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IN-LINE PRESSURE RELIEF VALVE AND RUPTURE DiSK
CROSS-REFERENCE TQO RELATED APPLICATIONS

{001] This application claims the benefit of U.S. Provisional Application
No. §1/988,280, filed July 23, 2014, by John Tomasko et al. and titled IN-LINE
PRESSURE RELIEF VALVE AND RUPTURE DISK, the disclosure of which is
expressly incorporated hersin by reference.

FIELD OF THE DISCLOSURE

1002] This disclosure generally relates to a pressure relief device for
protection against overpressure situations. More specifically, this disclosure relates
to an in-line pressure relief valve, which may be used in combination with a rupture
disk, and which may be particularly suited for use in refrigeration applications with

pressure relief set pressures above 15 psi.
BACKGROUND

[003] Refrigeration and cooling systems rely on the use of chemical
refrigerants to generate or maintain temperatures below (typically much below) those
of the surrounding environment. Historically, such chemical refrigerants included
ozone-depleting compounds, such as chioroflucrocarbons ("CFC”). As the ozone-
depleting attributes of CFC compounds became better understood, the chemical
industry began to develop alternative refrigerants that, while more expensive, are
less harmful {o the earth’s ozone layer. One such CFC alternative, 8
hydrochiorofiuorocarbon ("HCFC”) often referred to as HCFC123 or R123, achiaved
widespread use throughout the 1990's and early 2000's. The R123 refrigerantis
now being phased out in favor of compounds having even less environmental impact
potential. The emerging replacement refrigerants (including, e.g., HFO-1233zd(e)}
are typically even more expensive and are implemented af substantiaily higher
operating pressures than their predscessors. And although environmental impact
has been improved, measures still must be implemented to minimize the chances of
refrigerants being released into the environment for at least economic and good
practices reasons. Accordingly, there is a need for an improved pressure relief
device capable of operation at the higher pressures demanded of emerging

-4
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refrigerants, and which can minimize or eliminate the risk of unnecessarily releasing
the refrigerant into the envirenment and incurring the environmental concern and
financial costs accompanying such release. The present disclosure provides
gmbodiments of such an improved pressure relief device.

SUMMARY

1004] In one embodiment, the present disclosure describes a pressure relief
device, comprising a valve body having a ceniral bore, wherein a valve seatis
disposed within the central bore of the valve body. A spring may be configured to
press a plug into sealing engagement with the valve seat. A bumper may extend
from the plug, wherein the bumper extends along a central axis of the spring. A
holder may be configured to lock into the valve body, wherein the holder may be
configured to hold the spring within the valve body.

[005] According fo another embodiment, a disclosed pressure relief device
may comprise a valve body having an internal valve seat, a plug configured fo
sealingly engage with the valve seat, and a spring configured to maintain the plug in
sealing engagement with the valve seat. The device may include means for retaining
the spring within the valve body and means for keeping the spring in alignment
during compression of the spring.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] The accompanying drawings, which are incorporated in and constifute
a part of this specification, illustrate embodiments of the disclosure and, together
with the description, serve {o explain principles of the disclosure.

[007] FIG. 1is a cross-sectional ilustration of a valve assembly according to
the present disclosure.

[008] FIG. 2 is a top-down view of the valve assembly of FIG. 1.

10091 FIG. 3 is a cross-sectional Hlustration of the valve assembly of FIG. 1,
shown in a valve-open configuration.

[010] FIG. 4 is an exploded perspective view of a plug, bumper, and holder,

[011] FIGS. 5A and 5B illustrate a cross-sectional and top-down view of a

plug.
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[012] FIGS. 8A and 8B illustrate a cross-sectional and top-down view of a
bumper.

[013] FIG. 7 illustrates a {op-down view of a holder.

[014] FIG. 8 illustrates the outlet of a valve body configured {o cooperate with
the holder of FIG. 7.

[015] FIG. 9is a partial perspective view of a valve body according to the
present disclosure.

[018] FIG. 10 is a partial perspective view of the valve body of FIG. 8in
combination with a hoider.

10171 FIG. 11As a cross-sectional view of the valve assembly of FIG. 1in
combination with a rupture disk and rupture disk holder.

[018] FIG. 118 is a cross-sectional detail view of the rupture disk and rupture
disk holder combined with a valve assembly as in FIG. 1A

DESCRIPTION OF THE EMBODIMENTS

10191 Reference will now be made in detall to the present exemplary
embaodiments, examples of which are llustrated in the accompanying figures.

(0201 FIG. 1 illustrates one embodiment of a valve assembly according to the
present disclosure. As illustrated, a valve body 100 has a central bore defining an
inlet 110 and an outlet 120. A valve seat 130 is provided within the valve body. The
valve body 100 aiso is provided with an inlet flange 111 and an outlet flange 121,
which may include bolt holes 112, 122, to allow the valve body to be installed with
mated companion flanges of a fluid flow or containment system (not shown). In one
embodiment, the valve body 100 may be installed between companion flanges in
ASME B16.5 Class 150

[021] The valve body 100 is illustrated as having at least one connection port
181 positioned on the upstream/iniet side of the valve seat 130. The connectlion port
151 may be used to facilitate connection of devices such as an excess flow valve
{not shown), @ pressure gage (not shown), or a pressure sensor (not shown). As
ilustrated, the connection port 151 may take the form of a threaded bore, which may
be capped with a mated threaded cap 152 when no device is connected. Inone
embodiment, the connection port 151 may be configured to satisfy an applicable
code requirement (e.g., ASME, CEN, or {80}

-3
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{022} The valve body 100 also is Hllustrated as having af least one access
port 153 on the downstream/outlet side of the valve seal 130, The access port 153
may be a normally-plugged access port 153 having a plug 154 inserted thersin. In
one embodiment, the access port 183 and plug 154 may be provided with mated
threading. The access port 153 may be used fo facilitate drainage and/or inspection
of the downstream valve cavity of the valve body 100, For example, a user may
service the valve by opening the access port 153 (by removing plug 154} to remove
condensate without having to remove the vaive from the system.

0231 Asillustrated In FIG. 1, a valve plug 200 is disposed within the valve
body 100, and is configured fo form a fluid-tight seal with the valve seat 130. The
valve plug 200 and/or valve seat 130 may be provided with features to creste a
desired seal. For example, a material of the sealing surfaces of the valve seat 130
and/or valve plug 200 may be selected to optimize the seal. The material may be an
alastomeric material, metal material, other material, or a combination of materials. In
one embodiment, a seal may be created using one or more elastomeric members
{such as an O-ring) provided in one or both of the valve plug 200 and valve seat 130.

10241 The valve plug 200 is held in sealing engagement with the valve seat
130 by a coil spring 500, which is held in place by a holder 400 (best iustrated in
FIG. 2). A bumper 300 extends upward from the valve plug 200, through the center
of the coll spring 500, and through a holder ring 410 of the holder 400. In FIG. 1, the
bumper 300 is illustrated as having a relatively tapered shape, with a holder-end 320
having a smaller diameter than a plug-end 310 of the bumper. The relatively tapered
shape of the bumper 300 may allow for the use of a tapered spring (described
below), and may reduce flow restrictions and/or improve fluid flow characteristics
{such as turbulence) at the outlet of the valve.

[025] As shown in FIG. 1, the coil spring 500 may be tapered (or relatively
conical or “barrel’-shaped) such that the spring has a wider plug-end 810 and a
narrower holder-end 520. This tapered-spring design may reduce flow restrictions at
the outlet 120 of the valve, thereby increasing the rate of fluid flow and/or improving
flow characteristics (such as turbulence).

1026] In an alternate embodiment (not depicted in FIG. 1), the coll spring 500
rmay be positioned inside an elastic or plastic sleeve, such that process fluid does not

contaminate the spring mechanism.
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(0271 FIG. 3 lusirates the valve assembly of FIGS. 1-2 in a valve-open
position. As illustrated, pressure at the inlet 110 of the valve forces the spring 500 to
compress, which allows the valve plug 200 to come unseated from the valve seat
130 and allows fluid to flow from the valve inlet 110 to the valve outllet 120, As fluid
flows batween the plug 200 and seat 130, a certain liff is generated on the valve plug
200. According fo the present disclosure, a desired {ift may be facilitated by varying
the depth (d) of a plug hood 210, Itis also contemplated that a desired ift may be
facilitated by varying other dimensions of the valve plug 200, including the cross-
sectional profile of the plug hood 210 and/or of the plug 200 itself (2.g., the plug may
be flat, convex, concave, or other shape). In one embodiment, the shape of the
valve plug 200 andfor plug hood 210 may be selected based on the characteristics
{e.g., viscosity) of the fluid. In addition o achieving a desired amount of iift, the plug
hood 210 aiso may stabilize the flow around the valve plug 200.

[028] The valve body 100 may be provided with internal vanes 140, which
extend inwardly from the center bore of the valve body 100. The internal vanes 140
may direct fluid flow. The internal vanes 140 also may keep the plug 200 centered
within the valve body 100 by limiting or preventing the iateral {(non-axial) movement
of the valve plug 200. The vanes 140 may thus ensure that fluid flows evenly around
the plug 200 and may guide the plug 200 for proper re-seating once sufficient
pressure has been relieved form the system,

[020] As illustrated in FIG. 3, as the plug 200 and bumper 300 move upward
off of the valve seat 130, the holder end of 320 the bumper 300 extends upward
through the ring 410 of the holder 400, and the spring 500 compresses around the
bumper 300. One or more features may ensure that the spring 500 compresses
evenly. First, the tapered (or conical or “barrel’-shaped) profile of the spring 500
may facilitaie even compression. Second, the bumper 300 may ensure that the
spring 500 remains centered about its axis during compression, which likewise
ensures that the spring 500 is evenly compressed. Evenly compressing the spring
500 creates a consistent opening betwaen the valve plug 200 and valve seat 130--
L.e., by keeping the valve plug 200 and valve seat 130 in a parallel orientation--
thereby facilitating uniform flow around the valve plug 200 and/or increasing flow
capacity. In contrast to the present disclosure, a known cylindrical spring without a
bumper allowed the spring to come out of alignment due to off-axis bowing, and

allowed the valve plug to open unevenly. The tendency of a known spring to bow off
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axis was exacerbated by escaping fluid, which would tend to push the spring off axis.
The present disclosure solves those deficiencies in the prior art.

{0301 FIG. 4 is an exploded view of a valve plug 200, bumper 300, and
holder 400 according o the present disclosure. As Hllustrated, the valve plug 200
includes a hood 210, a spring guide 220 (for insertion into a plug-end of a spring},
and an interface 230 for connection with a bumper 300. The bumper 300 includes a
piug end 310 and a holder end 320. The holder 400 includes locking arms 420 and
a holder ring 410, through which the holder end 320 of the bumper 300 may slide,
The holder ring 410 may keep the bumper 300 from moving laterally (iL.e., in non-
axial directions), thereby maintaining alignment of the bumper-plug-spring
combination. As illustrated, the bumper 300 and plug 200 are separate components,
which may allow for the use of inferchangeable/replaceable plugs 200 depending on
the particular application of the valve. The bumper 300 and plug 200 may be
attached together through any suitable mechanism. In one embodiment, the bumper
300 and plug 200 may be screwed together through a set of maiching threads.
Alternatively, a bumper and plug may be glued, welded, or snap-fit fogether. In
ancther embodiment, a bumper and plug may be integrally formed (i.e.,, an all-in-one
design such as by metal casting.)

1031] FIGS. BA and 5B illustrate the plug 200 in more detail. As shown, the
plug 200 may be provided with a bumper interface 230 (which may be, e.g., a
threaded bore), a spring guide 220 (which may be inserted into a plugend of a
spring), and a hood 210, As discussed above, the depth (d} of the hood 210 may be
selected to facilitate a desired lift on the plug 200 caused by flowing fluid.

[032] FIGS. 8A and 68 illustrate the bumper 300 in more detail. As shown,
the bumper has a wider plug end 310 and a narrower holder end 320. At the plug
end 310, the bumper 300 may be provided with a plug interface 330 (which may be,
e.q., a threaded post).

[033] FIG. 7 iliustrates the holder 400 in more detaill. As shown, the holder
400 includes a ring 410 and three locking arms 420. In ancther embodiment, any
suitable number of locking arms may be used {e.g., two, four, or more than four).

[034] FIG. 8 illustrates the outlet 120 of a valve body 100, showing integral
slots 121 into which the locking arms 420 of the holder 400 of FIG. 7 may be inserted
and locked info place. As illustrated, the outlet 120 is provided with three integral
slots 121 {corresponding to the three locking arms 420 of the holder 400 in FIG. 7).

-6 -
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When the plug 200, bumper 300, and spring 500 are inserfed into the valve hody 100
{as Hlustrated, &.g., In FIG. 1), the locking arms 420 of the holder 400 (FIG. 7) are
inserted into the slots 121 and rotated (counter-clockwise in FIG. 8) info a locked
position. The holder 400 may thus hold the plug 200, bumper 300, and spring 500
into position (as lHustrated, e.g., in FIG. 1). In one embodiment, the holder 400 may
pre-load the spring 500 into a partially compressed condition. As illustrated in

FIG. 9, one or more of the slots 121 may be provided with a tang 122 or other
feature to prevent the locked holder from rotating out of the locked position.
Additionally or alternatively, a mechanical locking device may be provided to prevent
the locked hoider 400 from rotating out of the locked position. As shown in FIG. &
for example, a pin hole 123 may be provided for insertion of a locking pin (not
shown) to hold the locked holder 400 into the locked position. Such features may
prevent the valve assembly from becoming disassembled inadvertently or through
fampering.

[035] The use of a holder 400 allows for the use of higher-load springs than
in the prior art {e.g., higher load springs than can be used with the "J"-hook spring
retention devices used in prior art devices). Accordingly, the use of a holder 400
may allow a valve assembly to be used in high-pressure applications, such as with
newly developed higher-pressure refrigerants.

[036] FIG. 9 illustrates another embodiment of a valve body 810 according to
the present disclosure. In FIG. 9, the valve outlet 912 is provided with integral slots
813 as discussed above in connection with FIG. 8. Also visible in FIG. 8 are
examples of internal vanes 914 and a valve seat 915 similar to those discussed
above in connection with FIGS, 2 and 3.

[037] FiG. 10 illustrates the valve body 910 of FIG. 8 in combination with a
holder 920 having a holder ring 821 and locking arms 822. As illustrated, the holder
locking arms 922 have been inserted into the slots 813 and rotated into a locked
position. A tang 916 prevents the locking arms 922 from being rotated back into an
untocked position. For illustration purposes only, no valve plug, bumper, or spring is
installed in the valve sub-assembly shown in FIG. 10.

[038] Returning to FIG. 1, a valve body 100 may be provided with a rupture
disk receiving area 170, into which a rupture disk and rupture disk holder may be
inserted. FIG. 11A illusirates the valve assembly of FIG. 1 with a rupture disk 701
and rupture disk holder 702 installed. A rupture disk holder 702 may be sealingly

-7 -
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engaged with the valve body 100, to prevent fluid from escaping between the rupture
disk hoider 702 and the valve body 100. As best iHlusirated in FIG. 118, a seal may
be provided fo ensure sealing engagement between the rupture disk holder 702 and
the valve body 100. A seal may be, by way of non-limiting example, one or more O-
rings 710, 720.

[039] When used in combination with a rupture disk 701, as illustrated in
FIG. 114, the plug 200 is isolated from inlet pressure and fluid until the rupture disk
701 ruptures in response to an over-pressure condition. Following rupture of the
rupture disk 701, the plug 200 will become unsealed from the valve seal 130 in the
event that the pressure levels are sufficient to compress the spring 500.

[040] In FIGS. 11A and 118, a round reverse-acting rupture disk 701 is
lustrated, wherein the convex surface of the rupture disk is exposed fo system
pressures. ltis contemplated, however, that any suitable rupture disk may be used.
For example, a forward-acting rupture disk may be used, or a rupture disk of non-
round or non-uniform cross-section may be used. A rupture disk may have a
certified flow resistance factor (Krg) according to ASME Section Vill Rivision 1 or
according to emerging EN and/or IS0 flow resistance factor certification
requirements. In one embodiment, a Type LPS rupture disk may be used,
particularly where the rated flow capacity of the valve and the valve/rupture disk
combination must be high. A rupture disk may include features to facilitate reversal
and opening at desired pressures and/or to optimize the flow through the disk once
opened. In one embodiment, a rupture disk may include a circular score to provide a
full opening to maximize flow capacity (L.e., a low Krg in ASME terminology). For
example, in a 3-inch nominal size, an LPS rupture disk with a circular score may
facilitate a full 3-inch diameter opening. In ancther embodiment, a rupture disk may
be provided with surface features such as an apex indentation to ensure rapid
reversal (which facilitates full opening of thet disk).

[041] The at least one connection port 151 may be used (with or without a
connected device such as an excess flow valve, pressure gage, of pressure sensor)
to allow checking, monitoring, sensing and/or regulation of the pressure differential
across the rupture disk 701, An exocess flow valve may, for example, be configured
{o allow air pressure to bleed in and out, while forming a fluid-tight seal in the event
of an overpressure relief action {e.g., rupture of the rupture disk). In one

gmbodiment, the connection port 151 may be used to ensure that the pressure
-8
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differential across the rupture disk 701 is always known. For example, the
connection port 151 may be used to ensure that downsiream pressure is maintained
at ambient atmospheric pressure levels. The connection port 151 also may be used
{with or without an additional connected device) to monitor, check, or sense whether
the rupture disk 701 has activated (i.e., ruptured) or whether the integrity of the
rupture disk 701 has been compromised (e.g., via 3 leak or deformation). Insucha
manner, the connection port 151 may be used to determine whether the rupture disk
701 requires replacement. In one embediment, the connection port 151 may be
configured to meet an applicable code requirement (e.g., ASME, CEN, or IS0}
governing a combined rupture disk and relief valve, including a requirement that the
combined device have a mechanism to ensure that the pressure differential across
the rupture disk is always known.

10421 A valve body, plug, bumper, holder and other components of a valve
assembly may be made from any sultable material, and may be manufactured or
fabricated using any suitable method. in one embodiment, a valve assembly
component may be made of ASME Section | materials. in one embodiment, a vaive
body may be a cast component, such as an investment cast or sand cast
component.

[043] A pressure relief device according to the present disclosure may
provide the advantage of full self-containment of a spring. For example, a known
spring (held into place with J-hooks) extends outwardly beyond the plane of the
outlet flange of a valve body. In contrast, according to the present disclosure a more
compact spring (not visible) may be used, kept entirsly within the valve body by a
holder according to the present disclosure. The fully contained spring design of the
present disclosure avoids the potential of a spring obstructing flow in downstream
piping.

[044] A pressure relief device according to the present disclosure may
achieve many additional advantages over a prior art pressure relief device,

[045] In one embodiment, the pressure relief device may be used with a
higher nominal set pressure (&.g., 50 pounds per square inch ("psi’}) as compared to
known in-line pressure relief devices (limited, e.g., to 15 psi). In particular, dustoits
higher pressure ratings, the pressure relief device may be used in applications

requiring higher-pressure refrigerants.
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[048] A pressure relief device according to the present disclosure is able to
atfain certifications not previously attained for devices of this type. For example, a
pressure relief device according 1o the present disclosure is capable of altaining
ASME Section Vill, Div. 1, UV CE (PED-B) stamped valve status {(whereas prior
valves at lower nominal set pressures fell below ASME Code thresholds), CE
marking under EN 4128-1 {the European pressure relief device standard), and
marking under IS0 4126-1 (the international standard based upon EN 4126-1). The
valve also may have a certified coefficient of discharge factor (Kd) per ASME Section
Vill Division 1. In one embodiment, the vaive body may be hydrostatically tested to
the requirements of ASME Section Vili Division 1.

[047] A pressure refief device according to the present disclosure provides
improved flow capacity. In one embodiment, a valve according to the present
disclosure may provide a valve capacity of over 3000 standard cubic feet per minute
(SCFM) for a 3-inch nominal size device. Another embodiment of a valve according
to the present disclosure may provide a valve capacity of at ieast 2700 SCFM or at
least 2500 SCFM.

[048] Under ASME Code provisions, a combined valve and rupture disicis
subject to a 0.9 combination capacity factor (CCF) derating—meaning that a valve's
rated flow capacity is derated to 90% of its normal capacity whenever a rupture disk
is used in combination. Under those provisions, one embodiment of a combined
valve and rupturs disk according to the present disclosure may achieve a derated
default capacity of at least 2700 SCFM for a 3-inch nominal size application. in
another embodiment, a derated default capacity of at lsast 2430 SCFM or at least
2250 SCFM is achieved for a 3-inch nominal size application. In one embodiment, a
minimum of 2550 SCFM is achieved for a 3-inch nominal size application, including
the 0.80 ASME rupture disk combination CCF derating.

[048] The actual flow capacity of a combined vaive and rupture disk
according to the present disclosure may surpass the 0.8 CCF default derating used
by ASME Code. Accordingly, in one embodiment, the actual combined flow capacity
rating of the combined valve and rupture disk is higher than 0.9. For example,
embodiments of the combination according to the present disclosure attain combined
capacity factors of as much as at least 0.84 CCF, at least 0.96 CCF, or at least 0.98
CCF.

-10 -
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[050] Although a pressure relief device is depicted above as having bolted
infet and outlet flanges, the disclosure is not limited to that particular configuration.
For example, in one embodiment, one or both of the inlet and outlet of the valve
body may be clamped to an inlet and/or outlet pipe. In one embodiment, a Tri-Clamp
may be used {o clamp the body to an inlet and/or outlet pipe. in another
embodiment, one or both of the inlet and outlet of the valve body may be threaded,
allowing for threaded engagement with an inlet andfor outlet pipe. In another
embodiment, the pressure relief device may attach (through boited flanges,
clamping, threading, or other suitable mechanismy) only at the inlet, leaving the outlet
of the valve open {o the environment.

[051] Although the pressure relief device described herein provides particular
advantages in high-pressure refrigerant applications, it is contemplated that the
principles may be applicable in other applications, including low-pressure
applications, as well. For example, a valve or a valve and ruptura disk as disclosed
above may be used in biotechnology, food and beverage, and transportation
applications. The valve or valve and rupture disk as disclosed above also may be
miniaturized and/or implemented in a clean service configuration for use in such
figlds.

[052] Itis contemplated that individual features of one embadiment may be
added to, or substituted for, individual features of another embodiment. Accordingly,
it is within the scope of this disclosure to cover embodiments resulting from
substitution and replacement of different features between different embodiments.

[053] The above described embodiments and arrangements are intended
only to be exemplary of conternplated systems and methods. Other embodiments
will be apparent to those skilled in the art from consideration of the specification and

practice of the disclosure herein.
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WHAT IS CLAIMED i8:
1. A pressure relief device, comprising:
a valve body having a central bore, whersin a valve seat is disposed within
the central bore of the valve body;
a plug;
a spring configured to press the plug into sealing engagement with the valve
seat;
a bumper extending from the plug, wherein the bumper extends along a
central axis of the spring; and
a holder configured to lock into the valve body, wherein the holder is
configured to hold the spring within the valve body.

2. The pressure relief device of claim 1, wherein the spring is a tapered spring.
3. The pressure relief device of claim 1, whersin the plug comprises a plug hood.
4, The pressure relief device of claim 1, wherein the valve body comprises a

plurality of internal vanes.
5. The pressure relief device of claim 1, further comprising a mechanical lock,
wherein the mechanica! lock is configured to prevent the holder from being removed
from the valve body.
8. The pressure relief device of claim 1, further comprising:

a rupture disk, wherein the rupture disk is sealingly engaged with an inlet of

the valve body.

7. The pressure relief device of claim 1, wherein the pressure relief device has a
3-inch nominal size, wherein the pressure relief device has a valve capacity greater
than 2500 standard cubic feet per minute.
8. The pressure relief device of claim 1, wherein the pressure relief device has a
3-inch nominal size, wherein the pressure relief device has a valve capacity greater
than 2700 standard cubic feet per minute.
8. The pressure relief device of claim 1, wherein the pressure relief device has a
3-inch nominal size, wherein the pressure relief device has a valve capacity greater
than 3000 standard cubic feet per minute.
10, The pressure relief device of claim 1, wherein the spring is configured fo
maintain the plug in sealing engagement with the vaive seat when the plug is
exposed o pressures up to 50 psi.
11, Apressure relief device, comprising:

A2
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a valve body having an internal valve seat;
a plug configured to sealingly engage with the valve seat;
a spring configured to maintain the plug in sealing engagement with the valve
seat,
means for retaining the spring within the valve body,; and
means for keeping the spring in alignment during compression of the spring.
12.  The pressure relief device of claim 11, wherein the spring is configured fo
maintain the plug in sealing engagement with the valve seat when the plug is
exposed to pressures greater than 15 psi.
13.  The pressure relief device of claim 11, wherein the spring is configured fo
rmaintain the plug in sealing engagement with the valve seat when the plug is
exposed to pressures up to 50 psi.
14.  The pressure relief device of claim 11, further comprising:
a rupture disk, wherein the rupture disk is sealingly engaged with an inlet of
the valve body.

- 13 -



WO 2016/014683 PCT/US2015/041567

1/11

121
<
400
122 12p 320 300
121~ N NN
5 NN
100 /“\.....-—- N
O ‘! 4+ 500
2 i N 510
130 Lo N
: —310
153 \ % e R Y
llz”W«mem\ | N 151
* NN



WO 2016/014683 PCT/US2015/041567

2/11
120 #9410
400 ;Q
N R
140- 500
M
-
210 . |
i
Q ¥
N | !
|
110



WO 2016/014683 PCT/US2015/041567

311




WO 2016/014683 PCT/US2015/041567

4/11

210

Fig. 5A



WO 2016/014683 PCT/US2015/041567




PCT/US2015/041567

WO 2016/014683

6/11

~ 420

ELEWPS 2]

410

400

Fig. 7



WO 2016/014683 PCT/US2015/041567

7M1

121

122

100

Fig. 8



WO 2016/014683 PCT/US2015/041567

811

Fig. 9



WO 2016/014683 PCT/US2015/041567

916 ___ 913 914

Fig. 10



WO 2016/014683

7,

PCT/US2015/041567
10/11
[ I
\ _
N\ 500
\\ ]
h\
\ \
\ N\
N N
N | :j - 200
\ P N NN S
. NN
_ 52
< 151
Y —

Fig. 11A



WO 2016/014683 PCT/US2015/041567

11/11

Fig. 118



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/041567

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16K15/02 F16K17/16
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F16K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 20117135125 A1 (L P G TECN EN EXTINCION 1-5,7-13
DE INCENDIOS S L [ES]; POZO ALFONSO [ES])
3 November 2011 (2011-11-03)
Y abstract; figure 1 6,14
Y US 20067124170 Al (SCHAEFER TILO [DE] ET 6,14
AL) 15 June 2006 (2006-06-15)
paragraph [0009]; figure 1
X FR 2 983 259 Al (DANFOSS COMMERCIAL 1,5,11
COMPRESSORS [FR]) 31 May 2013 (2013-05-31)
the whole document
X DE 20 2004 002889 Ul (REICHE DIRK [DE]) 1,11
29 April 2004 (2004-04-29)
the whole document
_/ -

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 September 2015

Date of mailing of the international search report

05/10/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schumacher, G

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/041567

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 037102314 A1l (DIY DIRECT EXPRESS LTD
[GB]; SALE ROGER [GB]; HURLEY MATTHEW
[GB]) 11 December 2003 (2003-12-11)

the whole document

1,11

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/041567
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2011135125 Al 03-11-2011 ES 1072695 U 23-08-2010
WO 2011135125 Al 03-11-2011

US 2006124170 Al 15-06-2006 AT 512302 T 15-06-2011
AU 2003283202 Al 07-06-2004
CN 1714244 A 28-12-2005
DE 10251803 Al 11-11-2004
DE 10393113 D2 25-05-2005
EP 1563187 Al 17-08-2005
JP 4511937 B2 28-07-2010
JP 2006505736 A 16-02-2006
KR 20050071659 A 07-07-2005
US 2006124170 Al 15-06-2006
WO 2004042232 Al 21-05-2004

FR 2983259 Al 31-05-2013  NONE

DE 202004002889 U1 29-04-2004  NONE

WO 03102314 Al 11-12-2003 AU 2003234048 Al 19-12-2003
WO 03102314 Al 11-12-2003

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report
	Page 29 - wo-search-report

