flowpath. The body Is engageable with the system to expose the plug to the pressurized fluid so that the pressurized fluid acts
on the plug to exert a torque on the shaft which is offset from the center line of the plug. The apparatus further includes a linkage
assembly configured to translate the torque exerted on the shaft into an output force. A release device, such as a buckling pin, a
magnet, an electromagnet or a fusible plug, Is connected to the linkage assembly and is configured to release the shaft when the
output force exceeds a predetermined limit. Preferably, the linkage assembly Is adjustable to vary the magnitude of the output force
corresponding to a given torgue. A low torque seal secured In place by a retaining ring Is disposed Iin the body to prevent fluid from

leaking through the body past the plug.
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Abstract of the Disclosure:

A pressure relief apparatus includes a valve having a body. A shaft is rotatably
disposed in the body and has an exterior end extending through the body. A plug,
which may contain an internal passageway, is mounted on the shaft and is
disposed in the fluid flowpath. The body i1s engageable with the system to expose
the plug to the pressurized fluid so that the pressurized fluid acts on the plug to
exert a torque on the shaft which is offset from the center line of the plug. The
apparatus further includes a linkage assembly configured to translate the torque
exerted on the shaft into an output force. A release device, such as a buckling pin,
a magnet, an electromagnet or a fusible plug, Is connected to the linkage assembly
and is configured to release the shaft when the output force exceeds a
predetermined limit. Preferably, the linkage assembly is adjustable to vary the
magnitude of the output force corresponding to a given torque. A low torque seal
secured in place by a retaining ring is disposed in the body to prevent fluid from

leaking through the body past the plug.
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PRESSURE RELIEF APPARATUS
BACKGROUND OF THE INVENTION

This invention generally relates to systems for relieving pressure from a

pressurized system. More particularly, the present invention relates to a
pressure relief apparatus for a system containing a pressurized fluid.

There are many types of systems that process o; use a pressurized
fluid. To ensure the safety of these types of systems, each such system
typically includes a safety device designed to prevent the over-pressurization
of the system. |In an emergency situation, where the fluid in the system
reaches an unsafe level, the high pressure of the fluid acts on the safety
device to create an opening to release fluid from the system. Venting fluid to
the environment or a safety reservoir through the opening reduces the
pressure in the system and prevents another portion of the system from failing
due to the high pressure of the fluid.

Examples of commonly used safety devices include rupture disks and
explosion panels. These safety devices can be attached to a pressurized
system to expose a certain portion of the device to the pressurized fluid in the
system. The portion of the device exposed to the fluid is configured to rupture
or tear when the fluid reaches a predetermined pressure. The tearing or
rupture of the disk or panel creates an opening through which the pressurized
fluid flows to reduce the pressure in the system. This type of safety device is,
therefore, self-destructing and must be replaced after each use. Typically, to
replace one of these safety devices, some disassembly of the system is
needed so that the disk or panel can be properly engaged with the system.

Another type of safety device for a pressurized system is a pressure
relief valve, which may be a reclosing valve or a non-reclosing valve.
Typically, a spring, a pin, or a combination of a spring and pin, is used to hold
a moving plug in sealing engagement with the housing of the device while

~ connected {o the pressurized system. When the pressure of the fluid reaches
the predetermined safety level in such systems, the force exerted on the plug
by the pressurized fluid overcomes the bias of the spring or exceeds the

resistance of the pin that holds the plug in place. When either of these events



CA 02396409 2002-07-03
WO 01/50049 PCT/US01/00261

0.

occurs, the pressurized fluid moves the plug to expose an opening through
which fluid may escape to relieve the pressure in the system. Reclosing
valves will automatically reset once the pressurized fluid at the inlet of the
device has reduced sufficiently for the spring or other mechanism to reseat
the plug. Non-reclosing valves require that the device be manually reset so
that the valve plug is re-engaged with the seal and, if necessary, the pin or
other expendable component replaced.

A valve disposed in a pressurized system will often include a strong
seal between the body and the plug to limit or prevent fluid from leaking
through the valve. One type of seal is a broad band seal (as opposed to a
line seal), where a significant area of the typically flexible seal engages a
large portion of the plug. As a result, a correspondingly large force is required
to break the seal, and the force required to break the seal tends to increase
the longer the seal remains engaged with the plug. A valve using this type of
seal is not well adapted for low pressure applications, where the force of the
fluid may not be capable of breaking the seal. Further, these valves require a
large force to seat the seal, which can interfere with the accuracy of the set
pressure of the device. In addition, the seals of these valves are located in
positions that require extensive disassembly of the valve in the field, which
makes seal replacement difficult and can affect the accuracy of the device.

A common type of pressure relief valve is a rotatable valve assembly.
A rotatable valve includes a plug that is mounted on a rotatable shaft and may
be rotated between a closed position where the plug blocks the flow of fluid
and an open position where the plug allows fluid to flow through the valve.
The rotation of the plug to the open position may be initiated manually or by
another external force. Alternatively, the plug may be mounted on the shaft
so that the rotational axis of the plug is offset relative to the center of the plug,
so that the pressurized fluid exerts a torque on the shaft and urges the plug to
rotate. A device may be coupled to the shaft to prevent the shaft from rotating
until the torque on the shaft reaches a certain level, indicating that the
pressure of the fluid has reached an over-pressure situation. At that point, the

shaft is released and the plug rotates to open the valve and vent the system.
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However, the components of these rotatable valve assemblies are
specifically designed to provide pressure relief for a specific pressure or narrow
pressure ranges. To operate at a range of set pressures, the rotatable valve
assembly would require modification of some or all component parts to vary the
distance by which the rotational axis of the plug is offset from the center of the shatft.
This limits the use of such assemblies in the field and creates inventory problems
for valve manufacturers. Moreover, the inability to standardize parts for broad
pressure ranges increases the cost of manufacturing the devices.

Another problem with rotatable valve assemblies is that the rotation of the
plug does not move the plug out of the fluid flowpath and, thus, the plug obstructs
the flow of the venting fluid. The object of the pressure relief device is to quickly
reduce the pressure of the system and significant blockage of the fluid flow Is
undesirable. A low flow resistance factor (Kr) or high coefficient of discharge (Kd) is
required. The presently known valve assemblies have the disadvantage of
impeding fluid flow in relieving an over pressure situation.

In light of the foregoing, there is a need for a pressure relief apparatus that
(1) can be calibrated to provide pressure relief over a wide range of pressures while
utilizing standard parts, (2) provides a large flowpath for fluid to vent, (3) has an
improved seal in both its working design and for purposes of field replacement, and

(4) may be used In low pressure systems as well as high pressure systems.

SUMMARY OF THE INVENTION

Accordingly, it is desirable to provide a pressure relief apparatus that

obviates one or more of the limitations and disadvantages of prior art pressure relief
devices. The advantages and purposes of the invention will be set forth in part in
the description which follows, and in part will be obvious from the description, or
may be learned by practice of the invention. The advantages and purposes of the
invention will be realized and attained by the elements and combinations
particularly pointed out in the appended claims.

Thus, in one aspect of the present invention, there is provided a pressure
relief apparatus for a system containing a pressurized fluid, comprising a valve

having a body defining a fluid flowpath, a shaft rotatably disposed in the body and
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having an exterior end extending through the body, and a plug mounted on the
shaft, the body engageable with the system to expose the plug to the pressurized
fluid, the pressurized fluid acting on the plug to exert a torque on the shaft and
rotate the plug from a closed position to an open position; a linkage assembly
engageable with the exterior end of the shaft and configured to translate the torque
exerted on the shaft into an output force, the linkage assembly including a fulcrum
and a lever arm having a first end and a second end, the first end of the lever arm
operatively coupled to the exterior end of the shaft to translate the torque on the
shaft into a substantially linear force acting on the first end of the lever arm to pivot
the lever arm about the fulcrum, the fulcrum adjustable to vary the magnitude of the
output force corresponding to a particular shaft torque; and a release device
operatively connected to the linkage assembly to prevent the shaft from rotating
until the output force exceeds a predetermined limit.

In another aspect of the present invention, there is provided a pressure relief
apparatus for a system containing a pressurized fluid, comprising a valve having a
body defining a fluid flowpath, a shaft rotatably disposed in the body and having an
exterior end extending through the body, and a plug mounted on the shaft, the body
engageable with the system to expose the plug to the pressurized fluid, the
pressurized fluid acting on the plug to exert a torque on the shaft and to rotate the
plug from a closed position to an open position; an input arm engageable with the
exterior end of the shaft; a linkage assembly having a fulcrum, a lever arm having a
first end and a second end, and a trigger disposed between the input arm and the
first end of the lever arm, the input arm acting through the trigger on the first end of
the lever arm to pivot the lever arm about the fulcrum to generate an output force
based upon the torque exerted on the shaft; and a first pin including a weakened
area, the first pin operatively connected to the linkage assembly such that the
output force acts to compress the first pin, the weakened area causing the first pin
to buckle when the output force exerted thereon reaches a predetermined level, the
buckling of the first pin allowing the plug to rotate to the open position.

In another aspect of the present invention, there is provided a pressure relief

apparatus for a system containing a pressurized fluid, comprising a valve having a
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body defining a fluid flowpath, a shaft rotatably disposed in the body and having an
exterior end extending through the body, and a plug mounted on the shaft, the body
engageable with the system to expose the plug to the pressurized fluid, the
pressurized fluid acting on the plug to exert a torque on the shaft and rotate the
plug from a closed position to an open position; an input arm engageable with the
exterior end of the shaft; a linkage assembly having a fulcrum, a lever arm having a
first end and a second end, and a trigger disposed between the input arm and the
first end of the lever arm, the input arm acting through the trigger on the first end of
the lever arm to pivot the lever arm about the fulcrum to generate an output force
based upon the torque exerted on the shaft; a release device operatively connected
to the linkage assembly to prevent the shaft from rotating, the release device
including a fusible alloy configured to liquefy and allow the shaft to rotate when the
temperature of the alloy exceeds a predetermined limit.

In an exemplary embodiment, to attain the advantages and in accordance

with the purposes of the
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invention, as embodied and broadly described herein, the invention is directed
to a pressure relief apparatus for a system containing a pressurized fluid. The
pressure relief apparatus includes a valve having a body that defines a fluid
flowpath. A shatft is rotatably disposed in the body and has an exterior end
that extends through the body. A plug is mounted on the shaft. The body is
engageable with the system to expose the plug to the pressurized fluid. The
pressurized fiuid acts on the plug to exert a torque on the shaft and rotate the
plug from a closed position to an open position. A linkage assembly is
engageable with the exterior end of the shaft and is configured to translate the
torque exerted on the shaft into an output force. The linkage assembly is
adjustable to vary the magnitude of the output force corresponding to a
particular shaft torque. A release device is connected to the linkage assembly
to prevent the shaft from rotating until the output force exceeds a
predetermined limit.

In another aspect, the invention is directed to a pressure relief
apparatus for a system containing a pressurized fluid. The pressure relief
apparatus includes a valve having a body that defines a fluid flowpath. A
shaft is rotatably disposed in the body and has an exterior end that extends
through the body. A plug is mounted on the shaft. The body is engageable
with the system to expose the plug to the pressurized fluid, which exerts a
torqgue on the shaft to rotate the piug from a closed position to an open
position. A linkage assembly is engageable with the exterior end of the shaft
and is configured to generate an output force based upon the torque exerted
on the shatft.

A pin including a weakened area is operatively connected to the
linkage assembly such that the output force acts to compress the pin. The
weakened area of the pin causes the pin to buckle when the output force
exerted thereon reaches a predetermined level. The buckling of the pin
allows the plug to rotate to the open position.

In yet another aspect, the present invention is directed to a linkage
assembly for a rotatable valve assembly. The valve assembly has a release

device and a plug mounted on a rotatable shaft. The valve assembly is
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engageable with a pressurized system to expose the plug to pressurized fluid
that acts on the plug to rotate the plug and shaft. The linkage assembly
includes an input arm connected to the shaft of the rotatable valve assembly,
a trigger operatively connected to the input arm such that the torque exerted
on the shaft is translated into a substantially linear force, a fulcrum, and a
lever arm supported by the fulcrum. The lever arm has a first end operatively
coupled with the trigger and a second end coupled with the release device.
The substantially linear force acts on the first end of the lever arm to pivot the
lever arm about the fulcrum and generate an output force between the second
end of the lever arm and the release device. The release device is configured
{o release the lever arm and thereby allow the shaft to rotate when the output
force exceeds a predetermined limit.

In another aspect, the present invention is directed to a pressure relief
apparatus for a system containing a pressurized fluid. The pressure relief
apparatus includes a valve having a body that defines a fluid flowpath. A
shatft is rotatably disposed in the body and has an exterior end that extends
through the body. A plug is mounted on the shaft. The body is engageable
with the system to expose the piug to the pressurized fluid, which acts on the
plug to exert a torque on the shaft to rotate the plug from a closed position to
an open position. A linkage assembly is engageable with the exterior end of
the shaft. The linkage assembly is configured to translate the torque exerted
on the shaft into an output force. A release device is operatively connected to
the linkage assembly to prevent the shaft from rotating until the output force
exceeds a predetermined limit. A latch is configured to engage the linkage
assembly when the plug rotates to the open position to hold the plug in the
open position. :

In still another aspect, the present invention is directed to a pressure
relief apparatus for a system containing a pressurized fluid. The pressure
relief apparatus includes a body that defines a fluid flowpath. A shaftis
rotatably disposed in the body and has an exterior end that extends through
the body. A plug is mounted on the shaft. The body is engageable with the

system to expose the plug to the pressurized fluid, which exerts a torque on
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the shaft to rotate the plug from a closed position to an open position. A
linkage assembly Is engageable with the exterior end of the shaft and is
configured to translate the torque exerted on the shaft into an output force. A
release device is operatively connected to the linkage assembly to prevent the
shaft from rotating. The release device includes a fusible alloy configured to
liquefy and allow the shaft to rotate when the temperature of the alloy exceeds
a predetermined limit.

According to still another aspect, the present invention is directed {o a
pressure relief apparatus for a system containing a pressurized fluid. The
pressure relief assembly includes a valve having a body that defines a fluid

flowpath. A shaft is rotatably disposed in the body and a plug is mounted on
the shaft. The body is engageable with the system to expose the plug to the
pressurized fluid. The plug and shatft are rotatable between a closed position
where the plug prevents pressurized fluid from flowing through the fluid
flowpath in the body and an open position where pressurized fluid flows
between the body and the plug. A seal is disposed in the body and is
configured to engage the plug when the plug is in the closed position to
prevent pressurized fluid from flowing between the plug and body when the
plug is in the closed position. A retaining ring is provided to engage the body
and is configured to retain the seal in the body. The retaining ring may be
disengaged from the body while the shaft and plug remain intact within the
body.

According to yet another aspect, the present invention is directed to a
pressure relief apparatus for a system containing a pressurized fluid. The
pressure relief assembly includes a body that defines a fluid flowpath and
includes an inner surface that has a curved shape. The body is engageable
with the pressurized system to direct pressurized fluid into the fluid flowpath.
A shaft is rotatably disposed in the body. A plug is mounted on the shaft and
disposed in the fluid flowpath. The outer perimeter of the plug has a curved
cross section that is generally complimentary to the shape of the inner surface
of the body. The plug and shaft are rotatable between a closed position
where the plug prevents pressurized fluid from flowing through the fluid
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flowpath in the body and an open position where pressurized fluid flows
between the body and the plug. A seal is disposed in the body. The seal is
configured to provide a line seal that is engageable with a portion of the outer
perimeter of the plug to prevent pressurized fluid from flowing between the
plug and the body. The seal is engageable with the plug for between about
1.5° and 5° of rotation of the plug.

It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are

not restrictive of the invention, as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute

a part of this specification, illustrate one embodiment of the invention and
together with the description, serve to explain the principles of the invention.
In the drawings,

Fig. 1 is a perspective view of a pressure relief apparatus for a
pressurized system according to the present invention;

Fig. 2 Is a cross-sectional view of a valve according to the present
invention, illustrating a plug in a closed position;

Fig. 3 Is a partial cross-sectional view of the valve of Fig. 2, illustrating
a shaft and a seal in accordance with the present invention;

Fig. 4 is an exploded view of a valve according to the present
invention;

Fig. 5 is a perspective view illustrating the engagement of a valve and
a linkage assembly housing according to the present invention;

Fig. 6a is a perspective view of a linkage assembly according to the
present invention;

Fig. 6b is an exploded assembly view of the linkage assembly of Fig.
6a;

Fig. 7 is a cross-sectional view of a pin having a weakened area in
accordance with the present invention;

Fig. 8 is a cross-sectional view of a fusible plug in accordance with the
present invention;
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Fig. 9 is a cross-sectional view of a release device including a buckling
pin and a fusible alloy in accordance with the present invention; and
Fig. 10 is a cross-sectional view of a release device including a
buckling disk in accordance with the present invention.
DETAILED DESCRIPTION

Reference will now be made in detail to the presently preferred

embodiment of the present invention, an example of which is illustrated in the
accompanying drawings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same or like parts. An
exemplary embodiment of a pressure relief apparatus of the present invention
Is shown in Fig. 1 and is designated generally by reference number 20.

In accordance with the present invention, there is provided a pressure
relief apparatus for a system containing a pressurized fluid. The pressure
relief apparatus includes a valve having a body that defines a fluid flowpath.
The body is engageable with the pressurized system to direct pressurized
fluid through the flowpath. Preferably, the body includes a flange that has a
series of bolt holes corresponding to the standard bolt pattern on a pipe flange
to allow the body to be easily engaged with the pressurized system.
However, the present invention contemplates that the pressure relief
apparatus of present invention may be engaged with the pressurized system
In any other manner readily apparent to one skilled in the art.

As embodied herein and as illustrated in Fig. 1, a pressure relief
apparatus 20 includes a valve 22 having a body 23. Body 23 has a flange 36
that contains a series of bolt holes 24. Preferably, bolt holes 24 are
positioned in flange 36 to conform to the standard ANSI bolt pattern (or other
standardized boit pattern) for a pipe flange with a similar nominal size. Bolts,
or other connecting devices, may be used to engage flange 36 with a
corresponding pipe flange that is connected to a pressurized system (not
shown). The structure of the present invention allows for utilization of the
entire ANSI standard bolt pattern when installing the valve and is, therefore,

preferable over prior art designs wherein this was not practical (due to the
magnitude of the rotating mechanism).
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As illustrated in Fig. 2, body 23 includes an inner surface 98 that
defines a fluid flowpath 50 having an inlet 52 and an outlet 54. Preferably,
inner surface 98 of body 23 has a spherical or curved shape. When flange 36
IS engaged with a pipe flange of a pressurized system, the system pipe flange
guides pressurized fluid in the direction indicated by arrow 93 and into body
23, which directs the pressurized fluid into inlet 52.

In accordance with the present invention, the valve may include a shaft
rotatably mounted in the body and a plug disposed in the fluid flowpath. The
plug is mounted on the shaft and is rotatable between a closed position,
where the plug prevents pressurized fluid from flowing through the fluid
flowpath, and an open position, where pressurized fluid is allowed to flow
through the fluid flowpath. [n the illustrated embodiment, the plug is mounted
on the shaft in an offset manner such that when the plug is in the closed
position, the pressurized fluid acts on the plug to exert a torque on the shaft to
rotate the plug from the closed position to the open position.

As illustrated in Fig. 2, a shaft 56 is rotatably mounted in body 23.
Shaft 56 includes an exterior end 58 that extends through body 23 and an

~ interior end 59 that extends into the plug. As shown in greater detail in Fig. 3,
a bearing, such as roller bearing 74 or a bushing, is positioned between shaft
56 and body 23 to facilitate rotation of the shaft within body 23.

As is also illustrated in Fig. 3, a seal 82 is disposed between shaft 56
and body 23. Seal 82 prevents pressurized fluid from escaping the valve
between the surfaces of the shaft and the body. Preferably, as shown in Fig.
2, a bushing 86 is disposed in body 23. The inner diameter of bushing 86 is
sized to closely correspond to the outer diameter of shaft 56.

Referring again to Fig. 2, a second shaft 60 is rotatably mounted in
body 23 opposite shaft 56. As with shaft 56, shaft 60 includes an interior end
88 extending into fluid flowpath 50 and a bearing, such as roller bearing 94 or
a bushing, is positioned between shaft 60 and body 23 to facilitate rotation of
shaft 60 within body 23.

A seal 92 is also disposed between shaft 60 and body 23. Seal 92
prevents pressurized fluid from escaping the valve between the surfaces of
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shaft 60 and body 23. Preferably, a bushing 90 is disposed in body 23. The
Inner diameter of bushing 90 is sized to closely correspond to the outer
diameter of shaft 60.

A cover plate 62 is connected to body 23 to prevent shaft 60 from
sliding with respect to the body. An o-ring 96 is positioned between cover
plate 62 and body 23.- O-ring 96 creates a seal between the body 23 and
cover plate 62 to prevent any ingress of foreign matter between the shaft and
bearing.

As is also shown in Fig. 2, a plug 65 is disposed within fluid flowpath
50. Preferably, plug 65 includes opposing sides with an internal passageway
therebetween. In a preferred embodiment, the plug includes an inlet plate 68
and an outlet plate 66 that are joined together. Inlet plate 68 includes an
outer perimeter 95 and outlet plate 66 includes an outer perimeter 97.
Preferably, outer perimeters 95 and 97 of the inlet and outlet plates have a
curved cross-sectional shape that generally conforms to the contour of inner
surface 98 of body 23. The present invention contemplates, however, that
inner surface 98 of body 23 may form a straight bore on one or more sides. In
addition, the plug may have alternative configurations, including a single pléte
design or a multiple plate design.

Inlet plate 68 also includes a central projection 71 and outlet plate 66
Includes a corresponding projection 70. Preferably, as illustrated in Fig. 4, a
series of posts 100 are positioned between the inlet and outlet plates. Posts
100 engage corresponding openings in the inlet and outlet plates to ensure
that the plates are properly aligned. Central projections 70 and 71 align to
form a crossbar that defines fluid passageways 72. The present invention
contemplates that the inlet plate and outlet plate may be cast as a single part
that defines one or more fluid passageways therebetween.

As shown in Fig. 2 and discussed previously, plug 65 is mounted on
shafts 56 and 60. Because shafts 56 and 60 are rotatably mounted in body
23, plug 65 is similarly rotatable with respect to body 23. Plug 65 may be
rotated between a closed position, where the plug is substantially

perpendicular to the direction of fluid flow, and an open position, where the
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plug is substantially parallel to the direction of fluid flow (as indicated by arrow
03 in Figs. 2 and 4).

The present invention contemplates that the described pressure relief
apparatus may be used as a reclosing pressure relief device or a non-
reclgsing pressure relief device. In the non-reclosing embodiment, the plug
65 rbtates through approximately 90° in moving from the closed position to the
open position. This places the inlet and outlet plates substantially parallel to
the direction of fluid flow (as indicated by arrow 93 in Figs. 2 and 4) to afford
the highest fluid flow rate to most efficiently reduce the pressure within the
system. In the reclosing, embodiment, the plug 65 rotates through
approximately 85° in moving from the closed position to the fully open
position. In this position, the inlet and outlet plates are positioned such that
the fluid continues to exert a force on the plug. When the pressure of the
fluid, and the resultant force on the plug, drop below a certain limit, a spring or
other similar mechanism will rotate the plug back to the closed position.
Preferably, plug 65 is configured to ensure the flow resistance factor (Kr) of
the open valve is less than approximately 6.0.

A position indicator (not shown) may be attached to shaft 60.
Preferably, the position indicator either extends through or is visible through
cover plate 62. The location of the position indicator will indicate whether the
plug is in the open position or in the closed position.

Preferably, as shown in Fig. 4, interior ends 59 and 88 of shafts 56 and
60, respectively, have a square shape and inlet plate 68 and outlet plate 66
each include a pair of notches 102, 104, 106, and 108 (referring to Figs. 2 and
4). When inlet plate 68 is attached to outlet plate 66, notches 102 and 104
combine to engage interior end 59 of shaft 56 and notches 106 and 108
combine to engage interior end 88 of shaft 60.

The rotational axis of plug 65 is determined by the location of notches
102, 104, 106, and 108. Preferably, these notches are disposed so that the
rotational axis of the plug 65 is displaced from the centerline of the plug. This
offset mounting of the plug results in a greater portion of inlet plate 68 located

on one side of the rotational axis than on the other side of the rotational axis.
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The force exerted on the inlet plate by the pressurized fluid is equal to the
pressure of the fluid times the area of the plate. Since a larger area of the
plate is positioned on one side of the rotational axis, the resultant force of the
pressurized fluid will create a moment arm about the rotational axis that acts
to rotate plug 65 in the direction indicated by arrow 91 (referring to Fig. 4) and
exert a torque on shafts 56 and 60. Thus, the amount of the displacement of
the rotational axis of the plug from the centerline of the plug and the pressure
of the fluid will determine the amount of torque exerted on the shaft. The
present invention contemplates that shafts 56 and 60 may be disposed in
housing 23 to position the rotational axis of the plug at any location from the
centerline of the plug (0% offset) to the perimeter of the plug (100% offset).

As illustrated in Fig. 4, a spindle 140 having a spline 142 is engageable
with exterior end 58 of shaft 56. Exterior end 58 of shaft 56 includes a series
of notches and ridges and spindle 140 includes complimentary openings
configured to receive the notches and grooves of the exterior end. The
notches and grooves ensure that shaft 56 and spindle 140 are solidly coupled
so that any rotation of shaft 56 is translated to a corresponding rotation of
spindle 140.

Spindle 140 is rotatably mounted within a spindle housing 150 that is
engagaeable with body 23. When spindle housing 150 is mounted on body
23, spline 142 extends outside of spindle housing 150. In addition,
engagement of spindle housing 150 with body 23 prevents spindle 140 from
disengaging exterior end 58 of shaft 56. A pair of bearings 144, which are
separated by a spacer 146, support spindle 140 and allow the spindle to be
easlly rotated within spindle housing 150. Preferably, an o-ring 148 is placed
between spindle housing 150 and body 23 to prevent ingress of foreign matter
between shaft 56 and bearings 144.

Preferably, spline 142 also includes a drive 143. Preferably drive 143
Is hexagonal such that a standard wrench or socket may be engaged with
drive 143 {o rotate spindle 140 and, thus, shaft 56 and plug 65. In this

manner, plug 65 may be manually rotated from the open position to the closed
position to reset the pressure relief apparatus.
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In accordance with the present invention, a seal is disposed in the
body. The seal is configured to provide a line seal engageable with a portion
of the outer perimeter of the plug to prevent pressurized fluid from flowing
between the plug and the body. Preferably, the seal engages the plug for
between about 1.5° and 5° of rotation of the plug between the closed position
and the open position. The use of a line seal with the globed or spherical
surface results in a low torque valve that is more readily opened and reclosed.
As such, the valve is useful in low pressure applications. This is particularly
true with a hollow plug that reduces the mass that is moved between the open
and closed positions.

As illustrated in Fig. 3, a seal 84 is disposed in body 23. Seal 84
extends around the circumference of inner surface 98 of body 23. Preferably,
seal 84 is made of a soft, elastic material, such as VITON.

In the illustrated embodiment, seal 84 includes two projections 120 and
122 that extend divergently from body 23 and are configured to engage a
portion of the outer perimeter of inlet plate 68 around the entire circumference
of the inlet plate. The present invention contemplates, however, that the seal
may be positioned adjacent the outlet plate so that projections 120 and 122
engage a portion of the outer perimeter of outlet plate 66. Alternatively, two
seals may be disposed in body 23, one configured to form a seal with the inlet
plate and the other configured to form a seal with the outlet plate.

Projection 120 extends from body 23 to outer perimeter 95 of inlet plate
68 and is angled towards housing inlet 52. Because the outer perimeter 95 of
inlet plate 68 is curved, projection 120 will remain in contact with the outer
perimeter and maintain the seal until plug 65 rotates through the first portion
of the rotation from the closed position to the open position. Preferably,
projection 120 remains in contact with the outer perimeter of the inlet plate for
between about 1.5° and 5° of rotation of the plug.

As illustrated in Figs. 2 and 3, a replaceable seat 99 is preferably
disposed on the outer edge of inlet plate 68. Seat 99 may be constructed of
metal, preferably of the same material as inlet plate 68, or seat 99 may be a

soft seat, preferably constructed of the same material as seal 84. ltis
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contemplated that outer perimeter 95 of replaceable seat 99 may include a
coating, such as TEFLON, to reduce the friction between the seal and the
plug and allow the plug to more freely open in low pressure applications.

As discussed, the curved surface of outer perimeter 95 of inlet plate 68
allows the seal to be easily energized and allows for a low-torque
engagement of projection 120 with inlet plate 68. The angle of projection 120
also allows pressurized fluid from the inlet side of the device to contact
projection 120 and exert a force to increase the performance of the seal.

In addition, the low energy seal and the simple offset design of the plug
allow the valve to be connected to the pressurized system in an orientation
that will allow gravity to act on the plug to reclose the valve after the pressure
In the system has been relieved. Alternatively, the valve may be gravity
balanced so that the valve device may be installed in any orientation, such as
horizontally, vertically, or obliquely, and the weight of the device will not
iInfluence the set pressure.

Seal projection 122 extends from body 23 to outer perimefer 95 of inlet
plate 68 and is angled towards body outlet 54. Projection 122 will hold back
pressure, such as would be created by a vacuum from inlet side 52 or a fluid
pressure on outlet side 54. Alternatively, a separate seal may be disposed in
body 23 and configured to engage outlet plate 66 to hold back pressure.

As illustrated in Fig. 4, a retaining ring 64 is engageable with body 23
to hold seal 84 in place. Preferably, body 23 and retaining ring 64 are
configured so that retaining ring 64 may be engaged with body 23 with a
press-fit. The present invention contemplates that the retaining ring may be
engaged with the body by other methods, such as, for example,
corresponding threads on the retaining ring and body.

As lllustrated in Fig. 3, retaining ring 64 includes a notch 130 having
substantially the same shape as seal 84. The mating surfaces of the retaining
ring 64 and body 23 are configured to ensure that retaining ring 64 contacts
body 23 before the retaining ring over compresses seal 84. In addition, an o-
ring 124 may be disposed between retaining ring 64 and body 23 to prevent

any undesirable leakage of fluid from the valve and to retain the body and
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retaining ring together.

In the illustrated embodiment, the retaining ring engages the inlet side
of the valve body. This configuration s preferred because it provides for easy
replacement of the seal in the field. To replace the seal, the valve is
disassembled only as far as necessary to provide access to the retaining ring.
The retaining ring is then removed from the body, while leaving the plug and
shaft assembly intact. Removing the retaining ring exposes the seal and

“allows the used seal to be replaced with a new seal. While this is the
preferred embodiment of the retaining ring, it is contemplated that the
retaining ring could engage the outlet side of the body to hold the seal in
place.

As illustrated in Fig. 2, retaining ring 64 preferably includes a groove
126 in its outer edge. Body 23 includes bolt holes 128 configured to align with
groove 126 when retaining ring 64 is fully seated in body 23. Bolts 63
(referring to Fig. 4) engage bolt holes 128 and extend into groove 126. The
engagement of bolts 63 with groove 126 prevents retaining ring 64 from any
lateral movement during operation of the valve, thereby ensuring that the seal
will remain engaged with the inlet plate.

In addition, these bolts allow the main plug to be sealed, with wire or
another closure, according to ASME practices. The applicable ASME code
sections require that removable pressure containing parts be sealed with a
closure, preferably lead, to provide evidence of tampering or alteration from
"as built" condition. The present invention contemplates that such a lead
closure may be placed on these bolts.

In accordance with the present invention, a linkage assembily is
provided. The linkage assembly is engageable with the exterior end of the
shaft to translate the torque exerted on the shaft into an output force. The
present invention contempla'tes many linkage assemblies of many different
configurations. Preferably, the linkage assembly is adjustable during set
pressure calibration of the device to vary the magnitude of the output force

that corresponds to a particular shaft torque.

As illustrated in Fig. 5, a linkage assembly (designated generally as 26)
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having a housing 27 is engageable with valve 22. Spindle housing 150
Includes a flange 154 that has a series of bolt holes 156 that are positioned to
engage corresponding bolt holes 158 on housing 27. Preferably, flange 154
Includes a series of bolt holes so that the linkage assembly housing may be
connected to the valve in several different orientations. The orientation of the
linkage assembly housihg with relation to the valve may be varied depending
on the available space of the pressurized system. In addition, the linkage
assembly housing may be oriented to allow easy access to the housing to
reset the valve. Preferably, the bolts connecting valve 22 with linkage
assembly 26 are configured to allow sealing, with wire or other closure,
according to ASME practices to provide evidence of tampering or alteration
from as-built' condition.

As illustrated in Figs. 6a and 6b, linkage assembly 26 includes an input
arm 160. Input arm 160 has an opening 170 configured to receive spline 142
(referring to Figs. 4 and 5). The splined connection between spindle 140 and
iInput arm 160 allows the linkage assembly housing to be oriented at a variety
of angles with respect to the valve, while retaining a solid coupling between
spline 142 and opening 170 so that any rotational movement or torque of
spindle 140 is directly transferred to input arm 160.

Input arm 160 is connected to trigger 172. As shown in Fig. 6b, input
arm 160 includes a post 202 that rotatably mounts roller 204. Roller 204
engages an end 173 of trigger 172. The connection between roller 204 and

trigger end 173 translates any torque applied to the input arm into a

substantially linear force on the trigger 172.

Trigger 172 contacts a lever arm 178. Lever arm 178 includes a first
end 177 and a second end 179. As shown in Fig. 6b, trigger 172 includes a
post 208 that mounts roller 212. Roller 212 contacts first end 177 of the lever
arm {o transmit the force exerted on the trigger by the input arm against the
lever arm.

As illustrated, a fulcrum 174 is disposed adjacent the body of lever arm
178. Fulcrum 174 includes a housing 175 and an adjuster block 176.
Adjuster block 176 includes a post 222 that pivotably mounts a roller bearing
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224. The surface of roller bearing 224 contacts the body of lever arm 178 and
provides a point of support about which the lever arm rotates.

Thus, when the pressurized fluid exerts a torque on shaft 56, the shatft
transmits the torque to input arm 160, which exerts a corresponding force on
trigger 172. Trigger 172 transmits the force to first end 177 of lever arm 178.
Lever arm 178 rotates about fulcrum to 174 to generate an output force acting
through second end 179 of lever arm 178. In this manner, the torque exerted
on the shaft is translated into an output force.

Preferably, linkage assembly 26 is adjustable during set calibration of
the device so that the magnitude of the output force generated by a particular
torque may be easily varied. In the preferred embodiment, fulcrum 174 is
moveable with respect to lever arm 178 to control the magnitude of the force
exerted on release device 181. Even more preferably, the linkage assembly
provides for major and minor adjustments of the fulcrum location.

Major adjustments to the fulcrum location are made by adjusting the
location of the fulcrum housing with respect to the base plate. As illustrated in
Figs. 6a and 6b, fulcrum housing 175 is connected to a base plate 192 with
posts 226. Base plate 192 includes a series of positioning holes 185.

Fulcrum housing 175 may be moved relative to lever arm 178 by engaging
posts 226 with different sets of positioning holes 185. In the preferred
embodiment, positioning holes 185 provide for four different positions of
fulcrum housing 175. The number and locations of such positioning holes
may vary to provide the desired adjustability to the system.

Preferably, once fulcrum housing 175 is positioned with the proper set
of positioning holes 185 to generate the appropriate magnitude of force based
on the desired release pressure, the remaining positioning holes 185 are
plugged o prevent a user from making major adjustments to the location of
fulcrum housing. Alternatively, base plate 192 may be manufactured with only
one set of positioning holes to provide one location of the fulcrum housing that
will generate the appropriate magnitude of force.

Minor adjustments to the fulcrum housing may be made by adjusting

the location of the adjuster block within the fulcrum housing. As illustrated in
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Figs. 6a and 6b, fulcrum housing 175 mounts a pair of bolts 186 that fix
adjuster block 176 with respect to the fulcrum housing. Adjusting bolts 186
moves adjuster block 176 and bearing 224 relative to lever arm 178. Because
bearing 224 may rotate with respect to housing 175, the adjuster block 176
may be easily moved relative to lever arm 178 without disengaging the lever
arm from the roller bearing.

Thus, in the preferred embodiment, major adjustments to the location
of bearing 224 may be made by adjusting the position of fulcrum housing 175
relative to base plate 192 and minor adjustments may be made by adjusting
the location of adjuster block 176 relative to fulcrum housing 175. Moving
bearing 224 closer to the first end 177 of lever arm 178 will reduce the
magnitude of the output force, where moving bearing closer to the second end
179 of lever arm 178 will increase the magnitude of the output force.

Preferably, housing 175 includes lock pins 183. After the fulcrum has
been properly positioned to generate the desired output force based on the

input torque of the shaft, lock pins 183 may be engaged with bolis 186 and/or
base plate 192 to

prevent any further adjustment of the set pressure. This will prevent
tampering with the unit to alter the set pressure of the valve.

The present invention also contemplates that a spring, such as a
torsion spring (not shown), may be connected to the shaft. The torsion spring
may be configured to either increase or decrease the force exerted by the
input arm. For example, the torsion spring may be oriented to exert a
"preload” force on the shaft, i.e. add to the torque exerted on the shaft by the
pressurized fluid . Including the spring will thereby lower the fluid pressure
necessary to generate the output force necessary to trigger the release device
and open the valve. Once the release device is triggered, the force of the
spring will also act to help rotate the plug to the open position. Alternatively,
the spring may be oriented to oppose the torque on the shaft. Including the
opposing spring will increase the fluid pressure necessary to generate the

required output force, since the resistance of the spring adds to the resistance
of the release device.
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In accordance with the present invention, a release device, or
activation component, is connected to the linkage assembly. The release
device prevents the shaft from rotating until the output force exceeds a
predetermined limit. In the illustrated embodiment, the release device
includes a pin that is subject to a compressive force and that buckles
according to Euler's Law when the output force reaches the predetermined
limit. Such a device is typically termed a "Buckling Pin Non Reclosing
Pressure Relief Device." The present invention contemplates, however, that
the release device may include a spring, magnet, rupture disk, or any other
device that will prevent the shaft from rotating until the output force reaches a
predetermined limit. Moreover, as illustrated, the linkage assembly of the
llustrated embodiment generates a compressive output force, although it is
contemplated that the linkage assembly may generate a tensile or shear
output force.

As illustrated in Figs. 6a and 6b, a release device 181 is connected to
linkage assembly 26. In the preferred embodiment, release device 181

includes a buckling pin 182 that is held within a pin housing 180 by a threaded
bolt 188 and a pin holder 236. Preferably, a pair of bushings 234 ensure pin

holder 236 and buckling pin 182 remain in alignment in pin housing 180.
Threaded bolt 188 engages the opposite end of buckling pin.182.

Release device 181 is operatively connected to second end 179 of
lever arm 1/8. As shown in Fig. 6b, second end 179 of lever arm 178
Includes a post 216 that mounts a roller bearing 214. Roller bearing 214
contacts pin holder 236. This operative connection transmits the output force
exerted by the second end 179 of lever arm 178 to pin holder 236.

Buckling pin 182 is configured to withstand a predetermined force.
When the output force exceeds the predetermined force, the material of the
buckling pin will deform, or buckle. The present invention contemplates that
the force at which the pin will deform may be controlied in a number of ways,
including, but not limited to, providing pins having different sizes and materials
and infroducing an area of weakness into the pin. As illustrated in Fig. 7, pin

182 may include a weakened area such as a notch 250. The present
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Invention contemplates that the weakened area may be introduced into the
pin by locally scoring, heat treating, etching, or pre-stressing at least a portion
of the pin.

The release device may include a magnet, e.g. an electromagnet or a
permanent magnet, that prevents the shaft from rotating until the output force
reaches the predetermined level. The magnet may be disposed in the release
device to prevent the shaft from rotating with either magnetic attraction or
magnetic repulsion. It should be noted that the adjustability of the valve of the
present invention will allow a low torque/low force design that is particularly
conducive to the use of a magnetic release device.

The release device may also include a spring mechanism for opening
and/or closing the valve. The spring mechanism may have a tension,
compression, torsion, disk, elastomeric, or memory metal spring. The present
invention also contemplates that the release device may be a combination of
a pin, magnet, or spring.

In addition, the release device may include a rupture disk, or similar
structure, that is configured to deform, rupture, or change shape when a
predetermined force is exerted thereon. As illustrated in Fig. 10, a rupture
disk 270 includes a dome shaped structure having a concave side 272 and a
convex side 274. Arod 276 is disposed between the second end 179 of lever
arm 178 and convex side 274 of rupture disk 270. Rod 276 transmits the
force of the lever arm onto the rupture disk. The size, shape, and material of
the dome-shaped structure is designed so that the rupture disk will withstand
a predetermined force. When the force exerted by the lever arm exceeds the
predetermined force, the dome-shaped structure will buckle and allow the
lever arm to move, thereby releasing the shaft. While the illustrated
embodiment depicts a reverse-buckling rupture disk, the present invention
contemplates that the rupture disk may also be a tension-loaded disk, where
rod 276 contacts concave side 272. In addition, it is contemplated that the
rupture disk may be a flat membrane constructed of a material such as carbon
graphite.

It is contemplated that the release device may include a command
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release mechanism that will allow the valve {o open regardiess of the fluid
pressure. Preferably, the command release mechanism is a solenoid-based
or pyrotechnic-based actuator that deforms the pin, upon command, to trigger
the release device. Alternatively, the command release mechanism may be a
device that ensures that an output force sufficient to trigger the release

mechanism is generated, such as an actuator that acts on the lever arm or
shaft.

In accordance with the present inventioh, the release device may
Include a fusible alloy that liquefies when exposed to heat. Including the
fusible alloy in the release device will ensure that the valve opens if a fire or
other emergency situation occurs in the proximity of the valve. In addition, the
fusible alloy may be disposed adjacent a controllable source of heat so that
an operator may heat the alloy to open the valve on demand, should an
emergency situation develop elsewhere in the pressurized system. Thus, the
present invention contemplates that the fusible alloy may be integrated into
the release device to cause the valve to open in response to heat generated
by a heating element (on demand), in response to heat generated by an
emergency situation, in response to an over-pressure situation, or any
combination thereof.

The fusibie alloy may be included as part of the pin or as part of the pin
holder so that exposure to heat will liquefy the fusible alloy and cause the pin
to deform or allow the pin to move, thereby releasing the lever arm and
allowing the plug to open. Preferably, the fusible alloy is eutectic to provide a
single temperature set point at which the valve will release, although the
present invention contemplates that non-eutectic fusible alloys may also be
used.

In one embodiment, the release device includes a fusible plug 258, as
lllustrated in Fig. 8. Fusible plug 258 includes a housing 262 having an
opening 263 that contains a fusible alloy 266. A support plate 268 that
Includes a series of perforations 269 is disposed on one side of fusible alloy
266. Support plate 268 may be integral with housing 262 or a separate piece
that mates with housing 262.
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The release device also includes a piston 264 that is operably
connected to second end 179 of lever arm 178 (referring to Figs. 6a and 6b).
Piston 264 engages fusible alloy 266, which prevents piston 264 and, thus,
lever arm 178 from moving. When the temperature of housing reaches a
certain level, fusible alloy 266 liquefies. The liquefied fusible alloy 266 flows
through perforations 269 or around the outer diameter 265 of piston 264,
thereby allowing piston 264 to move. Movement of the piston allows the lever
arm to move and ultimately release the shaft to allow the plug'to rotate to the
open position. In this manner, the valve may be opened when the
temperature reaches a predetermined level.

The present invention also contemplates that a heating coil or other
heat generating device may be disposed in plug housing 262. Preferably, the
heating coil is remotely operated to allow an operator, or an automated control
system, to activate the heating coil and heat the fusible alloy to open the vaive
when an emergency situation occurs elsewhere in the system. This is
particularly beneficial in large pressurized systems where the fusible alloy will
not necessarily be subject to direct heating by a fire or other dangerous
condition.

In the embodiment of the release device illustrated in Fig. 9, a fusible
alloy 266 iIs included as part of pin holder 236. In this embodiment, the
release device wili release the shaft if the temperature of the fusible alloy
reaches a certain temperature or if the force exerted on the pin exceeds the
material strength of the pin. Thus, this embodiment will provide a pressure
relief in either an over-pressure or an over-temperature condition.

As discussed above, the fulcrum of the present invention may be easily
adjusted to vary the magnitude of the output force generated by a given fluid
pressure and exerted on the release device. This provides increased
flexibility for the pressure relief apparatus. For example, if the release device
iIncludes a buckling pin configured to deform at a certain force, the fluid
pressure that will generate an output force sufficient to deform the pin may be
varied by merely adjusting the location of the fulcrum relative to the lever arm.

If a lower release pressure is desired, the fulcrum is moved towards the
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second end of the lever arm. Similarly, if a greater release pressure is
desired, the fulcrum may be moved closer to the first end of the lever arm.

This adjustability feature is advantageous for many reasons. It allows
for standardization of barts, thereby easing manufacturing and inventory
controls. The system can also be adjusted in the field if performance
requirements for the installation are changed. The design allows for the
compact offset valve design to handle a range of pressures. For example, an
8" unit valve according to the present invention can handle pressures ranging
from about 5 psi to about 300 psi, whereas a conventional 8" rotatable device
could be expected to handle pressures ranging from about 5 psi to about 50
psl.

Preferably, as illustrated in Figs. 6a and 6b, trigger 172 includes a
curved surface 187 proximate end 173 of trigger 172 and trigger 172 is
pivotally mounted to link 228 by a post 206. When buckling pin 182 deforms
In response to the output force, lever arm 178 is allowed to pivot about
fulcrum 174 so that second end 179 and first end 177 of lever arm 178 move
in opposite directions. Movement of first end 177 of lever arm 178 removes
support for trigger 172. In response to the continued force of input arm,
trigger 172 pivots about post 206 and roller 204 of input arm 160 disengages
fromend 173 of 172. Thus, input arm 160 begin a rotational movement to
allow the shaft and plug to rotate to the open position. Curved surface 187 of
trigger 172 provides clearance for input arm 160 to rotate through its full
course of movement.

Preferably, a small rotation of input arm 160 of approximately 1° will
allow roller 204 to disengage end 173 of trigger 172 and open the valve.
Thus, the release device need only allow a small movement of the lever arm
In order to release the valve. This feature provides for the use of a re-useable
pin. For example, a relatively long buckling pin may be placed in the pin
holder. When the pressure in the system creates a sufficiently high output
force, the pin will start to elastically deform prior to buckling. The elastic
deformation will shorten the pin sufficiently to allow the small degree
(approximately 1°) of rotation to open the valve. The device may then be
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reset to re-use the same pin. The system may then be pressurized and the
pin re-used.

As illustrated in Figs. 6a and 6b, a tension spring 184 preferably
connects trigger 172 to link 228. Tension spring 184 acts on trigger 172 to
move the trigger back to its original position to realign the trigger with lever
arm 178 when input arm 160 is rotated back to its starting position to reset the
device.

In the preferred embodiment, a latch is provided to engage the input
arm of the linkage assembly when the plug rotates to the open position. The
latch holds the plug in the open position. Preferably, the latch includes an
energy absorber to absorb the energy of the input arm contacting the latch.
The hollow plug of the present invention provides for inertia reduction that
lessens the necessary shock absorber.

As illustrated in Figs. 6a and 6b, a latch 164 is pivotably disposed in a
latch housing 240. Latch 164 includes a notch 166 configured to engage a
projection 162 on input arm 160. Preferably, a spring 238 acts on latch 164 to
urge the latch 164 into a latched position. When input arm 160 rotates to the
open position, projection 162 contacts latch 164 and pivots latch 164. When
projection has engaged notch 166, spring 238 returns latch to the latched
position to prevent input arm 160 from rotating back to the closed position.

Preferably, an energy absorber 168 is positioned on latch housing 240.
Projection 162 of input arm 160 contacts energy absorber when input arm
moves to the open position. Energy absorber 168 is made of a resilient
material that flexes when contacted by projection 162. The present invention
contemplates that the energy absorber may also be a damper mechanism,
such as a hydraulic shock absorber, pneumatic shock absorber, or cam
mechanism that acts on the shaft to slow the rotation of the shaft.

After the energy created by the contact of the projection with the
energy absorber is dissipated, energy absorber 168 returns to its original
shape and locks projection 162 against notch 166. Projection 162 may be
freed from notch 166 by manually pivoting latch 164 to release projection 162
of input arm 160 and return input arm to its starting position. It is
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contemplated that a mechanism for releasing the latch may be inciuded to
release the latch and allow the plug to return to the closed position when the
pressure of the fluid has been reduced to a safe level.

It should be noted that the pressure relief apparatus of the present
invention may also be used for two-way pressure relief. In this embodiment, a
second linkage assembly could be connected to the shaft and adapted to
prevent the shaft from rotating In the opposite direction. Because the linkage
assemblies are separately adjustable, the pressure at which the valve opens
could be independently controlled for each direction. Thus, the valve would
open when the fluid pressure on one side of the valve reached a first level and
would also open when the pressure on the other side of the valve reached a
second level, thereby providing pressure relief in both directions.

The operation of the aforementioned pressure relief apparatus will now
be described with reference to the attached drawings.

Referring to Fig. 1, valve 22 of the pressure relief apparatus 20 is
engaged with a pipe flange of a pressurized system by engaging bolts through
bolt holes 24 and the corresponding bolt holes of the system flange.
Operation of the pressurized system directs pressurized fluid into fluid inlet 52
of body 23. Referring to Fig. 2, the pressurized fluid exerts a force on inlet
plate 68 of plug 65. Because the rotational axis of the plug is offset from the
center of the plug, the resultant force exerted by the pressurized fluid on inlet
plate 68 creates a moment about the rotational axis of the plug and exerts a
torque on shaft 56.

The torque on shaft 56 is translated through spindie 140 to input arm
160 of linkage assembly 26 (referring to Figs. 6a and 6b). The torque on input
arm 160 is translated into a linear force on trigger 172. Trigger 172 transfers
the linear force onto lever arm 178, which exerts a corresponding force on
release device 181.

When the force exerted on buckling pin 182 exceeds the strength of
the material, buckling pin 182 deforms, or buckles, to trigger the release of the
valve. Preferably, in the reclosing embodiment of the present invention, the
valve is triggered within +3% of the set pressure. The deformation of buckling
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pin 182 releases lever arm 178, which, in turn, releases trigger 172. Release
of trigger 172 frees input arm 160 and allows shaft 56 and plug 65 to rotate.

The pressurized fluid continues to exert a force on inlet plate 68 of plug
65 causing plug 65 to rotate towards the open position. As described
previously, seal 84 remains engaged with inlet plate 68 for several degrees of
the rotation of plug 65. After the plug rotates through that first portion of the
rotation and the seal with the body is broken, fluid is allowed to escape from
the system through valve outlet 54. When plug 65 rotates to the open
position, passageways 72 become substantially aligned with the flow of fluid.
Thus, the plug of the present invention provides a large flowpath through
which fluid may escape, thereby providing an efficient flowpath with a low
coefficient of resistance.

As plug 65 rotates within body 23, input arm 1°60 follows a
corresponding rotation. When plug 65 reaches the open position, projection
162 strikes energy absorber 168, which helps dissipate the energy of the
valve opening. The energy created by the opening of the valve is further
reduced by the existence of passageways 72 in plug 65. These "hollow"
areas of the plug reduce the mass of the plug and, thus, the inertia generated
by the moving plug. Since the inertia is lower, the force of the impact on
energy absorber 168 is also reduced. This reduces the wear on the pressure
relief apparatus and will reduce maintenance and repair of the apparatus.

In addition, projection 162 engages latch 164. Latch 164 prevents plug
65 from any reverse rotation, which could potentially obstruct the fluid release.
Preferably, latch 164 is configured to hold plug 65 such that passageways 72
are properly aligned with fluid flowpath 50.

After the fluid has vented from the system and the pressure reduced,
the pressure relief apparatus may be reset. This is accomplished by releasing
latch 164 and returning input arm 162 to the starting position. It is
contemplated that the present invention be practiced without a latch, in which
case, gravity may act on the plug to return the plug to a closed position.
There are potential advantages of having the valve close even without

reseating the seal.
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It is contemplated that the reclosing valve of the present invention may
include an appropriate mechanism, such as a pilot style spring loaded
mechanism or a shaft mounted spring loaded mechanism, to automatically
reclose the valve when the pressure in the system drops below approximately
95% of the set pressure. Preferably, the valve recloses in accordance with
ASME Section VIII. As such, the seal would actually reseat.

A wrench or socket may be engaged with drive 143 to aid in returning
the plug to a closed position. When plug 65 is returned to the starting
position, outer perimeter 95 of inlet plate 68 engages projections 120 and 122
of seal 84. The curved cross-sectional shape of the outer perimeter 95 allows
the seal to be easily engaged with the plug. Thus, the seal of the present
iInvention can be energized with a relatively low-torque.

After seal 84 is energized with plug 65, release device 181 may be
reset. Buckling pin 182 may be replaced by removing threaded bolt 188 and
Inserting a new buckling pin 182 into pin holder 192. Threaded bolt 188 is
then tightened to clamp the new buckling pin in place and the reset of the
apparatus is complete.

It will be apparent to those skilled in the art that various modifications
and variations can be made in the assembly of the present invention without
departing from the scope or spirit of the invention. Other embodiments of the
invention will be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It is intended that
the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A pressure relief apparatus for a system containing a pressurized fluid,

comprising:

a valve having a body defining a fluid flowpath, a shaft rotatably
disposed in the body and having an exterior end extending through
the body, and a plug mounted on the shaft, the body engageable with
the system to expose the plug to the pressurized fluid, the pressurized
fluid acting on the plug to exert a torque on the shaft and rotate the

plug from a closed position to an open position;

a linkage assembly engageable with the exterior end of the shaft and
configured to translate the torque exerted on the shaft into an output
force, the linkage assembly including a fulcrum and a lever arm
having a first end and a second end, the first end of the lever arm
operatively coupled to the exterior end of the shaft to translate the
torque on the shaft into a substantially linear force acting on the first
end of the lever arm to pivot the lever arm about the fulcrum, the
fulcrum adjustable to vary the magnitude of the output force

corresponding to a particular shaft torque; and

a release device operatively connected to the linkage assembly to
prevent the shaft from rotating until the output force exceeds a

predetermined limit.

2. The apparatus of claim 1, wherein the fulcrum is moveable relative to the
lever arm to adjust the distance between the fulcrum and the first and

second ends of the lever arm.

3. The apparatus of claim 1, wherein the release device is a buckling pin and

the output force is a compressive force.

4. The apparatus of claim 1, wherein the release device is a pin having a
weakened area, the weakened area of the pin causing the pin to deform

when the output force exceeds the predetermined level.
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The apparatus of claim 1, wherein the release device is a rupture disk

configured to deform when the output force exceeds the predetermined level.

The apparatus of claim 5, wherein the rupture disk is a reverse- buckling
rupture disk and the output force is exerted on a convex surface of the

dome-shaped section.

The apparatus of claim 1, wherein the operative connection includes an input
arm engageable with the exterior end of the shaft and a trigger disposed

between the input arm and the first end of the lever arm.

The apparatus of claim 7, wherein the trigger Is rotatably mounted on a post
and includes a first end having a curved surface and the input arm has a
roller engageable with the first end of the trigger, the trigger rotating on the
post when the output force exceeds the predetermined limit, the curved
surface providing clearance to allow the input arm and shatft to rotate to

move the plug to the open position.

The apparatus of claim 7, wherein the exterior end of the shaft includes a

spline and the input arm is configured to receive the spline.

The apparatus of claim 7, wherein a roller is disposed between the input arm
and the support and a roller is disposed between the support and the first

end of the lever arm.

The apparatus of claim 7, further comprising a latch, the input arm including

a projection configured to engage the latch when the plug rotates to the open

position.

The apparatus of claim 1, wherein the plug incluges an inlet plate and an
outlet plate, the inlet and outlet plate defining a passageway through which

pressurized fluid flows when the plug Is In the open position.
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The apparatus of claim 12, further comprising a seal disposed in the body
and configured to engage the inlet plate of the plug to prevent pressurized
fluid from escaping the pressurized system when the piug Is in the closed

position.

The apparatus of claim 13, wherein the seal includes a projection configured

to resist back pressure.

The apparatus of claim 14, wherein the projection resists a vacuum acting on

the outlet plate.

The apparatus of claim 13, further comprising a retaining ring configured to

engage the body to retain the seal in the body.

The apparatus of claim 13, wherein gravity returns the plug to the closed
position to engage the inlet plate of the plug with the seal after the

pressurized fluid has escaped from the system.

The apparatus of claim 13, wherein the inlet plate includes a replaceable

seat configured to engage the seal.

The apparatus of claim 1, wherein the release device includes a fusible alloy

configured to liquefy at a predetermined temperature and allow the shatft to

rotate.

The apparatus of claim 1, further comprising a command release mechanism

operable to open the valve independently of the pressure of the system.

The apparatus of claim 20, wherein the command release mechanism
includes an actuator operable to engage the release device to allow the shaft

to rotate.

A pressure relief apparatus for a system containing a pressurized fluid,

comprising:
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a valve having a body defining a fluid flowpath, a shaft rotatably
disposed in the body and having an exterior end extending through
the body, and a plug mounted on the shaft, the body engageable with
the system to expose the plug to the pressurized fluid, the pressurized
fluid acting on the plug to exert a torque on the shaft and to rotate the

plug from a closed position to an open position;
an input arm engageable with the exterior end of the shaft;

a linkage assembly having a fulcrum, a lever arm having a first end
and a second end, and a trigger disposed between the input arm and
the first end of the lever arm, the input arm acting through the trigger
on the first end of the lever arm to pivot the lever arm about the
fulcrum to generate an output force based upon the torque exerted on
the shaft; and

a first pin including a weakened area, the first pin operatively
connected to the linkage assembly such that the output force acts to
compress the first pin, the weakened area causing the first pin to
buckle when the output force exerted thereon reaches a
predetermined level, the buckling of the first pin allowing the plug to

rotate to the open position.

The apparatus of claim 22, further comprising a second pin interchangeable
with said first pin, the second pin having a weakened area configured so that
the second pin deforms when the force exerted thereon reaches a second

predetermined level.

The apparatus of claim 22, wherein the torque of the shaft is translated to a

compressive force on said first pin.

The apparatus of claim 22, wherein the torque of the shaft is translated to a

tensile force on said first pin.
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The apparatus of claim 22, wherein the torque of the shaft is translated to a

shear force on said first pin.

The apparatus of claim 22, wherein the exterior end of the shaft includes a

spline and the input arm is configured to receive the spline.

The apparatus of claim 22, wherein the input arm includes a roller and the
trigger is rotatably mounted on a post and includes a first end and a curved
surface adjacent the first end, the roller contacting the first end of the trigger
when the plug is in the closed position and rolling along the curved surface
of the trigger as the plug rotates to the open position, thereby pivoting the

trigger about the post.

The apparatus of claim 22, wherein the fulcrum i1s moveable relative to the
lever arm to adjust the distance between the fulcrum and the first and
second ends of the lever arm to thereby vary the magnitude of the output

force exerted on said first pin as a result of the torque exerted on the shatft.

The apparatus of claim 22, wherein the weakened area includes a notch that

reduces the width of the pin in cross section.

The apparatus of claim 22, wherein the pin includes a fusible alloy
configured to liguefy and allow the pin to deform when the fusible alloy

reaches a predetermined temperature.

A pressure relief apparatus for a system containing a pressurized fluid,

comprising:

a valve having a body defining a fluid flowpath, a shaft rotatably
disposed in the body and having an exterior end extending through
the body, and a plug mounted on the shaft, the body engageable with
the system to expose the plug to the pressurized fluid, the pressurized
fluid acting on the plug to exert a torque on the shaft and rotate the

plug from a closed position to an open position;
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an input arm engageable with the exterior end of the shaft;

a linkage assembly having a fulcrum, a lever arm having a first end
and a second end, and a trigger disposed between the input arm and
the first end of the lever arm, the input arm acting through the trigger
on the first end of the lever arm to pivot the lever arm about the

fulcrum to generate an output force based upon the torque exerted on
the shaft;

a release device operatively connected to the linkage assembly to
prevent the shaft from rotating, the release device including a fusible
alloy configured to liquefy and allow the shaft to rotate when the

temperature of the alloy exceeds a predetermined limit.

The apparatus of claim 32, wherein the release device includes a pin
containing the fusible alloy, the pin being operatively connected to the shaft
such that liquification of the fusible alloy causes the pin to deform and allows

the shaft to rotate when the temperature exceeds the predetermined limit.

The apparatus of claim 32, wherein the linkage assembly is adjustable to
vary the magnitude of the output force corresponding to a particular shaft

torque.

The apparatus of claim 32, wherein the release device includes a pin
disposed in a pin holder, the pin configured to deform and allow the shaft to

rotate when the output force exceeds a predetermined limit.

The apparatus of claim 35, wherein the pin holder includes a seat supporting
an end of the pin, the seat containing the fusible alloy and configured to
allow the pin to move and release the shaft when the temperature of the

alloy reaches the predetermined limit.

The apparatus of claim 32, wherein the release device includes a heating

element disposed adjacent the fusible alloy, the heating element operable to
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raise the temperature of the fusible alloy to the predetermined limit to release
the shaft.

38. Alinkage assembly for a rotatable valve assembly having a release device
and a plug mounted on a rotatable shaft, the valve assembly engageable
with a pressurized system to expose the plug to pressurized fluid, the
pressurized fluid acting on the plug to rotate the plug and shaft, the linkage

assembly comprising:
an input arm connected to the shaft of the rotatable valve assembly;

a trigger operatively connected to the input arm such that the torque

exerted on the shaft is translated into a substantially linear force;

a fulcrum:; and

a lever arm supported by the fulcrum and having a first end
operatively coupled with the trigger and a second end coupled with
the release device, the substantially linear force acting on the first end
of the lever arm to pivot the lever arm about the fulcrum and generate
an output force between the second end of the lever arm and the
release device, the release device configured to release the lever arm
and thereby allow the shaft to rotate when the output force exceeds a

predetermined limit.

39. The assembly of claim 38, further comprising a latch and wherein the input

arm includes a projection configured to engage the latch when the plug

rotates to the open position.

40. The assembly of claim 39, wherein the latch includes an energy absorber

disposed to contact the projection when the plug rotates to the open position.

41. The assembly of claim 40, wherein the energy absorber is a bumper

constructed of a resilient material.
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The assembly of claim 38, further comprising a first roller disposed between
the input arm and the trigger and a second roller disposed between the

trigger and the first end of the lever arm.

The assembly of claim 42, wherein the trigger Is rotatably mounted on a post
and includes a first end having a curved surface and the input arm has a
roller engageable with the first end of the trigger, the trigger rotating on the
post when the output force exceeds the predetermined limit, the curved
surface providing clearance to allow the input arm and shatft to rotate to

move the plug to the open position.

The assembly of claim 42, further comprising a third roller rotatably mounted
on a post at the second end of the lever arm and disposed between the

second end of the lever arm and the release device.

The assembly of claim 38, wherein the release device is a bucking pin and

the second end of the lever arm exerts a compressive force on the buckling

pin.

The assembly of claim 45, wherein the buckling pin includes a weakened
area, the weakened area of the buckling pin causing the pin to buckle when
the force exerted by the second end of the lever arm exceeds the

predetermined limit.

The assembly of claim 38, wherein the fulcrum is moveable relative to the
lever arm to adjust the distance between the fulcrum and the first and
second ends of the lever arm to vary the magnitude of the output force

corresponding to a particular shaft torque.

The assembly of claim 47, wherein the fulcrum includes a roller rotatably

mounted in a housing, the roller providing a point of support for the lever arm.
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The assembly of claim 48, wherein the roller of the fulcrum is moveable
within the housing to adjust the distance between the point of support and

the first and second ends of the lever arm.

The assembly of claim 48, wherein the fulcrum housing is moveable with
respect to the lever arm to adjust the distance between the point of support

and the first and second ends of the lever arm.

The assembly of claim 50, wherein the roller of the fulcrum is moveable
within the housing to further adjust the distance between the point of support

and the first and second ends of the lever arm.

The assembly of claim 48, further comprising lock pins engageable with the

fulcrum housing to prevent the fulcrum from moving within the housing.

The assembly of claim 38, wherein the release device includes a magnet
configured to prevent the lever arm from moving until the output force

exceeds the predetermined limit.

A pressure relief apparatus for a system containing a pressurized fluid,

comprising:

a valve having a body defining a fluid flowpath, a shaft rotatably
disposed in the body and having an exterior end extending through
the body, and a plug mounted on the shaft, the body engageable with
the system to expose the plug to the pressurized fluid, the pressurized
fluid acting on the plug to exert a torque on the shaft and rotate the

plug from a closed position to an open position;

a linkage assembly engageable with the exterior end of the shaft, the
inkage assembly configured to translate the torque exerted on the

shaft into an output force;
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a release device operatively connected to the linkage assembly to
prevent the shaft from rotating until the output force exceeds a

predetermined limit; and

a latch configured to engage the linkage assembly when the plug

rotates to the open position and to hold the plug in the open position.

The apparatus of claim 54, wherein the latch includes an energy absorber
and the linkage assembly includes an input arm, the input arm including a
projection configured to contact the energy absorber when the plug rotates

to the open position.

The apparatus of claim 55, wherein the energy absorber is a bumper

constructed of a resilient matenal.

The apparatus of claim 54, wherein the energy absorber is a hydraulic shock

absorber.

The apparatus of claim 54, wherein the energy absorber is a pneumatic

shock absorber.

The apparatus of claim 55, wherein the latch includes a spring acting on the

latch to engage the latch with the projection of the input arm.
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