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SPRI NGLESS COVPRESSOR VALVE PRI ORI TY CLAI M [0001] This
application is a continuation-in-part of U S. Patent
wa@pgbioeati on No. 11/057,770, filed on Februar yPA®WS2007/018170
2005, and hereby incorporated by reference herein.
BACKGROUND [ 0002] This section is intended to
i ntroduce the reader to various aspects of art that
may be related to various aspects of the present
i nvention, which are described and/or clai med bel ow.
This discussion is believed to be hel pful in providing
t he reader WSPRNGKESS COMPRESSORVALVEacilitate a
better understandi ng of the various aspects of the
present invention. Accordingly, it should be
PRIORErgiciofimhat these statenments are to be read in
this light, and not as adm ssions of prior art. [0003]
[00PA] a var This/applicationiis & cantinuativoridast ef Yodpratentd
r : , on
AP EANG ) FHORT PP ik BOTRIFRARI 1430 SRIALERY: |
incowpmarat¢idchy refesenosbengine. g., by an oscillating piston.
While the fluid is in a conpressed state, the val ve
opens to allow flow of the conpressed fluid to the

BACKGROUN® of the valve. Typically, this continues
until the pressure of the fluid drops, and the val ve

[000Rdses, (his eastiondislintegderdodaimpdues the feades toyarinys
asgdi§ bf §h%a9fndg{t§ed Y%E?ég)‘r to@&forgl;s' dEpedif bf tﬁé’ﬁk__é;srén‘f invention,

‘tépl cally repe _ ge nunoer "of tines.
whisha#rpldescsibed anet/ppelaiiaed hglewnghis discyssion iatbelieved to be

vl BB 1l S Bt P =
bettgnunderatanging obtheovarious aspectsedithe presentiiverition. n

AR o A0 DT Bt B rema

thispighdsand milit faseadmissionsrafgsidriet.val ve is | ess than the
spring force. Over the life of such valves, the spring
[0008Y cycl in &rnvamiely obapplicstiedssflaite dre conigressed asidadanveyed

B8 U BB Ao A B R LG el e
fluid pressure is periodically elevated, e.g., by an oscillating piston. While the
fluid is in a compressed state, the valve opens to allow flow of the
compressed fluid to the other side of the valve. Typically, this continues until
the pressure of the fluid drops, and the valve closes, thereby sealing the
compressed fluid on the other side of the valve. Over time, this cycle is
typically repeated a large number of times. For example, some reciprocating
compressors run at 300-1800 RPM, which cycles their valves at between 5-30

times per second.

[0004] The compressor valves often include components that wear,
among which, in particular, are springs. In many valves, a spring pushes the
valve closed when the force from the pressure difference across the valve is
less than the spring force. Over the life of such valves, the spring may cycle
from a compressed state to a relaxed state a large number of times, and this
cycling may cause the spring to fatigue. Due to this wear, the compressor
valves are often subject to expensive maintenance.
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mai nt enance. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005]
wab@emynd ot her features, aspects, and advant BgEESD7/018170

the present invention will becone better understood

when the follow ng detailed descriptionis read with

reference to the acconpanyi ng drawi ngs in which |ike

characters represent |ike parts throughout the

drawi ngs, wherein: [0006] FIG 1 is a section view of
BRBEF@E&GRIE’MON]‘OE THETBRAWINGSed, concentric-ring

El.G sasectlon vi ew of an
00310 APest a4 thRe ISatieis BenSCise Ahd Ayl asemPLibe
preeﬁgbgfpéaﬁm M]{lll begbfe Hétter tawd@rgwoﬁmheﬁ nha:f@lmvmﬁgafetalled
e I ment . net-actuate , (0] alve 1 n
destiRiPBes frad pifiogTereriee 12 the axcompErgna,SGN ags i which like
chftBbReS F8Yeseht Rke'PARS thrRGhoLEBid atRAings] WHeksthyve
whi ch uses either a single ring or a nultitude of

[oogeper al | FiGdens acsdctionndew(ofire Briicdlirieht BeaeRaghét-dctuated,
concentric) in a conpressor; [0010] FIG 5 is a

congepbiic-8pgabeiof a poppet: [0011] FIG 6 |s a
CrOSs- sectlon of anot her. embodi nent of a
[°°P@l)12] FFis, ﬁérﬁ?cé'oé‘r‘ée\é’ﬁl%éwboﬁé?@ﬂéef ?\F@agﬁ‘%\nécmated

porééd-bltte RBRREIN #LoRgresSor; [0013] FIG 9 is a parti al
cross-section of another enbodi nrent of a poppet val ve;

[0008914] FF{&. 3Gs aSsettivpr BRI A eMiRIMiIMbn8BE Sfmgghé‘ﬁﬁétuated
of a conpressor that includes one or nore of

PORRSiVENESIN @ ORISR i n FIGS. 1-9; and [0015] FIG 11
i s a cross-section of the conpressor of FIG 10.

[0088Y Al LEDF Bt pectionriewrtan emprginne Vs asnes magnet-
act@?edohnﬁq;zﬁvé W?ﬁéﬁ LSeSTRAL} g%rﬁgﬁe(?fn#] Pﬁlﬂﬁﬁﬁfe of OIgenerally

I nvent | on be descri bed below. ese describ
ldeemdlmﬂ@l@m are Aoy negesyaArdy gootentiic) pr asempressor,
invention. Additionally, in an effort to provide a
[0038hci se HHScPhiipaiwasyisertienr of axaappedr y enbodi ment s,
all features of an actual inplenentation may not be
[00ddicri bel!Enbihe aspesistrien obanother solbediment of a poppet;
beappreci ated_that in the devel opnent of any such
[004&] ual | FfEenémnst B @ne expladed, perspective views of the poppet of

FIG. 6;

[0013] FIG. 9 is a partial cross-section of another embodiment of a
poppet valve;

[0014] FIG. 10 is a perspective view of an embodiment of a compressor
that includes one or more of the features illustrated in FIGS. 1-9; and

[0015] FIG. 11 is a cross-section of the compressor of FIG. 10.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0016] One or more specific embodiments of the present invention will
be described below. These described embodiments are only exemplary of
the present invention. Additionally, in an effort to provide a concise
description of these exemplary embodiments, all features of an actual
implementation may not be described in the specification. It should be
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any engi neering or design project, numerous

i npl ement ati on-specific decisions nust be nade to
wa@ewberdit he devel opers' specific goals, such B&T/US2007/018170

conpliance with systemrel ated and busi ness-rel at ed

constraints, which may vary fromone inplenmentation to

anot her. Moreover, it should be appreciated that such

a devel opnent effort m ght be conplex and tine

consum ng, but woul d neverthel ess be a routine
apmm@iatedlthaigindhe dlevietppmeéntbof any sweh aatud! impla‘naemtatien as in

f 0 of.this
any, Bhals@ifig br sty Bidjedt ametBl iR B ngiie m
de¢nsuod|esnusﬂ3!w| neleote adueee ehué)déveblpiass’cﬁpebifcsgaalsl sueh as

articul a i,ted to recipro ai cqnpr ess r.
cofpleRes Wi Bt slthd e blsie Sy aated forg bl Siga may
varyﬁmm&ineéln?;blehmt@ﬂlm‘f&dadbﬂﬁt ll\mcgretb)#ef hﬁsrlﬁcﬂilﬁﬁme a;g;aremated

e rom ets itione oree each ot her
thadshep (g% </ BEBh BaFtamIgi be: ceel exznd Winereqnswming, but
wolRCHEV SIS e 58 bel£RIAM \ehddHealdig bﬂ@eQ%‘ﬁp@é}:ﬂfﬁatbﬂ aHah

val ve assenblies are al so _contenpl ate

mappifagtuienferitbose af ondinapyeskilb having theenefis 9@8@15 tisalesyre.
|l ead to a seati n%égurface 14. Flow represented by

100471 ow 16 A5 exprERERY Valyaflesure svsiem Ialﬂ@&cabsqmlow Some
emPBAimshtst SanIPs)E m%aﬂlﬁufaﬂe/h éﬁ@h%%b rbER

seating surface 14, whereupon l'ow passes t ough
COIHRERSSOPY tmta"bm&gﬁfa bodimertsr empiiene springs andowgeshe

vl R o R PSS oLt AT Bogiopec

. to rzpel Aashmheo Qtharmpplichtiors a8k epvisionade éndrdiffererted

o t t b all ed.in
tecpPictlsor eptpoiBE < B3hedBStlo sk vvE PhoERBUeS are
alsB@onterpidted. 38 ri des over a portion of the shoe 30

and is slidably retained to it tolimt its stroke and

[008]keep Refetring tor BIB.bkithe seeat 40 e Mssw@;etsem tHeatl@d to a

d I . In I FI
sediig, Sirfed 3 Fnw BrleRRTed bY a6 Wogtas on pressure
bwﬁiu;ﬂd pysh aghinet ﬂ@@éﬂ/e riéfhbes 18ab cﬁépld@@ht&’frérﬁttﬂb'“s%‘étlng
net 40 i s ed to the button 38 in such

S”ﬁ%&?ni? Whefeynan Ressas thyoughgvard 20)ViARASSITEE 22, a5
repFe&SénteBdy Afrk® 2P| Righed YitAh ﬁl\?k?héiﬁﬁéit 18%nd extending in

repelling force that is overcone rising pressure in

QU?TQS%%@e% smalt bere 26 taadinginto 8 l@éaerebmer% A shoe 30 having a

bore 32 is secured or mounted in bore 28. A magnet 34 that has a bore 36
aligned in fluid communication with bore 32 is mounted in shoe 30. A button
38 rides over a portion of the shoe 30 and is slidably retained to it to limit its
stroke and to keep the two from being detached in ported plate and ring
valves. In poppet valves shown in FIG. 3, there is no shoe; instead, a magnet
is mounted directly in the poppet, and is not slidably retained. A magnet 40 is
mounted to the button 38 in such a manner that the orientations of magnets
34 and 40 are such that like poles face each other creating a repelling force
that is overcome by rising pressure in passages 12 that lifts the valve member
18 off of seating surface 14. The valve member 18 can be any one of a
number of designs. A concentric ring design is illustrated in FIG. 1 and a
ported plate design is shown in FIG. 2, a poppet valve is shown is FIG. 3, and
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18 of f of seating surface 14. The val ve nmenber 18 can
be any one of a nunber of designs. A concentric ring
walemb@mois illustrated in FIG 1 and a ported PtEUS2007/018170
design is shown in FIG 2, a poppet valve is shown is
FIG 3, anda ring, either single ring or multiple sane
si ze non-concentric rings for the valve nenber 18 is
shown in FIG 4. In all other respects the illustrated
enbodi nents of FIGS. 1, 2 and 4 work in generally the
a rE‘@r‘r@ltMySanl‘%npg@s’énultlpledsames&zmj nentamtioeptric ehgs for the

val‘O@%ém%%? 1§aigps W lnbll-"F#‘btJ]ern aI'I §tl{b% @gé&&g tﬁé*ﬁﬁx&l{‘a@& t

the pet
emuadatabh'gs ofelF m‘:&eﬁ 2 ?Od]é'givorknrsgeameralmcblde santeswayhéd he

I
prf e ihesd ¢ Bopbitn 4k Harke s F3TR R RngHnere o
buttay fitiesmagneb’s inehegroppet)on IHGEG rapRieegicppt is not slidably
conbl nations of both. The magnets represent just one

6’d| ment that elimnates springs to close the

. h | yt I th [ n S,.i uch
IO‘@IV % S0 Sy hseiBeris, the Sofifgs ofareiRs. daiodRdy
comp@éssbrrﬁbtﬂlbﬁﬂbnﬂ&faﬂ/\bé @Mln@{%@h@h% #he ﬁﬁiﬁrﬁi& 'l'ﬁ@dmagnets

t hese enbodinents are also within the scope of _the

can beRRIMEHNeNt IS Eie e RMagpeis ProrRMbingtiopfef pth-af Negagnets

re;frb%ﬁ'@ub@oﬁ@@ﬁ‘nl@o&ﬁ’férﬁ&héﬁ@ﬁnﬁ%é’é’p%g}g t BbBEINE Salves.
ptionally in conjunction with accunulators, for

Oﬂé@da?ﬁl%on%t% r%nlacwﬂw ﬁﬁ”l‘%"e"k%'éﬁfévélfveﬁ thaay ﬁvmiw ether forces
tha[t%%cﬂe agh\?erbﬁ%ﬂr%bél JRié ?a;bz\ﬁlﬁﬂow metHEn fé%?tthd

pr esent 1 nven pr esent a va eSI gn
thqaea&mbadlrmml are algo e\atbwothe:ad:on&mfsthmweohomn d hearefore,

solggéiaﬁgr:l%(ts%rgg%ys\?éﬁ’dl.&efélhg‘? nﬁégﬁ %’ﬂ) %ﬂﬁé‘t:qrf\ﬁqoxaf{md

certarn e on
presfsuré epipnalhyyinacwhjuhetiars wutbfaca:uhmlamrshfm epaafpie adneyall

has ggge if. by using conponents that are

W'tfqg'stsb%a# éf hgr'?'g%é&%i‘nf igured to better wt hst and
cycli V. val ve. one _enbo
todg¥ ! e Bbisin s s i ke aERen e the
prqgsmlrkm\@‘ntlpanauo @nesemgmealse dasigrt treattoadi preride am economical
cant ver 0S| force throu

o R, Faf = relBby Tgng envce fite Lfigt oflequg RAchanmlished, in
cettginestpbodipnente, by elimingidr 6BtHeOSprirty ahd thg uge L' fdBce that

% @é& I n soma odi rfents rapi d accel erati on and
pregfe PQF’@OH”QP ife cycle by using components that are less affected
or are configured to better withstand the cycling duty of a valve. In one
embodiment, the closihg force is provided by the alignment of like poles of
permanent magnets. Other embodiments are contemplated that deliver a
closing force through a device that is not prone to fatigue or wear as would be
experienced in an application involving a spring.

[0021] In some embodiments, rapid acceleration and deceleration of
the button 38, poppet, or other valve components causes damaging inertial
forces. As explained above, to conduct the fluid flows indicated by arrows 16
and 24 at the appropriate times, the illustrated button 38 translates back and
forth within the guard 20. In certain embodiments, this cycle occurs relatively
frequently, for example once per cycle of a compressor. During this
oscillation, when the button 38 reaches the end of its travel, it is brought to a

4
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the button 38, poppet, or other valve conponents
causes damagi ng inertial forces. As explained above,

wo eoogopsuct the fluid flows indicated by arr owCL6SENTU018170
24 at the appropriate tinmes, the illustrated button 38
transl ates back and forth within the guard 20. In
certain enbodi nents, this cycle occurs relatively
frequently, for exanple once per cycle of a
conpressor. During this oscillation, when the button

stopehy waparting eithantfie sieat 112 arrtheahoe 30,idepsnslingonttbe
dlré&Fd?Plnt\MhicmﬁétH ncd Eke@r?w‘ﬁ;'v\ﬁ s hﬂfpha%rt 6%}?? (Y?]@%ge!%%tes the

depending on the direc
buttey Bigandiihe rapigatacelaenptiohymay gbleerise bs relativédyiange iB8rtial

for B, PSP S8 3 P BTy el ot
forges mayubeapplied sothee batiodi38eby the raignet BAswhicH nfayrhm&; a

l.ied o t he n_ 38 by _t net
argp s ERRa (R {6 st HELE pifpm 8 thy'S: oS adhiegia4 may
strédwtHaubhiton 38. duTiﬂigSanirhpaﬁtagnet 34 may stress the
button 38 during an inpact. [0022] The repeated stress

[0022)m r ap Tdiewe@ea@dasﬁésslﬂohhﬁapm rtﬁce?&alﬂﬁg theé miadrfet 38
n

limt  the ef ul f the button 38
may tEpditadRith Eusethl S ltns &Rl S ntsosorme eevépe@erttﬁeaﬂer
a shfidiant dinbayof @idigslahedndton 38MayREIGUEOaRE it PR e to
therebg @_‘elrentlally i ncreasi ng the cost of operafting
u

e relapetlyBerelh Rotetialy ingress BadbP e el oBerating Gelstrated
valb¥. SO pribléRemayeriRittes 'ﬁgrm“e%@%es mor e

believed to distiibute Tnternal 1 nerti al

emgpaimontes whidiatebetievarstardistrhvte nteoral ingiobBjrces aors
evérW%Hréhﬁée%tr%gg%ncéﬂtréﬂgné shoe 52 that is believed

be resistant to sone types of fatigue. In this

[oo?'ggfd' meRig. khy rhOSRGAG aﬁ'&‘Q s?foé“@é’ﬂm%t%‘b‘éh&?ed to

are generally rot nal
be ¢esistant to sorisotypes o fatmlse 5in tfhmemhmdambet these components
of thel f
50 BHBRED AEVE ToatbREPhal SPE BRARIAIN Rfa RSy Serls Shd
conrgantrc about thegaxls mepuhayoﬂmemtmcmﬂérm ithebe components, or

a 5L E8 Bl EpREs o Ry ] ner AR Er ttefibtal Rim i

e.gt ltaey ahay hade serellistitalhovieoatdl crdes-sedtivh. 4thd opbebsd and
' reference.to FILG QBL0024 Thelllustrated

belL.ow wi t h
Sh%bg&‘a‘ég Siured o variely & tyeesiAfivalvasgRetuding the vaines
desvrmh : ;mG e?ﬁcﬂlﬁ}ééoﬂwezﬁ Hestribas bRloWPWiHA rbfdterbe tEFIG. 9.
ea , a leg 78,

[0024] The illustrated poppet 50 includes a body 70 and a magnet 72.
In this embodiment, the body 70 features a sprue tip 74, a head 76, a leg 78,
and a shelf 80. The sprue tip 74 is an artifact of an injection molding process
by which the body 70 is formed, and which is described below. In some
embodiments, this feature 74 may be removed by machining. The illustrated
head 76 defines a contact surface 82 against which a seat seals (e.g., the
seat 46 shown in FIG. 9), and in this embodiment, the contact surface 82 is
angled downward to delimit a generally frusto-conical volume on the upstream
side of the head 76.
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and a shelf 80. The sprue tip 74 is an artifact of an
i njection nolding process by which the body 70 is
wo orogmeBoiand which is described bel ow. | n somePCT/US2007/018170
enbodi nents, this feature 74 nay be renoved by
machi ning. The illustrated head 76 defines a contact
surface 82 agai nst which a seat seals (e.g., the seat
46 shown in FIG 9), and in this enbodi nent, the
contact surface 82 is angled downward to deI imt a
[002&der al | Yherillesisaledreg 418 extends frum Ehdowpstreamansidé o€ the

vl 088 LB Ao B, 500 b g, L BT e
gederailulcusul‘a‘rawmr sHape agd lderrhmdam fru’sttecbn@afﬁmtéma'
voflpiEB8! e 76 He e b8 U A S5 R LR
kg s e gD e asporgorouiuisonsy
an e b s TR Barsn 355 o iy 25500t ais
57berh@e|e a’:hg‘-’ré (v rﬂéytﬂé‘erdrﬁﬁd@ aRthteher §i>éilesof‘5tﬂe |J§ sl (%Q

be forned an interior sid

'"U%ig ?'P Ieé\éﬁrfoétsé%? of Hha &iarbaihgdn @pmmemb@@lmsnts the
legndletdo |s|d}e§%?“ih§mb?‘¥pfﬂ5‘?&l atélg (*L%@tdg‘g%dﬁ?rggs'édggrees

reater than or approxi mate
org eglegsees.or 15 degrees. [0026] The shelf 80 may extend
under the magnet 72 to retain the magnet 72. In this

100264 0 di nerfthe shelf 8@ anay extendatndaribe raagre 72 taretaini the
ag%et a0d |k hﬁ.s&%}rﬁbédﬁﬁ’erﬂxwé“%?elfb? Wﬂ?é’tggﬁsllég %Sétaé‘ﬁ?et 92,

In sone odi nent s
and #ip sbelf Borextends plarig e ishelf slistance 9darladsdre telnammme‘nts

9
theffifet $5had haykos rEE Ruge MBehe Bt BoinRre 1 ke
distinsea9rt.c Fo4 examhplet theditles radiua 9amgy Hel larger thadi2056920%,
/S 1Babj € eSS bady 70 .and .
B0%s 1205 i EO B tho SHBIRATERGe P A RlePdaTtsg targe file
radlmfgﬁﬁtls Bélle‘{/éﬂ)ﬂihlfﬁsb\mmstlh ehabady 7 and niiigathRltigue from
g#?dthe bOd;}f 3) dsthe gnet 72. In this
inegid] fafaes APPlied e ‘?? s a generally
sto-c |cal ma ngl e fined
1002717 o R & RRad i 8ad ohE BReh o, ot body 2R nalfs tne
magret 727 .In Thie embodimerd, ﬂ%ymbgnégYZ (ﬁasaa ?jéhélt%tll)y fﬂfstt(r)]-comcal
neodym um nagnet oOr_ ot her
shqa‘/ﬂl,)émg'g;mng N gleﬁiod aflned as thgangle bet\gfveen a side of the
magnet 72 and the axis 57. The magnet 72 may be any of a variety of types
of magnets, such as a neodymium magnet or other rare earth magnet, and
the magnet angle 90 may have a positive, negative, or generally zero value
(e.g., the angle may be acute or the sides may be parallel). Advantageously,
during an impact, the illustrated magnet 72 is believed to distribute part of its
inertial load to the portion of the body 70 along its sides, thereby potentially
further reducing stress concentrations in the body 70.

[0028] In some embodiments, poppet 50 is formed by injection molding
the body 70 around the magnet 72. To this end, the magnet 72 is initially
positioned within a mold that is complementary to the body 70, and a plastic,
such as a carbon fiber infused thermoplastic, or other material, is injected into
the mold, around the magnet 72. As a result of this insert-molding process,

6
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the magnet angle 90 may have a positive, negative, or
generally zero value (e.g., the angle may be acute or

wo b@osees nay be parallel). Advantageously, deeT/Ng2087018170
i mpact, the illustrated magnet 72 is believed to
distribute part of its inertial load to the portion of
the body 70 along its sides, thereby potentially
further reduci ng stress concentrations in the body 70.

[0028] In sonme enbodi nents, poppet 50 is forned by
they ppRREt koY le%etsﬁéeunagnebwmmwt ahdntesinesiaténefber

or §l515§tfa§8é' Jth&r SR %Fmgaté %u'cﬂ'ats' t?ﬁe bog’%hbég %%E%X)ﬂéﬁ hin

hat I's co ementary
referenseito, FISH: 16- asrrmycmrmmn fhebmaglnet mﬁewitn barintepinagite,
mefipsy her material, is injected into the nold, around

the magnet 72. As a result of this insert- rml di ng
00 out” Saei AR B2 NHE piesd i bPSalmraitlfes  gppeting
magnisb8Bnashee mm,m@&, a bbeek dbson’bebad)ﬂr;:ehdva floid- drsunageh
. re net W t
passHoR fOF bR reeSTiomduronchin 1 fe crraled Elafve (o iie
magnes @ﬁtsuehtlbdt irelnives ithe |nm@$etéVZ apay o thegReé 520with a

h d b . 102, and
mapffi 15ick; Thirosnie BAGY 1B avkE asdion g dhstpmungne

replwgng)magheegsed relative to the magnet 72 such that it
drives the magnet 72 away fromthe shoe 52 with a

[003aynet i c Therstepeldfthehmesthady sk wm%/ b@% Icl)sg% kr)lé?ﬂentary to

o] ded around the repelling nagnet .
thedRIGTEr SPTHE B0 S pUNG ok /Ay defindscan impact surface
1oaonmtr@pnasam/ehmdmehﬂttﬁéIshbck@t%?oéﬁ ¢efd a@ﬁo qthe
78 and defines an m‘gact surface 106. |

adJaF%%feﬂioee%% 1RBraPPasite thadewashseitacs 1062 Heweverpisether
emBQH ?ﬁéﬁ‘tts W&Wﬂb%@‘rﬁeﬁ’ R @Qj‘h%g b%??o%uﬁ@’r?é:i onthé %Werbse!ge

However, 1 n ot enbo ock absor
betw,;emtﬁry lﬁ@q@bguﬁa@@é@&and the distalsusiade,8def thedegtiée The

snqcRPAGorBl. 108 o Bt b oot Mo AER e bt
resélpaﬁympreeslbm heteaalsr opri at e,

resiliently-conpressible materials. [0031] In
[008fkr at i ol operatibey anedevated dlyi pesssuee (e.gy, a gasgnessure

sucﬁf6 ggrpﬁ' %P arf%deainrtalg @g‘%ge%gé Mal Rist2&: th PR3 58 Ray
drive the poppet 50 toward the shoe 52. This movement is indicated by arrow
108. As the poppet 50 translates downstream, fluid in the interior volume 86
escapes through the fluid-drainage passage 104. The poppet 50 translates
into the poppet receptacle 64 until the distal surface 84 of the leg 78 reaches
the impact surface 106, and while it is translating, the poppet receptacle 64

and/or the shoe 52 guide the poppet’'s movement 108.

[0032] The poppet 50 stops when it impacts the shoe 52, and the leg
78 and shock absorber 102 may flex, e.g., resiliently compress, to gradually
slow its movement 108. The length of the leg 78 and thickness of the shock
absorber 102 may be selected with a desired degree of resiliency in mind.
The longer the leg 78, the more material to strain and act as spring, gradually
slowing the poppet's movement 108. Similarly, a thicker shock absorber 102
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drive the poppet 50 toward the shoe 52. This novenent

is indicated by arrow 108. As the poppet 50 transl ates
waloamseioeam fluid in the interior volunme 86 eBCHPE®07/018170

t hrough the fluid-drai nage passage 104. The poppet 50

translates into the poppet receptacle 64 until the

distal surface 84 of the |eg 78 reaches the inpact

surface 106, and while it is translating, the poppet

receptacle 64 and/or the shoe 52 guide the poppet's
maydesddatsiaw8he [popp2} STheomgrdudly), &g uecndmEse ité deceleration.

' d | d shogck ab b
The FBRfHherPE peC 88 ipdR1e B el msPisy BY B sPaithiey y
darspenirig mermwmm reindldtthvertiveg kigvaticternargy irstol et 63 sandd.

t hi ckness of the shock absorber 102 may be sel ected
[00&3Fh a dWhem&@heﬂpgppe’c 50 is Eaielsisedpm this embadinhbat, the fluid

to,.strain a act
ok WF5hioh e |5 Hassace . Bt hen JB5 550080 R BRB 2 Snd the
corit@st lSlﬁrfdiE:éh 8rlof the pobpekso, éﬁ@@gt ailﬂflaaghethe b@ﬂgwaéﬁgé 68.
sl ow t he nore gradua e,, decrease
Fiujd et e E@?&Hﬁ%ﬁﬂse'ﬁ?&y’ sigleef thesRopRatd0
eqﬁé]&e's"fﬁ%%im@ﬂ%bﬁé’e B¥terfrithed XAPAE byRERARI i M8 separation
nmpact and converting kinetic energy into heat or

OftQSJHGQ"F@O_é%F“m the poppet 50 is recessed, in this
enbodi nent, the fluid flows through the int ake passage

°°§él bet wiihen the peassuRe inthe itekegpassroe AE anshihgcautle
q € eBdafied, 'Eﬁ' IQWeQBQelowgor%@tthP%rﬁﬂ@ hthfeh'ﬁa?rp]ets 72
out ow unti

et passage . continues to

an% PédJetira tha Rgnneé 604pdis @riginakpesiiprt Athisdumae. thepanpet 50
d

tra@éggrgsgt?%ﬁ,og@ﬁm nﬁsﬂ‘é?*s fecittdole B4, %%ﬁ?ﬁ{kﬂ&@r@% 52, as

indjpe¢ed by arrgw t1H8. |Th%1neppats§@genﬁaummqm ootil e contact

I

surf RS BE0Y § 8 7o ondh the sSHHE RatRR N2 8P B et 4%

When they an'tgd:tnthe pealing sum'fam 6Rharsl comact sinfagopRaieabthe

R L BRSPS 15 SR 5bahden Bl

mapgopfe’2 50dceB blasithe pappet Gouadaihst the Mﬁ?@urﬁdﬁé‘ eze

82 of the head 76 reaches the seating surface 62 of

[001359 seat OHte Mhamednthe poppercso rémairksiatdoidastuwitiiese 62

tac sur ce 82 seal the intake sage 56 from
sedtfly §AGH b7 JULBE eRRsiiE i Botans b8 repradein, o
whichguth s tﬂéa&bde%si@rlbédtd?eleomﬁé@ts.50 agai nst the
seating surface 62.

[0036] Advantageously, certain features of the poppet 50 are believed
to reduce the magnitude of its inertial forces by decreasing the deceleration of
the poppet 50. Some components may gradually slow the poppet 50 when it
impacts the shoe 52. For example, the shock absorber 102 may resiliently
compress during an impact, and lengthen the time period over which the
poppet 50 is brought to a stop. As a result, because deceleration is reduced,
the forces, and resulting stresses within the poppet 50, may be reduced. The
leg 78 may also resiliently compress and reduce deceleration. To this end,
the leg length 88 may be relatively long to accentuate strain (e.g., non-plastic
deformation) within the body 70. Thus, even if the material in the body 70 has
a relatively high Young's modulus, the long leg 78 may still act like a spring to
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[ 0035] Once returned, the poppet 50 remains in contact
W th the seating surface 62 until the pressure in
WO paoake3oparssage 65 rises again, at which poi ntPCT/082007/018170
above-descri bed cycle repeats. [0036] Advantageously,
certain features of the poppet 50 are believed to
reduce the magnitude of its inertial forces by
decreasi ng the decel eration of the poppet 50. Sone
conmponents may gradually sl ow the poppet 50 when it
somepiagree! fdis hetudidn iRaccelaaatibre redinee sthecioredss appléed to the

0 esi | i I duri ' t d
PopisighatER ey ndtist PR 8fidhe Hh e R Bt B rgne
poppet Mt to a stop. As a result, because decel eration

I's reduced, the forces, and resulting stresses within

[00373 Iooppafs r’a@ntiongd,tmerm:cbpmd dcbod'i]gm Isla'gjebfﬁioﬁayo?eslcz;]round
resili conpress an educe cel erati on. this
thedRRINEhA21 S57 BRI LRSS Rl B oiss dis JoRY CRuRE PEGPlems. The
injetioRoRticy Etcbcaéss ey ®xpoBenhelmagnet tafigh @hFefﬁtures,
within the body 70. Thus, even if the material_ in the
whistfay slegkads the figld FERythioline sagRat. b injectiongolding

prdc@Bd rh& rdstitMhigh ibuilt-Af trbsdes Re SISty FNRUTRICAPHFAR of
This reduction in accel eration reduces the forces

theppprald Howeyrs, Hiippeebiso may e mitigatesiay the emiodiment
de%cggﬁgjg)r@e@m whiéte %ﬁg%htéi wehigriet 16 g?/é 98BFemRﬁ%t metinting

ment | one e poppet bo S I njection
membefed around the magnet 72. For certain types of

magnets, this may cause problens. The injection
IOQ%ﬁdi ng PlGceilys ;es(eadwgérer@q@@ﬁat of 8 papget 112. In this
; : ‘i .
orRAEA, 6 bopthl 112 FRSESITSRATRS SO ECRITy oo
poppetri@exsept thatin shis essledinment, ther magoetV Rys oauritedito the

vofly P8%yP4 P RERBId Y Sigeh 1 BROBAFE R . o
strengthqgiastid, e atagnappropriate nEippals. Themauntngmergber 114
ralRE arok DB i e S B R AL B SRS s,
thel moluntieg nidvabbeat 4rray eithehbe RiisposBdshatwirsTine®D, as an
intdiShEGiemerdien Bt Intgegkihe v SPREPPHEARbor 114,
Ll A b LT e U
cooperate to secure the magnet 72. In this embodiment, the mounting
member 114 has a downstream restraint 116 and a downstream restraint 118,
which overlap opposing sides of the magnet 72 to secure the magnet 72.
Additionally, the mounting member 114 couples to the magnet 72 along its
sides with an adhesive layer 120. Threads 122 on the exterior sides of the
mounting member 114 interface with complementary threads 124 in the inner
volume 86 of the poppet 112. The threads 124 may extend along a portion of
the leg 78.

[0040] FIGS. 7 and 8 illustrate exploded views of the poppet 112 from
different perspectives. In this embodiment, the downstream restraint 118

includes one or more plastically-deformable members that are bent over the
magnet 72 after the magnet 72 is inserted within the mounting member 114.
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transfers forces fromthe magnet 72 to the body 70. In

various enbodi nents, the nounting nenber 114 may
we@rdokmee3obe di sposed between the two, as an i ntPCTESL0a7/€18170

menber, or interlock the two in sonme other manner.

[0039] The nounting nenber 114 includes several

features that cooperate to secure the nagnet 72. In

t hi s enbodi nent, the nmounting nenber 114 has a

downstreamrestraint 116 and a downstream restraint
Otherssmbbidirhentsenaypmob pbsde the ddemstreatmeesiegnict 1§ and anay,

: r it
b 4 SRAR6E dfer (ALEHARRIE hockFp JF DY e mocmer
72mntthearpsanl§maisv:te otthermbibting meater 122. on t he

exterior sides of the nmounting nmenber 114 interface

[0041] h conmmmmblp therpepeet HA2, first] the meeVO\aﬁdJm 86

th 124 t
moligtibB BRI 1% Gs dSoenasa teraed VS popret Pudy Totay
be jetoicie eholtdedsn afprobés$ spmitir télﬂefﬁréﬂéﬁé 8&8¢rf3Hd above, and

perspectives. In this enbodi nent, the downstream

ther mountipgimember |d¢unax bserged e plastic, metal, or other
ap;s&owaw ﬁ'\éténﬂ%fw 8a&Ry, Wf%’@ﬁéﬁ ndaing2 kS AR twdMfig, t he

gnet 72aterthemane is inserted withinthe
maﬂ?unﬂgn@r Acrptination maﬁ@pf ewﬁ@maowg@emt thenmtmi body

I n

70% Be"iﬁ;%fc{@ﬁfﬁmél@éh #b ﬁd%@ﬁnﬁ’%ﬂgl@;@ ol restral 3 '{ n

adhesi ve | ayer and
nsgHing:thermagnet n“éo e Meunting m@rrd?ert Tt nsusemegembadisnents,

the]éﬁent%ggﬁr% tlﬂ—ﬁe rmu'rﬁ&l mehiberPPRPRL E%é?sed‘ el thel Swnstream

bo%y ng nmenber are I'ndependently
side@fithe maqueting prabentid reludgs t.’ma deﬁoembmmmhuw 118.

a process simlar to the process described above, and
[0042d rountOnee m@ommnwy are founeddtheyanap besassembled as

al
roBR2, AqiGh r PR B4/ S0l 1 Al AT Bpunging
mernbdri htd (@ notest, dodugh, rsoroere nebdnticiemé tregy hdisnplydedhe
e_lnjection ed around .t nount i n
adiigile laodis phP s Rt Broteh intoitfe JRiERgr SPine
mamMnglmgmlmm;am hJAfﬂer the magReeTR islinsentes, tﬁ@aowns'(tjream
n Ion of t nount I n 114 i s reverse
resifait HE HiSe beahoUTIBeITRONE! Aot INHICHERd: STaws 128,
Thencnh@mg Rrerdied o1 TRLVieh tRdThRighet ¥8. inkRR4 A piakea it s e
onents éar ? forned, t hey_may be assenbl ed as
|nter|o volume 86 of the poppét body 70, and a tool rotates the mounting
member 114 by applying a torque to the tool interface 126. As the mounting
member 114 rotates, it threads on to complementary thread 124, thereby

securing the magnet 72 in the body 70 of the poppet 112.

[0043] Advantageously, in some embodiments, body 70 of the poppet
112 may be formed without exposing the magnet 72 to high temperatures
during the injection molding process. In the illustrated embodiment, the
magnet 72 is introduced to the poppet body 70 after it is injection molded.
Thus, the magnet 72 avoids the heat from the injection molding process.
Avoiding these high temperatures is believed to protect the magnet 72 from
being degraded by heat, thus potentially avoiding a processing step to re-
magnetize the magnet. Forming the body 70 in the absence of the magnet 72

10
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foll ows. Adhesive layer 120 nay be applied to the
interior of the nounting nenber 114 (as noted, though,

W@ eooe/0z3ebodi nents may not i ncl ude the adhesi vePCHYS82007/018170
120), and the magnet 72 is inserted into the interior
of the nmounting nmenber 114. After the magnet 72 is
inserted, the downstreamrestraint 118 nay be bent
over the magnet 72, as indicated by arrows 128. Then
nmounti ng nenber 114, with the magnet 72 inside, is

mayl alsedvioid stresses ﬁ‘o'rmdiffeoéntrtbeﬁﬁabéx;td?ﬁ;@m pﬁrf gmdmet 72

ool rotates the nounting nenber y
anth %%gga]gtorque to the tool interface 126. As the

[ h d .
W‘“" ”f o ATt bt BBBRihents Yoa tRrfe ilemal siresses in
the7 Bodyl 70raf the qbppb@t dfi 2t es peptiohed bbovb@ﬂ@iygsgfoftthe magnet
Adv

72 H Rl e orPri i TSR O i BOHY O HRCTHag Agdmpact,

.ne?ﬁa|tfordusginotreumemaguéezz c?' Qﬁpﬂy@:ﬁsﬁﬁuﬂ%l 'rl]ééds!%nﬁerlgozdy 70.
e

t
AsRh8 T RRGich i is Tlawerle tif BeedS 405 B15) 424 aray dispdbite the
indriiald6hd @VerBhdada ofitHs ,bohbeldmﬂé‘@byﬁ?ot@ﬁﬁblﬂﬁréquﬁlﬂE%ess

fromthe injection nolding process.” Avoi di rig t hese

CORFRIHratASA LAY @re P§'rﬁé'v'tfé0 éiae Pedyr&: eB?dpﬁ@gdﬁgﬁetstregs
cohéSHirRIr0is o8 do RktdiRPihe G4BtaI ﬁ‘ét(ﬁ%é?ddb 249049

a processing step to remagneti ze t magnet ormn
rquq@g)&;jggupg in the absence of the magnet 72may al so
avoi d stresses fromdifferent thernmal expansion in the

[0Q48)net 79then emhodivepts mayioclude ather tipssof mousting

egg@%f@ @g%ﬁgud %eg@%mbarme@tnggsggggadé %hnt @ussﬁeglgg(f

defaimabigmaunting membeitwithebpe lonmyerecslotsalodgtits sidesniiss

s 500 72, L RAG S el W 0

widzy, and thé enagrptet2 iy lse plameldnsrdleetheIﬂéadnedmommg
| oad over an a

th nerti f

melfomarySrane R Bl FrBied s Bt hednagagt 72 and the
assmnbb'lmgytbeoaﬁaatecatwtmm@pmt wi thin the body 70.
Reduci ng these stress concentrations is believed to

[006fend t FéGu9dlustrates @mthérhe(afmpleeﬁf alkdivey4, &ghich Rtay
mc[l%e %Pr k%%éﬂf&gerb%rppets or og'u%r valve %érﬂgclarusdc?escnbed above.
The illustrated valve 44 includes a seat 46, a guard 48, a plurality of poppets
50, and a plurality of shoes 52. In this embodiment, each poppet 50 and
corresponding shoe 52 are housed by the seat 46 and the guard 48, which
abut one-another and have a generally circular, cylindrical shape. Below,
these components are described individually, in greater detail.

[0047] In this embodiment, the seat 46 includes a cylindrical lip 54 and
a plurality of intake passages 56 in a hexagonal packing arrangement. The
ilustrated intake passages 56 define generally circular, cylindrical volumes,
which are concentric about respective axes 57. These axes 57 are generally
parallel to both each other and a central axis 58 of the valve 44. An upstream
portion of the intake passages 56 includes a concentric radius 60, and a
downstream portion includes a concentric, chamfered seating surface 62.
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menbers. For exanple, sonme enbodi ments may include an

el astically deformbl e nounting nenber with one or
woreee/0sdoot s al ong its sides. To insert the magP€r/UsR07/018170

t he nounting nenber may be deforned so the slot is

wi der, and the magnet 72 may be pl aced inside the

def orned nounting nenber. Then, the nounting nenber

rel axes around the magnet 72 and the assenbly nmay be

attached to the body 70. [0046] FIG 9 illustrates
Otherarmboediementsirrayindudaintekd passaged S6ayith differdet simpes,

arrgﬁg&?{e t@fort&%rﬁgﬁcﬂ?st.s or other valve nenbers

€sCr i bed above. €illustrated valve 44 includes a
t 46, a 8 l . n
to03BY, _*7% JRERE R tonRiehd 40 obbnd REREAS s2dls ABiIp& e
gudrd 48 dvbichrie sipisreinbodisterd, h2lates dnpwrﬁtityh)f %dpﬁaematepltﬁcles
d.the. d 4 j.ch abut e- anot her ave
o4 iR R nsitiue® 8l Pri el PRcRages Ba. e PonGet
receptauies BYsarergeriealy cibedlar, ftiMd el Volumies tBaEateslso
det %i.l. [30?@!7;4 In this errb%%r rtﬁ% the seat 46
conqRUig @LOHT INA TS3HECHUP KPP X4 HiRIPRPRPLIFRASPIgClgs 64 are
sizet6 keateAIR8 PoPpeb 50Nsa tHeAE Pipah BOKNAY tAlHsAB8MBA the
The illustrated intake passages §6 define generally

PoRpelIeraPlacs Pt aiong g gsnarale ineafpath. dransenuanttys these
popREtss0 AEYsd ENSraRY &z as Eaerng @éﬁ@éaegrée s&nggaééﬂrny

parallel fo both each other and a céntral axis _
whichie 8AM examplein s enebedimant; isither pasitiamelakg the axis 57.
O s ok R AL ANGRT defed £ ffeeddm £8 clyespond
to diferentdypes phowvementher enbodi ments may i ncl ude

I nt ake passages 56 with different shapes,
[00491 angenﬁﬁ@sf?Ui@ﬂr@iﬂ’liaQﬁtanGrmiss g60r48]ispos@d Gnder shbe 52 and

r . .

are A R Eh{ERgh wilFaBRimé Ber i o3 8akISon 1 pEbRRt 50
angshpetd. etheillstratedoutiél phshbagyesi 6ge gpretallygmaréiel to both

on Bloftn <l FRSRREE p d5hadk s Ealt s BRESIRENE g il
passayeshd Foe dtsgne?g Ircéffi-aagisﬁ?:gh imf ir&hm:eﬁ giz'éga'gfgts %p@grge the
o RS ik e I8 o B EGepec g o
embedinéatl madhotinigdé tige peppéd tedebieiiés Bat hn some

sequent |y, these poppets 50 may be characterized as
emﬁgafrﬂ%mg, Q}%@h@e éggrpggp de 'fl’@ew%ément of the poppet 50. It

should also be noted that some guards 48 may not include the fluid-drainage
apertures 66, which should not be construed to suggest that any other
features discussed herein may not also be omitted.

[0050] The various valves described above may be employed in a
variety of fluid-handling systems, includiﬁg fluid compressors. An exemplary
compressor 210 is provided in FIG. 10. In the presently illustrated
embodiment, the compressor 210 includes a pair of compression cylinders
212 coupled to a frame 214. As discussed in greater detail below, a variety of
internal components may be disposed within the cylinders 212 and the frame
214 to enable compression of fluids within the cylinders 212. In one
embodiment, the compressor 210 may be utilized to compress natural gas.
However, in other embodiments, the compressor 210 may be configured

12
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whi ch, as an exanple, in this enbodinent, is their

position along the axis 57. Other enbodi nents may have
wa@eaapoepnal degrees of freedomthat correspondP€DUS2007/018170

di fferent types of novenent. [0049] The fl ui d-drainage

apertures 66 are disposed under shoe 52 and are in

fluid communication with a volune 86 (FIG 5) between

t he poppet 50 and shoe 52. The illustrated outl et

passages 68 are generally parallel to both one another
anc/ed ushd tbooaeresasibecfiuids. A mechiasicaipodiemsourcd bedriver

{ di d off-axis f t
216, St B ARG B P fd ARG Baycte cBupled 851 end
Com%wd' 21{®etognmwtﬂet461_ebhiahté>al tﬂﬁwestcb mvt aticgs ;r%ll‘i% 64
embodi pen na i ncl ude 0 rec acl es :
comROBEE 2 bl PhahiEcomptessipn otste tijdywitnie e gviinders 212
To fasikiare bcobss ke soep Meérrd) cohipoiiapis, tha e desk&d for
t hat ,some guards 48 may not include the fl uid-drainage

diagpeptic/PESFBlenANCEPUIRBEES QRANINGS buthe: rame 21 maygest
provithdd any s@lét?f(\)/g%]éééﬂs%t%dq}lé ?é'ﬁl%@g‘)@%@\}(fgg ?r?éll%d;k%tda@%ejghe

be om tted. The vari ous val ves
OPeRiNgBe enpl oyed in a variety of fluid-handling

systens, including fluid conpressors. An exenplary
WO@%&pr ess&UrYED, the examplasy cylindars2120nciudet ¢gapped recesses
2198l 1d feBiVeAiAf BIBOMITEE! sudil'Ss YRR S530hbis D0,

I ncludes a pair of conpression cylinders 212 coupte
The yalyef aggambly220\mayi includeashe ar groratodthe watos valvaw,

! g | g .
oo 553081 RTSAL S IR 7o
illustoa@dgﬁsiviﬂ ibeoéppiegialed thathimvadeusghibodéments] 2dditioren @alve
o AT QG309 el ol v 21
It wiilh alsooives aptsﬁmiatﬁmhgamd)eylm{]@‘ré a4 Q?déy MG de FReria) fluid
conpress ot her fluids., A mechanic ower  source or.
corgiiretgn Teoroasss2th NG e BRvRTPIES AgDdp facilitate
flowry abfui@ dntal B8 bat NiheYNBHERS212 HSuh R ElGe assemblies.

chani cal ower to the various internal conmponents
Ad‘gﬁ . pow nmp

anedy.inus IesiaYAtQR camRaNent® SUCH a5 GRE®S AT farteners, may.
be EMpIoRed fo ?élémta@ni‘o%tilagtoﬁ‘ttﬁe @%%é&nﬁl@Z?@Whﬂﬂhe

conponents, as may be desired agnostic o
recRgs@® él8nce purposes, openings in the frane 214 may be

rovi ded and sel ectively accessed via renovabl e covers
[Oosﬁlposedﬁmﬁ@pgh Klae exemplary compressor 210 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 210 may include a different number of
cylinder throws, such as a four-throw compressor, a six-throw compressor, a
couple-free reciprocating compressor, a screw compressor, or the like.
Further, other variations are also envisaged, including variations in the length
of stroke, the operating speed, and the size, to name but a few.

[0053] A cross-sectional view of the exemplary compressor 210 is
provided in FIG. 11, which illustrates a number of exemplary internal
components of the compressor of FIG. 10. In the presently illustrated
embodiment, the frame 214 of the exemplary compressor 210 includes a
hollow central body or housing 222 that generally defines an interior volume
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openi ngs. [0051] Further, the exenplary cylinders 212
i ncl ude capped recesses 218 configured to receive
wo alw@2mssenbl i es, such as val ve assenbly 220.Pdhes2007/018170
val ve assenbly 220 may include one or nore of the
various val ve enbodi nents di scussed above. Wile only
a single valve assenbly 220 is illustrated, it wll be
appreci ated that, in various enbodi nents, additiona
val ve assenblies are included within some or all of
224 irewbildrevardepidemat esagon2hés may b réceiVed, ech as a

a eci ed that the cvli S [ ude
crapkBhER 2B ot siibbeitent i SrifALOT . 232uH85 hava ay
gerﬁé\%lly@bg\ﬁécﬂss e?b'ldhrﬁﬁél Elﬁﬁpéa olff Qfédldzld bﬁt m)tfaﬁpmowbver }‘tha’l tthe

i nt t of, the i nders t ro such, val ve
centabeill 22 ety S aian Shapes: & fonTHur s g Becbidance
wﬁﬁQﬁBQﬁ@&&ﬁde&Hﬁﬁuéﬁ cages or fasteners, may be

enpl oyed to facilitate nounting of the valve

ooxsayenbdl i @5 opdfatir, the dfrlbér peeestfss tHcrdrikehalt 226 supported
Al t hough the exenpl ary ressor 2 10 is illustrate

withig Téﬁetlmﬁrmrd«falw@@.%?ﬂoefame AR rphie sksopne smkqdiment, the
orefRERAA DY is %ﬂ:ﬁlé&ifcﬁ&#d%%ﬁeﬁaé’ 23bS8a @BRhaYtIRY Fodke 288 iand

fromthe prese é di scl osed techni ques. For instance,

pins233. hEheemw 230 errdisprped y¥thin zrosshepd aieifas 234,
whg%ﬂé%icﬁ%g PR B fhd LaRY t%c{if and Fhcifiat@ connection of

conpressor, a sl x OW conpressor, a
thecoylisiders 242 todbe poomressgr 2tpheeseembodiorant the

I
cofBRESEERND inBldetihold dssfitd dBidesndF IndtBhd SRReFI
pesiamd{cmlaltm éroapepposite) sklesaaf, thamentt‘aébedy ©r hoosimgn222ut
altli‘% gr£e0053 |gﬁ‘,'% fog]‘f’sg%rség%%é Oeﬁ%%ﬁa@e Mg é Rﬁ#ﬂyﬁhg ’é%@?é&éééd the
rotatibh@itrheties of the mkshéﬁ%mltaamslateﬂana alhe conpestiy eods

essor_of In t nt
228 0 (S PR BRBLIITIoRC bR & oseiRacs 23D itFihie crosshead
gurkgmgary conpressor 210 includes a hollow central
body or housing 222 that generally defines an interior

[008B]UNME22Ag .ﬁbw@ éﬁbﬂ@ﬁh@@?lmd&r@miﬂ aROEREMRNES toR¥cdIve a
recei ved, such as a crankshaft I n one enbodi nent ,

fluidier semPrassispdy egrosahergy 253 ag@ ﬁéauaiqd/t%easmﬁ €36
disfbk bl dilrif ke aRtiorkto 1 adnB ToBRFEShMPHRIRA oftha!

he central body may have ot her shapes or
Crasshergs raapwm@mnrq"smqn alcited yditde the cylinders 212 via the

pistons 236. Particularly, as the piston 236 is driven forward (i.e., outwardly
from central body 222) into the cylinder 212, the piston 236 forces fluid within

the cylinder into a smaller volume, thereby increasing the pressure of the fluid.
A discharge valve, such as valve assembly 220, may then open to allow the
pressurized or compressed fluid to exit the cylinder 212. The piston 236 may
then stroke backward, and additional fluid may enter the cylinder 212 through
an inlet valve, which may also comprise the valve assembly 220, for
compression in the same manner described above. Further, as will be
appreciated, the cylinders 212 can be configured to facilitate fluid
compression on both the forward and the backward strokes of the piston 236.
For instance, as the piston 236 moves forward in the manner discussed
above to compress fluid on one side of the piston, additional fluid may be

14



with the present techniques. [0054] In operation, the

driver 2 16 rotates the crankshaft 226 supported
waowdobiozsothe i nterior volume 224 of the frane 284T/UE2007/018170

one enbodi nent, the crankshaft 226 is coupled to

crossheads 230 via connecting rods 228 and pins 232.

The crossheads 230 are di sposed within crosshead

gui des 234, which generally extend fromthe centra

body 222 and facilitate connection of the cylinders 2
intrmuced timte thergylisagdeoon 2hé @ppbsite sedecabibei pistan. Saeh fluid

eSSBS SRR A B e
I s e T

anmpuema'tmeeftbmsh spedcifi abnﬂrmimmﬂtsk bav@bebhammm kg wadyt of

t ed t
ex§apl6 Pbb RIS TR heen fese Bt haial Bessi owever.
it shbaldche simdesstogd itigsthddAveniiibi] ndiSntepided oty Bmitel&o the

el 4auTs RColoReh, BaIdlatie mysnlich &R gpe dlbmacdications.
eqéivaletits e 8 itefridhives ‘fé]ﬁn? Withiw eies sgiti€ and 'Z*Q:ob@fbf the invention

rocating notion of the crossheads al

as E’Sﬁﬂg dbyithg fgﬂowm FPREdacclaiescyl i nders 212 via the
pi stons 236. Particularly, as the piston 236 is driven
forward (i.e., outwardly fromcentral body 222) into
the cylinder 212, the piston 236 forces fluid within
the cylinder into a smaller volune, thereby increasing
the pressure of the fluid. A discharge valve, such as
val ve assenbly 220, may then open to allow the
pressurized or conpressed fluid to exit the cylinder
212. The piston 236 may then stroke backward, and
additional fluid may enter the cylinder 212 through an
inlet valve, which may al so conprise the valve
assenbly 220, for conpression in the same manner
descri bed above. Further, as will be appreciated, the
cylinders 212 can be configured to facilitate fluid
conpression on both the forward and t he backward
strokes of the piston 236. For instance, as the piston
236 noves forward in the manner discussed above to
conpress fluid on one side of the piston, additiona
fluid may beintroduced into the cylinder on the
opposite side of the piston. Such fluid
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woul d then be conpressed on the backward stroke of the
pi ston 236. [0056] Wile the invention nay be

waamempdoibl e to various nodifications and al t ePCEUB2087/018170
forms, specific enbodi nents have been shown by way of
exanple in the drawi ngs and have been described in
detail herein. However, it should be understood that
the invention is not intended to be [imted to the
particular fornms disclosed. Rather, the invention is
to cover all nodifications, equivalents, and

cLaivg natives falling wthin the spirit and scope of
the invention as defined by the foll owi ng appended

1. ¢l afvfivigthanding systemycempasing: ng system conpri si ng:
ap i &g a body; a magnet; and a nounting
mn‘gwgﬁ%ﬁmﬁ@éﬂgb secure the nagnet to the body. 2.
The syst @bedy;cl aim 1, wherein the body conprises: a
head having_ %Fazid'd“g surface configured to seal
agai nst a se f g surface; and a |l eg extending froma
downst r eanmeudéingfmeéembeh eadfig@redtbesexyusé e ofagrietitonte

bo erein the leg has a generally tubul ar shape that

fines an interior volunme in which both the nagnet

and the nounting nenber are disposed. 4. The system of

claim 2 erein the seali.ng surface defines a
2. gengpﬁlﬁyfwm _t'%@'E'bﬁi WE'P“R’)_B&G PdB.Com%”%eﬁt em of
cl abmelad Maghgidsédithgouidde Bonfgiiet t6 &N hgamsta seating
| astical ly deformable nenber configured to secure the

SURAMé™ @ o the body. 6. The systemof claim1, wherein

t heangy ebe1HiAG TRh LAGDhstPEIMIdIIEBE TS ABRGIUr ed to
secure the nounting nenber to the body. 7. The system

of claim1l, wherein the nounting nmenber conprises a

3. %Sﬁgg%kéfﬂgﬁf&émé! FBRTR the Y hL9Y §chdiBiiy RttiSr EhSpe
that defines an interior volume in which both the magnet and the mounting

member are disposed.

4, The system of claim 2, wherein the sealing surface defines a generally
frusto-conical volume.

5. The system of claim 1, wherein the mounting member comprises an
elastically deformable member configured to secure the magnet to the body.

6. The system of claim 1, wherein the mounting member comprises
threads configured to secure the mounting member to the body.

7. The system of claim 1, wherein the mounting member comprises a
plastically-deformable member configured to secure the magnet to the

mounting member.

8. The system of claim 1, comprising an adhesive disposed between the
magnet and the mounting member.
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nmounti ng nenber. 8. The systemof claim1, conprising
an adhesi ve di sposed between the magnet and the
woremn2ieglt menber. 9. The system of claim 1, wheP€i/nS2001&18170
body is a one-piece body nade of a material that
i ncludes plastic, and wherein the body includes both a
head with a sealing surface and a tubular | eg
extending froma downstream side of the head, wherein
both the head and the tubular leg are rotationally
9. synrfeé systefbofitiairhel, savareii S; the nounting nenber

e S Sen e BBk e SeB AR el nuos laste

andWﬁéfé?ﬁ@hé'b@GP/Qﬁclhbés Wb' HEhd WA sedlirges\@radd ¥nd a
circular-tubular sidewall wth exterior thre

ads
tubglarieggxiemding Fem,a @'Wt?ﬁﬁﬁﬂﬂd@g Hibetwad, gvherein both the
heddPaRd 81 tﬂflﬁr IE% ﬁ%% §e9Yrirstrfeasolt4hE!stime axis;

portion o dovvnstream restraint having
a ttbelmpupting mnbgnmcﬁ&d@dméalrWQmpﬂéeaue froma

oo, ST ROt SGEAEN B o gpan o an

upstretane sidet obthel moahting naémpetist i cal |y def or mabl e
reber s BNl ONIR FATLPSHERE il xtol B AEShE™

of cl ai
cormgsnsag & setiredthegabunting onéraber to/\bmrnelamemarys taeads

ed am from e di d
dis '\%’é)fgs é%“er%P% afﬁg'tb%bgpﬁ'%eﬁ%a(ﬁa%anﬁg aI ?QSZIGI i ng
magnet a cwvms’drdmmmgrans haeingec tytl itk efaca conifighrechto

shoe 0S and an outlet passage. 11. The system
reCS\‘Vectpé‘ﬂ‘fﬁi"@P” ﬂﬁ%?'eiaﬁ‘ d he shoe conprises a shock

abs@ibagnélis di Bpo%@mmrofhecbmumﬂ&bumegleemu e the
shoe, the repelling magnet, and the gquard have

mowntmjmrabﬁagt@twssmtnﬁ@lurf@ty ghlaglied B’rﬁ%fPf@PQIWbers
and HBPabwhEfeantRIERARSOr having a

10. The system of claim 1, comprising:

a seat having an intake passage with a seating surface, wherein the
seat is disposed upstream from poppet;

a shoe disposed downstream from the poppet and having a repelling
magnet;

a guard having a shoe receptacle in which the shoe is disposed and an
outlet passage.

11.  The system of claim 10, wherein the shoe comprises a shock absorber.

12.  The system of claim 10, wherein the shoe, the repelling magnet, and
the guard have a fluid-drainage aperture.

13.  The system of claim 10, comprising a compressor having a

compression cylinder in fluid communication with the intake passage and a
driver coupled to a piston disposed within the compression cylinder.
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conpression cylinder in fluid commnication with the

i nt ake passage and a driver coupled to a piston
wale@posddl Wit hi n t he conpressi on cylinder. 14. BCTab2067/018170

conprising: a poppet conprising: a magnet; and a body

di sposed about the magnet, wherein the body includes a

head and a leg that defines a distal surface that is

downstream fromthe nmagnet. 15. The val ve of claim 14,

wherein a downstream side of the magnet is
14.subAteainé,aldrgprisidgr t han an upstream si de of the

t ve of claim 14, wherein the |leg
defﬁﬁmgpg?ggxga ﬁé/ frustoconical, interior vol une.
17. The wahugnef;, atidai m 14, conpri si ng a shelf di sposed
adj acent dpownstrea of the ma net
val ve of @ %%&W'f?osﬁég Eﬂ'{%@aQH‘QF:f h?f@'nﬁ'é%bagh"'!q“é‘ilesa

heathafd dPigsthaedsfinésa dibtal Berfabe that ivomstieains e the
meets the leg. 19. A method of formng a valve, the

magBehod conprising: providing a poppet body for a
val ve; providing a magnet; providing a nounting nenber
conflgured to attach the magnet to the poppet body.
15.20. Thayaive abeaip 14, yharein a m@m‘cr@am sigedpirifetrnagnet is

suMQR%IW@érQHER tféHrﬁ%d@?f co LBHef he poppet

body he met alm rising:
inserting the rragnet into the nounting nenber; and

aft [ , gal leng t [
16 e p e VBV of Sk 13, CRithehn R LA Tgs SerEN e,
conigaly iiteriat valomeng t he nounting nmenber to the poppet
body conprises engagi ng threads on the poppet body
wi th conplenentary threads on the nounting nmenber. 23.

17.An fhe aahteust clabmmid, €onyrising a shelf disposed adjacent a
downstream side of the magnet.

18. The valve of claim 17, wherein the shelf includes a fillet on a
downstream side of the shelf, where the shelf meets the leg.

19. A method of forming a valve, the method comprising:

providing a poppet body for a valve;

providing a magnet;

providing a mounting member configured to attach the magnet to the
poppet body.

20. The method of claim 19, wherein providing the poppet body comprises
injection molding the poppet body.

21.  The method of claim 19, comprising:

inserting the magnet into the mounting member; and

after inserting the magnet, attaching the mounting member to the
poppet body.
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a conpressor; and a val ve di sposed between a fluid
inlet and a fluid outlet of the conpressor, wherein

w0 b@owzadove conprises: a val ve nmenber; a nount i PQI/DE200%018170
coupled to the valve nenber; and a magnet coupled to
t he val ve nenber by the nounting nenber. 24. The
apparatus of claim 23, wherein the conpressor
conprises a piston. 25. The apparatus of claim 23,
wherei n the val ve nmenber conprises a poppet. 26. The

22.appEhaimethet oflddim 2%, whieesiaiattdchingotiepebuadngmeedeato

eyl IS S L TOURL 0 TRIRE, J 200 3PSSS i

complementary threads on the mounting member.

23.  An apparatus, comprising:
a compressor; and
a valve disposed between a fluid inlet and a fluid outlet of the
compressor, wherein the valve comprises:
a valve member,;
a mounting member coupled to the valve member; and
a magnet coupled to the valve member by the mounting
member.

24. The apparatus of claim 23, wherein the compressor comprises a piston.

25. The apparatus of claim 23, wherein the valve member comprises a
poppet.

26. The apparatus of claim 25, wherein the poppet comprises a leg, and
wherein the mounting member is disposed between the magnet and the leg.
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