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[0001] This application claims priority to U.S. Provisional Patent Application No.
60/922,933, entitled “Caged Poppet Valve”, filed on April 11, 2007, which is herein
incorporated by reference.

- FIELD OF THE INVENTION

[0002] The present invention relates generally to valve assemblies. More particularly,
the present invention relates to a novel poppet 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
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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] Further, one common type of valve assembly is the poppet valve assembly,
which traditionally includes a set of poppets disposed between a seat plate and a guard
plate. As many compressors routinely operate at hundreds or thousands of rotations per
minute (rpm), such poppets also open and close at a similarly high rate. Due to this rapid
cycling, the seat plate, the guard plate, and/or the poppets will often wear over time,
leading to valve failure if left unchecked. To avoid such failure, a typical, worn poppet
valve assembly may need to be repaired or refurbished, such as through replacement of
the poppets, machining or refinishing of the seat and/or guard plates, or the like. Of
course, such maintenance is often time-consuming and/or costly. Consequently, there is
a need for a poppet valve assembly that exhibits an increased durability and life
expectancy, and that allows for easier, faster, and cheaper maintenance.
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[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
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 matter.
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the present invention;

[0017] FIG. 6 is a partial cross-sectional view of the exemplary valve assembly of
FIG. 3, illustrating various internal components of the valve assembly, including a poppet
located in a closed position in accordance with one embodiment of the present invention;

[0018] FIG. 7 is a partial cross-sectional view of the exemplary valve assembly
illustrated in FIG. 6, depicting the poppet in an open position in accordance with one
embodiment of the present invention; and
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[0020] of 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.

[0021] 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.
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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.

[0022] 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
{o 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
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[0023] 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 appreciated that the cylinders 12 may include internal fluid conduits between the
recesses 18 and the valve assemblies 20 to facilitate flow of a fluid into and out of the
cylinders 12 through such valve assemblies. Additionally, various installation
components, such as cages or fasteners, may be employed to facilitate mounting of the
valve assemblies 20 within the recesses 18.

[0024] Although the exemplary compressor 10 is iliustrated 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.

[0025] 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
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piston. Such fluid would then be compressed on the backward siroke of the piston 36.

[0028] A perspective view of an exemplary valve assembly 20 is provided in FIG. 3.
In this embodiment, the valve assembly 20 includes a seat plate 42 having a number of
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emboditrieatgrsucaras the@mbagieent illustrated in FIGS. 4 and 5, each cage 48 is
configured to receive only a single poppet 58 therein. In other embodiments, however,
the cage 48 may receive multiple poppets 58. In the presently illustrated embodiment,
the poppet 58 includes a central body 60 coupled to a poppet head 62. In certain
embodiments, the poppet head 62 is formed from metal through a suitable manufacturing
process, such as coining, stamping, machining, or the like. Further, in some
embodiments, the central body 60 is an injection molded plastic. It should be noted,
however, that one or both of the central body 60 and the poppet head 62 may be formed
from other suitable materials, such as ceramic, metal, or plastic, or through other suitable

manufacturing processes, other than those described above.
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embod@ff‘ﬁ%é.r%bﬁ%% &l e@@%[rﬁ‘ tﬁg%lhggﬁlgg% %@%ga @Etlgpgbaéﬁ'iead 82, it
may be a:kémrablerfar tel mphohbyislelngem totes foyrieadsmal.t Alsoyghseme

| et val ve, e.a val ve assenpl
emboctignts, o obrgr ARaR IR O BRI A PRGRLSI 64 afld/or 68
are forn@étPH&s afdifen i ané;%r‘é‘hifﬁeé%eleé@ FPr'ieﬁPtl'f'a? Bl thé—:I st HeRBE Sto reduce
can be configured to facilitate corrpressmn
wear orbﬂﬂemnppelt b8 duringaaperaien chihebadvenassenblyddes of the
p| ston 36. For instance, as the piston 36 noves

foo32]  R¥RAfiRbBabSIE, HERG Predhrtl ARG et B InERt e Biopeg pace

assembe46 g cotiyresd tmfamlttat@ affitientssrvieing o poRidre of trike
of the piston. Such fluid would then be conpressed on

componerts BERERSETIRIY.oNotahY ithe RsesaTsly disolopes Biboiment allows for
cacn of B R o ey 856 S TR A IE RS ERBLky BT, ancr

other cmpmebits, sUth axmagestss8G aad 321 (#@. 8 Rohspringy 160 (kI ), to be
$ V\Q ?08/&]27763PCT/ usS2008/ 053238 ESC-.031068 PCT
replacedq jindiyduahy. vitheut [gquitng reriaeement pfdhe &ntire RIPRRLGAAS assembly
46. Forg §tanE>@ cNé? bR dﬁ‘lﬁ ﬁéé‘tedm'h}h&%%4 ahe 6%‘?@%y exhibit
42" 1's orma rommetal, or some Ot her suit
wear frdm gepwteé rmgntacnmltbrthal poppst ass tussehlaioasgr thet indivithtahpbppet

cage as3RELy 6 {Ter b ooy Hie Sl st 475 i ped 34 85 aiom
impact ﬁl.iﬁ#ﬁn ﬂ@nd?er@%haf@e%?ﬂd&@cbﬁ&ﬁﬁhé@hgé% fah@‘thé’boﬁpet 58 may

through the fluid ports 44
be reinstallac iwidls new lmi:@%bpp@nga %@%@reﬁﬂ)l F@ﬁhaﬁ lrnr§9meeembodlments

vecaus 5 4 A8 08 3 W L 0 ond i e el e

inclusion@PRAtimpagEbdshing eagedubed 6r &lifinated theandadmt finish (or refinish) the
el evati onal view of a poppet cage assenbly 46 renoved

fromthe seat plate 42 and including a nunber of
conmponents di sposed within the cage 48, in accordance
wi th one enbodi nent of the present invention. The cage
48 includes a nounting porfion 50 and a receiving
portion 52 that includes one or nore connecting armns
54. In certain enbodi nents, the cage 48 is fornmed from
nmetal, although the cage 48 may be forned from ot her




[ 0030] The nmounting portion 50, the receiving portion

52, and the connection arns 54 generally define an
WOi2008127%# space 56 in which a poppet 58 nmy b&CT/US2008/053238

di sposed. In sone enbodi nents, such as the enbo&ESGA81068 PCT

illustrated in FIGS. 4 and 5, each cage 48 is

configured to receive only a single poppet 58 therein.

In other enbodi nents, however, the cage 48 may receive

mul ti pl e poppets 58. In the presently illustrated

seat plagefddn eeder tofacilitabp pealingsofithe iseakplate 4 stirestly waythecmppet 58.
i ror A kbef AP BSR4 o g L BaapHRO R pie 42

and theW!ﬁeﬁé&SBnW? Qbanaw lblerpgawcbbalﬁemt@ sedvlcaes Alsonlnr@me
he 11k rther

embodiEiepuIthe Reds 4BBCIUBas AanaRsies Sotace 120 aFUlale SATDle attachment
an rerfefBF e e, o PStel pbRe 0, Kol ARt g egSgGutn which

the valvesasseatdlp Eenky bemseetm@iedsalmcﬂ aidistamecder i al s, such as
ceramc, nmetal, or plastic, or through ot her sui tabl e

100331 1o B hBGkL 5450 BeBic1Sq Ve cifh APibeslAR e 138G AR aspemoy

20 may[c,@ﬂﬁsﬂse'ﬁhé seNEpRtA U2 PRI oCR@fe PBEEEItag/dssIndlies 46 in

i ncl'udes an inpact bushing 64 di sposed within a bore
additioret asher ermpoTRNtEnethes embsslimentsdn @caardansacyithihenpriegent

oo FERRFLILR 1552 Bafd M SHBL H B BRI 8 cno o

more papEt 2hgeaseémblies Bep r&muaﬂg,em@&@b peﬁéaget assemblgets of some
head 62 will cont Sct t he i npact bus

embodigents mgy %ﬁr@pr&w et cwaae?m@ua mdﬁi&mstgdb%ﬁasséﬁ Hie poppet 58,
the lmpéglsodém | a d Se‘ﬁgghc Qt56§0 r 2 maﬁamﬁ%%?% 4586, in other
embodimeings the! gopped cag(mseetnm mbbeslstsrm‘ oneonsistswssentially of, these

elemenfiry e SyreOTL BTGl NeFRAr Truet: WAL Corsa T G Bedents o the

valve ai%!é?ﬂ(ﬂ t2{)Qﬁclu5@'ra bl[l?élﬂf‘é?popﬁbt%ge%@mﬁﬁéﬁ% ftR®ould be noted
i mpact bushings 64 and 68 are made of plastic, and y

that othbeemborirdents may nstead inchils anly arsinglepoppet eage assemb y 46 in

o sl RS LEE 70 Lo 28 M

may be formed fromsuitable materials other than
[0034] p! AdtitionaHentures bhan@xemplageahabssimpipt20 aelitiisteatediin the

enbodi nent i ncluding a reinforced plastic poppet head
cross-sealional Views Qi |G e B insteopresRatly Hpskates PRGNty he seat
plate 42bﬁlcfu%‘”e§%dre%sg?ﬁ%¥m@$ aPan Ceﬁldsnﬁr?ﬂtﬁagﬁyf A® ahla is é@@gﬁﬂ@d to

nateri a rom bus
receive amplippet &agarassémbtyeds h&ssametemh@:ﬂlmemtsj/tbe retedsf 7eissconcentric,

or subs{q@g&g%gqetrg@é dlgl h h‘@ fgﬁ&pgﬁt %toglgcﬁl | edtu %ggquﬂe fluid
port 44 %ﬁ{)o@%al rﬁ%&eﬁw&ﬁ@gel%hyana thtb e Pefgwﬁ @talvvhérh {Hésbéﬂ:kq(!ss is

ment t he poppét cage assenb is confi ure
openedt dn fsaoid émbodimgrits ctherrecess Y6 mm@deﬁ a threaded murfecefm configured

B T T DAY e
mechamérﬂs,ﬂ‘itﬂ/?@ieﬁ@oulbhfé propRiRd iRYsihaBcbra4ncd WMhithedrésent techniques.

bushi ng and/ or other conponents, such as nagnets
For instgoncaria vggop$ambo@;m@nts$ﬁjq ﬁ@at]pj@te(-q:a maydncluge e rnally threaded

oxensG P LTRURRETL AR Pl BEMAE Bl R B 40

over tinme, one or both of the inpact bushings 64 and
68 may exhibit wear fromrepeated contact with the
poppet 58. In such a case, the individual poppet cage
assenbly 46 may be renoved fromthe seat plate 42, the
poppet 58 and worn inpact Wushi ngs 64 and/ or 68 may be
renoved fromthe cage 48, and the poppet 58 nay be
reinstalled with new i npact bushi ngs 64 and/or 68.
Further, in sone enbodi nents, because a seal is forned



ESC- 031068 PCT seat plate 42 in order to facilitate

sealing of the seat plate 42 directly with the p
WOR08/1PAE3r of ur bi shed poppet cage assenbly 46 ﬁ&qmsszss

be reattached to the seat plate 42 and the val vESC-031068 PCT

assenbly 20 may be placed back into service. Also, in

sone enbodi nents, the cage 48 includes a threaded

surface 72 to facilitate sinple attachnment and renoval

of the cage 48 fromthe seat plate 42, further
the cagea H8aaY Beeupleskie thpseahplaie 421via e dastenak 96 ke ljkeoAdditionally,

wnite T HRERATDFABRSE MF LA BTlochfB3bl Y arbse a2
certain asmodirhsntgOtheayioantimy perion o s’eahepbmb@d#ﬁeraﬂsdnayl beaoupled to

e poppet cage assenblies 46 in addition to.other.
the seat:elmﬂ%meson%pﬁmorsmaw iaiem %&réo%%{he%ameme?#@g-

present techniques may consist of, or consist

[0035] eSﬁeg%uﬁ:l al¥o Bk nd ngg 18821 WAk %n"l’c?oo%@nfé”' %1é’[l§e of pBBﬂS@( cage

poppet cage asse es 46. Simlarly, a poppet
assembzheg dl€aitte the seat(pl@tfe %a@mﬁwmwassemply&ﬁﬁﬁ bg @ssembled and

opertel i LB R, P et ok P8 s gepence

costs oﬁéhcawhh&e? as@é\ﬁbmés bhe Asitionely,0Pwilll b Q?b@creﬁé@ﬂﬁhﬂtﬁ@b&clusmn

he poppet cage assenbly 46 consists o or consists
of a core@smmlaguqrd atetrnay alse r@ﬁ‘éﬁ@ themasyfactiding eesiassaciatad with

product} eéfetﬂgssggﬁ% q?g 48, %’.‘@% %%léﬁ 'imﬂ?t?r[&)@%' p%prﬁé?ﬁ iRg the seat plate
42 for o@ﬁgﬁg@td e glardiplateh @iilldulirem i adratditainadapbppet valve assembly the

guard pialg Fas BT 619 FOS hLRISE SRS fov e aesh, FRCGHrd plate.
The bo%ﬁﬂ@eﬁ%@%@%h@%& Hé‘l' pé{tfﬁéﬁ Véﬁlﬁt%eseﬁfblﬁ’?ﬁi%\%rr}’somewhat

are Il lustT
impedes rsush floec tisdiuad camn enty pﬁssﬁhfﬁﬁlgrﬁth& bddy \ia ¢hefleiglerartsy

Converselyodesores FOTRCIMSTIS tahretort atapie Usfsotiavidbal poppet

cage asERMBIRY A rAef BEH A BoRvaRRpal g@ A@Pp|ates W@Udés‘&ﬁe drﬁount of
some enbodi ments, the recess 76 is concentric,

‘materiak imyseding the flgwob rfiue:hthrmugh thiex valvergssembly aﬂaratndzmsukbs in lower

resitanansh iShRe SRRy Bt el hech G B%emfis. o

when the poppet 58 is opened. In sone enbodinments, the
[0036]  epessill Be apprbdidesl, a pdppzrsailesyariongity ?ﬁéltﬁ@Bfor@wradotEDblasmg

age the threaded surface 72 of the cage
comporaﬁn%aét@nfmt&ﬁalto APPlYch Riasind o I &waocnnﬂx%éejn %GF@JQS’@WN

illustrat Jé i’rw:f@@. 6 %n{;"?‘ 'm%rfé;% gg%ﬁ % L &'%@o@érﬁﬁ%‘ﬁepopget 58 and the

niques I'n"vari ou
receivingepdrtiph &2eof4Re waye i48ctbymtovidetseicha bipsingrfesate dAs may be seen in

the pre?%h@ﬂﬁﬁpaggéowr ggg)}ao fiang V\galsﬁ%én{] %‘lal be Brro%? ed within the
recelwn?g&%éﬁ-é-éﬁﬁ'?g/cg o &gé@é& derta i DEARSe e MiRNeRO8S and 82.

may be coupl e seat plate 42 via a fastener,
The butbon Bhemay ke forfuiztl of piaali¢ 9r smelmhemltabjmma’ﬁqlaiodm jogher

embocigest, the TraGTEs A0 anckiin BHEn £ PP B VL S BBtee i favor of,

some oﬁ%rqfagh@@bnmheﬁt Eeoh as'thE spEngawo), as illtrabsd FERIG. 8 It should
| ate 42"via one or nore internediate menbers, such
be notegl thapbibesspringt 106yis illustrated in its entirety, rather than in section, for the sake

11



[0035] 1t should also be noted that, in sone
enbodi nents, the use of poppet cage assenblies 46 w
WORS/RAHB pl ate 42 al l ows the val ve assenbly ?@Tﬂ@m@mﬁ”s
assenbl ed and operated w thout a guard plate, f&ESGO31068 PCT
reduci ng the manufacturing and nai nt enance costs of
such val ve assenblies 20. Additionally, it wll be
appreci ated that the exclusion of a conventional guard
pl ate may al so reduce the manufacturing, cost
of clarltas Yoeueh a_a emlasimest toe PoHop B4 may HeRosgiones inthe baep of the
cage4§5 by elimnating the need to machine the seat plate
42 for coupling to the guard plate. Still further, in
a traditional poppet valve assenbly, the guard pl ate
[0037] hain aperatibey thefoddosing foocasson tree maighets 80 and 82agdriesally result in

e rce b BB Ve S T, (o b v
will be Wﬂ%h?é@éﬂéﬁ@%@nfth@ﬁe@ré lapbde ﬁ?é‘p@ﬁﬂné’t I’%%ﬁ& (i.e., the

ody via the urd ports. Conversely, in
reg:on within tberﬂumi parhd4 apfl tha émpacklushing6éhexeaedstthe pressuse in the

egion S4B pPRER RS ATORLAELSS AucbBA g Bebicsing foro

is greaté’ﬁir%fd tﬁle gg@%mg%rdeh anfspereuriabsiss éfithe pappthecadb2 avill

assenb and results in | ower resistance and
generally @fmﬂgeea cooIRimentan furesa Bsef thadmpashpeshing f¢ do form a seal
3 e e
et 11671 B4 b R oL S BB
dufferentxahmmeehshe oedibgwiithth the ot baishingsd4gnd the regian B6gthe
pet 58. In the epbodi ment j || ust aﬁed in FIGS, 6
oppoSITEHPTGe remiRgL KO BEURIPTBSSUPIPEHDS Ll GopRE e Biasinasierce
f

sppld B bTRGHTE o 821618 inglI) o AR 1 Bl oms,
causing llhlemnp;mt é8 tenntmm nmiamthe rz:\oelnuposmonnllu\t;'.;tratmL sns?uGTiyartréallowmg

i to e e i st $ 2D RGBTt hEhad 6% ad aSE® poppet

cage as'Qé‘?nthg%o Mn&4is 'Eé)élti%ﬁ &%WEﬂsmﬂ‘fadé 36 bf m@ﬁome@w&z abuts a

suitable material. |n other enbodiments, the magnets

surface®? ekthedmpasybushing F8 dhshauld bynoted, awavesdthak it ather

embocgge S B i BCEAVRRRY 0 B At Ttgy B gonaurc

to impabhhesiitiongs4 Abehghée |pbpﬁéf 88 m:bue@ infosare opém pbgitionatSush contact
than in section, f e sak

or
betweends cenyaamatyiotl &g ua Btion S4imay be v eddition tay or insiead of,
n 84 may be
contactgdoe;l)\lfv F%%F}%%B?é% ase oﬁ a{ﬁﬁg{ p@&ggﬁﬁ'g“b 037]1n
operation, the opposing forces on the nagnets 80 and
[0038] 82Agidnmnally ynteersajl dhannebs drogroevem 9 meaypbe permdsBon dviariar

surfacegmq? the,ga aCt ush| upp@cgﬁ%ﬁ gﬁgﬁwfiﬁglsglreéﬂg{ﬁig%wer
portion ?Fﬂi@céd@49%’@§é dﬂl@ﬁﬁo@& fHe §roovEE 84" 21 2l pé¥: B6! ISl further,

urd port 44 an act bushlng 64) exceeds the
in one epmbsdlmemt; thetdentnakgody 666>ftﬂe¢ peppelbdimspusiestaneiormoregnt-

oot bl S0 0 85,00 5B VPSR 40 rpvon

rotatuonOéf ths PoppPEPSs mﬂﬂtr@?pc)épgdét cag8elsabmblyensagealernative

I fmentary surface the i npact bushi ngi 64 to
embodimanisdhe enirbbbagh0 massaciuds ineF ael-Eotatian feqturasrintbace of, or

ksl 6L i B 0B 4 0 AR G B g ne o

the region 56, the opposing force resulting from such
pressure differential will exceed the biasing force
applied by the magnets 80 and 82 (or the spring 100),
as well as any frictional forces, causing the poppet
58 to nove into the open pdsition illustrated in FIG
7 and allowing fluid to flow fromthe fluid port 44,

t hrough the inpact bushing 64, and past the poppet
cage assenbly 46. In this position, a | ower surface 90



[0038] Additionally, internal channels or grooves 94

may be forned on interior surfaces of the cage 48 and
WORAB/R27dct bushing 68 to allow a fluid enter Fh§/H2008/053238

| ower portion of the cage 48 to escape through E&&E-031068 PCT

grooves 94 and a vent port 96. Still further, in one

enbodi nent, the central body 60 of the poppet 58

i ncludes one or nore anti-rotation features, such as

fins 98, which cooperate with the channe

at, nann 94 to .
more grep¥ge Aenfigirad it male withdnirspalit Prosruging fibs ?Qf@%%me impact
- 4 In alternative enbodi nents, the
busmngggﬁspgﬁﬁ@%g%%gbgﬁhy i nclude other anti-rotation
features in place of, or in addition to, the fins 98. _
[0039] FoWhdleahplirventioa manbe susbepliblé®o ragouhsodifitations agd altemnative

oo WD,.2008/ 127763PCT/ US2Q08/ 053238 ESC-031068 P
forms, SRS CBRRRITIATR et PEEh SHONAL Y WAL ' PRESPIRAIYS drawiis and
have be¥nAid<¢#ibBe i deaif erBRd [9Gwbher, itraheid e SRteasiesy fiadies
the cage 48. [0039]While the invention may b

e
inventiopus aeptritended to befingad terbe padigulasiermmdisglosedn fiather, the

. . far speci fic. ' e - 0f -
enio 355 po 28 aBBATP TeLlvR G4 REHo R0VB: BAIHENRh e oo
and scopRtdtithe rvepition dsaiefived by thesbiowingheppendedslaing. t hat

the invention is not intended to be limted to the

particular forns disclosed. Rather, the invention is

to cover all nodifications, equivalents, and

alternatives falling within the spirit and scope of

the invention as defined by the foll ow ng appended

clains. 14
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CLAIMS 1. A valve assenbly conprising: a seat plate
including a plurality of fluid conduits; and a
plurality of poppet cages, wherein each of the poppet
cages includes a nounting portion configured for
coupling to the seat platejgroximte a respective
fluid conduit of the plurality of fluid conduits, and
a receiving portion configured to receive a poppet,
wherein the receiving po€CLAIMS ncl udes one or nore
connecting arnms joining the receiving portion to the
mounting portion. 2. The valve assenbly of claim1,
whereipn the nting. portion includes a threaded

1. surh ¥alvea@sse r%ﬂ“&@g@%gage a mating surface of the
seat plate.. 3. The valve asisnbly f claim1l, wherein

a se@iplateynaiding apluriibnet fliud gaadyits; é‘ngI ed to the seat

late via a plurality of mgunting recesses .
a pusalfi of porpst cagesnihensinueaghef the porPet GAass in¢lydes a

oG} bafion canngitSa R LLEARG 0 Mo s plp pipimals g espectve

fluideondiihgf therpluralityasf floitecqreiviie anchg ceesfiving gopionrcdnfigyred to
f t he i npact ' ' .

reciyaR Bt B° BuL e s EV B ST IreRede ey FaStre figeting
arniOjoRfig the feeeiviry sartibn tdteahet e portion. t he poppet is
in a closed position. 5. The valve assenbly of claim

4, conprising the poppet. 6. The valve assenbly of
claim1, conprising an inpact bushing disposed within

2. theTReeRiY aBSeBlyldfhiRl 1, Witfer8iARAS mdiatiig Porfidteincludes a
plurality of poppet cages, 5
threaded surface configured to engage a mating surface of the seat plate.

3. The valve assembly of claim 1, wherein the plurality of poppet cages is
coupled to the seat plate via a plurality of mounting recesses respectively formed
about the plurality of fluid conduits.

4. The valve assembly of claim 1, comprising an impact bushing disposed
within the mounting portion of one poppet cage of the plurality of poppet cages,
the impact bushing having a surface configured to cooperate with a mating
surface of the poppet to form a seal therebetween when the poppet is in a closed

position.
5. The valve assembly of claim 4, comprising the poppet.
6. The valve assembly of claim 1, comprising an impact bushing disposed

within the receiving portion of one poppet cage of the plurality of poppet cages,



t he i npact bushing having a surface configured to abut
a surface of the poppet when the poppet is in an open
position. 7. The valve assenbly of claim1l, wherein
each of the poppet cages are forned through a netal
i njection nolding process. 158. The val ve assenbly of
claim1, conprising the poppet. 9. The valve assenbly
of claim@8, wherein the poppet conprises a poppet head
thedmpakebushingahaving aaurfacd wonfidired Thhabutd serfacsseithe poppet

claim9, wherein the pappet head conprises netal, and
whef, heboppeliS WA ORIRBPFEEL pi'astic. |11 The val ve

assenbly of claim 10, wherein the central body is
formed and coupled to the poppet head via an injection
| di ng process

. 12 .Th | v, ly of claims8,
7. T Sl SSEaR bl A s Saeh W bRt P e
forﬁ\%afthr%gﬁ% thetdl n@éaioh h8idfHg PBcéds.t he poppet wi thin

its respective poppet cage.” 13. The val ve assenbly of
claim1, wherein at | east one poppet cage of the
plurality of poppet cages is configured to receive no

8. e o3 e RS AR S KRR ing 8 nobBEL 0 0 hopper

cage is configured to receive an inpact bushing.

9. The valve assembly of claim 8, wherein the poppet comprises a poppet
head coupled to a central body.

10.  The valve assembly of claim 9, wherein the poppet head comprises mefal,
and the central body comprises plastic.

11.  The valve assembly of ¢laim 10, wherein the central body is formed and

coupled to the poppet head via an injection molding process.

12.  The vaive assembly of claim 8, wherein the poppet comprises an anti-
rotation feature configured to inhibit rotation of the poppet within its respective
poppet cage.

13.  The valve assembly of claim 1, wherein at least one poppet cage of the
plurality of poppet cages is configured to receive no more than one respective
poppet. |

14.  The valve assembly of claim 13, wherein the at least one poppet cage is
configured to receive an impact bushing.



16 15. The val ve assenbly of claim1, wherein the
val ve assenbly does not include a guard plate common
to a plurality of poppets. 16. The val ve assenbly of
claim1, wherein each of the poppet cages includes a
nmounting portion configuredgfor coupling directly to
the seat plate. 17. A valve assenbly conprising: a
seat plate including a plurality of fluid conduits;
and a plurality of poppet cages, wherein each of the
poppet cages includes a nounting portion configured
15.f orTheowailé agsembly o ckdmat1, piherein the dalve msseinbiydpes not
. _partion haying an interipr region cqonfigured to
inchige 8 Gibrd Bigsh fefomisr & pRiraliE St BPodF e sambl y | <
configured to enable the nounting portions of the
plurality of poppet cages to receive fluid fromthe

fluid conduits of the seat plate such that the fluid
16.1 | olke Y3ve agsenhly olsian hgvf}%?mi%t?ﬁ ngthef REPRSY 5BEES includes

a nﬁﬁﬂlﬁﬁ% Rgﬂg{fl (%dr@ghfgoelbl' BbupIRG iRt to iHeesdat pRitd] NY

n
porti poppet cageS, and then out of the
val ve assenbly fromthe interior regions during
operation of the valve assenbly. 18. The valve

ass h-a wherein each of the poppet cages
17. E%iv& a%geﬁlbﬁj éBrllr[Zr’lsu?ﬁ1

i ncludes a nounting portion configured for coupling

a sg%;t;ﬁﬁ%elli%m&né:h:wﬁ%eg{ igcc"&%tsﬁéﬁg val ve assenbly of

val ve asse y is configured to
r.at Lt ho . t.
o RSP -E b Ehef. e h St o BooPePBRRE it o
mounting portion configured for coupling to the seat plate, and a receiving portion

having an interior region configured to receive a poppet;

wherein the valve assembly is configured to enable the mounting portions of the
plurality of poppet cages to receive fluid from the fluid conduits of the seat plate
such that the fluid flows through the mounting portions of the poppet cages, into
the interior regions of the receiving portions of the poppet cages, and then out of
the valve assembly from the interior regions during operation of the valve
assembly.

18.  The valve assembly of claim 17, wherein each of the poppet cages
includes a mounting portion configured for coupling directly to the seat plate.

19. The valve assembly of claim 17, wherein the valve assembly is configured
to operate without a guard plate.

20. A poppet cage comprising:

a main body comprising:



17 a nounting portion configured for coupling to a
seat plate of a valve assenbly; and a receiving
portion configured to receive a poppet, wherein the
receiving portion includes a plurality of connecting
arms joining the receivingiportion to the nounting
portion. 21. The poppet cage of claim 20, wherein the
mai n body conprises an anti-rotation feature

cond mpuntidg portionapaligtredvibt bowplimgito agdat ptate ef avalviee
poppet t pr vent rotation of the poppet within the
poﬁ%@? 22. The poppet cage of claim 21, wherein

th t f t d th t
238 e BERo8 S0BlgHreq 14 Freats = PRBPEL WNEHN A 1PoBRg

S (scHibh Mﬁéstsppl[l?éliﬁ} Hﬁcdﬁe&ﬁrﬁ@aﬁrﬁé‘]bnﬂﬁg tiRORIRRIving pdrtion
The poppet cage of claim 20, wherein the main body Is

cortpitgemauntiod peetiinve an i npact bushi ng.

21.  The poppet cage of claim 20, wherein the main body comprises an anti-
rotation feature configured to cooperate with a mating feature of the poppet to
prevent rotation of the poppet within the poppet cage.

22. The poppet cage of claim 21, wherein the mating feature is formed on the

receiving portion.

23. The poppet cage of claim 20, wherein the main body is configured to

receive no more than one poppet.

24. The poppet cage of claim 20, wherein the main body is configured to

receive an impact bushing.

25. 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

at least one valve assembly disposed in the compression cylinder, the at least
one valve assembly comprising a seat plate having a plurality of fluid conduits, a
plurality of poppet cages coupled to the seat plate, and a plurality of poppets



25. A conpressor conprising: a franme; a conpression
cylinder coupled to the frame; a plurality of
nmechani cal conponents di sposed in the frame and
configured to facilitate conpression of a fluid within
the conpression cylinder; agd at |east one valve
assenbly di sposed in the conpression cylinder, the at
| east one val ve assenbly conprising a seat plate
dispasednig the plunalﬂy of popﬁetfclagési, wherein the,plarality.of gloppgtsof
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popRl Behd f@iSposathRitisiha feBpedtivermippey caéde.poppet s
i ncludes at | east one poppet having a central body and
a poppet head, and the poppet head is disposed within
a respective poppet cage. 26. The conpressor of claim
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withint pl ural |tg poppet cages betweén
dnsmsndamtmp ﬂm pleaife o pmnettcages batwgsindhe péterahtytqi @Pppﬁfé and

Bl ¥ RS b e Wi por
closingo frsoseald tharebetw@Bn. wherein the at | east one val ve

assenbly is configured for operation independent of a
guard pl ate.

27. The compressor of claim 25, wherein the at least one valve assembly is
configured for operation independent of a guard plate.



