5 SYSTEMS AND METHODS FOR A REED VALVE MODULE AND VALVE ASSEMBLY RELATED
APPLICATIONS [0001]This application claims priority to US Provisional Patent Application
61/262,248, entitled "Reed Valve Module and Valve Assembly" filed November 18, 2009, which is
incorporated by reference in its entirety. 10 FIELD OF THE INVENTION [0002]The present invention
relates generally to valve assemblies. More particularly, the present invention relates to a novel reed
valve module that can be used in a valve assembly in various flow control systems, including
compression systems, and systems and methods thereof BACKGROUND 15[0003]As will be

appreciated, fluids, such as natural gas, hydrogen, %cess ases, refrigerants and air, have a wide
arraydof uS¥STHENHSHNR NHldS %épB%cE&ﬂo Livdi MOIHCEEANRPLY g4V 5E ML Yo

provide power to a range of vehicles, to heat homes during winter, and to operate various consumer
appliancesgEsudEas avEnE aridctoNses dryers. Further, natural gas may be used to generate electricity
for distribution over a power grid. Different process gases and air may 20be used in the manufacture

of an ey G B0 AR RIS LSS Bleser el AR S5 ok SyAOTplGoI9ADAITo meet

the demahnd for natural gas, companies may spend a significant amount of time and resources

searchingitlasktRastinga hipdednssodiNg Hathrearghly” it ol sy e HBaukREBntrally and

distributeglggggyﬁtbgipﬂiaggml& ReceassiRignts different gases or liquids are 25transported through
passages to the point where it may be required. In most large factories air under pressure is made

available atﬁdigemﬁgmw network of pipes. As may also be appreciated, transportation of
sucﬁogasgé iquids, rough a pipeline from one point to another, is often facilitated by
compression of the gas or liquid via a compressor or pump. _

[0002]  The present invention relates generally to valve assemblies. More particularly, the

present invention relates to a novel reed valve module that can be used in a valve assembly in

various flow control systems, including compression systems, and systems and methods thereof.
BACKGROUND

15 [0003]  As will be appreciated, fluids, such as natural gas, hydrogen, process gases, refrigerants
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. Different process gases and air may

20  be used in the manufacture of an array of products and materials, including glass, steel, and

plastics, for example.

[0004] To meet the demand for natural gas, companies may spend a significant amount of time
and resources searching for, extracting, and transporting natural gas. Hydrogen may be produced
centrally and distributed through pipelines. In process plants different gases or liquids are

25 {ransported through passages to the point where it may be required. In most large factories air
under pressure is made available at different points through a network of pipes. As may also be
appreciated, transportation of such gases or liquids, such as through a pipeline from one point to

another, is often facilitated by compression of the gas or liquid via a compressor or pump.

[0005] One common type of compressor for such applications is the reciprocating compressor.

30  Such reciprocating compressors are positive-displacement devices that generally utilize a



5crankshaft that is coupled 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, gas 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. 10 [0006]The type of valve assemblies
commonly used in compressors includes poppet valves, plate valves, ring valves, channel valves and
reed valves. In the current art, poppet valve, plate valve, ring valve and channel valve assemblies, all
traditionally include a single or a set of sealing elements disposed between a seat plate and a guard
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screws. [0007]As many compressors roytinel erate at hundreds or thqusands of rotations per
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maintenance is often time-consuming and/or costly. 25[0008]In existing art, in the reed valve,
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requifed totedrxbresbethengealstisithe faagoivgpecationalesgrensesincurred by a company engaged in this
business. The efficiency of the compressor determines the power required to operate it; the higher the

emdency[db@?']:’we rA%ﬁBﬁ&%m%?&‘%lQ%%ﬁ@fﬁ (ﬂjerate at hundreds or thousands of rotations per

minute (rpm), the sealing elements also open and close at a similarly high rate. Due to this rapid
cycling, the seat plate, the guard, and/or the sealing elements will often wear over time, leading to
valve failure if left unchecked. To avoid such failure, in a preventive maintenance program, the
20 wvalves are periodically removed from the compressor and refurbished. Sometimes failure cannot
be avoided. However, the valves can typically be repaired and reused, especially the expensive
seat and guard. This is typically accomplished through replacement of the sealing elements,
machining/refinishing or replacement of the seat and/or guard, or the like. Of course, such

maintenance is often time-consuming and/or costly.

25 [0008] In existing art, in the reed valve assembly, the petals and guards are attached to the
seat/body/cage by individual fastening means. It is possible for these fastening means to loosen
during operation, eventually coming off. Petals can fail in fatigue and picces may break off. These
loose pieces can fall into the cylinder and causing extensive damage to the compressor or engine

piston/cylinder.

30 [0009]  The cost of the power required to compress the gas is the major operational expense
incurred by a company engaged in this business. The efficiency of the compressor determines the

power required to operate it; the higher the efficiency, the lower the costs. Valve losses are a



5 major source of loss in efficiency in compressors and can contribute from 5 to 20% of the overall
operating costs. In existing reed valve, poppet valve, plate valve, ring valve and channel valve
assemblies used in the compression process, the gas has to make two right angle turns to get by the
sealing element while passing through the valve. The greater the turning angle, the greater the
resistance to the flow through the compressor; directly affecting the efficiency adversely. 10 [0010]The
amount of time required to install a valve successfully, determines the amount of time that a machine
is down and, in turn, the amount of money that is lost due the machine being down. For valves
installed in the field, it is very difficult to check the quality of the assembled valye as this depends on
the tolerdA@@'oroRetHet b%%é%ﬁé%ﬁ%%ﬂ%cagg’éﬁ%bq@d%wy RGBT i é%&ﬁéﬂrﬁdé?d"é Aihean
that nonepéithe seatingelements-sapl fxepsshpeantvt)isiaan arly heghbiowaddadtantibvantie valve
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invention generally relate to a novel reed valve module and its valve assembly. In some exemplary
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faces, angng ar.merefivid aenduits |eading diemdhe.seatingSHitace tosthe serlingdasescihe reed
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housing sized! idiea diictianal fitl vetien bispasethlithiind neteiladg recess with the modular valve body
and the one or more reed petals within and secured by a seat plate. In yet another embodiment, a
reed valvg megdul gomprises a modular valve body having a plurality of faces and one or more ports
and one or more reed petals each sized to substantially cover one or more of the

[0011]  Certain aspects commensurate in scope with the originally claimed mvention are set
forth below. It should be understood that these aspects are presented merely to provide the reader
with a brief summary of certain forms the invention might take and that these aspects are not

20  intended to limit the scope of the invention. Indeed, the invention may encompass a variety of
aspects that may not be set forth below. Embodiments of the present invention generally relate to a
novel reed valve module and its valve assembly. In some exemplary embodiments, a reed valve
module includes a body including a seating surface, one or more sealing faces, and one or more
fluid conduits leading from the seating surface to the sealing faces. The reed valve module also

25  includes a single or plurality of reed petals positioned over the sealing face of the module body
and one or more walls opposite the body from the single or plurality of reed petals. In another
embodiment, a reed valve module comprises a modular valve body having a plurality of faces and
one or more ports and one or more reed petals each sized to substantially cover one or more of the
one or more ports of the modular valve body. The reed valve module also includes a modular

30  housing sized for a frictional it when disposed within a receiving recess with the modular valve
body and the one or more reed petals within and secured by a seat plate. In yet another
embodiment, a reed valve module comprises a modular valve body having a plurality of faces and

one or more ports and one or more reed petals each sized to substantially cover one or more of the



5 one or more ports of the modular valve body. The modular valve body and the one or more reed
petals are collectively sized for a frictional fit when disposed within a receiving recess with the modular
valve body and the one or more reed petals within. [0012]In another embodiment, a modular reed
valve assembly comprises a seat plate including one or more fluid conduits and one or more receiving
recesses, each proximate a 10respective fluid conduit of the one or more fluid conduits in the seat
plate. The modular reed valve assembly also includes a retainer plate including one or more fluid
conduits and one or more reed valve modules, sized to fit either individually or collectively within one
of the one or more receivinl%&r?ecesses. In yet a further embodiment, a modular reed valve assembly

comprise¥ ' euPTsI Rl ﬁ@@ﬁ@w@r}r‘(@r@ﬁﬁidTé‘ShEI‘Eﬁfélfgn"d‘lBﬁé’%iryrﬁmélﬁee‘&%?\ﬂﬁﬁl?é%gges, each

proximatges koresRactivefivid comsivit B the M Qhais idid candsdsdeethn seatplatankiach of the
one or more receiving recesses includes a groove and one.or more reed valve modules. Each reed
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the reed valve module when the modular housing is inserted into a respective one of the one or more
receiving[068d@3sesi2n{idd 3jibadiothet embbdiment] winetsochdflasemmiiiig acrtetigalve module
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sealing faces, and one or more fluid conduits leading from the seating surface to the sealing faces;
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25sealing faces; and placing the modular reed valve body and the at least one reed petal into the
modular Fredsinle masdriptnsrehip Shintbrt sty of sisestibrg AR Eeens Al D ES e MBR Comprises
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fluid conduits and one or more receiving recesses, each of the one.or more recei\fﬁln? recesses
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more receiving recesses.

20 {0013] In another embodiment, a method of assembling a reed valve module comprises the
followig: obtaining a modular reed valve body including a seating surface, one or more sealing
faces, and one or more fluid conduits feading from the seating surface to the sealing faces;
obtaining at least one reed petal, sized for one or more of the one or more sealing faces; obtaining
a modular housing; placing the at least one reed petal over the one or more of the on¢ or more

25  sealing faces; and placing the modular reed valve body and the at least one reed petal into the
modular housing. In a further embodiment, a method of assembling a reed valve assembly
comprises the following: obtaining one or more reed valve modules; obtaining a seat plate
including one or more fluid conduits and one or more receiving recesses, each of the one or more
receiving recesses proximate a respective fluid conduit of the one or more fluid conduits in the

30  seat plate; and inserting one of the one or more reed valve modules into a respective receiving
recess of the one or more receiving recesses. Another aspect of the present invention 1s a
compressor comprised of a frame, a plurality of mechanical components disposed with the frame

that compress a working fluid, and at least one modular reed valve assembly coupled to the frame



[0014]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. 10For 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 lim atm to the claimed subject matter. 15
BRIEF DESCRIPTION OF THE DRAWINGS [0015]These and other features, aspects, and
advantaged gfahbysiisermicbition smpersrsdpdielitdewn ol %H%ﬁ‘fﬂ%%ﬁ%?ﬁﬁﬁ‘goa%taned
description, if, [gad.withiieference to the accompanying drawings in which like characters represent like
parts throughout the drawings, wherein: 20FIG. 1 is a perspective view of a reciprocating compressor

including an exemplary modular reed valve.assembly in accardance.with ane embodiment.of the
present illﬁl%ﬁ)n; !R—}I%}.{)Esi§e§ﬁ€§§<?§fsc?ﬁs?£ee%ﬁ6€ﬁa %?gﬁ of t 1ezge{;](errlm_plar)l/ compressor of FIG. 1,
illustratingfite pacdkpoinponentsiafithe tonupressordhabeordemeraigithiohese FBEHMENCET the present
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section, 2baccor ing to one embodiment of the present invention; FIG. 4 is an exploded view of the
modular fednsatve:of s Seilustsating sstdiapinpeRbnsie PR rBeAF feetivlitbdssembly, in

accorda”e%%b"ééﬁﬁn%%& W@lm%gﬁ&éﬁé}ﬁwwsm@%&%E&@i@@ apewlrdedyicwohasmadular
reed valve assembly having modular reed valves of varying sizes in %ccor_dance V\ch ne embodiment
of the predent inveafiygombination. Again, the brief summary presented above 1s intended only to

familiarize the reader with certain aspects and contexts of the present invention without limitation

to the claimed subject matter.
15 BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  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:

20  FIG. 1 is a perspective view of a reciprocating compressor including an exemplary modular reed

valve assembly in accordance with one embodiment of the present mvention;

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;

FIG. 3 is a view of the exemplary modular reed valve assembly with a partial cross section,

25  according to one embodiment of the present invention;

FIG. 4 is an exploded view of the modular reed valve of FIG. 3 illustrating certain components of

the modular reed valve assembly, in accordance with one embodiment of the present invention;

FIG. 5 is an exploded view of a modular reed valve assembly having modular reed valves of

varying sizes in accordance with one embodiment of the present invention;



SFIG.6 is a perspective view of an exemplary reed valve sub-assembly module in accordance with
one embodiment of the current invention; FIG. 7 is an exploded view of the reed valve module of FIG.
6 showing certain components of the sub-assembly in accordance with one embodiment of the present
invention;  FIG. 8 is a cross-sectional view of the exemplary reed valve module of FIG. 6, depicting
the petals 10in a closed position and in accordance with one embodiment of the present invention;
FIG. 9 is a cross-sectional view of a modular reed valve composed of inner petals in addition to outer
petals in accordance with one embodiment of the present invention; FIG. 10 is a perspective view of
an exemplary modular reed valve assembly with a partial cross section in accordance with one
embadimeiti-bRtseprpsErYsvewtd - ESERDlary fecd parsseivesii, Wtk pargarcioss gédtion, of a

device usipg dMedulalhesdialuaseWhigig:@onortion of the reed valve assembly is integrated into the
structure of the device itself; FIG. 12 is an exploded view, with partial cross sections, of the device

ilustrated.jn. FIG 11 showjng the certain cqgmponents of t vice including the reed valve modules;
FIG, 15 o o bBERH ) S A S rAE A ORI FCA, Cands A PRSI SERIAG 0 e

mechanisabinsageblyanseavitimone embedimentiokthe fphesentinventionok|G. 14 is top view of a
single valve petal in an unbent state that covers multiple sealing faces in accordance with

embodimepis ©ftheBresentdmvantion sHeRasshewnRin FlGe h3@ndor FIE sl adsi@inaitialeuraway

view of an exemplary modular reed valve assembly showing the internal securing mechanism from

FIG! 43 itnatelordd mesifamrah & ersatinTet it e procdioninl s @iiiketifgithe retainer plate
and fasteners. DETAILED DESCRIPTION [0016]One or more specific embodiments of the present
inventioniidh. Besdeseribect etaiwitwar efforditupredide e congiseedediniptigraisthesélizmbadiments,

al features,of an Aetual. SRS LIRSS dRepiRed g sppcifcation. t should be
appreciate In the

FIG. 10 is a perspective view of an exemplary modular reed valve assembly with a partial cross

section in accordance with one embodiment of the present invention;

15 FIG. 11 is a perspective view, with a partial cross section, of a device using modular reed valves,

where a portion of the reed valve assembly is integrated into the structure of the device itself;

FIG. 12 is an exploded view, with partial cross sections, of the device illustrated in FIG 11

showing the certain components of the device including the reed valve modules;

FIG. 13 is an exploded view of an exemplary modular reed valve with an internal securing

20  mechanism in accordance with one embodiment of the present invention;

FIG. 14 is top view of a single valve petal in an unbent state that covers multiple sealing faces in

accordance with embodiments of the present invention, such as shown i FIG. 13; and

FIG. 15 is a partial cut-away view of an exemplary modular reed valve assembly showing the
internal securing mechanism from FIG. 13 in accordance with one embodiment of the present

25  invention, eliminating the retainer plate and fasteners.
DETAILED DESCRIPTION

[0016]  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



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 10 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.
[0017]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 15elements. The terms
"confprisingyetinaludingyiaant hadisgtibre intbndest e pidoinc ki shralldrie arpseritiad thet & sy be
additiona elements otper,inan NG Rimenian MotRaKsTe baesmellaiatem,  "above,

"below," and'v ese terms Is made for convenience, but does not require any particular

orientatiomofeteascomisorettsoloPEs]Ta ATy Mot tRIits 62 2dh ke hflars eBFHrEsEdic1o is
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compression cylinders 12 coupled to a frame 14. As discussed in greater detalil %?Ior%, alvariet}/ of

internal chmpeneiEpirmRy Bk RitHCIe Sl gRPET DR ARPTRE SR, 165 8 SSHTE BB

e gompression

of flyigls within therswindsrsii Ha ane esmbedinepthetompassaetdmaynmutiidediconipress
natural gas. However, in other embodiments, the Lc}gén]%essorllﬁ may bﬁig%gﬂ‘%ltrggt%d/or utilized to
compresS/ oA HRALLT AT SRS RERID AP S T L& PR B 1 82 EUen s an engine or an electric
motor, maykbesespled to the compressor 10 to provide mechanical power to the various internal
components and to enable compression of the fluid within the cylinders 12. To facilitate access to such

internal cppgRopentSy s MAKRR AESHGIAL dIaARasUE.ARIIAHUANANGR PHIRAESS, ARBAINGS In the
a ed an

frame 14 e provi selectively accessed via removable covers disposed over the
openingsadBio 18]F mfsithtieasdimiire jisadsd moMpRIdE Bipat edsBe P EdKfigured to
recejye valye assempligs,suchAs-madulaneadeiug assembly 20 inarrardanemtithihend

embodiment of the present invention. While only a single modular reed valv%{%'rssembl 20 is

illustratednianitheichasp retiche addisend GLmsms ahsbHImdRE I SeHERS oY sad vaveo!

assemblieg,20 apgGincluded withirisamenar altiafithe otfierscappsds acastes davinivikalsotbe
appreciated that the cylinders 12 may include internal fluid conduits between the recesses 18 and the

modular réess PV RESLRALISHALHTHTRR ROW D F A HRAB AT and out of the cylinders 12 through

such modular reed valve assemblies 20. Additionally, various installation components, such as cages
or [0018]  Turning now to the figures, an exemplary compressor 10 is provided in FIG. 1. In the

20  presently illusirated embodiment, the compressor 10 inciudes 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

75 other fluids. A mechanical power source or driver 16, such as an engine or an ¢lectric motor, may
be coupled to the compressor 10 to provide mechanical power to the various internal 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 maintenance purposes, openings in the frame 14

may be provided and selectively accessed via removable covers disposed over the openings.

30 [06019]  Further, the exemplary cylinders 12 include capped recesses 18 configured to receive
valve assemblies, such as modular reed valve assembly 20 in accordance with the embodiment of
the present invention. While only a single modular reed valve assembly 20 is illustrated, it will be

appreciated that, in various embodiments, additional modular reed valve assemblies 20 are



fasteners (not shown here), may be employed to facilitate mounting of the modular reed valve
10assemblies 2_0 within the recesses 18. [0020]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 15 couple-free reciprocating 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. Further, the machine in which the valve is employed may be of a different type su,ch as a screw
compressagemi eBimprasserliaffigerationceppgresseresal entrifilyase hnpratssanted BRIYE a process

flow system. etc. 20 [0021]A cross-sectional vi 648 I | ided in FIG
2 e TS0 RS o B o or o FIG. 1. the.
presentlysillistratechisinbodim éilithie framef Bdlsidprtexadiiaty Bempredes, 10 RUEELE hollow

central body or housing 22 ihat apoesaly.definGs,an MAse! Molumeckimphichyaionssnieenal

components may be recelved, such as a crankshatft 26. In one embodiment, tge centrgll b]ody 22
8 v

25may hdveage frerasorarbed omeylivririsalarage FeLhss o HBEY, RORSIRIRHECHE Central body

22 may have ofher shapges Lheoafiguations in full accordance with the present techniques. [0022]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.c ' ' 28 and
pins 32. 'I{HQ%QI)SSHQHI&%%%J[ eeﬁ?gﬁ?]oglgdp Wit 1|ﬁsg%g(ssﬁséég%%%g%g%ﬁ?‘ggaﬁ%%&%@gﬁs%xte22 from
the centraldagays2a antifasititatessonnetiicrmobtaeneylidermp i Yo deutipress el ctridhe

O meRTRIGsRe r inddes tpcrashand guicies SbbRnexteodaenaraly .

perpendi Fg}ﬁ? om op 05|’te'5| es of the central body 22, although other configurations are also
envisagedi s ey bdappiediated fhevomeb sl rfooH Tt SBPETREh A 58 Y IRREEE va the

comigcting rods 28 to eciprogal linaal.mation ek te.crasshaads S0 withisrhe capsshead gdides 34.
including variations in the length of stroke, the operating speed, and the size, to name but a few.
Further, the machine in which the valve is employed may be of a different type such as a screw
compressor, scroll compressor, refrigeration cCOmMpressor, a centrifugal compressor, a chiller, a

process flow system etc.

20 [0021] 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. Inthe
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

25  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.

[0022] 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 crossheads 30 via
connecting rods 28 and pins 32. The crossheads 30 are disposed within crosshead guides 34,

30 which generally extend from the 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 22, although other

configurations are also envisaged. Asmay be appreciated, the rotational motion of the crankshaft



[0023]As noted above, the cylinders 12 are configured to receive a fluid for compression. The
crossheads 30 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 10pistons 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 modular reed 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, 15 which may also comprise a
moddlar Péed %h?étﬁéé’éﬁ*ﬁbﬁ/@@‘}?@ﬁ%’o‘ﬁf&&ﬁbﬁ‘fﬁ’fﬂ@%gﬁﬁ-‘érrﬁ’é’ﬁﬁéPﬁé?c?fﬁéﬂl%?&é\?é? Eifither, as
will be appeesiatedathainders 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 dj ed above to compress fluid on.one side.of the piston, additignal fluid may be
niroducal A the o5 MG e LN S o oy B e e e
compresdad ondiedadivacd strdkétofikienpiStodi 88 sfI0ZdExmpldindenotiylandekd valve assemblies

20 In accprance i calRin Ao epdmant> AL BRI SRR ARAPRICEAINGS B e 10-12,

and 15. Genera y these embodiments represent various modular reed valve assembly 20 configured

as d dischistges vélv@awhilbhyGs e praieritdr iy s foiorivhive. AstehsibniAEregapdnéexemplary
modular rged valyegssenily 20,230 Hde s1a Seatpiaie 421aRdiadetaing iR the THessat and

retainer plates, 42 and 44, may be coupled to one another via one or more studs 48 and nuts 50 or

using soritsTemBEdhR AR A R HEans Litdreina Hemstsh thaaduRidsh bRl ld 48 and
nut 50 arg,genttalbplocateds inathesembeditnentsscieaverl sludinuis imdbelempleygeaiary the

periphery of the valve seat (in the case of a discharge valve) or the valve retainer (in the ca}se of an

inlet valvaySUBRREPfR &) draast cadiddtionr hiBag aEsn'es Besrdife AotitasedVsiVa Sesemblies
20 ipsthe wesasses 8o[00RpH thiseimbodisaenty tha salveyasseonbbnlcntiudesha sent plateed2 and a

retainer plate : %J; ving a.number of fluid passageways or. parts 320 and 340, respectively, that allow
a fluid, stéi %’ Pa‘{?g}ﬁriggfroa\ﬁ/‘%’ﬁi@ﬁgaﬁ)? %?lmgcciﬁ}%aerc %%c% Siésl\?g %%nstlé?ncg@f%? ni&%gcéﬁ%%diment
of 5the pilageotrimrentianpthe et flateadPahdste backving tankity 880¢ gpowmstfeaohgacteofsthe fluid

ports 320, that Jocates and firmly secures a reed.yal le. (o eql %@’9&1@% gtpin the
modular Fﬂelee I\S/!é)vggzgggr%sb%ggﬁﬁnok%ﬁer?a&% rc;ad\l{r%ug%? é&%ﬁ%%é%@ﬁ%%ﬁ%ﬁ&éving _cavj?gl/ 330 may
be provideidtim,thédittaindihpibnemy b ordidudbdiioth e talipdutorcdn onposiasislard 42 aivtbretainer plate

44, 94 th%ﬁcﬁ%@d%oﬁi&%@lr %Eecg ?es@%g%wm_gﬂiw&@ﬁdﬁggf@%pi% g'g.sandWiChed between the

seat plate 42 and retainer plate 44 that has receiving cavities 330 in its

[0024] Exemplary modular reed valve assemblies 20 in accordance with certain embodiments
of the present invention are depicted in FIGS. 3-5, 10-12, and 15. Generally these embodiments
represent various modular reed valve assembly 20 configured as a discharge valve, while FIG. 10
represents a suction valve, As shown in FIGS. 3-4, the exemplary modular reed valve assembly 20
25  includes a seat plate 42 and a retainer plate 44. The seat and retainer plates, 42 and 44, may be
coupled to one another via one or more studs 48 and nuts 50 or using some other suitable fastening
means. 1t should be noted that in this embodiment the stud 48 and nut 50 are centrally located. In
other embodiments, screws or stud/nuts may be employed along the periphery of the valve seat (in
the case of a discharge valve) or the valve retainer (in the case of an inlet valve} such that they are

30  captured by a cage used to locate the modular reed valve assemblies 20 in the recesses 18.

[0025] In this embodiment, the valve assembly 20 includes a seat plate 42 and a retainer plate
44 having a number of fluid passageways or ports 320 and 340, respectively, that allow a fluid,

such as natural gas, to flow through the modular reed valve assembly 20. In this embodiment of



entirety or partially. As discussed in greater detail below, the exemplary modular reed valve assembly
20 also includes one or a plurality of reed valve modules 46, located in the receiving cavity 330 and
secured by the seat plate 42 and retainer plate 44. [0026]In some embodiments of the present
invention, such as the embodiment illustrated in 15FIGS. 3 - 5, each flow port 320 leads into a single
receiving cavity 330 that leads to a single exit flow port 340. The receiving cavity 330 is configured to
locate only a single reed valve module 46 therein. As shown, in other embodiments, however, there
may be one or more flow ports 320 that lead into a receiving cavity 330 that in turn leads into one or
more exit flow ports 340. The receiving cavity 330 may in those embodiments receive multiple reed
valvg maguless46: inuethasn, 2Bewhilebestairhembedimantsofithd dhotdwasresd vatehadss 0
include a IO'UV%% f reed valve modules 46, i enkodiments maydnstead
include diiF Sfrgleaé?\(fg \%Sr%nodcri% e fi’ T tu %i%gtgglr%erﬂ v%ﬁ%g%igé@é_lr%}geﬁr%t discloslﬁr%e., It should be
noted thahimoiheneridodimentscoftie priseheimnenibimenie Sahe e i) RTEEREr HERENA may
be intearalgd iNg ihe. rameh 4 e mAdhiednop el shie anserblysieoad Z5i0027]The

reed valve mo ectively control the flow of a fluid through the fluid port 320, through the reed

valve modtlmae hteiduptihetat P hsoreaRoety R Se A5 B ShaYataes b W4 secure the reed
valug mogules:46 bebuean theRaTheseatkalpia Azmanbdefommedsfrarsimgtab iber 1einforsed

composite or some other suitable high-strength material. Th%retaineg E_)Iate géli and the [eé:eiving cavity

plate haventsazPsfatghy rédulimshtsrBiEHAY SRLI5E Wrads FEHBARHRAT HiosF reinfc

Iber reinforced

compositg Q. pIaskg At sheudheroed hatinpiiesembedimenttstherbmey belprovsivng on the

modular reed valve assemtg% 20, to acc?mrgﬁda ean unIo? ing, device, a clearance volume device or
AR arr&RT BF

other deVieB$tA3P ARd REREEH B NS A

practice. TO 28]An exemplary valve assembly,
20A, in accordance with certain embodiments of the present invention is depicted in FIG. 5. The valve
assembly00@6Hes b seakphatedizicundZheramer pranuan strzesdbs erbodmmb priasdda and

444, are afiached fo gne another By NSANS,Af QW SaR-SaRans4%ip shiswmbadinentidrainithis

embddiment, there are six modules in total, two modules 46 of one size, two modules 510@% %other

size, andiihe lest 846 olties OB 0wy ibF 33 thisGUIHEU TR MICAIN BRITImERLS thetdANg B8 Y87l

different sizes of magules, thewmambsadistribued asynmeetticallydnibenvabie Aod ey Azednot be in

pairs. [0029]Exemplary reed valve modules 46 in accordance with certa%poembgsdgrﬂg of the present

invention lafd Bk CEERFIHINE G 15-83 His a0 & &rdp SERE IS 1 Fe E0AVE Todulé 46. In certain
embodimgntg,ef £ha Gt iventiaossuebastbatiltisirated irthe EGS1vE-Bothdes 46. Further,

20  while certain embodiments of the modular reed valve assembly 20 include a plurality of reed valve
modules 46, it should be noted that other embodiments may instead include only one reed valve
module 46 in full accordance with the present disclosure. It should be noted that in other
embodiments of the present invention, the seat plate 42, or retainer plate 44 may be integrated into

the frame 14 of the machine in which the valve assembly is employed.

25 [0027] The reed valve modules 46 selectively control the flow of a fluid through the fluid port
320, through the reed valve module 46 and out through the port 340. The seat plate 42 and
retainer plate 44 secure the reed valve modules 46 hetween them. The seat plate 42 may be formed
from metal, fiber reinforced composite or some other suitable high-strength material. The retainer
plate 44 and the receiving cavity plate have lower strength requirements, but may also be made

30  from metal, fiber reinforced composite or plastic. It should be noted that in other embodiments,
there may be provisions on the modular reed valve assembly, 20, to accommodate an unloading

device, a clearance volume device or other devices that are located on valves in current practice.
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15reed valve module 46, includes a body 610, one or more petals 620, and may include a petal guard
(or stopper) 630. In certain embodiments, the body 610 and/or guard 630 are made of plastic, with or
without carbon or glass fibers, and is formed through a suitable manufacturing process, such as
injection molding, compression molding, machining or another suitable process. The amount of fiber
contained in the plastic is determined based on obtaining an optimum amount of strength for 20the
valve body and impact absorption for the petals to increase the reliability of the valve. It should be
noted, however, that certain applications may dictate that the body 610, and/or guard 630, be formed
from metal or some other suitable high strength material through a suitable manufacturing process
suchsas foeéjnjectio axanidingy easting:powdE metatiurglaaremathiningn Yiiedithenboefit8:10 is made

of metal and the petals 620 are of metgl, plastic inserts (nof showny 25 d in fhe body 610 for
the sealiMyFaER" eélllboé]rltgodggﬁéeﬁ; t’ﬁmp%(?ﬁfgr\é%\ﬁr? Sgén’g?tlgrhnﬁvl\él %gg}gy f%eélﬁgjfresent invention, the
body 610-andieptuand S30hmsybmdnatenef phatal itk mdeldfvely tieibedsinteahpihstievor

elastomer, It is naf necessary, 3 (hRoANOIRARE Ne.aHaisk GIRAR MAKe 0l /0% same,ALgrial I

one emb&dimen cg)flﬁﬁ%'present invention, the reed valve petals 620, are made of stainless steel made
from predisiotilsheerstdpssaing phosirohempaisgomilhel srethping o elatiigrdiicutting,

wirg EDM,gr atherspitable manuiachiiingeRIOass higwe\ek.daiherambodimentaudos prials 620

may be made of steel, fiber reinforced composite or some other high fatigue strength, flexible material
suitable fowiee disibadRsSIOTI0TTHE BOER 1 ﬁflﬂdﬁ@é"é’%a‘?éﬁ(ﬂﬁ?ﬁrﬁbum against the seat plate

42 (not shown here) when the reed valve module 46 is assembled into the modular reed valve
assembly@fegihe Imen Lo meay ba dividddlintésfiowcpastage sv85@chyimeansivheiits G60cand 670 that

also reinforce the body 610. The trans ik IS0 act to support t l5;62Q when,iney are
in the cloBEEPLEREHRRE" S%ﬁ@%}%@‘ﬂﬁéﬁ%ﬁégﬁﬁﬁéé uerrgf)?ﬁ%lc‘{a%rﬁ'alt‘lgrglA ;821 Rg(;jjlgments of the present

invention44 Qdhereimayhelpassagéshthatrams praseionirsible 7itheduaie o thaFEshnect e or
more flow passages. The flow I r 0 fardhisead.yalye
manu5 le 4%%0 one 6‘%‘%‘2&”3@53’? %é%?%e?&%??gl}gﬁéegg%%%%%%{fgfgg%%%% formedld?c;r be flat and at a

small andle foppeheseriicabseintunbhdimarisiihe padsédrrstighesred 88t vamednebnlesis déds not
make any larae angle s i.Ressing IPudiihednrrriainambatinenisetiRasRses, axantion,

injection molding, compression molding, machining or another suitable process. The amount of
fiber contained in the plastic is determined based on obtaining an optimum amount of strength for
20 the valve body and impact absorption for the petals to increase the reliability of the valve. It
should be noted, however, that certain applications may dictate that the body 610, and/or guard
630, be formed from metal or some other suitable high strength material through a suitable
manufacturing process such as metal injection molding, casting, powder metallurgy or machining.
When the body 610 is made of metal and the petals 620 are of metal, plastic inserts (not shown)
25  may be used in the body 610 for the sealing face in order to soften the impact force. In other
embodiments of the present invention, the body 610 and/or guard 630 may be made of metal with
a relatively thick coating of plastic or elastomer. It is not necessary that the body 610 and the
guard 630 be made of the same material. In one embodiment of the present invention, the reed
valve petals 620, are made of stainless steel made from precision sheet strips using photo-chemical
30 milling, stamping, water jet cutting, laser cutting, wire EDM, or other suitable manufacturing
process. However, in other embodiments, the petals 620 may be made of steel, fiber reinforced

composite or some other high fatigue strength, flexible material suitable for the application.
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15such as illustrated in FIGS. 6-8, there are two body seal faces 710, at an angle to the vertical for
each body 610. However, in other embodiments there may be only one seal face 710 formed at an
angle to the vertical. In other embodiments, there may be several faces as illustrated in FIG. 13. In
certain other embodiments, the seal faces 710 may be vertical. [0031]Corresponding to each body
seal face 710, there are one or more valve petals 620 that 20lie flat against the body seal face 710 in
the reed valve module 46 in the assembled state, essentially sealing it. Each petal 620 has an initial
portion that is used to secure it in the valve module and a latter portion that seals the body 610 when
the pressure is greater on the exit port 340 and deflects to open up the body seal face 710 when the
pressure [is0g@iater e taejrded fluithport 320.6@h thedufasionssilie whtmasctalg ezdomeeay be

slits that divide,the petals into 25 separate | lapents, and alow it dqadndenendently different
flow pass‘glée&t%%ﬁ %‘? Yﬁgvf)gﬁ)}; @f(fé) n t Seegg%?é%’]%tc? g{dprtioré§ of the petals 620, the?fe may limlﬁﬁe or

more cut @Lits#4bdidatidnbge fwithprotussi6ns Yemerntn! Hhakd®ndHe dutrakspartingsibE720 in

the body 10, g S0 Nasan nsidecssefacaisthecnitish parjiarn of whidbssicontoured
to capturlej ﬁ%%ﬁjﬂ%%%ﬁg %etals 620 and the Iattgegri‘?)tortio%gf[% rovide a 51%1{ ace for the vQetal 620 to
e

30impactraghinstin sebhely o peshstidfercaialovisssyiso e BB SrENELESH He 18 REF BB 5 e guard

6301i65idﬁlé}ér¥_ﬁgfﬁ91{§sq5§% the %f_j@b%%@lﬁﬁﬁ?ﬁté 1@@@@@@1&@5@5&&6@&3&1&)&%&& hedeqliids present. In
certain embodiments of this invention, as shown in the |Ilustrat|og§dr};oglgs.rg vé%e uards may have
a pIuraIitle’@TL‘*tiﬁ&t§-rﬁ&?rﬁ:“féﬁ@’fi'sfégéfﬁI‘T’ﬁa(i bettp s sa e iemanibars #7d Bgrsterably prevent any large

pieces thahmawkiealofftam the Tepdualveimadutacds? it particutad picoes vftiie petal8R0, from

escaping the reed valve module 46 and jn.particular, migrating to th lin |pg damage.
The botto*heIBE P e WataRY B%Fﬁaé% ifsludgg?ﬁh%ﬁst%s%%g@ &%ﬁ%&%ﬁoﬁ%ﬁ% %%%h?ﬁ#hﬂé retainer
plate 44 sgfhaithe.hottem o buinagainstdhgretdiner platenbodnttslelstheteseet VaIve fibdule 46
within the modulgy reed valve agsembly 20. In other imats, of the petalguard;63Qsthere
may'Be nd Bsrﬁé‘%baé% "?7%%?1(?& a%‘]“eem %Plr%%%%gsfg‘%qg%?e??ﬁ?ﬁl{/em%n, the petail uard 630
may havecsigiewilisl coHoectirg thetbentotredimalts bethe noby edximprsaliee il SfREPEhibBliments,

the petal quard, 630 May.ipye ARINELHARMAMRAL, 173 Barsldaals: I hiswaseiiheiperal guard

630 is held’ ep05| lon when the reed valve module 46 is placed in the receiving cavity 330. In certain

embodimentsiofdtierprebedinibiny Brtisal frrteaoPddbBebs?bf the guard 780 being used to secure
the reed valve module 46

[0031]  Corresponding to each body seal face 710, there are one or more valve petals 620 that

20 lie flat against the body seal face 710 in the reed valve module 46 in the assembled state,
essentially sealing it. Bach petal 620 has an initial portion that is used to secure it in the valve
module and a latter portion that seals the body 610 when the pressure is greater on the exit port
340 and deflects to open up the body seal face 710 when the pressure is greater on the inlet fluid
port 320. On the deflection side of the petals 620, there may be slits that divide the petals into

25  separate sealing clements and allow it to independently seal different flow passages 650 in the
body 610. On the secured portion of the petals 620, there may be one or more cut outs 740 that

engage with protrusions 760 on the guard 630 and corresponding slot 720 in the body 619.

[0032] The petal guard 630 has an inside surface, the initial portion of which is contoured to
capture the body 610 and petals 620 and the latter portion to provide a surface for the petal 620 to
30 impact against in its fully open state. Grooves 750 may be provided on the latter portion of the
guard 630 inside surface to reduce the sticktion effects found in valves where they may be liquids
present. In certain embodiments of this invention, as shown in the illustrations in FIGS. 6-9, the

guards may have a plurality of trap members 770 at the bottom. These trap members 770
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within the modular reed valve assembly 20, a lip 530 (shown in FIG. 5) may be provided on the outer
wall of the guard 630 and/or the body 610 (not shown); the receiving cavity 330 may be shaped so that
this lip 530engages with a step in the cavity 330 securing the reed valve module 46 in the modular
reed valve assembly 20. Other or additional attachment mechanisms, however, 20could be provided in
full accordance with the present techniques. [0033]The cutouts 740, protrusions 760 and slots 720
locate the petal 630 against the seal face and additionally, in conjunction with the friction force, act as
a positive restraint preventing the petal 630 from dropping. In other embodiments of the present
invention, the protrusion 760 may be on the body 610 and the corresponding slot 720 on the guard
630.4n opefmbhdineeaitahthia2bpiesanhinventioraasillistratedrivdhalFtGRd6le8idon pedicsieal faces
710 that are at an.ang| tals 630, are wedged. be t d 630
in the reéjde\?gfv%n%%%%eu .’%r?%%r?%clﬁpgtﬁeﬁr} em go\ézlﬂmvgr%é%%\? é]&r;at (ag }égirl%‘%&‘c%ﬂ%ﬁ(% fg%%ltt%%%the
petals 62¢andd1d[d indplaceria dhesged baketmodéibod Gibpetrd angra it aviphsg foRedPestuced
btk thezme%ﬁ%@&gsﬁ%% NRNSLELENING 82330 HYRAARBIRGLIOILA IR INCuRed Ry an
interference fit 30 between the reed valve module 46 and the walls of the recelvm? cavity 330 or by

suitably sHagsidd thé heldd igiredivdianeddndtratdes by bo wals b prsvaedthehdeediry
clamging SRl cerRIROlheE smRegimants. thenetab aupri30is eliminatadafrosmboginesek valve

module 46. Instead, the inner walls of the recess 330 are contoured similar to the inner Wallonf the
petal guabé BOEE A TERIORidRsRHAl SHAHE FiA N (R B IEREE D LOPPEC B8 S RUOR A g8 sly, in
the embaglimaembillistrataeeimiG  3ths shdeaadelar; reegevalyeassemblyy20s seriigurgd to facilitate

efficient servicing or repair. Notably, all.the wear is prefer contaiped within the reed valye module
46 that hmg?rﬁygé‘fglé%‘?ﬁ,a%ﬁfht SVALEL: Bf}glt%u?ﬁ%égg %?E’C?E}fsr:%rp'ggﬁl&ﬁg § rf/%fé?ef e seal face

710, whichiiscsubirtt o tepeatddimpactsivon chatpstil. 62 @cand thebguiandnG36L twdhpehsisialso subject
to impacts from the petal 620 during 100penin valve. The preferred methad of serviging of the
modtiar BV BB AT o Sre g g st eyl lf RS IRE Mg Toaae
pre-establishéadiinaintériancedivab e Hiena by maghidhgreyuiredfor Henvalbe mestdgthes 42 or valve
retainer p(l)%er%a 3 'ﬁxeesgeu%ﬁd%ﬁ%}%%ﬁi&%ﬂé’ B!)Qiggﬁ W&%E’SHQ%S, 'ﬁlé*}@c%ﬁﬁﬁg’%'ébi%?%%’}ga gle, poppet,
channel and reed valves: the present invention allows the modules to come pre-assembled and
tested fosuaiityaiibettifioln idaspasonihndtius diorinates iHessssagshetnsbrak tesnagledtipment

to test thefnatﬁ%%la‘ﬁgr MeAIAT. assembly 20. Other or additional attachment mechanisms, however,

20 could be provided in full accordance with the present techniques.

[0033]  The cutouts 740, protrusions 760 and slots 720 locate the petal 630 against the seal face
and additionally, in conjunction with the friction force, act as a positive restraint preventing the
petal 630 from dropping. In other embodiments of the present invention, the protrusion 760 may
be on the body 610 and the corresponding slot 720 on the guard 630. In one embodiment of the

25 present invention, as illustrated in the FIGS. 6 - 8, for body seal faces 710 that are at an angle, the
petals 630, are wedged between the body 610, and the petal guard 630 in the reed valve module
46. In certain other embodiments, where the seal face 710 is vertical, the petals 620 are held in
place in the reed valve module 46 by means of the clamping force produced when the module 1s
pressed into the receiving cavity 330. This clamping force is induced by an interference fit

30  between the reed valve module 46 and the walls of the receiving cavity 330 or by suitably shaping
the reed valve module 46 and recess cavity 330 walls to provide the necessary clamping force. In
certain other embodiments, the petal guard 630 is eliminated from the reed valve module 46.
Instead, the inner walls of the recess 330 are contoured similar to the inner walls of the petal guard

630 so that it provides the same function (see FIGS. 11-12).
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reed valve assembly 20 after repair. The refurbishing and repair of these modular reed valves
assemblies 20 can thus be done in the field, substantially reducing the cost of repair and the down
time of the equipment. The modular design substantially eliminates the need to replace the expensive
valve seat plate 42 and valve retainer plate 44, making these valves very cost effective 20over the life
of the machine. In existing designs for poppet, plate, ring, channel and reed valves, the seat plate 42
and retainer plate 44 or guard typically need to be replaced after it has been refurbished a couple of
times. In a non-preferred embodiment, it is also possible to replace components of the reed valve
module 46 in the field, specifically the petals 620, the guard 630 or the body 610. 25[0035]The working
of the valp@sdnade gleatdaycabiseving thehbden aifid thectassisecionsthoughialmogdleaRIS. 8.

When the gressgrg of the uideg[bO\fe the sez%{.l late 42 in the modulaﬁ (r)%%q v%h/ﬁ]assembly 20 is
r a [

higher thAF T Preddt Fe BATBT HA St S A A RS e SRGAT proceure across the petal 620 in

the reed patéaabipdiderdbedavises the pedal-620nodafidotthatchsetsstieerpadyalie woduleas 6V esd

therefore the mpdular reed valve as i FHui . e, . the seat
plate 42, T%reoil?g q%ﬁ%eﬁ u fglglgﬁ%{?@%gtﬁ%g k012’t e‘p Fr%ghd%flae% %%@E&%ﬁéﬁgﬁt@fﬁ\éﬁéﬁﬁdj tt?r](;'g,l\é&riem bers
770 of thérguratick 686! ¢ fimdilye thirodgh thaHigll ipelte Sdeir thepagindepldbs Bdahtd terisger

presgpre &%%’(\)4@%%@%%&%@&%%&%@%péem?cﬂgogwﬂé resfvalve pssempleRBisayalizes,

the petals 620 Close, effectively sealing off the module body 610. In the closed position, the modular

reed valvee assehibpRecadebaisedrslvamndstania #dhs reperih inkeronasanae Unco BHEVE the
seat platg,42,Ly¥gnWhe.tha riegsishelow thadatainerplate ddds substantialshighgiothan the

pressure above the seat plate 42. [0036]An exemplary reed valve module in accordance with certain
embodimEHtelbrievsreEihIESHTS WP RISY M BRES: §ORMG ehARTIMERT ST YAE FeedRalve module
46B inclugesesasatefionanpetalediinadditiandpthesauibiqeiada 82Q o aemboeiniant dhastrated

in FIG. 9, 10the inner petals. 910 are pressed against the seal face 710 by the outer eéals 0. In this
et HLSY e LU HREFR I, Gy e GUILR Pt ARBeR (A ooy ae By W guar
630. [003#EAIN exemalany o ula: repavdlve rafiséislihp 208 iepaccdndancawithhcertdinsbrabodiments
o e e PO ASOIR GO B 29 LIRS SO SRS DS APIRY SRERE A
receiving cavities are located In a separate plate that 1s sarndwiched between

time of the equipment. The modular design substantially eliminates the need to replace the

expensive valve seat plate 42 and valve retainer plate 44, making these valves very cost effective

20 over the life of the machine. In existing designs for poppet, plate, ring, channel and reed valves,
the seat plate 42 and retainer plate 44 or guard typically need to be replaced after 1t has been
refurbished a couple of times. In a non-preferred embodiment, it is also possible to replace

components of the reed valve module 46 in the field, specifically the petals 620, the guard 630 or
the body 610.

25 [0035]  The working of the valve is made clear by observing the FIG. 3 and the cross-section
through a module FIG. 8, When the pressure of the fluid above the seat plate 42 in the modular
reed valve assembly 20 is higher than the pressure below the retainer plate 44, the differential
pressure across the petal 620 in the reed valve module 46 causes the petal 620 to deflect and sets
the reed valve module 46 and therefore the modular reed valve assembly 20 in an open state. Fluid

30 moves from above the seat plate 42, through the fluid ports 320 through the module body 610 and
out through the trap members 770 of the guard 630, and finally through the fluid ports 340 in the
retainer plate 44 into the lower pressure zone. When the pressure on either side of the modular
reed valve assembly 20 equalizes, the petals 620 close, effectively sealing off the module body

610. In the closed position, the modular reed valve assembly 20 does not allow flow of fluid from

14



the seat plate 42 and the retainer plate 44. Other features of FIG. 10 may be found in the descriptions
of FIGS. 3-8. [0038]A perspective view of a device with a partial cross section is shown in FIG. 11 and
its exploded view is illustrated in FIG. 12. The device 1100 incorporates a modular reed valve
20assembly 20 in accordance with one embodiment of the present invention. The device 1100, that
could represent a compressor cylinder, engine or a process flow pipe, for instance, consists of a frame
60 that is divided into two volume regions 62 and 64. A modular reed valve assembly 20 is
incorporated in the device that allows the fluid to flow from region 62 to 64, but not the other way. In
these embodiments of the present invention, the reed valve modules 46C, do not have petal 25 guards

630 gs paaal e resdvalvemedyindeGhd harsre valve sroduasidgieaiadoettedin raaaiving
cavities 330 that are an integral part of the frame 60. In effect, in this embodiment, the retainer plate 44

carries 46T Y Rl hgheh dhind e IR UR TS TteGHSEd into the frame 60. Moreover,
the inner surface of the receiving cavities 330 is contoured to serve the same function as the inner
surface ofthig6)etalguareh§B0shdmalyFIHSIS il@CTh@@@ﬂhé@@@@ammﬁiﬂ@ﬂﬁsc}ﬁhﬁ the petals
620 to thg body 10,40 MIEYSILIG PRAGEIRL AL MAG UL AL e oqly ARl LU the

excursion of the peta en it opens. The reed valve module 46C is secured in the receiving
cavity 1236 bYinmeanetdf 4 Sbatgddition ouhanaiaisurk f38tdnily mesinent s seraie W %
[00%%1/*”{%%{11&'%%&_@@@o/é}lé/&«@a%&%ga%y@ﬁé%%m*@Mﬁfé,gy AccRrdapeaIvihcartailn embodiments of

the present invention is depicted in Fig. 13, in the exploded state. The valve body, 610C, has a seat
face, 640QRAGIRINSEARRCHEDS ITEDEOIM RS BRBEATREAL Hive amRrd R nhodid 261 Wy consist
of one or ;mareqselve petals 620C that seal the individual sealing faces, 710C. In this embodiment, a
single petal, 620C, depicted in the unbent state in FIG. 14, and 10 formed into a suitable shape in the
final stat rs all sealing,faces, 710C, of the valve body .61 In reedvalye;module
sub-asseemé%ﬁGD. 8 Va %‘rgénd)yd %%68%@3%&%%6 %g%zgrgelgggﬁré igr? Q[he petal éuard/housing,
630C, whenbithtimeet vélte pnodulénsaitiasserduplyifb@ FisiadSemiledemby dhaaiodilarmestvalve
assembly, 200 AAONN I, 13, e smbrdenh of e hBtAL gAdMAKPROJARDCH BGaaD

design so I'5 as 16 eliminate the retainer (screw/nut, ect.) in the modular reed valve assembly 20D in
which theibe snaidtiiss 4erdsberrsistinr Phieedits Abeofeahdchel FisirdSisiyesoordMdlfe reed valve
module SHE’S'&%;:?&&HPE?%&%?BL%PG assembled into the seat, 42D, of the valve assembly, 20D, in FIG.
15, without the need of a retainer, stud(s) or nut(s). [0041]An exemplary modular reed valve assembly

20D, in accordance with certain 20 embodiments of the present invention js depicted.in FIG, 15. The
retainer, gﬁ?&)@i and MSTEEFEHAE WEPe ﬁoﬁ%ﬁ‘ﬁ? %W‘égoaf 3?%&%8%?%{2?& lﬁéhé)r\lw 15@)@%%{; DdIs

eliminated-pydhel usavwof aliseapdit ieBthvakenodivlie sl ssembinits B ponielembobimient of which, is
o o G B AN e lies o e R 0880 (RN B AR GO, cut o
it to Teceif&the protrisions, , on the outside surtace o Pne petal guards, 630C, In the snap-fit
design reeduidlepresent a compressor cylinder, engine or a process flow pipe, for instance, consists of a
frame 60 that is divided into two volume regions 62 and 64. A modular reed valve assembly 20 is
incorporated in the device that allows the fluid to flow from region 62 to 64, but not the other way.
In these embodiments of the present invention, the reed valve modules 46C, do not have petal
25  guards 630 as part of the reed valve module 46C. The reed valve modules 46C are located in
receiving cavities 330 that are an integral part of the frame 60. In effect, in this embodiment, the
retainer plate 44 carries the receiving cavities 330 and the retaining plate 44 is integrated into the
frame 60. Moreover, the inner surface of the receiving cavities 330 is contoured to serve the same
function as the inner surface of the petal guard 630 shown in FIGS. 6 — 9. That is, these
30  embodiments clamp the petals 620 to the body 610 and prevent the body 610 from falling out of
the cavity 330, and they limit the excursion of the petals 620 when it opens. The reed valve

module 46C is secured in the receiving cavity 1210 by means of a seat plate 42 by means of &

fastening means such as screws 49.
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25 module sub-assemblies 46D. [0042]Generally, speaking for most embodiments of the present
invention, it will be appreciated that during passage of the fluid through the modular reed valve
assembly 20, the fluid is travelling in essentially a straight path with very little losses due to turning of
the fluid. This is unlike the case in current designs of compressor plate, poppet, channel, ring and reed
valves where 30the fluid essentially has to make two right angle turns to go past the sealing element
resulting in large valve losses. Additionally, the compact design of the reed valve module 46 and the
flow characteristics of this design, allow a more effective coverage of an available valve area with fluid
flow area when utilizing the illustrated embodiments of this invention resulting in a more efficient

Svalve wirgsgpmpaned-texistingcpinte: Malvies diiRg Mdlves:pRppet baliesicebannet valves andneed
valves. [0043]Additionally, it will be app_reci,atgd thafgoi@g%e illgstra ed erzb%%imq[ntsn?f thE pre ent
invention MR FERsRyR %‘gﬁ,%ﬁ?ﬁ?ﬂgvﬁfgf?‘b% 2N §he mBAtTAF PAAEF AR asteribiy 28 the
damage isi limjtegkte ene arcbvofmv pdths 680withina siNgle reedikahmbnboisie. 4Bhof e 18imodular
reed valve e 20. The flow.path provided by eac %%%%V lve madule 46.is in nt of that
of anothép?%@& %lé){\yem%ﬁﬂ 51%69@%%8% %ﬁga \fr%c?&%a[gsr ree 551\{\/36%3@&% dAl')y %al%é@ﬁég?%é? of
several re¢tCualnetimoculesiificihe mivgldareteed Yeluedapieribly 26 nughecositiruatdiéperatand
effegiively untlha planngd shutdewn aliows,ihe gpair.of ha allegirdeiead yalve goguisiRxABaaving
money for the operator. oweveP, in the case o?emstmg valve designs, 15such an incident would lead

to a moreésifgenmt rdpaiccsituatiormadutesshgsssihiatd talvEsavattsaedsrily Wnansk sl Sdvfetitthe
damage wayld require immegdiatgshigdovesand feRaingf simasingdmkhich-RenaNe isinsiglled.

[0044] In one embodiment, the petal guards are composed of a plastic with a predetermined amount of
fiber, 0-28%%neb pianigeharmagarauIPee S bateMY sthihgth for the operating 20conditions and the
ability to absorb impacts and diffuse the energy of the petals. In one embodiment, the reed valve

module bpadyoy comperediof anplastioditithna ¢ ddaierminecdrmount, 6Bfibeks 0£608mptdiptesiesan
optimum combipation of strength for the body at.operating conditions and an_abili bsorh impacts
of ti‘% sinBid DF BRVIE B rréeéagn&a?as%? n}g}aurgof"ﬁt& glm ) g%ae‘h%lt eggsé\éagv\?a ve g%%@n%%@
metal, foningd theoulls ammesatimjgsticthmelding process. tiherotrusion, 680, enable the reed valve

module sub-assemblies 46D, to be assembled into the seat, 42D, of the valve assembly, 20D, in

FIG. 15, without the need of a retainer, stud(s) or nut(s).

[0041] An exemplary modular reed valve assembly 20D, in accordance with certain
20  embodiments of the present invention is depicted in FIG. 15. The retainer, stud(s) and nut(s) that
were shown in the other embediments, 20 and 20B, have been eliminated by the use of a snap fit
reed valve module sub-assembly 46D, one embodiment of which, is shown in FIG. 13. Each of the
receiving cavities, 330C, in the seat, 42D, have a groove, 1510, cut into it to receive the
protrusions, 680, on the outside surface of the petal guards, 630C, in the snap-fit design reed valve

25  module sub-assemblies 46D,

[0042]  Generally, speaking for most embodiments of the present invention, it will be
appreciated that during passage of the fluid through the modular reed valve assembly 20, the fluid
is travelling in essentially a straight path with very little losses due to turning of the fluid. This is
unlike the case in current designs of compressor plate, poppet, channel, ring and reed valves where
30 the fluid essentially has to make two right angle turns to go past the sealing element resulting n
large valve losses. Additionally, the compact design of the reed valve module 46 and the flow
characteristics of this design, allow a more effective coverage of an available valve area with fluid

flow area when utilizing the illustrated embodiments of this invention resulting in a more efficient
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25petals may be made of fiber reinforced composites to improve reliability. The petal guards may be
metal, formed through a metal injection molding process. [0045]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 30be limited to the particular forms disclosed. Rather,
the invention is to cover all modifications, equivalents, and alternatives falling within the scope of the
invention as defined by the following appended claims. 5 CLAIMS: 1. A reed valve module,
comprising: a body including a seating surface, one or more sealing faces, and one or more fluid

condgits |gadli Qﬁlgﬁ)g@iﬁfﬁ%@@g Reisitfanedia ine sealingafeceSioppd vingle elphoaliy ef ieeckpetals

positioned over the sealing face of the module body; and 10one or more walls opposite the body from
the singlé’®Vplurality of reed petals. 2. The reed valve module of claim 1, wherein the one or more
sealing faces on the module body are each at an angle substantially perpendicular to the seating
surface sppt#g]the fladitafralflyid thibbghptivecieed hahie tho duleeiperehcis eninioh dhegmaiegt 1S 3.
The reed.valve module of.claim,1, wherein a cavity within.the b i ' hy i t also
divic e B b A e e e O e B o e T
wherein thereavity ithed theoytisor8infarabs &by itias athivgadesd fabesnsiwkidh ardiflush with the

sealja syifage, hiesba rexdiay sinfercamentia e modue herveaddhe mudautases providing
support to the single or plurality of reed petals in a closed state.
independent of that of another reed valve module 46. Since a typical modular reed valve assembly
20, may consist of several reed valve modules 46, the modular reed valve assembly 20 may
continue to operate effectively until a planned shutdown allows the repair of the affected reed
valve module(s) 46 saving money for the operator. However, in the case of existing valve designs,
15 such an incident would lead to a more urgent repair situation. In the case of plate valves that have

only one sealing element the damage would require immediate shutdown and repair of the

machine in which the valve is installed.

[0044] In onc embodiment, the petal guards are composed of a plastic with a predetermined
amount of fiber, 0-25%, to provide an optimum combination of strength for the operating

20  conditions and the ability to absorb impacts and diffuse the energy of the petals. In one
embodiment, the reed valve module body is composed of a plastic with a predetermined amount of
fiber, 0-60%, to provide an optimum combination of strength for the body at operating conditions
and an ability to absorb impacts of the single or plurality of reed petals. In another embodiment,
the reed valve body is made of a metal, formed through a metal injection molding process. The

25 petals may be made of fiber reinforced composites to improve reliability. The petal guards may be

metal, formed through a metal injection molding process.

[0045]  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
30 be limited to the particular forms disclosed. Rather, the invention is to cover all modifications,
equivalents, and alternatives falling within the scope of the invention as defined by the following

appended claims.
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5. The reed valve module of claim 1, wherein the one or more walls are contoured so 25as to produce
a clamping force on the single or plurality of reed petals when the reed valve module is secured by a
seat plate. 6. The reed valve module of claim 1, wherein each of the one or more walls act as a
petal guard, an inner surface of which reduces impact forces on one or more of the single or 30
plurality of petals when opening, and wherein an initial part is contoured to co-operate with the body to
clamp the single or plurality of reed petals against the one or more sealing faces of the body. 57.The
reed valve module of claim 6, wherein the petal guard has material removed from a lower portion of an
inner surface in a predetermined way to prevent sticktion of any of the one or plurality of reed petals. 8.
The reedalvesmodule of claim 1, wherein the wall includes a protrusion sized to 10fit into a groove to
secure the reed valve module when inserted into a respective receiving recess 9. A reed valve
assembly, comgrisingfarsedt pladenadlild ighpreing: more fluid conduits;  one or more receiving

recesses %agh [[J]r([) Cimate ares ectilve fluid condwt of the one or r;ri\ore fluid 15ﬁon UI'[S |n the seat
é (I‘ mﬁr al sgating surface. one &)I‘e 5€ ac,e One or more OH 11
plate; a retaln rpla cludingone or more fluid con 'She Dfmore Teed vaive modules sized

to fit either |nd|vﬁchsl‘aflalg(ﬁwmaﬂeeuveiggmﬂﬁmedneh@fsﬁahr@@@smore receiving recesses. 2010.The reed
valve assaegvnb'pée nﬁlﬁia ,§, Jynelein “he% DG PIHDOLE; NS %‘if’ ] alye madyl é‘ g fieid pressed into

one of the on orer CE‘IVII’Ig }E‘CGS es e seat plate a e retainer p ate § a fastener.
10  oncor more walls opposite the body from the single or plurality of reed petals.

2. The reed valve module of claim 1, wherein the one or more sealing faces on the
module body are each at an angle substantially perpendicular to the seating surface so that the flow
of a fluid through the reed valve module experiences minimal turning.

15
3. The reed valve module of claim 1, wherein a cavity within the body is reinforced

by ribs that may also divide the cavity into separate independent flow passages.

4, The reed valve module of claim 1, wherein the cavity within the body is reinforced
20 by ribs, the end surfaces of which are flush with the sealing surface, the ribs providing
reinforcement to the module body and the end surfaces providing support to the single or plurality

of reed petals in a closed state.

5. The reed valve module of claim 1, wherein the one or more walls are contourad so
25  asto produce a clamping force on the single or plurality of reed petals when the reed valve module

1s secured by a seat plate.

6. The reed valve module of ¢laim 1, wherein each of the one or more walls actas a
petal guard, an inner surface of which reduces impact forces on one or more of the single or
30  plurality of petals when opening, and wherein an initial part is contoured to co-operate with the
body to clamp the single or plurality of reed petals against the one or more sealing faces of the

body.
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11. The reed valve assembly of claim 9, wherein the one or more receiving recesses are 25located
within the seat plate. 12. The reed valve assembly of claim 9, wherein the one or more reed valve
modules includes a petal, and wherein walls of the one or more receiving recesses include a contour
that receives a top portion of the petal to secure the one or more reed valve modules in the one or
more 30receiving recesses. 13. The reed valve assembly of claim 9, further comprising: a
separate receiving recess plate including the one or more receiving recesses, wherein the separate
receiving recess plate is sandwiched between the seat plate and the retainer plate. 35 514.The reed
valve assembly of claim 9, wherein the one or more reed valve modules comprises a plurality of reed

valvemodules, whereigthg. plurality0f serd valve, modries-dnslsa-0ne.04 meradicstleadovalie
modules having a first set of dimensions, and wherein the plurality of reed valvg modules i cleude one

or more SEeBrd PEEHRATAD ATGELIRRChSRAMGA S B O6TT SEPBRdiER K Jhe iFaRsAt r%{r}rﬁﬁé Yrstset of
dimensiopg, gpplura;;léof\rggggé@jye module, comprising: a modular valve body having a plurality of
faces and one or more ports; one or more reed petals each sized to substantially cover one or more of
the one or more ports of the modular valve body; and 15a modular housing sized for a frictional fit
when disposed within aeeaivingveeestwith thénrioctiariatize Woldynahddhe prawianeredded petals

withip and.secured by a seal plae, -, 16, The 8R4 YAIVE g5 01 GAD. wherein.tlgast one

portl'(gf thd' G SrEsres boo?% reinférce by ‘one or more ribs that may also divide the at least one
port.
9. A reed valve assembly, comprising:
a seat plate including one or more fluid conduits;
one or more receiving recesses, each proximate a respective fluid conduit of the one or more fluid
15 conduits in the seat plate;
a retainer plate including one or more fluid conduits; and
one or more reed valve modules, sized to fit either individually or collectively within one of the
one o more receiving recesses.
20 10.  The reed valve assembly of claim 9, wherein each of the one or more reed valve

modules is held pressed into one of the one or more receiving recesses by the seat plate and the

retainer plate by a fastener.

11.  The reed valve assembly of claim 9, wherein the one or more receiving recesses are

25 located within the seat plate.

12.  The reed valve assembly of claim 9, wherein the one or more reed valve modules
includes a petal, and wherein walls of the one or more receiving recesses include a contour that
receives a top portion of the petal to secure the one or more reed valve modules in the one or more

30  receiving recesses.

13, The reed valve assembly of claim 9, further comprising:
a separate receiving recess plate including the one or more receiving recesses, wherein the

separate receiving recess plate is sandwiched between the seat plate and the retainer plate.

35
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20 17. The reed valve module of claim 16, wherein the one or more ribs reinforce the modular
valve body and support the one or more reed petals in a closed position. 18. The reed valve
module of claim 15, further comprising: 250ne or more petal guards positioned next to the one or more
reed petals. 19. The reed valve module of claim 18, wherein the modular housing includes the one
or more petal guards as one or more inner walls of the modular housing. 3020.The reed valve module
of claim 15, wherein the modular housing includes a fluid conduit having one or more capture bars to
help capture debris. 21.The reed valve module of claim 15, wherein the one or more reed petals
comprise a contiguous single petal that covers a plurality of the one or more ports. 35 522.The reed
valveégmodule oflelaim Tbe Whenaikvdhesamdylaf h@ﬁtsmgvimhidesea)mmmmlséﬁeﬁmﬁiﬁmm groove

to secure the reed va] eln the ranqdula housi mrc,Frteid a respe ve re %lvmg
SS\S 1‘66 alve moaules, w GIH { ﬁ Urall K/ < VB ¥
recess. re e module, comprising a moddlar valve bo havm a ura of faces

and one @nmm@@rfgsbﬁedomm@mq@é@b ;h@taisgeac‘ﬁtsﬁzexﬂ thimgtaﬂtmkﬂywiwem}mpderiwwa the
one or more;RAKS. ?ﬁéﬁ%@%ﬂl@é yale hodywherein.ihe modilan valye hody.and jig gpe or more

reed petals are collectively sized for a frictional fit when disposed within a receiving recess with the
modular véwerbody AHereneBo He drhereofabthgwstans within.

10
15. A reed valve module, comprising:
a modular valve body having a plurality of faces and one or more ports;
one or more reed petals each sized to substantially cover one or more of the one or more ports of
the modular valve body; and
15  amodular housing sized for a frictional fit when disposed within a receiving recess with the

modular valve body and the one or more reed petals within and secured by a seat plate.

16.  The reed valve module of claim 15, wherein at least one port of the one or more
ports is reinforced by one or more ribs that may also divide the at least one port.
20
17. The reed valve module of claim 16, wherein the one or more ribs reinforce the

modular valve body and support the one or more reed petals in a closed position.

18. The reed valve module of claim 15, further comprising:

25  one or more petal guards positioned next to the one or more reed petals.

19. The reed valve module of claim 18, wherein the modular housing includes the one

or more petal guards as one or more inner walls of the modular housing.

30 20. The reed valve module of ¢claim 15, wherein the modular housing includes a fluid

conduit having one or more capture bars to help capture debris.

21, The reed valve module of claim 15, wherein the one or more reed petals comprise a
contiguous single petal that covers a plurality of the one or more ports.

35

20



24. A reed valve assembly, comprising: a seat plate including one or more fluid conduits and one or
more receiving recesses, each proximate a respective fluid conduit of the one or more fluid
conduits in the seat plate, 20wherein each of the one or more receiving recesses includes a groove,
and one or more reed valve modules, each comprising: a modular housing including a protrusion sized
to fit into the groove to secure the reed valve module when the modular housing is inserted into a
respective one of the one or more receiving recesses. 25 25. A method of assembling a reed
valve module, the method comprising: obtaining a modular reed valve body including a seating
surface, one or more sealing faces, and one or more fluid conduits leading from the seating

surfage to the segling fages.aktalningatieast ang reediesal hized foroheusinmiokeudtthe one or more
sealing faces; 30 obtaining a modular housing; placing the at least one ree%geta% qve tQSemonlg or
more of tROBHEBY FHERESERIHG 14688V Dl ThESat YA Ye B VR & BE AR tHe a1 9628 one reed

petal into;the fmpHial ROMSIIGe receivingGedsiethod of assembling a reed valve assembly, the method
comprising: 350btaining one or more reed valve modules; 5obtaining a seat plate including one or
more fluid conduits and one or more receiving recesses, each of the one or more receiving recesses
proximate a respectiveAlwieicaincuib afitizecongrosimpore fluid conduits in the seat plate; and inserting

roccling 1ERELBE A5F BT e (O ah Al B i o Ioadk o of he on. or more reed
valve mogulesrineidesdprtdealah houditugs asimgall prow ersios, e vesrain ae ea8tBREBGERE one or
more receiving r&ge}gggaggég%esgﬁflate includes a groove, the method further comprising:
wherein the modular valve body and the one or more reed petals are collectively sized fora
frictional fit when disposed within a receiving recess with the modular valve body and the

15 one or more reed petals within.

24. A reed valve assembly, comprising:
a seat plate including one or more fluid conduits and one or more receiving recesses, each
proximate a respective fluid conduit of the one or more fluid conduits in the seat plate,
20 wherein cach of the one or more receiving recesses includes a groove; and
one or more reed valve modules, each comprising:
a modular housing including a protrusion sized to fit into the groove to secure the reed
valve module when the modular housing is inserted into a respective one of the one
OF MIOTe TeCeiving recesses.

25

25. A method of assembling a reed valve module, the method comprising:
obtaining a modular reed valve body including a seating surface, one or more sealing faces, and
one or more fluid conduits leading from the seating surface to the sealing faces;
obtaining at least one reed petal, sized for one or more of the one or more sealing faces;

30  obtaining a modular housing;
placing the at Jeast one reed petal over the one or more of the one or more sealing faces,

placing the modular reed valve body and the at least one reed petal into the modular housing.

26. A method of assembling a reed valve assembly, the method comprising:

315  obtaining one or more reed valve modules;
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15fitting the protrusion into the groove to secure the at least one of the one or more reed valve
modules. 28. The method of claim 26, further comprising: attaching a retaining plate over the seat
plate. 20 29. The method of claim 26, further comprising: removing a retaining plate from the seat
plate; emptying the respective receiving recess of the one or more receiving recesses. 2530.A
compressor, comprising: a frame; a plurality of mechanical components disposed with the frame that
compress a working fluid; and at least one modular reed valve assembly coupled to the frame and the
plurality of mechanical components to control the flow of fluid through at least one modular reed valve.
30

5  obtaining a seat plate including one or more fluid conduits and one or more receiving recesses,
each of the one or more receiving recesses proximate a respective fluid conduit of the one
or more fluid conduits in the seat plate; and

inserting one of the one or more reed valve modules into a respective receiving recess of the one

OF MOTe receiving recesses.

10
217. The method of claim 26, wherein at least one of the one or more reed valve
modules includes a modular housing having a protrusion, and wherein at least one of the
one or more receiving recesses in the seat plate includes a groove, the method further
comprising:

15 fitting the protrusion into the groove to secure the at least one of the one or more reed valve

modules,

28.  The method of claim 26, further comprising:
attaching a retaining plate over the seat plate.
20
29, The method of claim 26, further comprising:
removing a retaining plate from the seat plate;

emptying the respective receiving recess of the one or more receiving recesses.

25 30. A compressor, comprising:
a frame;
a plurality of mechanical components disposed with the frame that compress a working fluid; and
at least one modular reed valve assembly coupled to the frame and the plurality of mechanical
components to control the flow of fluid through at least one modular reed valve,

30
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