WO 2008/100758PCT/US2008/053237 1 VALVE ASSEMBLY AND SYSTEM CROSS REFERENCE
TO RELATED APPLICATION [0001] This application claims priority to U.S. Provisional Patent
Application N@. B0#90788 1, entitled "Valve Assembly and System", filed onPEdi§298193323607, which
is herein incorporated by reference. FIELD OF THE INVENTION [0002]The present invention relates
generally to flow control systems. More patrticularly, the present invention relates to a novel valve
assembly for use with various flow control systems, including compression systems. BACKGROUND
[0003]This section is intended to introduce the reader to various aspects of art that may be related to

various aspects of the present inyexjtipe, Ndughate desqriped afg/Qr claimed below. This discussion is

believed to be helpful in providing the reader with background information to facilitate a better
understanding of the various aspects of the present invention. Accordingly, it should be understood
that these statements are to be read in this light, and not as admissions of prior art.

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No.
60/900,891, entitled “Valve Assembly and System?”, filed on February 12, 2007, which is
herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to flow control systems. More
particularly, the present invention relates to a novel valve assembly for use with various

flow control systems, including compression systems.
BACKGROUND

[0003] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of the
present invention. Accordingly, it should be understood that these statements are to be
read in this light, and not as admissions of prior art.

[0004] As will be appreciated, fluids, such as natural gas and air, have a wide array of
uses in industrial and commercial applications. For instance, natural gas may be used to
provide power to a range of vehicles, to heat homes during winter, and to operate various
consumer appliances, such as ovens or clothes dryers. Further, natural gas may be
used to generate electricity for distribution over a power grid, and may be used in the
manufacture of an array of products and materials, including glass, steel, and plastics, for

example.

[0005] In order to meet the demand for natural gas, companies may spend a

significant amount of time and resources searching for, extracting, and transporting



[0004]As will be appreciated, fluids, such as natural gas and air, have a wide array of uses in industrial
and commercial applications. For instance, natural gas may be used to provide power to a range of
vehicles, to Web298M38uring winter, and to operate various consumer apBfidiee¥08(9&s235 ovens or
clothes dryers. Further, natural gas may be used t8 generate electricity for distribution over a power
grid, and may be used in the manufacture of an array of products and materials, including glass, steel,
and plastics, for example. [0005]In order to meet the demand for natural gas, companies may spend a
significant amount of time and resources searching for, extracting, and transporting WO
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produced from oll fields, in which case the gas may be referred to as casinghead gas, or from natural
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compressor. [0006]One common type of compressor for such applications is the réciprocating
comprei§86t. IR B defiion Sileyie shasrssmer aie Pimilrcitiigirstoyeomacersianipiibeeaameutilize a
cranksk@g&ﬁ%'@sggp_pled to pistons, via connecting rods and crossheads, to reciprocally drive the
pistons and compress a fluid within attached compression cylinders. As may be appreciated by one
skilled in.the art, natural gas (or some other ﬂuidé is generally introduced into compression chambers

of the cl#PPRLs tHRRAFVRTBR HYER HhIEP BPLERHEEHDLRCERBANGRYIO AR ¢ BRJRHBIREA F@ssion, the
fluid geperadyeexsiss. sueylinsiaprsodatiiconipese surteirer shedharassyiee arsanabliese4@agYIMany
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crossheads, to reciprocally drive the pistons and compress a fluid within attached
compression cylinders. As may be appreciated by one skilled in the art, natural gas (or
some other fluid) is generally introduced into compression chambers of the cylinders
through one or more inlet or suction valve assemblies and, following compression, the

fluid generally exits the cylinders via one or more outlet or discharge valve assemblies.

[0007] Many compressors routinely operate at hundreds of rotations per minute (rpm),
and some compressors are designed for operation at even higher levels, such as over
one thousand rpm. This operating speed results in the opening and closing of sealing
elements within the valve assemblies at a similarly high frequency of hundreds or
thousands of times per minute. Due to the rapid cycling of the sealing elements, various
components of typical valve assemblies, such as the seat and guard plates and the
sealing elements themselves, may experience extensive wear, which may result in failure
of the valve assembly and even the compressor in which it is installed. To avoid such
failure, a typical, worn valve assembly may need to be refurbished, such as through
replacement of the sealing elements and machining of the seat and/or guard plates, or
replaced entirely. Of course, such refurbishment or replacement may often be time-
consuming and/or costly, and generally results in downtime for a system in which the
worn valve assembly was disposed. Consequently, there is a need for a valve assembly
that exhibits an increased durability and life expectancy, and that allows for easier, faster,

and cheaper maintenance.



and some compressors are designed for operation at even higher levels, such as over one thousand
rpm. This operating speed results in the opening and closing of sealing elements within the valve
assemblies WO280§AeHYhigh frequency of hundreds or thousands of timesReY HRHEIPUE to the
rapid cycling of the sealing elements, various components of typical valve assemblies, such as the
seat and guard plates and the sealing elements themselves, may experience extensive wear, which
may result in failure of the valve assembly and even the compressor in which it is installed. To avoid
such failure, a typical, worn valve assembly may need to be refurbished, such as through replacement
of the sggjjpalgpents and machining of the seat and/or guard plates, or replaced entirely. Of course,
such refurbishment or replacement may often be time-consuming and/or costly, and generally results
in downtime for a system in which the worn valve assembly was disposed. Consequently, there is a
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[0008]Certain aspects commensurate in scope with the originally claimed invention are set forth below.
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inventi%gmHssoguig 88*@[@&”@9% %@PHQ%BQ% of the valve assembly to reduce wear on
the other components, thus reducing or eliminating the need to machine, or otherwise
repair, refurbish, or replace the seat plate, the guard plate, or the sealing assembly. The
impact bushings of such embodiments may be easily replaceable to facilitate easier

maintenance and servicing of the valve assembly.

[0010] Various refinements of the features noted above may exist in relation to various
aspects of the present invention. Further features may also be incorporated in these
various aspects as well. These refinements and additional features may exist individually
or in any combination. For instance, various features discussed below in relation to one
or more of the illustrated embodiments may be incorporated into any of the above-
described aspects of the present invention alone or in any combination. Again, the brief



WO 2008/100758PCT/US2008/053237 4 summary presented above is intended only to familiarize the
reader with certain aspects and contexts of the present invention without limitation to the claimed
subject mat¥P BIRIAMIIESCRIPTION OF THE DRAWINGS [0011]These aRfaldfhgift#AEs, aspects,
and advantages of the present invention will becorhe better understood when the following detailed
description is read with reference to the accompanying drawings in which like characters represent like
parts throughout the drawings, wherein: [0012]FIG. 1 is a perspective view of a reciprocating
compressor including an exemplary valve assembly in accordance with one embodiment of the

presentdipyeRLRn, [Qgéﬁlgbea&l?e% ﬁ%@{&éasénﬁ‘?fé"?&ﬁﬂIYé?‘é’eofHQ?ee&E?éPWﬂchéﬁ‘am RLFIG. 1,

illustrating mterna components of the compressor in accordance with one embodiment of the present
inventigiid contexts of the present invention without limitation to the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:

[0012] FIG. 1 is a perspective view of a reciprocating compressor including an

exemplary valve assembly in accordance with one embodiment of the present invention;

[0013] FIG. 2 is an axial cross-sectional view of the exemplary compressor of FIG. 1,
illustrating internal components of the compressor in accordance with one embodiment of

the present invention;

[0014] FIG. 3 is a perspective view of an exemplary poppet valve assembly in

accordance with one embodiment of the present invention;

[0015] FIG. 4 is an exploded view of the poppet valve assembly of FIG. 3, illustrating
certain components of the valve assembly in accordance with one embodiment of the

present invention;

[0016] FIG. 5is an exploded view of another exemplary poppet valve assembly in

accordance with one embodiment of the present invention;

[0017] FIG. 6 is top plan view of the poppet valve assembly of FIG. 3 in accordance

with one embodiment of the present invention;

[0018] FIG. 7 is a bottom plan view of the poppet valve assembly of FIG. 3 in

accordance with one embodiment of the present invention;

[0019] FIG. 8 is a partial cross-sectional view of the poppet valve assembly of FIG. 3,

illustrating an interior seal member disposed in a closed position; and



[0014]FIG. 3 is a perspective view of an exemplary poppet valve assembly in accordance with one
embodiment of the present invention; [0015]FIG. 4 is an exploded view of the poppet valve assembly
of FIG. 3, ill&@30iHygl 0&i&in components of the valve assembly in accordarReMHRWEOBAIDodiment of
the present invention; [0016]FIG. 5 is an exploded¥iew of another exemplary poppet valve assembly
in accordance with one embodiment of the present invention; [0017]FIG. 6 is top plan view of the
poppet valve assembly of FIG. 3 in accordance with one embodiment of the present invention;
[0018]FIG. 7 is a bottom plan view of the poppet valve assembly of FIG. 3 in accordance with one

embodiggabpf the ey ege8 LM RLPBross-sectional view of the poppet valve assembly of FIG. 3,

illustrating an interior seal member disposed in an open position.
DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0021] One or more specific embodiments of the present invention will be described
below. In an effort to provide a concise description of these embodiments, all features of
an actual implementation may not be described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and
time consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure.

[0022] When introducing elements of various embodiments of the present invention,
the articles “a,” “an,” “the,” and “said” are intended to mean that there are one or more of

the elements. The terms “comprising,” “including,” and “having” are intended to be

inclusive and mean that there may be additional elements other than the listed elements.

Moreover, the use of “top,” “bottom,” “above,” “below,” and variations of these terms is

made for convenience, but does not require any particular orientation of the components.

[0023] Turning now to the figures, an exemplary compressor 10 is provided in FIG. 1.
In the presently illustrated embodiment, the compressor 10 includes a pair of
compression cylinders 12 coupled to a frame 14. As discussed in greater detail below, a
variety of internal components may be disposed within the cylinders 12 and the frame 14
to enable compression of fluids within the cylinders 12. In one embodiment, the
compressor 10 may be utilized to compress natural gas. However, in other
embodiments, the compressor 10 may be configured and/or utilized to compress other
fluids. A mechanical power source or driver 16, such as an engine or an electric motor,

may be coupled to the compressor 10 to provide mechanical power to the various internal



WO 2008/100758PCT/US2008/053237 5 [0020]FIG. 9 is a partial cross-sectional view of the poppet
valve assembly of FIG. 3, illustrating an interior seal member disposed in an open position. DETAILED
DESCRIPTM20B/89EE|FIC EMBODIMENTS [0021]0One or more specifi®€BSHIMEA33f the
present invention will be described below. In an effort to provide a concise description of these
embodiments, all features of an actual implementation may not be described in the specification. It
should be appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be made to achieve
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the various internal - :
components, such as cages or fasteners, may be employed to facilitate mounting of the

valve assemblies 20 within the recesses 18.

[0025] Although the exemplary compressor 10 is illustrated as a two-throw
reciprocating compressor, other compressor configurations may also employ and benefit
from the presently disclosed techniques. For instance, in other embodiments, the
compressor 10 may include a different number of cylinder throws, such as a four-throw
compressor, a six-throw compressor, a couple-free reciprocating compressor, a screw
compressor, or the like. Further, other variations are also envisaged, including variations

in the length of stroke, the operating speed, and the size, to name but a few.

[0026] A cross-sectional view of the exemplary compressor 10 is provided in FIG. 2,
which illustrates a number of exemplary internal components of the compressor of FIG. 1.
In the presently illustrated embodiment, the frame 14 of the exemplary compressor 10
includes a hollow central body or housing 22 that generally defines an interior volume 24
in which various internal components may be received, such as a crankshaft 26. In one
embodiment, the central body 22 may have a generally curved or cylindrical shape. It
should be noted, however, that the central body 22 may have other shapes or
configurations in full accordance with the present techniques.



WO 2008/100758PCT/US2008/053237 6 components and to enable compression of the fluid within
the cylinders 12. To facilitate access to such internal components, as may be desired for diagnostic or
maintenanc®¥ PA{9848478penings in the frame 14 may be provided and sel®&ilV&IS20 85884 via
removable covers disposed over the openings. [0024]Further, the exemplary cylinders 12 include
capped recesses 18 configured to receive valve assemblies, such as valve assembly 20. While only a
single valve assembly 20 is illustrated, it will be appreciated that, in various embodiments, additional
valve assemblies are included within some or all of the other capped recesses 18. It will also be

apprecipjgginat thegaliprers aakiiclwliiatenldiid sandiiobetesnibevrassass 18 and the

valve assemblies 20 to facilitate flow of a fluid into and out of the cylinders 12 through such valve
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exemplary compressor 10 is provided in FIG. 2, which illustrates a number of exemplary internal
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interior volume 24 in which various internal components may be received, such as a crankshaft 26. In
one emWBBimER, ¥RSEBARAIIRIGS234may have a generally curved or cylindrical shape. It should be
noted, however, that the central body 22 may have other shapes or configurations in full accordance

with thg@oesgnt teghnisteebove, the cylinders 12 are configured to receive a fluid for
compression. The crossheads 32 are coupled to pistons 36 disposed within the cylinders
12, and the reciprocating motion of the crossheads allows compression of fluid within the
cylinders 12 via the pistons 36. Particularly, as a piston 36 is driven forward (i.e.,
outwardly from central body 22) into a cylinder 12, the piston 36 forces fluid within the
cylinder into a smaller volume, thereby increasing the pressure of the fluid. A discharge
valve, such as valve assembly 20, may then open to allow the pressurized or
compressed fluid to exit the cylinder 12. The piston 36 may then stroke backward, and
additional fluid may enter the cylinder 12 through an inlet valve, which may also comprise
a valve assembly 20, for compression in the same manner described above. Further, as
will be appreciated, the cylinders 12 can be configured to facilitate fluid compression on
both the forward and the backward strokes of the piston 36. For instance, as the piston
36 moves forward in the manner discussed above to compress fluid on one side of the
piston, additional fluid may be introduced into the cylinder on the opposite side of the

piston. Such fluid would then be compressed on the backward stroke of the piston 36.

[0029] Exemplary valve assemblies 20 in accordance with certain embodiments of the
present invention are depicted in FIGS. 3-9. In the embodiments illustrated in FIGS. 3-9,
the exemplary valve assemblies 20 are poppet valve assemblies. As noted above,

however, valve assemblies 20 of other embodiments may have a different configuration,



WO 2008/100758PCT/US2008/053237 7 [0027]In operation, the driver 16 rotates the crankshaft 26
supported within the interior volume 24 of the frame 14. In one embodiment, the crankshaft 26 is
coupled to AS23MBAE736 via connecting rods 28 and pins 32. The crossheBdE/ B828¢¢HiAddsed within
crosshead guides 34, which generally extend from$he central body 22 and facilitate connection of the
cylinders 12 to the compressor 10. In one embodiment, the compressor 10 includes two crosshead
guides 34 that extend generally perpendicularly from opposite sides of the central body or housing 22,
although other configurations are also envisaged. As may be appreciated, the rotational motion of the
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within the crosshead guides 34. [0028]As noted above, the cylinders 12 are configured to receive a
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pressurized or compressed fluid to exit the cylinder e piston 36 may then stroke backward, and
additiorfdiqHiidttBgraatbrireieWissamBiatrough an inlet valve, which may also comprise a valve
assembly 20, for compression in the same manner described above. Further, as will be appreciated,
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conduits ot ports 46 and 48, respectively, which allow a fluid (such as natural gas) to

pass through the valve assembly 20.

[0031] Further, the exemplary valve assembly 20 includes one or more sealing
assemblies disposed between the seat plate 42 and the guard plate 44 that generally
control the passage of a fluid through the fluid passageways or ports 46 and 48. In the
presently illustrated embodiment, the sealing assemblies include a plurality of poppets
50, and biasing elements, such as magnets 52 and 54 (FIG. 4) or springs 56 (FIG. 5),
that are generally configured and/or oriented to apply a force on the poppets 50 toward
the seat plate 42. It should be noted that, in other embodiments, the valve assembly 20
could include other sealing elements instead of the poppets 50, such as a plate or a set
of rings, such as in a plate valve assembly or a ring valve assembly, respectively.
Further, in still other embodiments, the seat plate 42 and/or the guard plate 44 may be
omitted from the valve assembly 20 in favor of some other seat and/or guard structures,
including pipe fittings, flanges, shoulders, recesses, or the like configured to receive a
sealing assembly, such as in the case of a single-poppet check valve, for instance.

[0032] During operation, the poppets 50 (or other sealing elements) typically open and
close with respect to the seat plate 42 in response to a pressure differential between the

fluid ports 46 and 48. The exemplary poppets 50 are formed from a material capable of



including that of plate, ring, channel, and/or strip valve assemblies. Further, although discussed above
in the context of a compressor cylinder, it should be noted that exemplary valve assemblies 20 can be
employed iMSEPEHWIAFres or arrangements. For instance, in other embodiaien$30eadé7assembly
20 may operate as a scavenger valve for an engin, or as a check valve in a pipeline, hydraulic line, or
refrigeration circuit, to name but a few examples. [0030]As shown in FIGS. 3 and 4, the exemplary
valve assembly 20 includes seat and guard structures or members, such as a seat plate 42 and a
guard plate 44, respectively. The seat and guard plates 42 and 44 may be coupled to one another via

one or WRH%@W&W@rﬂ{gH“o?%%ﬁiH@Ebé@ﬁé?l@ﬁﬂ%?&fﬂrrgé‘ﬁlrﬁﬁ%ﬁ'I%F%é‘.@, 3nd tirdruatyplate 44 are

made from a high-strength material, Such as metal, and include fluid conduits or ports 46 and 48,
respectVeSWRRH HORXa TG (SU¥ARRLSRITERPFHERIEHABS PRBREISthE 2EMOBBSEHION 20.
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between the seat plate 42 and the guard plate 44 that generally control the passage of a fluid through
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4) or springs SFIG. 5), that are generally configured and/or oriented to apply a force on the poppets
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like configured to receive a sealing assembly, such as in the case of a single-poppet check valve, for

instancE1AYEIMBLARJHEPRI MRS Bohisctt Bt (Bladr it JbSIiMe B1BRTEREIPHEAINBpen and close
with respactipiier spal Rlale tbHvECIRRNER I REEBRILIR iKergniind lbetwrRe tBmBUig Merss4R and

48. The exemplary poppets 50 are formed from a material capable of WO

2008/1G6PSEIRTER IO IR SSEN I GHIUAMEH RDRY QP BPEFAingrpritis! esspraiativres, thgs&ct forces,

and diffesential| OreSsiy 8- o & sapREmBiYAIGH srartpdiments, the poppets 50 are formed from a
material such as an aluminum and/or magnesium alloy, some other metal, a plastic, a ceramic, or the

like. F | di ts, th ticul terial f hich th 50 f d
pe chosCh proVii SR SPRRGREIE iR TalS SLTHR KT eck B oA e BB the valve

assemhiyi@@loseewihtasspadtnonpetssinpiytalde harahesik) to base thsreagds avidiates siness
greater than that of the materials of either or both gf the impact bushings. 58 and, 62 discussed
(A0S S alh SR SR oA

immedifﬂ@%e W% RE(RIYID kl_iiéen\é% YF AR WA A 864 hg%( H %ssembly 20
may coayyisediyecoeiachlates4ahphet guaitstsstdntherpeoilbershiidbes 2ealligrassedibpeselisicussed
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thereofimpact of the poppets 50 while closing and opening. The impact bushings 58 and 62
may be formed from the same material, or from different materials. In some
embodiments, the one or more materials from which the impact bushings are formed are
selected based on their impact absorption properties. In one embodiment, the impact
bushings 58 and 62 are made of plastic, and may be formed through an injection molding
process or by some other suitable manufacturing process. As will be appreciated,
however, these impact bushings 58 and 62 may be formed from suitable materials other

than plastic.

[0034] In some embodiments, the impact bushings 58 and 62 are configured to be the
primary wear members of the valve assembly 20, and to reduce the amount of wear on

the seat plate 42, the guard plate 44, and the poppets 50 that would otherwise occur in



[0033]As may be appreciated, in various embodiments, the poppets 50 may open and close with
respect to the seat plate 42 hundreds, or even thousands, of times per minute during operation of the
valve assenYbB2008/1803/% embodiment, the valve assembly 20 includes imB&&{BHR28A#53238 and
impact bushings 62, which are disposed in the sedPplate 42 and the guard plate 44, respectively, and
are positioned to absorb the impact of the poppets 50 while closing and opening. The impact bushings
58 and 62 may be formed from the same material, or from different materials. In some embodiments,
the one or more materials from which the impact bushings are formed are selected based on their

mpact gsgiion BIOPSRIBARSEAGIIENOHS IRRFLINANIRS AL ARCESX aienade f plastic

and may be formed through an injection molding process or by some other suitable manufacturing

proces@Nssingivishiapypresiaerr hoiebdaatitaie smphebisihsnaiobianebe assenelyrated from
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configured to be the primary wear members o valvé assembly 20, and to reduce the amount of

wear ot seathaliken 2 StHEGURRT. e me aRtPasimepiseiesinpret tusirgsdti@eoccur in WO
2008/108Anghfel USRI Brdring 4 A he ANRE B SlatHIN DS RIS SRR LisRRACt bushings

58 and 62 can be easily and individually replaced, which facilitates refurbishment of the valve

assemYIRCAf b i SRRMMSS EPlIvB e MREYIdpENENSS GRS ISLies de seeplyareMates 42
or 44, ogihg yﬁgp%t‘gbg{gtgg in some embodiments the impact bushings 58 are configured as linear
bearings to receive guide members 60 protruding from upper surfaces of the poppets 50, while the

impact pushings 62 are configured to receive stems 64 of the poppets 50. [0035]By way of further
stat0AB RS H G S AHE G, PO TR QS ERS 2R BIEYs are
progidegdrlaﬂaﬁ@hﬁ‘?me?m%m%@rbmstimqhb pwﬁdhﬁ m@sctdoaﬁbb irié%s@ani@cém@@ommﬁrﬁo ral
guide or alignment feature 68, which_cooperates with the guide member 60 of a poppet 50 to maintain
S oS SRR e RS S G o R Sl SR AN N S SO 8 of he
presentdd]jutﬁﬁaél@@ W%wdmtbm@esmﬁﬁmjéeasﬁfa pdspxpie’h s%ﬁ?rmam@igrar@mmbu f@ﬁ#ﬁﬁﬁ@%d\dﬁén the
interior e impact.bushings 58, it should he that a different numbe uch support arms
coulc b SHBIBH BRI SR o L SRR LR R CE R LSBT BGB e e R Certain
additionil éeatisad milthe eresepiappoal @i MayWredchestgsporderistadgnment features 68 within

the interior of the impact bushings 58, it should be noted that a different number of such

support arms could be employed in other embodiments in full accordance with the

present techniques.

[0036] Certain additional features of the exemplary valve 20 may be better understood
with reference to the cross-sectional views of FIGS. 8 and 9. In FIG. 8, the poppet 50 is
disposed in a region 74 between the seat and guard plates 42 and 44, and is in a closed
orientation that prevents fluid communication between the fluid ports 46 and 48.
Conversely, in FIG. 9, the poppet 50 is illustrated in an open position, which allows fluid
to flow through the valve assembly 20 via the fluid conduits or ports 46 and 48. In the
present embodiment, the seat plate 42 includes a plurality of recesses 76 that are
disposed adjacent the fluid ports 46 and are configured to receive the impact bushings 58
proximate (i.e., near and/or directly adjoining) the fluid ports 46. In certain embodiments,
one or more of the impact bushings 58 includes a lower surface 78 that is formed as a
complementary surface to an upper surface 80 of the poppet 50. In such embodiments,
the matching of the surfaces facilitates the formation of the seal between the poppet 50

and the impact bushing 58. Further, the inclusion of a complementary impact bushing 58



with reference to the cross-sectional views of FIGS. 8 and 9. In FIG. 8, the poppet 50 is disposed in a
region 74 between the seat and guard plates 42 and 44, and is in a closed orientation that prevents
fluid commUWRafIdHIB&¥een the fluid ports 46 and 48. Conversely, in FIG. RCTHERISHESHT is
illustrated in an open position, which allows fluid td ¥low through the valve assembly 20 via the fluid
conduits or ports 46 and 48. In the present embodiment, the seat plate 42 includes a plurality of
recesses 76 that are disposed adjacent the fluid ports 46 and are configured to receive the impact
bushings 58 proximate (i.e., near and/or directly adjoining) the fluid ports 46. In certain embodiments,

one or go4eak iR IBRASHBHSI RSP J\ﬂﬁ%@??&ﬁr{ﬁﬂlﬁékﬂéﬁ? iR BFTRI &R famrlementary

surface to an upper surface 80 of the poppet 50. In' s embodiments, the matching of the surfaces

facilitat@S @ecisicalyichase thib e salrirae 8erpiHe Bppeetd AinAdeiinngdyt windkitaessufagaser &he
Inclusiogyfof BCOBMENIEERRY IRPBR S IARE VXS SRBBHIRLMBEHE IRARRPES G fatiGhables

the formation of a seal without requiring special machining of the seat plate 42 to geometrically match
the surfalG3eCopMEspepPet 50. Additionally, while the surfaces 78 and 80 are beveled in the presently
illustrated embodiment, other mating configurations are also envisaged. [0037]In the present

embodipeay]the imersHhesbmasmtbbale shnikndyisishesedsningeessesSifamaaddisguseyaid plate
44. Each of the impact bushings 62 includes an upper surface 84 that is configured to abut a lower
surface S In"a - 10H. 2 are
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allowing separate replacement ofgjese components. Fyrther, in. some embodiments, the impact
eshelraib » S

bushin RSSO B ALY LRRACHRHSIBY Rl HERERTE RGBT to a fluid
port 48 ifsanghgheaimpaes brstengrgtne Ossdihshadlding nseddhvdninicgiiain emhedingts, the
recesses 76 and 82 are sized with respect tg the impact bushings 58 and 62 such that, once installed,
portiond 6t YR HhSHEFGEAH RS BPRER! BAIRA P e S AR S RS £20 Pha,
respectivielgeaihintond@osppion sl altieinhgrabogiaensplaat aisntntitiisa coetpioser. member
and metallic seat and guard plates, as the impact bushings 58 and/or 62 become sufficiently worn, the
coal MR GG TR 670 5o L 02 h LT VL) B LS PR IAIE e 44, Such
contactpaidisagyesGembpanigidwyflaiapiiesidi)mittsaagiomn Maeiopeiaithpoolugtaiubh uadve
assembm%gl%i%atir@ihgzthe valve assembly 20, or certain components thereof, should be repaired,
refurbished?Gr gﬁl dPAs a result, this indication or warning signal may prevent or reduce the

incidence of valve assembly failure and unexpected shutdown of a compressor system. It should also
be notel@@348] in dostweldsdntaddhtieimcerdsiin efmhedimesnds bishiegs S an® emhendg exduce or

eliminatg t¢ NRAY S SE MY FERRRN BULARR B2 FRFBSSSL N DAL BHEOHABE h67A008 3237
the impact bushings project outwardly from the seat and guard plates 42 and 44,
respectively, and into the region 74. In such embodiments that also include a metallic
seal member and metallic seat and guard plates, as the impact bushings 58 and/or 62
become sufficiently worn, the seal member will begin to impact the respective metal seal
plate 42 and/or metal guard plate 44. Such contact will be accompanied by an
appreciable increase in the operating volume of the valve assembly, indicating that the
valve assembly 20, or certain components thereof, should be repaired, refurbished, or
replaced. As a result, this indication or warning signal may prevent or reduce the
incidence of valve assembly failure and unexpected shutdown of a compressor system.
It should also be noted that, in some embodiments, the inclusion of the impact bushings

58 and 62 may reduce or eliminate the need for certain processing steps and expenses



12 in the manufacture of the seat plate 42 and/or guard plate 44, such as the machining of sealing
surfaces in the seat plate 42 to match the contours of the poppets 50 or other sealing element, or the
machining oV{heoge(aeeptate 44 to provide a high surface finish on the surfR(EEVPROB/IEAA otherwise
contact the moving sealing element. Consequently2certain embodiments of the present techniques
may provide a lower cost valve assembly that may be more simply manufactured. [0039]During
operation of the presently illustrated embodiment, the magnet 54 applies a force to the magnet 52,
which is secured to the poppet 50. This interaction results in a biasing force on the poppet 50 toward

the closadpositinfrsueh il Uusiiaiad insHiGaR Wiera heassu hidun it arhgdrbove

the poppet 50 is greater than the pressure within a fluid port 48 below the poppet 50, the pressure
differensi@®ppresfacasthineoseatltie depsenstchitiercinestef ibspesnreaiseSdRedparted by

the magasimasiifict, GHHEMLOSRIRISRIFRSYIRATSERaUA t635B0Ri8 SarigndDrexRolthihe

downward force exerted on the poppet 50 by this pressure differential will exceed the force applied to

the popptiy Svaasasiaticpweiddbathaiwisaycrirshinforeavasaaiadpoleseeno will move toward
the Ope@&%ﬁ%%m%tﬁ%ﬁgimé:rﬁ%ogiﬁgﬁﬁi'69M%%@WL{BWEUQM’WBWJ@@ IBA/ES #8and 48

via the re%\l( Once the pressure differential falls back below the threshold, the poppet 50 will
return t¥ave @esemplsiiahrakdmhawsd sIapPpImanRrsuesinvention may be susceptible to various
modifications and alternative forms, specific embodiments have been shown by way of example in the

drawingee®ei have lree) sisseriedontHetartieraip itdeweaisd, dhaheit et uhdafsigpdtaat the
invention is not igtended tﬂ be limited to the particular forms disclosed. Rather‘[ the inventjon is to

cover afPRUGHEAR67R (R AN TIBARC Lif YRR ARCHIRAG UG PRRPEP R -a é"§d&ﬁ%r BFYRA invention
as defineduns thed®lavinpiapreodadsisdmset 5D @wdidShd. AogaliepassiRmbiy cametisHig:

illustrated in FIG. 8. When the pressure within a fluid port 46 above the poppet 50 is
greater than the pressure within a fluid port 48 below the poppet 50, the pressure
differential applies a second force to the poppet 50, which is directed opposite the force
imparted by the magnets 52 and 54. Further, once this pressure differential reaches a
certain threshold, the downward force exerted on the poppet 50 by this pressure
differential will exceed the force applied to the poppet by the magnets 52 and 54 (and any
frictional forces), and the poppet 50 will move toward the open position illustrated in FIG.
9, allowing fluid communication between the fluid ports 46 and 48 via the region 74.

Once the pressure differential falls back below the threshold, the poppet 50 will return to

the closed position described above.

[0040] While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and
have been described in detail herein. However, it should be understood that the
invention is not intended to be limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents, and alternatives falling within the spirit

and scope of the invention as defined by the following appended claims.



a seat plate having a fluid conduit; an impact bushing coupled to the seat plate proximate the fluid
conduit; and a sealing assembly configured to form a seal with the impact bushing and to control flow
of a fluid through the fluid conduit via relative displacement of the sealing assembly from the impact
bushing, the sealing assembly comprising a seal mefgwer and a biasing member, the seal member
including a poppet; wherein the impact bushing is configured as a linear bearing and includes an
alignmenare&wlrgsupported within the interior of the impact bushing that cooperates with a guide member
protruding from a’'surface of the poppet to maintain alignment of the poppet during operation of the valve
assembly. 2. The valve assembly of claim 1, wherein the impact bushing comprises plastic. 3.
The valve assembly of claim 1, comprising a guard plate having an additional fluid conduit, wherein the
guard plate is cdupled fovalygessplatdysaempriging: sealing assembly is disposed between the guard
plate and the seat plate. 4. The valve assembly of claim 3, comprising an additional impact bushing
coupled to the ga&eRpRIRI FRaLe fhachemibhtl fluid conduit. 5. The valve assembly of claim 4,

wherein the additional impact bushing comprises plastic. 14 6The valve assembly of claim 1, wherein the
poppet compris@dmpgct bushing coupled to the seat plate proximate the fluid conduit; and

a sealing assembly configured to form a seal with the impact bushing and to
control flow of a fluid through the fluid conduit via relative displacement of the sealing
assembly from the impact bushing, the sealing assembly comprising a seal member and
a biasing member, the seal member including a poppet;

wherein the impact bushing is configured as a linear bearing and includes an
alignment feature supported within the interior of the impact bushing that cooperates with
a guide member protruding from a surface of the poppet to maintain alignment of the
poppet during operation of the valve assembly.

2. The valve assembly of claim 1, wherein the impact bushing comprises

plastic.

3. The valve assembly of claim 1, comprising a guard plate having an
additional fluid conduit, wherein the guard plate is coupled to the seat plate such that the

sealing assembly is disposed between the guard plate and the seat plate.

4. The valve assembly of claim 3, comprising an additional impact bushing

coupled to the guard plate proximate the additional fluid conduit.

5. The valve assembly of claim 4, wherein the additional impact bushing
comprises plastic.



material having a greater stiffness than a second material from which the impact bushing is formed.

7. The valve assembly of claim 1, wherein the poppet comprises metal. 8. The valve assembly of
claim 1, wherein the poppet comprises a beveled surface and the impact bushing comprises a
complimentary mating surface configured to engage jhae beveled surface. 9. The valve assembly of
claim 1, wherein the biasing member comprises a magnet. 10. The valve assembly of claim 9,
wherein the biasing member comprises a magnet disposed in the seal member and an additional magnet
external to the seal member. 11. The valve assembly of claim 9, wherein the biasing member
comprises a spripg.  yik2- LR VANEATSRMAN hHRI Ly poeieinde yalyeASSEmBhcEamprises &
plate valve assembly. 13. The valve assembly of claim 1, wherein the valve assembly comprises a
ring valvenasesaibiiaving agerisnsisiagseriiisn of staiond maierihfiosinpiah Bisslimggict dispbiw in a

is formed.
7. The valve assembly of claim 1, wherein the poppet comprises metal.
8. The valve assembly of claim 1, wherein the poppet comprises a beveled

surface and the impact bushing comprises a complimentary mating surface configured to

engage the beveled surface.

9. The valve assembly of claim 1, wherein the biasing member comprises a

magnet.

10. The valve assembly of claim 9, wherein the biasing member comprises a
magnet disposed in the seal member and an additional magnet external to the seal

member.

11. The valve assembly of claim 9, wherein the biasing member comprises a

spring.

12. The valve assembly of claim 1, wherein the valve assembly comprises a

plate valve assembly.

13. The valve assembly of claim 1, wherein the valve assembly comprises a

ring valve assembly.



recess formed in the seat plate about the fluid conduit. 15A valve assembly comprising: a seat member
defining a fluid passage; an impact bushing configured to be coupled to the seat member; and a
poppet configured to form a seal with the impact bushing, wherein the impact bushing and the poppet are
configured to control flow of a fluid through the fluid passage via relative displacement of the poppet from
the impact bushing; wherein the impact bushing is configured as a linear bearing and includes an
alignment feature supported within the interior of the impact bushing that cooperates with a guide member
protruding from a surface of the poppet to maintain alignment of the poppet during operation of the valve

assembly. 16, The{)@;ﬁﬁ% RGN @ {%ﬁ]alm e FbH%H’@Yﬁ ARIHDOM m@)er di %8'0‘% erate

as a check valve. va ve asse erein t e seat me nfigure
receive tiiedessdormeshinghe Sea_BpIAtecﬁtbptéstt@rfwmpﬂBmgt.a frame; a compression cylinder coupled
to the frame;

15. A valve assembly comprising:

a seat member defining a fluid passage;

an impact bushing configured to be coupled to the seat member; and

a poppet configured to form a seal with the impact bushing, wherein the impact
bushing and the poppet are configured to control flow of a fluid through the fluid passage

via relative displacement of the poppet from the impact bushing;

wherein the impact bushing is configured as a linear bearing and includes an
alignment feature supported within the interior of the impact bushing that cooperates with
a guide member protruding from a surface of the poppet to maintain alignment of the

poppet during operation of the valve assembly.

16. The valve assembly of claim 15, wherein the valve assembly is configured

to operate as a check valve.

17. The valve assembly of claim 15, wherein the seat member is configured to

receive the impact bushing.

18. A compressor comprising:
a frame;
a compression cylinder coupled to the frame;

a plurality of mechanical components disposed in the frame and configured to
facilitate compression of a fluid within the compression cylinder; and



a plurality of mechanical components disposed in the frame and configured to facilitate compression of a
fluid within the compression cylinder; and 16 at least one valve assembly disposed in the
compression cylinder, the at least one valve assembly comprising a seat plate having a fluid conduit, an
impact bushing coupled to the seat plate proximate thg fluid conduit, and a sealing assembly including a
poppet configured to form a seal with the impact bushing and to control flow of a fluid through the fluid

conduit via elatiys isplacenenLoL e RRRPELIAM (e ApAct BeG, vGICIR I Impact bysang s

configured as a linearbearing and 1N an alignment feature 'supported’w the“interior o
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wherein %feimﬁgﬁtcﬁqﬁgig%]{;egggw?%to form a seal with the poppet to inhibit flow of a fluid through

the fluid passageway, and the impact hing is also configured as a linear bearing and includes an
alignment feature supported within the interior of the impact bushing that cooperates with a guide member
17

19. The compressor of claim 18, wherein the impact bushing is disposed in a
recess formed in a surface of the seal plate about the fluid conduit such that a portion of
the impact bushing extends beyond the surface of the seal plate.

20. The compressor of claim 18, comprising a guard plate coupled to the seat
plate, and an additional impact bushing coupled to the guard plate, wherein the additional
impact bushing is disposed in a mating recess of the guard plate such that a portion of

the additional impact bushing extends beyond the surface of the guard plate.

21. A method comprising:

disposing an impact bushing in a recess of a seal plate, wherein the recess is
formed about a fluid passageway of the seal plate;

disposing a seal member including a poppet between the seal plate and a guard
plate, and adjacent to the fluid passageway, wherein the impact bushing is configured to
form a seal with the poppet to inhibit flow of a fluid through the fluid passageway, and the
impact bushing is also configured as a linear bearing and includes an alignment feature

supported within the interior of the impact bushing that cooperates with a guide member



protruding from a surface of the poppet to maintain alignment of the poppet during operation; and
coupling the seal plate to the guard plate.

17

protruding from a surface of the poppet to maintain alignment of the poppet during

operation; and

coupling the seal plate to the guard plate.



