WD 2011/ 063096PCT/ US2010/ 057193 5 SYSTEMS AND METHODS FOR A REED VALVE
MODULE AND VALVE ASSEMBLY RELATED APPLI CATI ONS [ 0001] This application

cl ai ms prwonrntiywes®@6US Provi si onal Patent Application 61pP26A1S2¢18/,05E03it ] ed
"Reed Val ve Modul e and Val ve Assenbly” filed Novenber 18, 2009, which is
incorporated by reference in its entirety. 10 FIELD OF THE | NVENTI ON

[ 0002] The present invention relates generally to val ve assenblies. Mre
particularly, the present invention relates to a novel reed val ve nodul e
that can be used in a valve assenbly in various flow control systens,

i N6l UBYRTEMSANBSVIBTEOBDSEIOR A RE Ely MATCE MO DTEL D 0D (WL, ¥Ef A SSIAVHSEROUND
15[ 0003] As w Il be appreciated, fluids, such as natural gas, hydrogen,
proce g , fri ts and air, have a wide array of uses in
industﬁfﬁla‘}afglﬁd*ézpmqﬁ{) applications. For instance, natural gas may be
used to provide power to a range of vehicles, to heat homes during w nter,

and t OO at ehi¥appiRidBok @lﬁﬁﬂﬁﬁﬁorﬁg R U@%@&lsmﬁéﬂ%té}ﬁ APYEERI0A6 1%69'[2'285
dryers. Further, natural gas nmay be used generate electricity fo

distr |ebut1¢cer@défalw Modele agdthlvemsswbbfntﬁlgiN@@@sbegd§e%0@nwhmhrls rray 20 be
used Inli]cot hoe} tngg ac turemolseanlr rray of products and materials, including

gl ass, STRERM X& gi°ce, n’rt exarrpl e. [0004] To neet the demand for

nat ural gas, corrpanl es may spend a significant amount of time and resources

sear cIHIPODfOF THEXINVGENTI@N and transporting natural gas. Hydrogen nmay be
produced centrally and distributed through pipelines. In process plants

differ gases or liquids ar 25tran ported through passages o the point
wher e [5{’]6?ilay Te PSS Bt S B s 19 Wy oRPebaey NddRt L@é@u}h@ is

made %r é’s'ehﬁﬁlz&ltﬁh réufel & SRSy RIALEIVE @ﬁdﬁﬁ@@tb@t dl‘ﬁtb‘é%rsl‘d Bfa &Hl&@ésseﬁ %,r{ﬁy al so

be appreciated, transportation of such gases or liquids, such hr ough a
pi pel ivasotiy fhow omﬁrqjcsymms,ondmbn@eompltesmm systenisaend s}tsmnachnldyneztmqsrth@‘soﬁ)n of
the gas or liquid via a conpressor or punp. [0005] One conmon type of

conpr Q%thjl@g ch applications is the reciprocating conpressor. 30Such
recip #’pr essors are positive-displacenent devices that generally

utilize a
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  transported 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



WO 2011/ 063096PCT/ US2010/ 057193 5crankshaft that is coupled to pistons, via

connecting rods and crossheads, to reciprocally drive the pistons and

conpr ess wWoORbuy@3mst hi n attached conpressi on cyl i nders. PAS/Us2§10/067193

appreciated by one skilled in the art, gas is generally introduced into

conpressi on chanbers of the cylinders through one or nore inlet or suction

val ve assenblies and, followi ng conpression, the fluid generally exits the

cylinders via one or nore outlet or discharge valve assenblies. 10

[ 0006] The type of val ve assenblies commonly used in conpressors includes

poppetcrankkivagsthatk ab@l&lchiov[ﬁ'ﬁonsr viagovatotieg ,rodsrmdrcedsslv@hy as rafigocdydirivaltives .

In the current art, pet . val ve, plate val ve, g val ve_ and Changgk val ve
e

asseni§ins an ICPmPFeé%IP u%\éﬂtw a.“ﬁ%hﬁ‘&&@ﬂ@f@?lﬁa %h r% Apmay e aRIEFIAG ment s
di spoggd sl@iﬁ%é[vﬁ{aﬂﬂe GrtS géﬁ%}ﬁlyqﬁﬁl QU o ?GQSIOI%EJME‘S s&gdc %Vlﬁld%f:s

assenblies used in c ssor app Ications consist of a seat plate, and
pl ur althroyglobnpatradrs 1alndorgmamm¢dtmqu’penblid55adl ﬁ)ﬂhwmgtammmasmatherﬂuad e by a

fast eni ng mean u S SCrews, 0007 essor routlnely oper at e
L hudardaly gty Ro b 6 SHSaog et Tt TG R btE eal § ng
el ements al so open and close at a S|n1IarIy hlgh rate. Due to this rapid

cyol i fgooélhe $RAtypRbAlSve hfiemBHS dbmmttll Qked iR ofPAdskdtg iRIhaie pb jlii_ bspethhlvedf t en
wear over time, leading to valve failure if |left unchecked. To avoid such

fai | ubdate valves, pnavakves. vhanpel walessandecqskwdreanin the gurpant ¢l nappeiayadve, plate
peri odj, gféé' Jé%%&ag@é(&ﬂ%hahﬁ’él‘vtaﬂ% as QMRS Saﬂrtra%ﬂfbnaﬁ{é\%{ F{ld%*&es%geé:'é?ﬁﬂéé%??e&hﬁg' ure

cannot the valvés ca be repaire

I eus e@lenesipedib@lstd béthecex pen plavearrieaguadd plagu E(I*Ldrenﬂ'fved VBB’G hys&mbabi ¥sed in
acconpl i shed thrqugh repl acegent of the sealing el enent

machi FPRGresear aﬁPB‘Fﬁ%ﬁﬁs ensisepf avsshiliate, a1d ¢ plurdidnef pgigls alfld BupdYStoRRery he 1 i ke.

Ohzco m ng and/ or costl
D GoALTied RS R JILE BAR R OB TR GO Y, a

art; in ere the petals and guards
are attached to the seat/body/cage by individual fastening neans. It is
possi §0@07]or Ahasiayfcampmamﬁgrmﬂls dperatopdendmds dnthoopedatf roratioayent ual |y

com ng_.of f Peta S C i,n fatique and pleces These | oose
o1 ecodhiBis (Y e e emgn Wb b e o ne P & SER B L Al e to B PR
CONpr @§8if{g, e SYIANE, tﬁé gﬁaa/ aﬁdwrw@geahﬁgel[eﬁﬁﬁt@]v&ﬁh%f&@ SlcaPbvclr gD RUBIgG to
required to cogﬂfess ebgas is the major operational expense incurred by a

conpanylverglyed et unphoskeslisTmewsd suphdaidire, igiagnexensve thEatQURpT RISgHIM, the
dgperm v%§ a}eg}%rlg&\\’ﬁ]&/{e ANLE 8t Re %81%{3% Sor'zhd rdRide & diiGs S AL S LENGY

| Gwer osses are
be aV01ded. 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 pieces 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



WO 2011/ 063096PCT/ US2010/ 057193 5 maj or source of loss in efficiency in
conpressors and can contribute from5 to 20% of the overall operating
costs. | rwoxpsticayer eed val ve, poppet valve, plate val veCcTrisegowailve and
channel val ve assenblies used in the conpression process, the gas has to
make two right angle turns to get by the sealing el enment while passing

t hrough the valve. The greater the turning angle, the greater the

resi stance to the flow through the conpressor; directly affecting the

ef ficiency adversely. 10[0010] The anount of tinme required to install a
vaneIﬁ@@@@ﬂﬁkuﬁmwsndéﬁhﬁﬂtﬁﬁﬁaﬁﬂ@eﬂﬁmumﬂc@ﬁc@ﬁﬁﬁmbﬁ@hlﬁuﬂﬂ@hbﬁdkhﬁwdﬂMn

and, in turn, the anount of y that is |ost due the i.ne bei ng down.
For v&PF@Eng Rsisp sxfsting rteﬁ%VrrJD erp&pp?ttvarve Rlateyvalyics Fipg Mrﬂre %5] eheRR RhE

qual i taXseﬁfbhteg'ﬁséaﬁﬁ ey s@ oYﬁar@c%s§ %égﬁ%@ﬁ%al%‘tv&o@ te ah E%ﬂﬁ?too et @k knd he

parts and how it Is ass . m nor~ problemin a seat r guar mean
t hat moddmgafemdng wélelalprassglgaﬁhmrghtﬂm wdwd. Thegpeatenthe tanubgtahgls, thagraamdryhde

15f ound . fter entire.val ve has be SS | ed, and i nstall ed, SUMVARY
CooLi et o HETET el B Lo e B AR e e sl PEY ALRFeral mod
invention are set forth below It should be understood that these aspects

ane pqﬂﬁfmfedTﬂ@&ﬁanb@nﬁkQ&aﬂ%dﬁbﬂmh@ﬁﬂ@ﬂv&&k&m@&@&l&ﬁm@ﬁﬂﬁﬁh&mﬁ&mﬁ%ﬁtaln
forms the invention mght take and that these asEects are not 20 intended

to |i mnre ‘Ihh‘fea wagpec widopmendnipdpin; Bie amoyaeelomondyehatiy st duntheayachine bpipass a
vari et ets§nsttanﬁctd ({1 {)FS‘ V§§; dlﬁ?&ﬂtq laﬁéc \c,}\lh Wyopﬁn%gse&fb dhe

presen I nventr on genera novel ree e an Its

vaIveV@Beeﬁhhyqumdeomﬂmedmﬂmbebﬂdeﬂm@dﬁmmmiﬁnvalraednbahmenmndumebkﬁohudes
a body including a seating surface, one or nore sealjng faces, and one or
mor e FISGHPT @YMdLRAR $n92B ARat RGNS PIohHF 4ring slemenly ssilrraRalyt naq%@lwaroplrgb@r aces.

Ths. r%ﬁldﬁ’le}‘ﬁl gl &8 BR 1Reh AGLA %ﬁaﬁd?ﬂ%ﬂ{ﬁ or plurality of reed petals

positione over e sealing Tace of the no e body and one or nore walls
opposite the body fromthe single or plurality of reed petals. In another
enbodiSWBIMARYr eed val ve nodul e conprises a nodul ar val ve body having a

plurality of faces and one or nore ports and one or nore reed petal s each

si zed ubst.ant.i al cover_ one, or af .the one of . orts of the
oo 408480 Bretis SPiHengliRisah ol hins Bl ShutH Fubfidpne
housi mgrtis baled. fioghoaldf td wideaRld tﬁéttthéﬁfe@épedts%ﬁ@ﬁl‘%ﬁien\fédIhbﬂél}atorlﬁ&ﬁdé’tﬁégea’d%ﬁ ess
with the nodul ar val ve body and the one or nore reed petals within and

secur eatfba,/braefﬁalrn%y af ecrtajthfogias therpydéion appbidalkesnd that thess@sragtseee Rldul e
gggf;'if;tggde% tB"PﬂH Ak sYRHeY o?érP ﬂ¥e 1%}&”1‘ Ad byt dﬁJehﬁéfn ﬁz‘tblﬁ‘@ ?g‘é?v%‘? gf more

one or nore-ree S ea sized to' s cover one or
nmor e akpdchyethMnA0dak /b Ga%ﬁﬁﬁﬂo%%ﬂﬁﬁéfﬁ@&f the pregero rlnmmen gﬁrerrailyofelatm a
nodul ar val ve body. The nodular val ve body and the one or nore reed petals
are cdaeredesdwlye @P%le apdits ¥aly g psemBlyal InpPMe GREAPIGTYsTRRAHMGHS rﬁeiva Ive

Pt a1 4, e e b A P e P 88
conprdhm$aawseahammgﬁ®nnmcmadu@gudheﬂmnhﬂmmhngﬁwed fbﬂ@ﬂdVdvaH@dOh@k@r nor e
' Sgel ncquerseacs‘lansg Sor plur ?py & reed petals posmoned 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 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. 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



10respective fluid conduit of the one or nore fluid conduits in the seat

pl ate. The nodul ar reed val ve assenbly al so includes a retainer plate

i ncl udi ngwornetiaw3eere fluid conduits and one or nore reedTaskme/sndul es,

sized to fit either individually or collectively within one of the one or

nore receiving recesses. In yet a further enbodi nent, a nodul ar reed val ve

assenbly conprises a seat plate including one or nore fluid conduits and

one or nore receiving recesses, each proximate a 1l5respective fluid conduit

of the one or nore fluid conduits in the seat plate. Each of the one or

nose roacer niomgpdrescxﬁ”s&eﬁloﬂmeﬂ w]eesb@dyg rihe\reoduhadt vahve botly and eheroae dr walrey/esed

nmodul es.  Each reed valv le c ri ses. a mpdul ar housi.ng i ncl udi

pr ot r WSFbYPTS collastiyey pized fore iﬁm Hen% ?pwen FSPRICE Y IENR A ECCFEERE (PP &lg%tgm e

nhen tAgIBIUNAboPURd 118 oS of RS Eeegpeﬂafs ithih €Spective one of the one or

nore recelving recesses. 20 [0 anot her enbodi nent, a nethod of

assenbling a reed val ve nndule conprlses the foll ow g: obtalnlng a nodul ar

reed \[QM/% bohyanioticr aaibadjment eamdm@arscndf@d;‘e: aseﬁrmblmcomprieesmhﬁ matef aces, and
surface to the seallng

fac es-mcgo‘{l%% ﬂ?%&r Iﬁ?rqu%‘é P°%4¥§S @%@%ep%ﬁ%?m 15ddhe FGSESSS%eea PIRSVSE the one

onono rr@sg@@t@«}el MAd tesRs; of ol @ebrigord fMHedndtitdRURE BGit pRIACTHMmbNardted €ast
one reed petal over the one or nore of the one or nore 25sealing faces; and

pl aci nglvetesombtiklse inchusts ¢ astoiacibplaip ingading enaer mewsiuid endude angeredr Mereo
the ”‘%Qéa'\?a H%H&dlé‘sg sizkdltd t{}elf{h%)p?lfilv?mﬂgl Fg@iecn@elg‘%&lﬁﬁ’r%&f oﬂﬁé DL d;ﬂ@r @ r eed
O optal nin

val ve asse y COﬂﬁFISGS oW n one Oor nore ree

nmodul esceivibg sicedsby Ia }&eafurﬂieﬁbmbbcﬂlﬁieuﬂ lamgoduile regd vabvecasidriblgl chpdsHstaSseatnd
one or nore rece|V|ng recesses, each of the one or nore rece|V|ng recesses
proxi e ingludigencrqrieore figidicqnghiitind Qe of FROTE FRECHINESFESES: B TESHENGIGES i n

the 3%5?@&“1%' € cot drIREGH AR ?H ﬁw‘&ﬁﬂé’fﬂ%@ﬁea faft. "EERA of flMoheBpdul es

into a respective recelving recess o € one or nbre recelving recesses.
Anot hemorasepzeo/ung)fecedses prlederd gionveatd @r drsnac cadprbssosdudasirpiack estdohlva
frame, a Iurallt c anical onent s .di spo the frame that
conpr sl GRatiRisiy fodhh: D e NHER BRBYGUTF a0 b F8ous Senpry
coupl ggk £eed VAIRe RAIR WA (ROMbdIRBASBRRETA Hﬁ%ﬂé@{n@&i 1823:5R0 @n& BethRlowE 8t ity of

mechani cal conponents to control the flow of fluid through at |east one
nmodul anore eendiweg feeessg0014] Vari ous refinements of the features noted above
may exi st in relation to various aspects of the present invention. Further

9P UIB1SEY A AQURE chREHRAL A DR R QU APERID IRl g These

Ional Téatures nay e i vi du y or
conbi rfalllm@ng. obtaining a modular reed valve body 1nclud1ng a seating surface, one or more seahng

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; obtaining
a modular housing; placing the at least one reed petal over the one or more of the one 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 is 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



10For instance, various features discussed belowin relation to one or nore
of the illustrated enbodi nents nay be incorporated into any of the

above- deswoi2badeawpect s of the present invention al one ®CTiUS2&057193

conbi nati on. Again, the brief summary presented above is intended only to
famliarize the reader with certain aspects and contexts of the present
invention without limtation to the clained subject natter. 15 BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0015] These and ot her features, aspects, and
advant ages of the present invention will becone better understood when the
f obl ownd theddtuaiityest reheanicgptdoampohents eachnuot the fiefresfefhdeé tiroughhe l@astangpanyi ng
drawi ngs, in which |ike characters represent |ike parts throughout the

dr awi ARAulaAesdvalve. 20 FIG 1 is a perspective view of a reciprocating
conpressor including an exenplary nodul ar reed val ve assenbly in accordance
Wi th qo614 00¢LABR refherhdiEs B S BaturbNGEd e nidy@xjs? il R1ARDnAK Viious aspects
cross-sectional view of the exenplary conpressor of FIG 1, illustrating

i nt er méthcpapohenesionf Ruhberioapressyralimbaiocapdeatasianwhash vaneuseivbests asent  of
t he prese i nvention: . G, is a view of .the exenpl ary dul.ar reed
vai v GEEetsd MRS gad podfihat Beltolt S Taa B fFTE 5 %oREMABEa! nen
ofiot heeopRERBE, vafl¥y@ehRFss didctmsed beBwaR rERbPOashe\or @Wrobf thellusdiddar reed
valve of FIG 3 illustrating certain conponents of the nodul ar reed val ve

assentsmpodimengcmay bameerparated oeasmfdls aRave-dspertlied appastseritths proesat ingpatiqn G
5is | i f d - I . havi ar reed
val vedtgF AP SR ol h, ALRES SRR BSARAEIR R A K 2cere

i nventfamiliarizé\Be20ddbt OB RIGRCRAMIORAUMA/CODIELIB D ThefirEcht inse@igpersiae tinv@tivia ew
of an exenpl.ary reed val ve sub-assenbly nodul e in accordance with one
enbodit‘?rﬁ’f?td%me%{ﬁ‘ébﬁﬁﬂwéﬁf- invention; FIG 7 is an expl oded view of the reed
val ve nodule of FIG 6 showi ng certain conponents of the sub-assenbly in

agsor 4aaee MESORANGOROPAIHERR AOf UGS Present invention; FIG 8is a
cross-sectional view of the exenplary reed valve nodule of FIG 6,

depi ct i n%sthe etals 10 in a closed position and in accordance with one
enmbodil@@h8] of These apd ethenfeatunsse aspicots; andladvargages of therpyesnsisreintonalilibiceomof a

nodul ar ree\%lvlve composed. of inner, petals i.n agc)di. ion to outer petals in
hecor daeaTe o R B TR R Rutte APORH LR BBl Eidrdfirénle W58
accompanying drawings in which like characters represent like parts throughout the drawings,

wherein:

20  FIG. 11is a perspective view of a reciprocating compressor including an exemplary modular reed

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

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;



FIG 10 is a perspective view of an exenpl ary nodul ar reed val ve assenbly
with a partial cross section in accordance with one enbodi nent of the
present iwoent/wsQ9615FI G 11 is a perspective view, W tRCR/USa010i081198r 0SS
section, of a device using nodular reed val ves, where a portion of the reed
val ve assenbly 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 showi ng the certain conponents of the device
including the reed val ve nodul es; FIG 13 is an expl oded view of an
exénplRGY ivagutspectiveadew af arecwiniphargmeddntadversab-aseably nedalR inacdvadins owiith
accordance w th one enbodi nent of the present invention;, FIG 14 is top

vi ew &Peﬁn@Pﬁjﬂ&Te@t 9§tlh9éu16%1%télil"qnﬂ°%n unbent state that covers nultiple
sealing faces in accordance with enbodi nents of the present invention, such
as shqug i1 4l &plokld Vfb’@&doﬂ:th@ree@l@alv% rﬁ’odﬁ@er G, %%ﬁo@ﬁ%%eﬁhfﬁ‘@oﬁfpoﬁ‘éht@éfﬁﬁpl ary
nodul ar reed valpve assenbly show ng t i nternal "securing nmechani sm
from ISubiaS@@bﬂmlmc@ﬂmwtmndﬁrmmhmmﬁwﬁhmtSﬁmf invhefiqe, esent  25i nventi on,
el i mnating the retainer plate and fasteners. DETAILED DESCRI PTI ON

[ 0016] . One il f,the pr n V,

descr |F§§d8 geal eﬁp%%al erfort ?gxepr}gp%‘?/ gedavagvencpg@g &ég%(?lée%polgn%%"\fhte Ili)eg?s
enbodiifrericsed p(béltlcfrﬁﬁiduﬁ @6coddanad wathtdmdlembW@nZéhl df &6@)@&6&@&&1&‘&3@,1 0/ 057193
Sinplenmentation may not be described in the specification It should be

appreC| ated that in the devel opnment of any such act i npl enent ation, as
in anyl@ngisfegPintpcipnal smgel aoma Wt reed e UYRPISTp P Wélﬁf petely i adskiigry foc

deci S1ans pBRRtin REcRR: LRARICAIBARIG: SEIRL ARSI GR]RI [ ¢ goal s, such as

conpl i anc systemr e ate usl nes ated conhstraints, which may
vary fromone inplenentation to anot her . Nbreover, it should be appreciated
t hat ﬁGhl&iscaaaﬁaip@ptrﬁmﬂie\&©f ef txamiplaiyghedie reahpil exasaerdblyiwith € prsialiragy,  but
woul d ne,;verthe ‘? t&(rout |bn “g thkl n tof desi gn, fabrication, and
manuf &E¢ ME" £B1°" %8%8” OHSPB}H R Pﬁ%% TrgYTh8 benefit of this

di scl osure. [0017] When |ntrodu0| ng el ements of various enbodi nents of the

priesermrIGi DV RNt peddpectivieviaw! with @ partl crosddection, bolie deviad dsing aloduladfed ivatvended

to nean that there are one or nore of the
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 in 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



15 el ements. The terns "conprising,” "including,"” and "having" are intended
to be inclusive and nean that there may be additional elenents other than
the |i st edlOoebemes9s. Moreover, the use of "top," "bottomCT/USa10WE7193

"bel ow, " and variations of these terns is made for conveni ence, but does
not require any particular orientation of the conponents. [0018] Turni ng now
to the figures, an exenplary conpressor 10 is provided in FIG 1. In the 20
presently illustrated enbodi ment, the conpressor 10 includes a pair of
conpression cylinders 12 coupled to a frane 14. As di scussed in greater
defai limpkihnatian wayinet e déscribtdinrtat soifiratient B shaytd be apiirsgose chanirt thien t he
cylinders 12 and the frame 14 to enable conpression of fluids within the

cyl i ndsydonment|of agy gicbASHIA] WRHEMCRIRON, 3hily BYLHLINEON MBS 581N PIFded t o
compr %?ﬁle{:@fs% lenf@dutiohlQ ﬁé dedifloR A bE MR IR Sue tﬁé‘&ev%ﬁ%@fse fd0 may
be configured and/or utifized to conpress 25 other fluid ani ca
power gealdr mieh as cainpliace $oth systcim- Iakitairandr’tgsmessmelamd @hstctints,cwimob oray vagy be

coupl ed to the conpressor rovi ni cal power to . th ariou
e BRI S S e e O R R
cybi ndefost mMight Ocdngfbd hiPiife 836aRSnd, BubWedindl &iHRss 68 FRANRR LS derdkidByr be
desired for diagnostic or maintenance purposes, openings in the frame 14
may bdepeovirbieatiandindenaefioist yordbespd edlivira skilrho intg] the benedit of dhiss posed over
t he O%%ci S, 30[ 0019] Further, the exenplary cylinders 12 include capped
recesses I8 Conflgured to receive valve assenblies, such as nodul ar reed
val ve assenbly 20 in accordance with the enbodlnent of the present

i nven0ot7] V\hWhen mtqduamglet@ﬂmtmduhans ¢rabstimahty of drgeedehtyinéntios, the

illustrated, it wi ,H‘ ppreciated that, in various enbodi nents,
addi t i6#aFS WoddPar ht %pct/aWe aEsigRard sy thetdh ewe one or more of the

2911/ Qe309 %%%] »5 “ggd &

Cg%pe% recgggggq : ng%ﬁ%EQ %R%E p%%%0|§t g?%gﬁ£k€§%P%g§¥§5%g may
i ncl udmeahmha&nlnmé nfabrllmdd(thalleﬂesndmm M/hetrthmh‘élerhetedsimmnm Moot ¢rethemdelbfr
reed val VQ‘ S lies 20 to facilitate fl.gw of a fluid into and out of the
cyl i nd i &&ﬂvguc'ﬁel%d s ars o FeC tecBs o dsfoReon RAGNES: GGl | Y,
vari olped ﬁt%tr@ddu%tdn%)aﬁfém?Bﬁgﬁt&mrﬁdﬁqhe é‘@m?&ﬁ:ﬁ% or fasteners (not shown
here), may be enpl oyed to facilitate mounting of the nodul ar reed val ve
10assenblies 20 within the recesses 18. [0020] Al t hough the exenpl ary

conpr 48813] 10Timing naystorthe Sgugs, aa ex@@plany eanpigsiopd B cerreniged i dsdn theot her
c r i f e |y
o) SASEh RN BRI E AT BYERerEBal bl BERE R oy 10
may i Relplde tea ﬁ‘afh% enenls diveabed uogreagef d&rdie belohi Owaricts o€ mt@Balaohpaherthimaw
conpressor, a sjx-throw conpressor, a 15 couple-free reciprocating

conpr &§shosesywitha thy Rdindgrrle pad theoff%ff 14t qr@bie&ﬁ@pa%éwa 0§ Suislsvyigay d,

inclu af i t t r nd the

iz, Y IRELS Pl Aol OB Hp ol 1D b AP R g TREE o

enpl oyHdvavay, ifethof erab(dilmmts,ethe coipessud i ney te eafiguved anqﬁbesﬁlmed t@ coropiess

c ressor ef ri gerat conpressor,,. a centrifugal .co sor.,, a.chiller,
2251 0 QBAE Thidsy, AErRC OW%P%‘? T it s Sich b AR AGING PRY TPCHh TRl ar y

conpr 3$8fpId@td e @5191}5%6@@{9 1070 FldvideZmedtahich fdwer & fh%tvﬁﬁo@s 1ﬂ’té?f9£ tobonents

exenpl ary internal conponents” of the conpressor of . I'n the presently
ill ustanétt(edlaéiﬂﬂmmpmton af tiee flwid mathin thefcytihdere X2 mpod éercyht@t@mpqms gosuch @nternal

i ncl udes a om1c ntra gﬁp é or hou5|nﬁﬁ22 t hat ﬁenera dq:|£ 3

i nt er i°6FP %? ﬁd\%ﬂfe O SPERTEC PhRFIEPNEoREBIE M P REYS BEhF S8BICved

such @ﬁayﬂoe%’r@ﬂ@é@ @ﬁd sob&tivel] 200 8sRIMAP einfRable doRErs AePbscAl ovRPEY odenings.

30 [0019]  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



25may have a generally curved or cylindrical shape. It should be noted,
however, that the central body 22 may have ot her shapes or configurations
in full awoandaws®ew th the present techni ques. [0022] | RCoase@viosno3t he
driver 16 rotates the crankshaft 26 supported within the interior volunme 24
of the franme 14. In one enbodi nent, the crankshaft 26 is coupled to
crossheads 30 via connecting rods 28 and pins 32. The crossheads 30 are

di sposed within crosshead guides 34, 30 which generally extend fromthe
central body 22 and facilitate connection of the cylinders 12 to the

cofpr esdoded:0ithih Borma er alirbdihic ek capiped rmsaes @85 ftrwillGldorted appesiatesthetrtbs shead

gui des 4 th ext end gen |1y, perpendicularly from opp e sides of the
cent réiY é@aymm}gw Had Ceaﬁwlt%teﬁ“a?qnofhg r%ﬁ%@@%ﬂgan@ﬁ\? f@%@é@d e may
be appp Pv%'a%e‘ﬁﬁyhe& b6 +d QLA OBl JTALA RN RS aﬁcb@ut kSl 1%011%11 such

2011/ 063096PCT/ US2010/ 057193 526 is transl ated via“the connectring rods 28
t o r ecngluberated vaheaassemtblics riOofAdtdhmnahnsahemmﬂamm domponbigs,cuds shegds or

id d I fi
R N L TR

diigposeedmMlichpmwhitie G¥rédaces $812, and the reciprocating notion of the
crossheads allows conpression of fluid within the cylinders 12 via t he

10pi stons 36. Particularly, as a piston 36 is driven forward (i
out warl8030% r ofrtbeustyth cxrsenjary Bpmipreseoral cly il{ustrated apa t\tv@réhrpwg’@@nm%tmgar ces

flui d &Jgelfsg'?rt gtﬁpfélolrﬁ&ﬂgsigr édﬂﬁu&tlﬁﬁﬂnﬁg aISX% antdl%%h yfrdnq?l{ 015”%&46?\/ the

pressure di'sc arge va as no ree

assemnaliselR8d tarhyiqidse Fop pBtantq id b{mmemb@dlmeﬁssuhe Iczmﬁre@mrdO myeiasiade il uid to
exit the cylinder 12. The piston 36 may then stroke backward, and
addi t i[dfharntmumber abgylwderhravie suap as ﬁcfevr ooy KOHREEASCEr $iRIOW LOMpEESsals ayhi ch

al I in the
e SEHER Aol R BT LEO0, R 1€, PARRTRb dorrialighs £OTRECFALAR D LOP
12 cannd:ledm@ ménagione ch tho ldnadi ofi ke, the upeiatmgqpleas sind theosizeh @it tenichlaut fadewar d
and t war d st r.okes i st as the |ston 36
o es HRphas e SR eoe SR G T SBaOKh e bbbt RaSE by gt Sri S el do
of t heoRipads§at, sc%!qibarhgﬂagdor frbt ra'ﬁ%M cQﬁPfe@MrOQél&Eﬁ’f Eﬁ'ltc%n{ﬂ?é‘sswhlcﬁfﬂ%f aon the

opposite side of the piston. Z0 Such ui d woul d then be conpressed on the
backwareress flokeysémicke pi st on 36.

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. 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

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. As may be appreciated, the rotational motion of the crankshaft



[ 0024] Exenpl ary nodul ar reed val ve assenblies 20 in accordance with certain
enbodi nents of the present invention are depicted in FIGS. 3-5, 10-12, and
15. GenerwDl2911tdoe®e enbodi nents represent vari ous nodul RCTruSea 0wai1ee
assenbly 20 configured as a discharge valve, while FIG 10 represents a
suction valve. As shown in FIGS. 3-4, the exenplary nodul ar reed val ve
assenbly 20 25includes a seat plate 42 and a retainer plate 44. The seat
and retainer plates, 42 and 44, nmay be coupled to one another via one or
nore studs 48 and nuts 50 or using sone other suitable fastening neans. It
shéul @ohetramiacd tibalic ¢omntdting redad2®lioreciprdachidikhtichoddn afilic prdsst@ddaBd@within
centrally I ot her enbodi nents, screws or stud/nuts may be

enpl oy @H“ﬁﬁ%ﬁ@{@ﬁ@“ﬁ% ri phery of the val ve seat (in the case of a discharge
valve) or the valve retainer (in the case of an inlet valve) such that they
are 3Q9093ureﬂsaxmaa5@@#t nd@s 126RL@nk eﬁﬁgﬂké&eﬁ?ﬁﬂiRﬁb&ﬁmﬁ§§§ﬂb|'es
20 in the recesses 18. [0025]1n this enbodi ment, the val ve assenbly 20

i ncl udés czosslecatls po ame@MQleémuplatomeﬁédmeoseplvaﬂen the dytivderg 12, andrthber of fluid

0 | | fl h
P e e e RS AT DB P R oS S PE P ot BB s fmbt Tyigig D
emodpmeais 21 PHORRL1LOBFARARETS USRILOIGTIES, Silhars GomTieni THa 20, ut he

seat plate 42 has a receiving cavity 330, downst r eam of each of
port s igfeE, cylindar IPothatpessombleiforeasiuyd withinr the celindsente awellero@iirec, (ﬂ@ﬂfebis’bdul ar

reed NRlURlfe PANDo A ARAUA A 880 AL VG REORIRL, 00 L0 ALNBEN o0

enbodlnen nventi on, the rec€eiving cavil provi in

t he r ehs)thet ofdnatd allé& th@preshusltzéd budothrpaed ﬂaidl ty ebﬁthmmdérelzs é[&ie p¥tad & 42
and retainer plate 44, or there could be a separate plate, receiving cavity
pl at e n@aéfetéerchit@kemkwésaa}ﬁ*om%mal e e enien éheseykindgy) 12 throygh ap dnleteralyener

phat e Ad. dﬁ aﬂééoﬁlﬁﬁ é/hfa?ul%ﬁ\@e& 'vsl%ﬁ%%%b%d %oreé&ﬁ M)n%t He%éaﬁer

di scusse I N greate et al el ow, t he exe ary m) ree va
assentleycrdod abswe. iFucthed es wadhbe apprecigbdirtbd citlindofs 12ead bv abm@gmntitwl fesilithc

| ocat n the receiuyvi cavity 3 nd, secured b he. seat ate 42 and
ot o ihid oS BB S R e s kR g b BB . Meb iR 2o auch
as t h‘%h@ﬁi@@ﬁ'%‘%ﬁﬁveh Fdkd ﬁttﬁgmaﬁné&ﬂﬂc@ﬁed Bbovero c@ﬁ@‘fbsﬁ heM RRdde skkbtRads

into a single receiving cavity 330 that |eads to a single exit flow port
340 TPireor, edditivnal dluedimiay Pe 38 mdusedinif thg gyleatler on thwaampesitaige of the pigioa. r eed
ve | e 46 .t n ot nbodi nent s,, however, there may
b2onaeg Mg &Sy AR ree g e g b e A hEFOloRg av ty 330 that
turn | eads into one or nore exit flow ports 340. The receiving cavity 330

may i 1j0024jse Exdinslaiandduliracel vavadstmpli® 20aadcsoriaeec Mathwcasinddnbodithéher ,
20 while certain enbodi nents of the nodul ar reed val ve assenbné 20 |nclude
a pl uritharresnt ngeiopArg deniefad eBlGEs 3-3.tl Oslfe andil b & metadly thasg embpdigpents
enbodi | v I 6 I

coor dapaieny Rlous BRER0 eSS ANy B0 Sl REtod B e B R e FYE 0,
enbodireateatsof suth@m pales et showwen Fi@%., 3-4 e seabplplyahedid, reat valed a’smblyp?lOat e

2SS amin 4 SoRPIDyEd2 DS BB REIHE o b SR Bl SLMREe R cont r ol
the flgupied tPodd dhbthet Maglr hdge §thdd 4R BRI duts 50 or using some other suitable fastening
means. It 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



320, through the reed val ve nodul e 46 and out through the port 340. The
seat plate 42 and retainer plate 44 secure the reed val ve nodul es 46

bet ween tWwormiilisaosseat plate 42 may be forned from net alPCTfish@w/osaphf or ced
conposite or sonme other suitable high-strength material. The retainer plate
44 and the receiving cavity plate have | ower strength requirenents, but may
al so be nade 30 fromnetal, fiber reinforced conposite or plastic. It
shoul d be noted that in other enmbodi nents, there nmay be provisions on the
nodul ar reed val ve assenbly, 20, to accommopdate an unl oadi ng device, a

cl sar amcpresal inventiley ileescatr plat Hehagle vécedsng dwaity 380, dovantredn oficachlof e fluid

current pr 1/063096PCT/US 010/ 057193 5, [ 0028] An ml.ary
val ve P&E%é%ltbﬁ%ﬁs axnﬁ EEE0YaHITE & 190 R ‘@éfl?‘gﬁ?] %%%’&5%?& Vaé‘fegggéw%l%sent
'42\/6 Nt ORolSHadRRY %l@ adsBmb ﬁo o otﬁgﬁeﬁ{@éd{ﬁe% SefkRl ﬁfvén@iﬁh ufe ?ec@wﬁf'gaéavﬁir ate

A and a retainer ate he seat and retainer plates, 42A and 44A,
are at3t3&¢ﬂr®doetmov1ded artbe Mauntxyplartedﬁsorohstﬁbuted papialy betwscd hei spattpate 42 and
enmbodi nment . s n.this there .are six otal, two
o aoRit piteafe o SR aLe i Heig gty BRELSSRIT hE Past T
mygul @gndvBoRY bedhed th8bdadl pRiteZe2 ardyeRIMe bl Pt MRt Seci¥ing EA/ifigY3 30an Hgver al
different sizes of nodules, they may be distributed asymetrically in the

val ve cafgty @regarﬁn%éb'dAﬁoinSCIg&sed i graﬁhelsdet{n@bqlg'}vm@ eptapry wedulvnicod vatwelul es 46

in accord j tane sept, |

dop ces iy £ tsd flel Bhgol PRRLAERE o0kl BB 5 Bt ot fE bR e noaul
46. | racief 33 athdesmﬁedB?me%e@ﬁplathazcaudmmmeﬂplmemm on, such as that
illustrated in the FIGS. 6-8, the 15 reed valve nodul e 46, includes a body

610, ?gé nore petal s 620, and may include a petal guard (or_ stopper)
630. [A026k t alnsogiesaadisnenys of the PEF@G%‘ BRI a@thlﬁrealbeémleélﬁ dlustipted s

phgst 'P@GS""_’st B, QfchMdwWIRME 3ERIRAN RSedchRRY SavifB0!Far 1QTRSa LiERYQN @

& a Gh
sui tabl e manuf acturi ng process, nsu%% g‘s I nj ecél on” nol él ng, corrpregm on
nol di rﬂgpw paecc i (hilTihg reccivamptavity 3S0iit abifigupdde ésste obihea aimplentedialvd imedule 46

contained in the plastic i eter 'ned based on ,obtainin n opti anount
R I L D RN M R i S
i ncr eagRy ihides feBdiv MBIk ity 37 thhii@ tml V£ ihth o‘ﬁ@ @Hhﬂr@&(lmﬁ dorthoxevige, that
certain applications nay dictate that the body 610, and/or guard 630, be

f or mededehang eatitl 330mayoinghee lkebodimangoiceciig ginltgde megchlVﬁrmoeiml@al%t Fm”chfgh a

pocior St Gy R F A IGHERFRaM Bl el T bRl B ol B

pet al sndRlsarseit@houl®bahoted tias biker blﬂb‘@dlh}‘én(sﬁﬁ&y inkehhcRATBNIyMe tsR VAl vE t he
body 610 for t he sealing face in order to soften the inpact force. In other
enbodimadHsiomn ful aceprdansa vithfhe prcse disclpsutsolt ph@ild ba peted thay imetdes 30 may be

e notHRERTLt i A i BhsokBon At AR Bkl BTG AP nl o8 S A

mat er itkd fratha mnétlenﬁwﬂmmntwlmfh thhealpt esseﬁﬂoly iR\eapléyed, the r eed

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 between 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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val ve petal s 620, are nmade of stainless steel nmade from precision sheet
strips using photo-chemcal 30mlling, stanping, water jet cutting, |aser
cutting, woreliE6esl96or ot her suitabl e manufacturing proc@s3/USKiwesyBap3 i n
ot her enbodi nents, the petals 620 nay be made of steel, fiber reinforced
conposite or sonme other high fatigue strength, flexible material suitable
for the application. WD 2011/063096PCT/ US2010/ 057193 5[ 0030] The body 610
i ncludes a seat 640 that abuts against the seat plate 42 (not shown here)
when the reed valve nodule 46 is assenbled into the nodul ar reed val ve

assentj00280. Ahexbapiyrcldvamycrhielyd20A dedctantanct kot qeatsiagendbbéhts bthaeans
of ribs 660 and 670 that al so reinforce the bady géo Th transverse ribs
660 alPEBeRidnVengion ihdaisied W lberalle wWee %ﬁ%@ﬁblf/ﬁ%glu & et B ﬁe 4¢P58d@ position

and syph et %ltaf% 449 FTh@ 'séaft Sh& Rldiftr l}gét% %EAeand'MAC GfclaBnRTB QL TR S t he

present | nvention, there may passages that are present in the ribs
660 amakayof forua‘capcsmmmw ortbisembodimecnt. Ifbl\ao pa@ssa@dmdlrﬁﬁe ﬂlb@\/ﬂr@assmgm@s%o

| ead f.r t he val,ve a ort 20 f val ve e 46 to ne or
rore Hoay PuEs oSt R e, Hityodius ol et dSthes Subanofih $8 hEuiRe *hng
agopa %Qﬁhh%ﬁ@ﬁh@m%UﬁQk&Q%nﬁ@Hﬁﬁéﬁﬁtﬁﬁbﬁﬁﬁbe%&%&ﬂhﬁﬁgmhﬁﬁksBﬁ§§§§b§Wﬁ@#gh
the reed val ve nodul e 46 does not nmake any | arge angle turns in passing

t hr ougheyi ke distribeled relimimetisaltl methe saly¢ andvdicp nesenat bk mypaits on, 15 such as
illustrated in FIGS. 6-8, there are two body seal faces 710, at an angle to

th t b
A AN e B L
enbodipi@shtsinvértienarddypidel maveSab-§. e iaa pefsbuatvreazﬁ@dof rhe Eéda» valk& mébdule

certarn ot her . enbodi nents, the seal faces 710 { al .
[ 0031 %ot} EsipBranbagimente abthe sBagntdpvantipryclyaptha lllrlé?téat%r’é‘ tquEKéﬁ Omérdcval ve

pgsal %e%l&eﬂﬁﬁdﬁ@ Ltb,q%%l}lgéds ;y%sib SftGorRst¥ Ip§§/§1§|e a?]OaQI?d 1%91’9 1ﬂ|§ dtﬁrﬁg)e[a? ggar al ve

nodul e n the asse essent| al I ng
has arfoi stofipical 6300kt ¢ontairt dm]:bodlmemls ghle badys@El®uand/artguand @harwmh&@ofr;dahﬁcewahd a

| atter portion that al.s the bo 0, when the pressure i.s greater on the
exi t %thgwoca B8 o8 0DETSt elddﬁgqymé thguehp gy tablamagupiurmgdigRe, FU6R as

press liﬁ 8ctich rﬁél@ﬂ{gﬁ Eorﬁﬂe&i'@n B cfr‘ﬂ% frldeh iR rtandd@r sUMblehRodeS. eetahRunsdde of

t he petals 620 ere may be slits that drvrde the petals into 25 separate
seal i rﬁj)eecmn@ctlnah@plastr@wdmerrnmed hd@d@mdzé)tﬂlm;lg geabtimiuffasnamt of $ttmgihafgs ages

6 |n th dy 610. he on of t | S e may be
et LR R B P R A R T S e B

and CthSLﬁ& BeRdicaghsd &ier, (@A cbiftait BpplRaHynShly dicRB3Bhithe bbey 610, did@belg@2@ has

an inside surface, the initial portion of which is contoured to capture t he

body ©30. beniarped fpe reotal ersamctoshar suitable bigh sirength magriel haeugh aswittblee for t he

petal n@ﬁl%f&c?urmg 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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30i npact against in its fully open state. G ooves 750 may be provi ded on
the latter portion of the guard 630 inside surface to reduce the sticktion
ef fects fwordiwm3esal ves where they may be |iquids preseRrCI/USR010H61183 N
enbodi ments of this invention, as shown in the illustrations in FIGS. 6-9,
the guards may have a plurality of trap nenbers 770 at the bottom These
trap nmenbers 770 WO 2011/ 063096PCT/ US2010/ 057193 5 preferably prevent any
| arge pieces that may break off fromthe reed valve nodule 46, in
particul ar pieces of the petal 620, from escaping the reed val ve nodul e 46
and i §0@30} i cihabodynd l@rla;tlhm@; d weat G¥E thytl abnde:rgaﬁlgt theisbat plasd 4Wy(ndastage. hefdle

bot t 780 of th t d 63 dt h t he fl
por t  SHEite 1erd Vi lsE Fiodle 401 ngercamIesdmionas TORBIeh Ged SHY BRI 30 ASAG  he
retaingp npa!yat;eedlélﬂe@ﬂ% h%ﬂﬁsstaggsr éﬁ)egy \ﬁféla of TR0 aﬂ@ 6% bl QISB I?&nﬁ%éuth@r

reed val ve“assenbly 20 0 enbodi nents of the petal guard
t her e body 6b@ The ttanayerseemizertd aYsZ)(hct torsuppott merpemhsb@lﬁ whent theypfiretih ehepnrlwént

invention, th u 630. hav connecting the contoured
wal 1 5 ppnopangaliyeE o FER LSl Persie dn b En D aRtl O fhb R G RET 630
My hange ARk 1RPasdab&RhARIO BFcSenf Yl@th@@fbs %60 %né["@b(b that &dhn%&' ohc©AaRré Newpet al
guard 630 iS held rn position when the reed valve nodule 46 is placed in

the r@eshgénghe ﬂvwmassag@s 65(}116@(131&@@1 the edbosiatrpent $2@ fortthis r@de@bﬁ:tmodule 46 to
o S 0 Boo SRRl I8, PR SRR AL TR0 PG dRE 4 SpiPc e @

t he ree feed Ve ass &l alip

530 ( %h@heﬂfrdrﬂﬂﬂﬁ\@m(ﬁ) SOt tlhe flRfdthbdRGses ﬁlhﬂo’(igh thdtredd Wivd modult he dgesatdd 630
and/ or the body 610 (not shown); the receiving cavity 330 nay be shaped so

t hat topike any frrasmrsle Besingassingihsued it i eorgin ambedimen of disurryegt Nentiased
at Fve sﬁagéfkl iflus tédyntﬂésn@dg'”ﬂ?e'%e 5%8%8\5)?%3\/ ea?%ascgw dolé g? ar%ljx?forthg ol ol fgf onal

achnent” nmechani sns, however, € provi accordance with
t he preeslelﬁttdyt@@hﬁbwaea 111[(@6)@3*:%:}1{506@&111@1111%& nidkObe q@rlpbneisdad fice 760 f@rndadslt ot S

720 |l ocate the p inst the seal face and additi ona
conj ur@eled th ‘teﬁ” ﬁénpr CE EMBAIMSRSetheteapany e $VRHs P%CF%S 1@%}{8#%4 lﬁtFISr &¥dhti ng

the p%ﬁém%%rfeﬁlgmhﬁ{eﬂﬁgtﬂég;eaﬂfﬁ'ce‘gbf‘@'in gfﬂ%%hﬁ%ﬂts of the present invention,
the protrusion 7 e on the body 610 and the corresponding slot 720 on

t he guard 630. In one enbodi ment of the 25present invention, as illustrated
int h400$138 Gorrepondiog therph bsvéfalseafl &ed101tberchiat ormr @ raere anlvamglads, 620Hbat

Pehe' JistoR op il (TGRS Sl ThetoTID i s REf Vb Bra R B B B REE, T aee Y16

i's verbdcadhlly ieﬁﬂn?ﬁt Bdch p@a@ 620 Bad@l iditiaNp@kios Ehdt s dsbe td &LGreMBinvBe PaIde] € 46
by neans of the C forceﬁggoduced when the nodule is pressed into the

r ecei ViQftleand a lyttmmqrhihgt erkriig brfyf@0cehanghe prpssveelisiycaer anthe exiepeiice fit

30 bet I t ity
20, PSSR LSRN R0 1000 JOS HEILS, 06, ERESHY D )
wal | s poet 3@00@11@[& ddﬁEctﬁtﬁﬁﬁ&@éﬁ e ptialym20gthb @y bd slits that divide the petals into
25  separate sealing elements 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 610.

[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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certain other enbodi mnents, the petal guard 630 is elimnated fromthe reed
val ve nodul e 46. Instead, the inner walls of the recess 330 are contoured
simlar twotha/desver wal | s of the petal guard 630 so thaCcTius2@oosiides t he
sane function (see FIGS. 11-12). WD 2011/ 063096PCT/ US2010/ 057193

5[ 0034] Advant ageously, in the enbodinent illustrated in FIGS 3 - 8, the
nodul ar reed val ve assenbly 20 is configured to facilitate efficient
servicing or repair. Notably, all the wear is preferably contained wthin
the reed val ve nodul e 46 that houses: the petals 620, which may wear due to
fasi gyecfandly prpegit any hegdydehes G may becaked! fromabe %0 vawhinadlulesd 6 ibpaatultio
repeated | cts fromthe petal 620, and the guard 630, ich.is also

subj ecPEeCF%g{) ae&aL@% ém Freapiag Hic iesbvalts A ulig%&ﬁéﬁi‘ H@“\%A‘f/qafv Fegigpg & thene

prefer &ﬁgdé?qﬁ hag cﬁﬁm gb nﬂleoc;otttoﬁ?ﬁrm&qh@%etﬁleﬁgrd’ o' d@§1?§%fqb3be:f£}gérs to

sinmply repl ace al val ve nodul es he pre-es | 1 shed
mai nt elmrthe ﬂbwr[mrt 3I2|ﬁ)eneha @tanm:r mathithsantpat ‘éqlbottemi 780 rabutsegmastviee seanerpl at e

2 O AL AL B RS AR i Sl o

PN eSeRinbofMEHtd mh@bétgl\@la%ch@s oTRické By 1O n6 AP NSRS TR BcHtaABmbEShRAtsf Or
quality direct fromthe 15factory and thus elimnates the need for conpl ex

testi r@é thequiegenemyenton; thetpetah guard $éfrimagchare @lldl: arallp ee@eo@mg/@e aosteptsdyvadle

after bishin nd.re al t hes e val ves

o scon Ry sHTdeR A0 Db AR HERR s Bl ERES TR Rl EileRln T

cost @ﬁerﬁlemwo @stGideneal BoIMthisi 0age b pthbgeadibpOBHeld ﬁihﬁ)sde@h thleskegn
substanti al | K¢ellnlnates t he need to replace the expensive val ve seat plate

42 andalys| Etaisidicep ihthe raceivipg RaViy 3t3ﬂe@ecevalmﬁé%bqsi€n§nt%%@e SrPelti ve
2Qevery, \{]elﬂﬁoﬂl 1£§ea fofttﬂeeb%?ﬁbf‘ﬁe lgh&d%b%ei%%s@c?? 05O RERAGL o‘ahPetzgy
val ves, e seat plrate 42 an 4 or

ring, annel reed retal ner ate
guar d viyhn del rh(yduhz&eded aleass@nbladda dp 580 (shbwhds FbEeF) mef by Iblioshledi oatlxoupl e

f d i | bl |
corporbit 3o et e o Bobe T o e Rae N ey 380 MY Do
pet al %hﬁ%g sotIng Y p 836322085 Witea Qt@ﬁIYn &@Qaw%%ﬁps%@llﬂ_@h@@éelﬁ' \J%gve%o&lh@ﬂ? al ve

is made clear by observing the FIG and tHe cross-section through

modul en Ble@odilantbherhvdlheasserebly 20e Ogfer Dhedd‘nllcnnadzl atedwburent mecl‘sleamsplllMQIGﬂ,Z in
t I reed valve ass 0, is h than the pressure bel ow the
- OF af Retaet &t BH B FERR SR Bt iRbniaiR0ss The petal 650 1n the
reed val ve nodul e 46 causes the petal 620 to deflect and sets the reed

val ve [0088] € %ke ansutt N80, efrei@idmReciaddkidts 72066cthects 680l s2 thelsBaldccopen
state. Fluid 30 noves from above the seat pl ate 42, through the fluid ports

320 t BRSagditioralynBoaninsBery weh dhatistignforenmeiasth RAsEIvier asiraffd PERIEBIMTHC of t he

guard @%9 3@&9&&@@%@’ th %Eh%y%&%leElL leq;lheg@g §eh %%Qnﬂ(ﬂlf Lﬂ%%r&t%ds%tp?é Iﬁ te 44

into th omer zone ure on er s
nmodul de olh&b@lbodgd 616 ad skenddryesgéhdagpudbt 720son thbigugrétcdld s 16230 embsdimeeaf (ﬁfethé ively
sealing off the nodule body 610. |n the closed position, the nodul reed

vaPve PESSBIIBYSntion, #gHesHiRd iBthoiGS- 6w Sifox hagyaes!iasss ANpthat are at an ang ¢, the
2011/ %@ét%%q{e&ﬁ%%%@ HOREdRtheTRAY %‘1‘? the tﬁ@ﬁ@él%ﬁrcpéﬁ)t iR théreb @ vaROUR dLRE seat

pl ate 42, even t he pressure’ bel'ow the retai ner
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 is
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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plate 44 is substantially higher than the pressure above the seat plate 42.
[ 0036] An exenplary reed val ve nodule in accordance with certain

enbodi merwe 20f1/a6B@6pr esent i nvention is depicted in Fl GPCI/USINO® BODOdI nent
of the reed val ve nodul e 46B includes a set of inner petals 910 in addition
to the outer petals 620. In the enbodinent illustrated in FIG 9, 10the

i nner petals 910 are pressed against the seal face 710 by the outer petals
620. In this enbodi nent of the current invention, only the outer petals are
cl anped to the body 610 by the guard 630. [0037] An exenpl ary nodul ar reed
vabve [a834jnDI ydmgenuﬂg,dﬁ Itlttadmlﬁbdimem ittegtitagddrin @mﬁsc’.imnhesmﬂulhh&e@ rvelsent

i nvention is deplc ed in L.n this. enbodi nent %Qe pr esent

15i nv @R 2¢ Ferop 8@1@@.%% 5&# Fffé?éené%’Vng crrdE%ﬁl%ant dharads pl ate 43

that iz.3ap o%&%d%tﬂ‘ﬂﬁ% &Q&vaﬁ@?he@hl@% th4 h%g&stﬂﬂg Eﬁisadz@eigvhf&h%a%z Wear
10 FI'GS” 3-8.

O her features of FIG ound in the descri tlons o
[ 0038]dAc pefasigec and/lalpac‘ewhed:foda 6d@the eeahafa;ch 740 pahich & subjeos® rsmaidddmpiasts shown

i FI ded, vi '. t t ed 1100
| cor perLie et KR AP CERE UAP T i Ao RHERIS Pe Comrtfe ped D G
embodiofBithy BF HhRIR! PReplefikRURRIATL! ERACHEYT B ridfihr rtdtial GOk thiblg OGS on

a conpressor cylinder, engine or a process flow pipe, for instance,
consi $¢@ smtpﬂy replaca sl tisoreet a@lvs’: soditles dédt ihntpoe t:smblmbuhmemﬁ@@nmgn@ Theredis64. A

modul ar ?gnn%{ga e\\é\lﬁ%r?f ?ort c \Yal 20 £ Rlate ? %L Ve re f‘m?ﬁ-,l;[’glg% 4(16 V\%e tcgrl%hm?%eg\gs

t he f|UI om reg

enbodishgill aoowedrhenliieas ﬁ{HcaBé\WﬁH ekiBting plag, p@ﬁﬁt,\bﬁhﬁ&l Mb@ Salf&&c Tito not
have petal 25guards 630 as part of the reed valve nodul e 46C. The reed
val ve Ditsgid isgetigr allpws theanedidesi ta cpwe dreraygmblediand éesteddor qudity direct fipm the

' h5eg rf%!i I tl?t[s etl%ﬁneitgﬂﬂg nggd for @oﬁﬁeg gésggg @%ﬁlghl% H"?&‘E‘ 'tﬂg%gge'mﬁl%}g;[néﬁ%? :’lgr

pl'ate rr|es the recerving cavi he retaining p
i nt egrraddechlverdsgerhibig 20 I’aﬁBEreﬁﬁ)lr Marrefivieishing hed i rdpne of giesé modulef reclealvecei vi ng

t t d t th t.h f
of 1 haSaibles o sFHiRBSE Gmnsvin (gl aboigninly, redHiss e co gL e B ang A Hont
cl anp (heomet alipda. The ﬁleaulgp@éslg%ls%bamla@lryeevﬁﬁﬁat&me hedyiodifladagen fal | 1 ng

out of the caV|ty 330, and they Iimt the éxcursion of the petals 620 when
it op@mpmmﬁhemheedmwAMvé2mm@uﬂee#ﬁﬁnmqﬂaeéénedﬂngﬂthevﬂscfwanwnytc&vnny 1210

byjmeans, of 2 seal plate 42 by means of & fasteni ng meanc sugh g, e evs
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 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
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5 [0039] An exenplary reed val ve nodul e sub-assenbly 46D, in accordance wth
certain enbodi nents of the present invention is depicted in Fig. 13, in the
expl oded woava/063i%6 val ve body, 610C, has a seat face, @¢OTSand/0si1g3 seal i ng
faces, 710C, in this enbodi nent. The reed val ve nodul e 46D nay consi st of
one or nore valve petals 620C that seal the individual sealing faces, 710C.
In this enbodinent, a single petal, 620C, depicted in the unbent state in
FIG 14, and 10 formed into a suitable shape in the final state, covers al
seal ing faces, 710C, of the valve body, 610C, in the reed val ve nodul e

sub- adskrbihy rébier dlhe Mab vwbovrotly st Platedt] cpat when th2 Peesauire bsewthe dethinet he
petal guar [hogsing, C, when the reed val ve nnduus sub-assenbly, 46C, is

30
hesenth e hrg OBl dieer teadhe papves shoe ot e 421 0040] In FIG 13, one
enbodi mrent of the petal guard/housing, 630C, is of a snap fit design so 15

as to [60362]‘ Nahg kBRplhBf RLMGLIvE BOENiR Yboor@iie WithtcFiia JHRUI RNt §&fc val ve
assenbly Z0D in which these nodul es are assenbled. The slits, 1310, and the

pr ot r ws¢sent, InG@0ion enddpiced ind e 8dThia kinbodwrbnt ef hakccdsabrithodde 4@Dinclwlche
assenbl ed..i nt o eat , ..42D, of the valyv seml 20D, ..i n Fl )

o ¢ nodet sk D3 el B bt SRonEREE Prbocif: i ediicin eIy o
mgul ake AhetAl YR a8 PRI agaits theReBFERITBNSAhMbGLEr FR4IE DM 1RGhignDodi ment s
of the present invention is depicted in FIG 15. The retainer, stud(s) and

nut ( s )embedimaens pbths syiiant invenien.crhe theantss dickitsrire clapped trithe bedy AAQ by Bsen
elimlg%?%%ﬁw'the use of a snap fit reed val ve nodul e sub-assenbly 46D, one
enbodifirent "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
protr 003rls, A8QRxcmplathoduitisicdé value bacmbbf 20Bhm geedrdhn@uaitidssrtaG30C, i n t he

snap-fit design reed valve 25 npdul e sub-ass | i es 46D, [0042] Generally,
speakicho E?G"g%%f{tﬁ%%éﬂ}t HRENHOR S %ﬁ@te&ﬂgﬁﬁ?t ﬁﬁ@ Hyt prgho dlmenwfﬂe Present

appr eGh@hagn thdtecdNidonAvRRS 3808 Abcdtdiinfal shafcHiAUAD tlp® JARAVIREd b&REcyal ve
assenbly 20, the fluid is travelling in essentially a straight path wth

very Itha sckeplhssRemdduerctandrptate A¢ Other hatdfreud fEIGTAD sndysbednindkia thhe case in

current designs C ressor plate, poppet, channel, ring and reed val ves
mhereqﬁﬁ?ﬁ’Ogﬁ?ﬁ%&%%gggtially has to make two right angle turns to go past

the sealing elenent resulting in large valve | osses. Additionally, the

co rrpagoows I gA Rispehitrenedd of @y dacdWit lhgadfil aids §deoh Isalvorhan and eri sildiigs of
this desi allow a nore effective coverage of an avail able val ve area

with femlioggc% view iatbitrofed in G112z Theydeviee 1100uaqorparalgs e mssidlamseedsyabte t hi s

i Byent| r ' ' | G 6 RCT/ 93
eSS LG RA LR, SHAAL R O SO ASTRPTRT BRI NPT 2
channebuMatpmescnandompedsor @l eder, n@idk Ageddeboftak Ipype, fdr indtdrce hnsippoéai at ed
that in the illustrated enbodinents of the present invention, i foreign

f
body, fERaAPLatiagVidgdHawdsorplyngFreians ongatioar A mekylay apdea eIy 3855 t ho
danmgGndotpdr ¥ i thelddvRl T kIS ML RN RAIW fBritefoh 20 B4 SR AbLE Bfl: WAl Ve

nmodul e 46 of the
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 a

fastening means such as screws 49.

15



10 nodul ar reed val ve assenbly 20. The flow path provi ded by each reed

val ve nodul e 46 is i ndependent of that of another reed val ve nodul e 46.
Since a twpi2odlosaddul ar reed val ve assenbly 20, may con®C3tUSed1098Mes al reed
val ve nodul es 46, the nodul ar reed val ve assenbly 20 may continue to
operate effectively until a planned shutdown allows the repair of the

af fected reed val ve nodul e(s) 46 saving noney for the operator. However, in
the case of existing valve designs, 15such an incident would | ead to a nore
urgent repair situation. In the case of plate valves that have only one
seal i §0039]ement ¢enpiapaged walied nfodgle seb-asyembiyatieDs h'lmjtadawdarai&dwlithpédrfaimf
the mac ein ch the valve is installed. [0044] In one enbodi nent the
pet al eg{ﬁga g}h%ﬁf?é%dln‘@fﬂ“an b destcted Wit 14, prtbgstripdidddic abisurive

fiber18c2p% a s@atpf‘aQé’ ' @%@%cﬁ?&' &Hl”ﬁ% i, ”ﬂt()'co'?n Uhis SnftRAFhdht | ‘PE? toQ Val%e

operating 20conditions and the ability to absorb inpacts and diffuse t
ener gynafula #heD petyatomsist of meeorermmaMetals 6h20C ¢led sva ltheindpddibad sedohg fases,

conmpo 0 plastic with a ) unt , of er, 0-602 o]

o v a0 il oGl Bt celhofriEoR 1 b Bohg atite g iae, g and
cqodi N ARHa 3t bHabY if RS A shutd, BBREE Sallosfeaﬁﬂ'gefa%ésﬂ gl 8CObf ﬂ% uraneI BodyOf
reed petals. |n another enbodi nent, the reed val ve body is made of a netal,

f or red196r suthis raedreﬂlale mtvt}lléecwtb@ssmbm 4@3 pFlocesse bode 626C meﬂaiegalﬁégrO(B@rmde

of fiber reinforc S|tes reI eta §, may
e recsred B UBGFER, SOERASMIED 0 TRIeR B Sl SRy e S8 BReBhefRET T (o

invenm@QﬁmmaMn&ehsuﬁﬁmp&k@%emkegmﬁmuﬂﬂsxmndlf|catlons and aIternatlve
fornms, specific enbodi mrents have been shown by way of exanple in the

dramﬁna nd have been described in detail herein. However, it should be
under 4 t bt FliChd 3; opFesmrbadimeny of e notl enerddhousingonidC, iseftaetnap it design so

PaEt i GUIALITRNTE ufl ?e‘&l[lﬁe? erei éll?e§c’t ) tif1€nd Hl\éﬁﬁ‘l% ?%dhéalxzﬁ@%%%ﬁf BD in whic

nDdlflcatlons equi val ent ternati ves he scope o
the i rnh@atm@dulasardedssmbiedhyTh@eht{spllBH)Mamg thp peottedors | 0menabldMhe reed valve

2011/ 063096PCT/ US2010/ 057193 5 CLAI MS: 1. reed val ve no

ot T b OO RR Lt P 2 St hipa ther et 42Dhof e ViveFsdRP B gOPates.
and ormou mf&u{ihwn@e&Wf@téﬁerl aadtsng fui@ t he seating surface to the
seal i ng faces; a single or plurality of reed petals positioned over the

sealing face of t he nodul e body; and 10one or nore walls opposite the body
from 18@4‘5]. nghe excrliyamadylegt rqeée@alp@t agsgmbly 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 embodiments, 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 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
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2. The reed valve nodule of claim1l1, wherein the one or nore sealing faces
on the nodul e body are each at an angle substantially perpendicular to the
seat i ng swofacee3®ét hat the flow of a fluid through theprceas2malosaonhodul e

experiences mninmal turning. 15 3. The reed valve nodul e of claiml,
wherein a cavity within the body is reinforced by ribs that may al so divide
the cavity into separate independent flow passages. 4. The reed val ve

nodul e of claim 1, wherein the cavity within the body is reinforced 20by
ribs, the end surfaces of which are flush with the sealing surface, the
ri bs pubrivdicngomphrttias ceredy plhe viahes mgiadvdspoebppanhlidiechandelsutvicaeedreed
provi di hg support to the single or plurality of reed petals in a cl osed
stateYaV®S. 5 The reed valve nodule of claim1, wherein the one or nore
wal | s are contoured so 25as to produce a clanping force on the single or

pl uralfpda3ef Aa&#oRAKRkSyiNRMphRGI Ak RGHa MRS TR ForhBo FHEEMS B tHRYr&eREat
plate. " 6. The reed valve nodule of claim1, wherein each of the one
or norevoptibhgf adareigs badpeueh agwat, dassemthiongbrthesmoflaeercod velnt essembluds she

i mpact, forces. on one or re of th ingle or 30 ural ity of al s when
opoar g SRE SRR Rnlke PR foR bals S0 d8ba RheRaa® B bt 4 BEUR b {he
bagdy tl’ﬁb(ﬁl!lﬁﬁ&dt\kh@vesdsﬁ@ﬁlﬁyqo. T)ﬂldlﬂ@bv\gbﬂ‘l dﬁ’&viﬁ@@b"y pehat& wgw Medult he ipne or
nore sealing faces of the body. 2011/ 063096PCT/ US2010/ 057193 57. The

reed vedopengeptiof thaloff aapthicricsd velve meidale4fe Spise altyrjerd mepdiles reslt atveatssqnehtpy ed
from agl r i f j f i r 1 pr event
st ke o poRRY b el rdl iR Hhodity A resPodtu By EREN ST L0 HuR0 M BT P2F0C
modul eonfinuzltaioperhte affeeriedlyn uhtie: pladdedisheldode sallawpthetrepdt eiths kifeded @ed Of i t

into a groove to secure the reed val ve nodul e when inserted into a .
r es pedBVF B MY Vingdrasy dor the ppergtoy AiQucveE<B i) GRS plofiting ialye 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 one 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  Dbe 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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a seat plate including one or nore fluid conduits; one or nore

recei ving recesses, each proxinmate a respective fluid conduit of the one or
nore fluiwokbuaesissts in the seat plate; a retainer plaPeTiusedw®dsngs one or
nore fluid conduits; and one or nore reed val ve nodules, sized to fit
either individually or collectively within one of the one or nore receiving
recesses. 2010. The reed val ve assenbly of claim9, wherein each of the one
or nore reed valve nodules is held pressed into one of the one or nore
receiving recesses by the seat plate and the retainer plate by a fastener.
115 THE.ARESE val ve assenbly of claim9, wherein the one or nore receiving
recesses are 25|l ocated within the seat plate. 12. The reed val ve

assenbly of]. cl aiAmRd vwhemnaddald bémphsn@r nore reed val ve nodul es includes a
petal, and wherein walls of the one or nore receiving recesses include a
cont odrbodiiaclydingp veading spidgrcpona grgnotsieling fpesaandianess mpre flpidecopdeitsor nor e

reed vaIve1&B§§%§@§k%%&%ﬁggﬂﬁgggFﬂ&%%eﬁg%qgg%ving recesses. 13. The

reed val ve as her Conprising: a separate receiving
recess sighd er ploclitdofiged peale pesitonadmver the Gedlitigges &ahs sedulewody eind t he

separate receiving reces | ate i s sandw ched between the seat plate and
tﬁg r QNG PRHBIOTS VA EoPPesite %%Qéﬁp%té@%s@ﬂr@ @1@%@@@@%4. The reed val ve
assenbly of claim9, wherein the one or nore reed val ve nodul es conprises a

plurality of reed valve nodul es, wherein the plurality of reed val ve
nmodul es i nd.ude Torecalr vamrmodile sf clneed, whdrvia thodnd @snirasealgpgdaddsontthset  of

di nensniloo(ﬂl?e’ boa(f;ldarg@aleczlil%t fn Eu?g e glllb%ga%ltiialtly pgr{)endicular 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 contoured so
25  asto 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.
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reed val ve nodul es include one or nore second reed val ve nodul es having a
second set of dinensions different fromthe first set of dinensions. 10

15. A reawovalvs3oydul e, conprising: a nodul ar val ve bo@¢ThseiwgsH9I3
plurality of faces and one or nore ports; one or nore reed petals each
sized to substantially cover one or nore of the one or nore ports of the
nodul ar val ve body; and 15a nodul ar housing sized for a frictional fit when
di sposed within a receiving recess with the nodul ar val ve body and the one
or nore reed petals within and secured by a seat plate. 16. The reed
vabve nodul7e of Thleatst dbve mbéulebfclaim beabdreanke paaltguatd hdsenaaeal oemomoade
ports is rei that may al so divjde the at | east

inforced by qone or nore rib
one pdfam a Jayver Portion offn ks Sidet 10 AINGICHBRHTIE ¥ 1€ PRSIk RLPIcATS GG one
or ﬁDQﬁeg¥§§Hﬂﬁ§BfQ%& ofafie nodul ar val ve body and support the one or nore
reed petals 1n a closed position. 18. The reed valve nodul e of claim

15, further conprising: 25one or nore petal guards positioned next to the
one or nore reed, petal s .. The reed val ve.nopdul e of cl aim

wher e n'hé- moadiBreodisTetvie Pl neh e B HEETRE: ATt A8 Bne or
mpe iMRes aWebdv t8keduRethiReid valvAs®i1 O ghed BROdiRtd £RApAANY ocBRE @&k
claim 15, wherein the nodul ar housing includes a fluid conduit having one

or nore capture bars to help capture debris. 21.The reed val ve nodul e of

claim 15, yher eif (¢, QN5 APl AgigPet al s comprise a

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 or 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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contiguous single petal that covers a plurality of the one or nore ports.
35 WD 2011/ 063096PCT/ US2010/ 057193 522. The reed val ve nodul e of claim 15,
wher ei n twe 200dwB®@s housi ng i ncl udes a protrusion si zedPCo/US2e10i061103 a
groove to secure the reed val ve nodul e when the nodul ar housing is inserted
into a respective receiving recess. 23. A reed val ve nodul e,
conprising: 10 a nodul ar val ve body having a plurality of faces and one or
nore ports; one or nore reed petals each sized to substantially cover one
or nore of the one or nore ports of the nodul ar val ve body; wherein the
nodul ar vallve bdﬂmraﬂﬁwﬂhﬁm@aﬂdymfnmhﬁ9r®ﬁdepﬂhabﬁeawﬁmﬁnhéécmvwebyumszed

for a friction i sposed within a receiving ess th t
modul &PMPEFPE 1@5@@» ﬁh ?‘E‘éaq‘i%%lﬁ dulgs. “hspein F@é&uraﬁfyaque Yalyimogues %&C(‘]’Q%d
val ve oﬁg %ggig!ré’ﬁrsfé%%hl% Rbdufts 36 g Bl A& et SEdifdhao OB %ex%ﬁrtﬁe Eiu¥é1g¥| £

condui t one or nore rece|V|ng recesses, each proximate a respe
f1 ui d resinddiet moduleshigclorde one ommore skbariddeabvué medilas hbhensestcopll atteof

20wher gi n eac recei ving recesses includes a groove; and
one Ofim%ﬁgﬂ§gg%ﬂvgq§gnﬂ%ﬁﬁﬁ%@yogggﬁngg Wprising: a nodul ar housi ng

ingluding a protrusion sized to fit into the groove to secure the reed
val ve nodul e when the nodul ar housing is inserted into a respective one of

t he one or1ﬁ0ref¥é@éwvhﬁng@bE§@@Bﬂ$25 25. A nmethod of assenbling a
r eed Val V rvai’lveedo t hgvmmsta (i) ralct rg%rfaCSISQ OIlOebOtI'al'}lgl N a rmdL” ar r eed Val ve
body ines é?ng gﬁ |nggs ce % one o Aor € Eean & faces, and

one or more reed petals each sized to substantlally 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
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one or nore fluid conduits leading fromthe seating surface to the sealing
faces; obtaining at | east one reed petal, sized for one or nore of the one
or nore swal2nged@ees; 30 obtaining a nodul ar housi ng; pCadisegoblBaInt | east
one reed petal over the one or nore of the one or nore sealing faces;

pl aci ng the nodul ar reed val ve body and the at | east one reed petal into

t he nodul ar housi ng. 26. A nmethod of assenbling a reed val ve
assenbly, the nethod conprising: 35 obtaining one or nore reed val ve

nodul es; WD 2011/ 063096PCT/ US2010/ 057193 5obt ai ni ng a seat plate including
oné or nor &2 | uiTheeeniiltcsmadhde ofidaim 1 froviereiacied modgar leasmgascludaah of the

one or nore receiving recesses proximte a respective fluid conduit of the
one ol HBISEIFSIERAO Eb ALY R BEOVR 1@ prou @riﬂdé@@:@ TBors %I}Ehﬁﬂgod&??é PSIRRE one

or norifregthy ahvPcARAYL&SvihPIRe&  €spective receiving recess of the one or
nore recelving recesses. 10 “27. The method of claim26, wherein at |east

one of the one or nore reed val ve nodul es includes a nodul ar housi ng havi ng
a protrusigﬁ, and m@erfin %{ | east .ane of the one or nore receiving
recesses i rrot he ‘sE&f VIV Ul COIIRESBE g oove, the method furt her

cQUPr iashéWilarkafvetdod) Bating a L ahlityOf Pobck BAPoRI & HERPYRst O secure the at | east
one of the one or nore reed val ve nodul es. 8. The method of claim

26, f wneleemosorepd peithygactasizedcioisnbstantiedly abvirmge pr aroee ofvibe onher wewtpopisafe. 20
29. The ”EHQQ%,ﬁﬁ,P$a$§h%P* further conprising: renoving a retaining plate
fromthe sea 8 At ok
wherein 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

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 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
Of 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 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 least 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:

35  obtaining one or more reed valve modules;
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enptying the respective receiving recess of the one or nore receiving
recesses. 2530. A conpressor, conprising: a frame; a plurality of mechani cal
conponentwodnspws®d Wi th the frane that conpress a wor kipog/Usbaioas7iand at

| east one nodul ar reed val ve assenbly coupled to the franme and the
plurality of nmechanical conponents to control the flow of fluid through at
| east one nodul ar reed val ve. 30

5  obtaining a seat plate including one or more fluid conduits and one or more receiving recesses,
cach 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 MOre receiving recesses.

10
27. 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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