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SPRI NGLESS COVPRESSOR VALVE PRI ORI TY CLAI M [0001] Thi s
application is a continuation-in-part of U S. Patent
Application No. 11/057,770, filed on February 14,

2005, and hereby 5 incorporated by reference here
R@Q@?@ﬂ‘lﬁ) [0002] This section is intended to ?W%’ﬂl (Lo
the reader to various aspects of art that may be
related to various aspects of the present invention,
whi ch are described and/or clained below This

di scussion is believed to be 10 hel pful in providing
the reader with background infornmation to facilitate a
better under siSPRINGLESS [GOMPRESSORABREYES of the
present invention. Accordingly, it should be
understood that these statenents are to be read in

PRIORIYEE Aipgnd not as admi ssions of prior art.
é0003] In a variety of applications, fluids are

O essedhisaprlisatiey ise sontimieloatin-aatsih-8sEatenial ve.

P@?ﬂﬂ@éﬂﬁﬂ Mo. PIYOBR, msmeaw Sdil8anf 14, %osabf«f@ hebdpy fluid
ressure js %prlo i cal elevated e. . y an

peialgd Ry refpeanss. he\/ﬁ'i"’re the fluidis in a conpr essed
state, the valve opens to allow flow of the conpressed
fluid to the other side of the valve. Typically, this
BAPKGRRYNIht i | the pressure of the fluid drops, and
[édnmval vemli@w.ont@ﬁﬁ&%@@%ﬁ&&éﬂﬁe&@a&%f&%@ﬁI .

fluid on he other side of the valve., Over tine

aspesis qf art gt mav be related e veripysAspecin PhiBe Presant jruention,

wHich aredPdRibel AR/ draskhi eI bR Y mmm&ammsrbéueaéd to be
800 RPM ich c {es their vah%es at

3 Tty
Rl T e Ba A e DR T B RLes 6 T e =
b@ftttaenndmtardmg:omheneﬁws tabpéctwe:athe @resanvingentorch, in

ARS8 )30 Sl TR B 101 B o

ﬂpuségbtjmddldtfeeraﬂmesmus obpri¢rhmt.val ve is | ess than the
spring force. Over the life of such valves, the spring
ﬂ&?/alcycl e I poterigtcdmppieatianss fluids are campssaseddang eanveyed

thidugh é‘éﬁ?ﬁ?fesgér @éIU@SGeﬁBF’aIIkhbﬁ aﬁwstregmme eRHREVAINE 5 the

SPring to Tati IS wear, onpr essor
fiyid Q@Saﬁeésm'eﬁicgmﬁ'@&ﬁfeﬂe eghgdnan 9@0%1;'% it eVhile 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 vaives 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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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0005] These and
ot her features, aspects, and advantages of the
present invention will becone better understood when
the follow ng detail ed description is read Wlé
VORUPEMO t 0 t he acconpanying drawings in whi CHUFPKEO1E70
characters represent |ike parts throughout the
drawi ngs, wherein: [0006]FIG 1 is a section view of
an enbodi nent of a magnet-actuated, concentric-ring
val ve; [0007]FIG 2 is a section view of an enbodi nent
BRIER mempﬁeiwapeﬁ?emﬁmﬁmé@te valve in a
ri:p{ci;’gressor [0 FIG 3 1s a section view of_an

di menThese andatiesfealiiasapspectpoyisbrdvaniaees of the
pFAERE R9SAtion WMIASEIIhébetter tnderstesl 'vﬂianﬂh@VFbmeIﬂQ detailed
enbodi nent of magnet rmgnet- actuated,, rin

dprTRioDdB e Wierolaraiordoans pREBPARYIRG Hrawilte Vgphich tic

chanelas ropredenttikedarts thgsugholt tle drawime! wheesiasari |y
concentric) in a conpressor; 15 [0010]FIG 5 is a
[@008] s - secFiGn &fa segiippeew gfGldmBb@met icd aamagnet-actuated,

=sact | of anot her enbodi ment of a poppet;
c%%ﬁ 'éﬁﬁévgg’eand 8 are expl oded, perspective views of
cr ogpoppef:l@fz [ £sebliod Qgﬁfaﬁmgoﬂﬁné}lt%@%\tﬂxﬁbnet-actuated.

s-section of anot
ported-plate valve in a compressor;

[o008] FIG. 3 is a section view of an embodiment of a magnet-actuated,
poppet valve in a compressor;

[0009] FIG. 4 is a section view of an embodiment of a magnet magnet-
actuated, ring valve which uses either a single ring or a multitude of generally

identical rings {which are not necessarily concentric) in a compressor;

[0010] FIG. 5 is a cross-section of a poppet;

[0011] FIG. 8 is a cross-section of another embodiment of a poppet;
[0012] FIGS. 7 and 8 are exploded, 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 anly 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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20 poppet valve; [0014]FIG 10 is a perspective view

of an enbodi nent of a conpressor that includes one or
nore of the features illustrated in FIGS. 1-9; and

‘Lﬁ 015]FIG 11 is a cross-section of the conpressor of
PAVHFIIDET Al LED DESCRI PTI ON OF SPECI FI C EMECH WRNPE 170
25 [0016] One or nore specific enbodi ments of the
present invention will be described bel ow. These

descri bed enbodi nents are only exenplary of the

present invention. Additionally, in an effort to

aﬁb%sﬂed %aﬁ‘?ﬂ mes@exca@&hém é@hﬁuchwﬁaf@eﬁgm%éwuon as in

nbodi nent s, features of an actual i | ement ati on

s P AGINE050 95 SEFIEB MO PG < s FTPERIMGAON APl |
db@mudﬁ%ﬁﬁ@ﬂl b ﬁﬂ?b{ﬂ@bch'@vé'ﬂ@e tevalbpeesiediic §bbls, SRR as
enment atI,on as. ln.a eerin
B ace W He BT Al el b i Elked copstrlaf i oy
vat,i,SiTrl odn&)ﬂmﬁﬂaiémeﬁtahbﬁ‘t@ ahbmedeWrQ@Mrsit sFﬁ@ld:jb‘s @%precnated
a C asS C stem,r.el ate an

e Y R L
wandd heprénatedsbe enon:m&mmiértakmg\bim@t,,fabmaﬂboubdd be

n?ﬁﬂff?&h?et £ vt ofsd+8fﬂa§f gay ﬁ%\‘?ﬁﬂ‘?ﬁ‘é Pgﬁéﬂr&f trﬁh Q#ché’s re.

and time consu never ess

t
X A LR °'9§§“e%§*‘4@“??9‘5ﬁ2&’%?#@” Some
embnsdimenisrof this syaiese at%,aa@cu[admw]%t%s@a'ﬁjpaw\ma| ve

c’éh%é‘éé%r§&1ﬁte‘ﬁ‘§o$néi§%bhpﬁéht§eérﬁ mr%seawlgﬁanés
hi s S%)ﬁt em ar e rEartl cul ar1

VF'B’&’BF‘?)%& R dBRYTERY m%fq%ggnﬁrﬁteé’ofﬁ%'“éﬁﬁ%%?tﬁé‘ﬁﬁ@med

. G Rd abl ot BepBFblitations BR: yalisientd, diibdifbased

directi b orce enerate

T B SRISEg LTS SLTH GImEP T h Sreh e caspmilenre
atsoveantemptitedind di fferent techniques for replacing the
spring conponent in such valve assenblies are 15 al so
[edMlenpl afRedierripgta FlRet dheisegt 10 hBE @assageh 2 dwitezDto a

sB3Bnd 835REE 34 1 B1duh Adprb Sattel DyErrow 16 progresses on pressure
buildup to push against the valve member 18 to displace it from the seating
surface 14, whereupon the flow passes fhrough guard 20 via passages 22, as
represented by arrow 24. Aligned with the valve member 18 and extending in
guard 20 is a small bore 26 leading into a larger bore 28. 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 bution
38 rides over a poriion 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 piate design is shown in FIG. 2, a poppet valve is shown is FIG. 3, and
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seating surface 14. Flow represented by arrow 16
progresses on pressure buildup to push against the

val ve nenber 18 to displace it fromthe seatlng

surface 14, whereupon the flow passes through ard 20
WP2008420 hes 22, as 20 represented by arrow BT Ushob7018170
Aligned with the val ve nenber 18 and extending in

guard 20 is a small bore 26 leading into a |arger bore
28. A shoe 30 having a bore 32 is secured or nounted

in bore 28. A magnet 34 that has a bore 36 aligned in

r—frlzr\{:j @ntﬁeﬂwglecmg SPMMtie BANHE B2 héh- H&%Brmc hﬁgé*‘&%e
A button .38 rides_over a portion of the shoe 30
Vég(& "éﬁrgﬁm ?\@w ﬁ@% 4-olny gﬂ pther renpects thejiistrates o
eﬁlﬁlﬁbduﬂeh’?&ﬁ RIS, t1\;vs2 dridodmpaait m?@a@md sa;r}n@%ye Cl'he
a rin e val ves sho
eSSl elhaditent DB SRPES actares wa b thaee s Ro

hilittor (tHeymignétie ipthEppdppa)ia FiS. 30and tidphppetishal siigdbly
'ﬁkgﬁ et 40 is nmounted to the button 38 in such a
that the orientations of magnets 34 and 40 are

t hat | |
BE9) | 12 1 B8R Gh el af, 6 Loiicen GhBk duduann
qommammhmlqmpan ibetaliminated aising thewpagnels. dhe rmgnets
c?a%adé a&n%ﬂefn%? eib%tmﬂyan\é@, NecdRINRSfionkCofdsiih b%éfﬂa{a@{&s

a nunb designs.” A concentric ring design

rPPW%PH&Fb‘an@ ﬁrfer@m&nfathat %l"b*aﬁtEécﬁ%'Paﬁ & glospdhe V@'Ves
@ﬂh@vveomﬁoxﬁ fo re%{ar:)% memlhgym ¥&ch @:&éwmay:e‘in;ﬁbﬁou%r forces
r el er s erin or mul e Sane Sl ze
i Earthr dfered bvate Physicelgam ity TR, SoBlesh e
thaserﬁboé;méIfts alré ambhmhm tispecdre dffthe invandibh atmérefore

SRR I n @by Va5 ik 8 Mad o eI e e

wesd e iptosaliyeinwapnjuretion withraccusulatofs, ot éxampglé hae all
LS.l . ) in FIG 3, and the poppet is

noE ﬂ{e %éﬂﬂe;°¢*5§a’“%gﬁgh[ 0019] I n sone enbodi nents, the

[ﬁmpgs °‘°I'h¥a§|tH§§)rotﬂ§Fnt éd‘dﬂéé’éédybs} Do 8 BRIRRARAENts of the

applications, can be elim nated using t magnets. The
%Wt'%"%‘ﬁnb% i arapgrbatvalye dasicn thahaym Ef%"Qﬁ an economical

coRBRLOREH AN aQblidyly TbngTét@wH@Qf@tﬁhé‘t%ﬂ'&ﬁibé%ﬁ&cd#ﬁkhed in
one errbgdlme nt that. elimn g_% S o cl ose

SPLANLEM e@w&ﬂf%%?"ramt'%o Br"lsf'?g%f 9 f%’é‘ﬁt
praiemtsy hag sclopgeylifatdyele Byoushes cbﬂnpbnerat@ tb@t afellesseafeébted
ani

h
e sPfibiml g kBRI AR g BIGRS B of S5} 10 RS
embatditieot thd htasﬁfgpioece mgiratided bytthasligmpeoloflikei poless of

Jérﬁ{aﬂén{ I‘Puaaﬂé‘i% D3P eﬁ{bohﬁﬂéntg IS BXnFebgi:{lé’tei'J ?h@r detvdf &

In conjunc
céo@m)foefce étrreualh a dmwcrﬁ hat lsencz;cmme tyf fatibee onweat memvould be

d8RANIIR diDSnPIaRbR MAGHS aSpAngy some enbodi ent s

e present invention Is to présent a valve design

[bbﬁ‘l] can [ph QMhﬂ%rﬁBo@iWré% &%@%&Wéﬁ‘d%ﬂe@t;on of
ellablﬁglon service life hat objective is

the BYHPY P8nREPPEtnoRetneE ValP HOBTRS’G&PM@GSWWQ'"Q inertial
fotdesi Mé)@ﬂhlﬁéd tabevée abideadasdht MRidBevindicsted BE atrbde 16

P e Belaptionfaia 8P, e WieFn Buie 08 Hhdalet BRok ana

fwtb hsthanithet deard ml in g:edutryemf)oﬁmeaﬂty ghis layclensccurs relatively

fgq%%ﬁhgﬁ{; ¥ém$ I%% é ca/]c{e Oef a COIQ&I‘OSVSSOT dDuyng n‘l

oscillation, when the button 38 reaches the end of its fravel, it is brought to a

4



10

15

20

25

30

per manent magnets. O her enbodi nents are contenpl at ed
that deliver a 25 closing force through a device that
is not prone to fatigue or wear as would be
experienced in an application involving a sp
VO3 50me enbodi ments, rapid accel erati oﬁcgﬂgoowomm
decel erati on of the button 38, poppet, or other valve
conmponent s causes damagi ng inertial forces. As
expl ai ned above, to conduct the fluid fl ows indicated
by arrows 16 30 and 24 at the appropriate tines, the
thd.;i ugstmpéamgmmee theﬁgeétrw Ak &hob @@kdégéhé.ﬁg bh tHé t hin
c

nbodi
B G st By SRR o LrbmpiePB e arates the
beytoh aﬁoﬁna tioe rapie deoslerdboni Mgy bhbsnséstﬁlréﬂaﬁ(rd?ﬂbrgm}'nal

d.of
foreBe et e PlecP ORI R fatfiaBBr 18 sambrnmnbtBeptsjargd ingria
ftmk:es mbaepthpWBmgltton gy thierreaghetrd4, whidh glaythae a

bR Eorhaf R it ol 0RO 58 TP RGPS g ey
Sﬁrﬁgﬁthe)bm@ra%vlshyg eargwachertial forces wit h| n the
button 38._ In particular, in sonme enbodi nents, larg

[0022% i al Fhedeeeateawiress freppranidy ﬁ@cﬂﬁéetmgtthemn@eb;w

rﬁé‘ﬁtdﬂﬁgﬁﬁhlﬁl‘ﬂ\e UG ﬁifé@b‘thﬁ%\(ﬁoﬁ dgand %o%sémﬁeﬁﬂ?érﬁg dffdr
.rest of the button 38. Thus, the nagnet

QEnt bR 3 G Ciss. %M@W mpfafefegue[ @092'] R need to

uee'ppaiced siermspdtéamnyaﬁmébsmgeﬁsb@gtasfldaﬁréth% thegNRrated
he button 38.

to |
Vlaﬁ oS 8%& P s nbe nﬁP?%tPg%d sé’"%%?ﬁ“@l SiFffer of
etnybﬂm;antsh whinht arerbe.’ﬁavmm Hiatribyteeintenel inertijoroee thdre

eg,? g%ﬂﬂ%ﬁﬂcegﬁ‘%&?g %ﬁéhgl 'y increasing the cost

perating ‘val ve. Thi s probl em may

[6624] Ui 9ak¢d @MIU§§HE'S 56}?&%%&%‘@%9 %PJQR&' lg%% ed to

Ich are believed to d stribute 1 nterna nerti
begegistantde sowedypss aifatigesiutiethia wégdlm,ethesapomnents

sbfa.{cr)@zam @at@reb'thé&sérb%te?éréh ne%hanﬁpsﬁmegéé%?? 52

that i.s e resistant to sone

CPRPPTIE 2BPHE P AL S D Aiher ehss TeaNS g HER B GoToaRats, Or

ahslitsay of thentfustarsed, hady mtq;eg@drﬁfeatrlcyorrretaarfohamaﬁwmemc
he axi s

et tyéh%%ﬁ%%ﬁ el %ﬁé‘s@”@?ﬁﬁg REasSecten. Tbamebﬁo and
shheis2 rhapbansed mawaﬁﬁty cbretypmhownwes; :rﬂﬂqdutﬁg aﬁe‘ 08104 Y
n
IR pboveanditvantd B IR PR SCIN il iehtreBis o B o
[Goabe USeH |Ifbsﬂ'a @;EP@t%fO ih¥] B?ﬁegfbo}ﬁglfb 4%1d L %A#’%k zg

t he "val ves escrl ove an va desc
Iy Enip gmkpod e s ’é\eebﬂ,fbf 1 fgat@es @ siroe ¥p]7rh e hdadid, rdegds,

aRERPSHeIfED.| TRé YPRS th P ad ArRE & aFB8REior folding 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. 8), and in this embodiment, the contact surface 82 is
angied downward to delimit a generally frusto-conical volume on the upstream
side of the head 76.
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In this enbodi nent, the body 70 features a sprue tip

74, a head 76, a leg 78, 25 and a shelf 80. The sprue
tip 74 is an artifact of an injection nolding process

by whi ch the body 70 is formed, and which is_described
WéZBW"Z?"ﬁI some enbodi ments, this feature 74 RaljUtpa07018170
renmoved by machi ni ng. The |IIustrated head 76 defi nes

a contact surface 82 against which a seat seals (e.qg.,
the seat 46 shown in FIG 9), and in this enbodi nent,
the contact surface 82 is 30 angled downward to

[depsmt a T%%ﬂmjsﬁdtéfd fdg”ﬁé th‘éﬂaé @%l-n ¥ QbW 88! die of the

upstream si

97%%@‘6?&%@5/ @Jé@é@ﬁﬁd’fsﬁd [lodis prkediments theles 78 has

gk%neﬁéﬂy&ﬁ@&ld‘rfmﬁuﬁr ERUPS bhe Wehidrefesla hito RBARaY Rtciod
e 84. In this enbodi nent, the

i3 55, J0218 2t 7 (Fadehiin 8 thaf InsisT PO civpe cience
mmvaen teeBottorh ws*lcegmtgﬂesm ahd mél di@gal }slahfue@e& 6andT5 fog
afie S0 183 Betidias Hikandls peitenn & sl aldie 156,28 B theaxis
7. sThe Imrlfgla: 80 8day ba fbrenddesy azmg'ltencﬂfbldélat tweSe?iggl(lQid
st B e MRS a7 orithfi. (e Afthoidified fhe
led angle Y&ig greateathan tbwmaxlmda)tely @quakibd) degress 0@ defrees,

drh%él edd, Or both. In some enbodinents, the |eg
angl e 90 I's greater than or approxi mately equal to O

[dems]ees I Hée.ﬂfem ma leen%ﬁ:rﬂ%"tﬁ@ﬁmaghgp?@}J F&aﬁhﬁéf
72 to retain %net

d t
mauray 2 iSRG R SHEROL Sl ep Fresss heues 78 & Bl
eald taefshblfen éi?encmwoh@a sﬁéwd_ d‘sttgﬁc@t&ﬁ engg??btcméw.ﬁ]aﬂ{é
n _sone Al nts e | e m

e S Emay nal P B RS el S 4rBE somres Byta shale

distahfe 325 <ﬂ-’|os egame!éazﬂhe fitet radiasPlRaenay be ldrgbt ﬁl‘anrm.lﬁ?%,
8 00/ 0%

Bt%ﬁf"e' eI 'f d| s anceﬁ%%’e@c%tgﬁ? ea/qéag'o%% Vfim %@ °§§@e ?’9?3&“‘3"

rﬁé'@lﬁ@:ﬂ g Deligvesklol diffesk stoesdi ihftbs body 78smdi mitighte fatigye om

| f I db
tﬁ%a%?é&aé Eétdgqggfgée@\ﬁé'?ﬂe” ial forces applied by

t he magnet en the head 76 and the shelf
[66271 he bexbtwdéh il HSad 16 and the shelf 80, the body 70 holds the

magnet 72. In this embodiment, the magnet 72 has a generally frusto-conical
shape, with a magnet angle 96 defined as the angle between 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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20 magnet 72. In this enbodi ment, the magnet 72 has a
generally frusto-conical shape, with a magnet angle 96
defined as the angle between a side of the magnet 72

and the axis 57. The magnet 72 may be any of _a var é’
WP 09M&01bf nagnets, such as a neodyni um rragﬁ‘élfm%r“oml 170
other rare earth magnet, and the magnet angle 90 nay

have a positive, negative, or generally zero value 25
(e.g., the angle may be acute or the sides may be
paral | el ). Advantageously, during an inpact, the

the buppétaﬁdw TegRIres thd MmagRét BYRfnG@ 41 Mitdrhfidife Padrhber

|ne |aI to. the port t he ho 70
B eohiBree” OtidremBaSmsdys. sueB aeithees SpsibRabarduliti ng
referess mdmenepatmagm 5upp5brt e fragiet’2 with @AShiermeoizte
"S%:H?'% i ments, poppet 50 is formed by injection nolding
€ body 70 around the magnet 72. To this end, the

[a8eset 72 t

I'S cgn'pl e;’rieb%tggr% stzglir% %ep@éééﬁ%ﬁgom@%m ri? ?@4 Q r%ﬁ@%ng
raRInet &8y Behoe ibedy 108 aséack hbmrbpr 392, amd afluigtdrainage
ﬂ%& é 2b4. frhe 'r@d:éﬁﬁgfﬁ‘:égﬂhpgﬁ %J@% drieReqY881ld & iﬁ%ﬂet

a resul hi'S insert di ng process,

R A ZReh Heat UdvasAhe Teagnet TReARbfiem the@ioe$2 with a

raggnatieFoidee TRMIRIe bokiyM 00 @il b njcRtieh MRsldad 8roialRe
ubst ancg? O her errbodl nments, such as those

f%é@ﬁ’?é? B9 6EP®w in reference to FIGS. 6-7, may support”
29

106802 9" rné kbbbt Bk 04 EHAR isnﬁ%?ﬁ%ﬁdasgﬂﬁ% Sarfio

the prdetiorplurag B6tdedided Hythe éedh 68 pnd @efinas ah mmhaatmmtdcer

113%2 In w g%s@hy%ﬂbgﬁﬁﬁ&ﬂgﬁe% ?%%s&r%ér 1§E fs &%ﬁg%éd]

e orlented
aé*lﬁﬂ?nf ﬁ@@e b@gsdﬂw epposite inegmpactsuriageyl G6. dﬂowavaers Inoether

ePtboMitBni, m}ﬁféﬂkcatfsgf 105'1’?13? ng)og ﬂ)ﬁe& B tﬂ@ﬁtlg% side,

i nj ect| on, aroun repel

beduee) hirdmpagheuriice Ho and fhe ¢iateéaua‘mgﬁ@agﬁeﬂsg 7i8s The

sﬁaawlaambawz ity e skt inglon! @ld4Bm&0 oﬂ%ﬁﬂé?%%p%rta'i@
and defjines an inpact surface 106. In

rﬁ? g%'gﬁffcoéﬁ’ﬂ'ﬁﬁ?' atgrigls.-shock absorber 102 is d| sposed
SR R o R AR R
sabls GSIRIT PrESUrRRN the iploke Passags 66 (ahiustrated s FUB, 9) may

Jﬁ@é‘f?@?ﬂﬁﬁ? SmgféPq_ﬁ'ig rﬁd@&éo g%r %8’3{ |§t|ﬁth%a°t85 fbgca“?row

188. f\8 g, DO@patsﬁQ) trenslatas fdnwmtrmprfbm Irethe, interior volume 86
s8apdd BRbUH PRTRACIR I G PRILIGM B, The poppet 50 translates

into the poppet receptacle 64 until the distal surface 84 of the leg 78 reaches
the impact surface 108, 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 feg 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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[0031] I n operation, an elevated fluid pressure (e.g.,
a gas pressure, 20 such as air pressure) in the intake
passage 56 (as illustrated in FIG 9) may drive the
@_ Bet 50 toward the shoe 52. This novenent isS

FPYLRIY by arrow 108. As the poppet 50 trahsl/uixy /018170
downstream fluid in the interior volunme 86 escapes
t hrough the fluid-drai nage passage 104. The poppet 50
translates into the poppet receptacle 64 until the
di stal surface 84 of the leg 78 reaches 25 the inpact

NS fehBifo Ky 1 Hopbti s Fnbr%]%ratdg%ﬂ? i3t i d%hreé@ﬁé) Bg&gératlon.

Trecept acle 64 and/or th

nepgsmayEisy F'ﬁﬁ'@atﬁ)%\?éfn% gwsg h)ohfm eixample

rig Héﬁrrﬁﬁ@?aﬁ@ coiHihd Rlnleﬁg eh8rginAtcshetlorabara ber
10 may flex, e.g., resiliently conpress, to gradually

[edt)]w its Wpo{?@&i 52’@@0@@9%&1 lﬁfthlt; bmdtﬁ@néﬁt ﬂﬂedit’lwd
N . r
ihWeNBRRRE rioke BREs 6. SR heR Iny' rer e auch Bond the

cootzgt sutface 82 gf e pappet 50 endretitthradght ihesdutiet passadiefl.

g SBhbfies B hing pFL:If bR SREPRRL oF v S0e g
equalizepiotsomedepree dtemned.gnadutaby yhe strengthdadrsepaeation

oiﬁﬁ‘eﬁﬁ, RL&r 7 LfggThe conponents may al so di ssipate
"‘%aCt energy by, for exanple, danpening the

omcht aNGVISENHRY t‘egﬁhrb'l@@r‘ié iRRE5AR5abB 158 ARPtheWutiet
[sound 0033%V\V‘1enFS 55%5) 50 is rggesse w?tuhles
lﬁ’&d ced B

PEBRYR AR Faualzes. pr FoW $rBE diesheld e maenets 72
atmﬂmmt rﬁﬁh? mbpeems ]Edltt&hﬁﬁ@hangoﬁﬂﬂf a@tetgﬁsi‘tmtﬁ@ ?ﬁbrﬁ:’ppet 50
ct,syrrace 0 ana_.ou rou

K et feglopnef AR BhalaY 5O i Yherre. as
mlcheatpd dysarrev dm0eiThieqroppetl80 cbnii:iuespopmeg Lol thepUrsdnitact s
shftaB0 82 I REad P5TE A Ine 02030 SurtRip bOBr e ST .
When ﬁmsgmt@ch wetmtthgtsaﬁecg aawge:@@qrsdrfah@ 83sekkthe
ERS BaSpe SO #R%ulRl puled dRENS O hE rbilinents. e
rpRonets 78angi Shbiag g%@ ppmfet 5& agmn@ the ﬁ@atmgwéurﬁmep@ 50

sl at es_ back, thr h the poppet receptacle 64, away
90588 he Gnse resimed. e pophe Eains dhoantgct wita the

sBaﬁmbuﬂﬁcEBEUnﬂMﬁé pi@%tﬂl@ inlititaite pdiage@saidesldyain, at

ur.f ace eaches the seating surface
Wi PO dfe BhpVare i SRS B RRCL . the seati ng
56 kg S6y8% 590 phiSel ] Hhotiveo

te redtiertbatreagnitudemd s deartigiforss t%d@ra@sim éhopdegaleration of
14 Bbﬁéét 3 eséﬁatdoﬂgpoﬂéhis%%%%adéﬁ@%ﬁm%&&t@wm it

remains 1 n conttact wt t he seati n

PR dbe §hOBRR! [F AN S Ehosl AhCIRe: TRi Ty sosiontly
cbhfiREsPENINY aRimPEECAnd Rindther 1he tRRO PBrice 5G&1 RRRhGNE! ©

p%%BSta gdc' 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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[ 0036] Advant ageousl y, certain features of the poppet
50 are believed to reduce the magnitude of its
inertial forces by decreasing the decel eration of t he

oppet 50. Sone conponents may gradually slow th
\@9&@@{02@@ when it 25 inpacts the shoe 52. Fo?CW%%WVOéSI"O
t he shock absorber 102 may resiliently conpress during

an inpact, and lengthen the tine period over which the
poppet 50 is brought to a stop. As a result, because
decel eration is reduced, the forces, and resulting

s@@’ferertg 3?\"”1'?1[9 Hédfxl en %Ele’i_‘ghom@ﬂugg? éf?&tbg@ég appiRd 6 %he

SO resi ress an

peepetl ef.avhigh maydendite h@ﬂdatlw anrbextegd tee ysefubifepiinae
pbgbggg(yely |l ong to accentuate strain (e.qg.,
non-plastic deformation) within the body 70. Thus,

wsfn If the maﬁtﬁmeal tiigpdgiret Bady 76Gs h@@ct@nrrablabtj\aedmd

the | till
i RaleL 0% R b= YRPTgPagneteiils PN GHFB RIIHIamS. The
ua]ecteirematdmm proeeus amyt dupobetiee smagpiet teelkighdetipergioeset

it Bl HETo Spphihiss % bEehe e HikdboRBieing

ppo@EEstmay tasulton ihigh mltmm sresges reea siuomatiyscritical anegn ef
ﬂ?@ BBEB& %%é}é? bfgm ﬂ?agﬂ:% fhiti rg%al?éc? bWe gﬁ’hﬁ%ﬁlmeqt

hj ec on o expose
giilkeed belo, yhi q@amaﬁ@h%magmt mnthﬁaaom@gwab@ mnéntmg
hémbdr.strength of the magnet. The injection nolding
process may result in high built-in stresses near

[e038ICt Ur a:Fm GC'ﬂuétrbéiéé atabmas eﬁfboﬁh\?%rﬁl@l%eé geeviegen this
| S em nma e m e .
B B T L P AT s R S ﬁiﬂ%ereref'wwé%scnbed
ppppesHo, Vﬁﬁr{:gp‘gtm Inthi shgmbediaemt, t??gﬁ@?r@t@ﬁﬁs imdurddd & e
t odrL.nent o et n t,ni
SR & LG BherBbe 1 £ AR rSiod fhePisfam mastal, pih-
stieagflr pastic) oir pthirspprawtite oppetal S 0T hewmoepting veetmber 114

tt)amg?er gi%gé ﬂ%ﬂ% thetrng ﬁ@tg?%tto tK% fgﬁy iy qﬁ%gngﬂ%gn%oéﬁnents,

nount | n
the mﬁtrrémalrnernbgm‘l B mewgithep basisnosed rbe@wm the two, as an

IS Rh B ffateRniBr S5/ |ﬁ{e$locfflﬂ?e RN dddee BBIEIGH

arined.
transfers forces fromthe magnet 72 to the body 70. In

[0@39PUS empethomning mbhmemumﬁmdmmm@mnféém@e/mat
ei t her be di sggsed bet nt er nedi at e

SPiohite U5 SRR 58 magrehs: i s, e Be S tnarRNENG 50
rh&eBer The has urﬁdwr@tmrfb&"strbim 111 8@nddedowastesanh restraint 118,

mfxl'ﬁct %(fgr?a;; Qgposmg 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 illusirate exploded views of the poppet 112 from
different perspectives. In this embodiment, the downstream restraint 118

inciudes 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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cooperate to secure the magnet 72. In this enbodi nent,
the nmounting nmenber 114 has a downstreamrestraint 116
and a downstreamrestraint 118, which overl ap opposi ng

sides of the magnet 72 to secure the magnet
WOPP(SH&! |y, the nounting menber 114 coupl e%CT’BS@W@IS”G
magnet 72 along its 25 sides wth an adhesive | ayer

120. Threads 122 on the exterior sides of the nmounting
menber 114 interface with conplenentary threads 124 in
the inner volunme 86 of the poppet 112. The threads 124

Pl kBB i ARL00 ] bl i Pl 6y,
rﬂst@ml 3pecRn pdhesive béeéb%ﬁnd@g thg hodhv @ te mmlmﬂm magnet
HASSFeRATLIHB T i Aouhfify mHhisiep£ne or nore

pl astical | y-def ormabl e nenbers that are bent over the

[owlet 72 T@fés%érrtldﬁtrfmgmiet A2i ﬁrast ,JAB€ by 70/ 4rfd thet he
| r odal
PR ee e Bo S04 SFS indeppadenty rmeds bR Porpst Bprk TR ey

uas:me@ﬂoadhrﬁewm 4 pyoesd %ﬂnm-::]rdb tie phezess d}&g&'ﬁbe%d)above and
t he 72 .0on.the st r Si of t

the Bidfo iR L maS e e 18R R ey 1o
dpprepriate ngatbualy byCaating tuhjecﬁommwidmggormn@.enelmm are

&Q&ﬁRﬁQdSPé le f_‘mbg{a[f%g theia8s PRPRShe Bﬁgbrédz yth%ep pet body

I njec process sim
Tfomay ibeddjegtion moi@cbanonedrtb@ mqum@ngmbernm,rmfowe

ihSUrlRg tﬁé Rﬁ‘gﬂbﬁﬁd fhe rﬂS&:%n% %nﬂie'ﬂ%ztaﬁﬂ %BFHFJ é’rhﬁod:ments

rmterlasﬁé% asqu i njection nol qg}P
tb\%Pﬁ'Pﬂtj‘t'o H?%m%j" 'Eﬁ"@"&léﬁi’oﬁﬁdﬁlr%\‘ﬁrﬁﬁ@r%ﬁ varEeam
s efiheRAbSnting YReRBRP 1 4 did ddth e dTBimdtte inidrilbérsON 8.
nol ded around the nounting nenber 114, before

[Do4d2Y t i ng O?Hme thege ebmbhentszemumc} nlg?]ymmy&fe Adsembled as
. t t { t

AR RI54TE ey pdBue s Bl B b BE R PR g

menneer hid mm«;nedlttwughmardegmﬁu&hrdemsrmab het imsivdertbe

e A PR A LR B TE R et 8] i Pbr R

rappntinsdmembend 14nHler the magnabﬂrwnseni@d rfbﬂ*@i@wnﬂmav(ras

reeirﬁﬂt 118948/ be BATRVR Fﬁymaa%ﬁvﬂ% .ggtcaté%wg&o@vg% 28,

hesive | ayer 120) t hé magnet I's I nserted

ThﬂfmeH@t'"wa”&mQﬂf 1614 vite the mﬁqrﬁ@??rmm ig placegsip fhe
utii]a_zgoﬁ’ﬁﬂﬂﬁie 86 of thel ;ﬁﬁn@tbﬁ B6dy 70 e?rd:ggﬁféél rrS@?@aé ﬂ*ﬁzﬁh@hﬁng

ma _over e e as |
BPTHRE | 138y SO HOURLS WP ohptsta0es 156 B8 1 grolnting
mangmm‘ 172 rmﬂasesd& thiieadp loacte domplémentany dirbad 124] theeetB6

f 1L I t he nmounti ng
S%@H‘h ﬂ%’l% g‘ﬁg ?’rg/tz:% bo%%o(faﬁggtpg p?’ hgﬁf%o interface
As t §s

[@8@3] bl e@r@g;@‘ebﬂ&gﬁﬂ% Lf:f?o'aﬂ@é‘ﬁ é%&ﬁ 7 %f Er%dﬁoéﬂ%t
Yiggney beformed M@h%fo@xpp@lrtgth?neamﬁfﬁ@t toghigh 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
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25 [ 0043] Advant ageously, in sonme enbodi nents, body 70
of the poppet 112 may be forned w t hout exposing the
magnet 72 to high tenperatures during the inj ecti on
nol di ng rocess. In the illustrated enbodi nent
WagHeO23# i s i ntroduced to the poppet body 75‘3139?28?7“51?170
is injection nolded. Thus, the magnet 72 avoids the
heat fromthe injection mol di ng process. 30 Avoi ding
these high tenperatures is believed to protect the
magnet 72 from being degraded by heat, thus

[ [
rﬁ&t §8b'Rbld/stRed fRfn B %Qﬁ%ﬁ‘ﬁ &%}EQSI&E éﬂé mégﬁw%pﬁ%#f

rragnet Form ng t he
arﬁ?gthﬁ 0¥ 70nay al so avoid stresses from dlfferent

DAGHLT o RRBRLRDy. Subh st ) o Ssos i
thebedpab cﬂ‘&tﬂ@ﬁﬁp}&tzﬂh NZA has h@?km?ﬁéh aﬁo\vé]&h@ag&s%toflﬁéma@aet
ove e (0] e
TRy Wk Gormmad R herpatner fedibdy 7. - Buitagn pwpact,
imentizhfigraes frompdiod magr[et TRahay apm%ubstamialheaamwmﬁ body 70.
t .

AR AHRLE P8 B o 0t 122 M P A i e
lmeryahr lopdover Ae arm_pf thel bddy i, thvarebp potantiallp fecduvindsithss
oot Sybiii 0 Bod oI RAREELL 006

@Ppegéatm%ﬁ ﬁ@b«h&%&q efiend thedesaﬁelué@l of th%mnnea 1HRdy

rgg@é, tatidu@. of the poppet 112 by reducing fatigue.
- [ 0045

O her enbodi nents may i ncl ude ot her types of

' ooamu ng It[HﬁbleembOEmﬁerﬁkﬂfﬁsdsﬁclu&ém@"th@& Emban IRy

| |
BAEbERT B Sefiie St s et tnd el oL Bl teall
defiomesbld ﬂqomhag mmmbemlthmnbenr g dhets eddryy itesides. The

A oA 2 00 TR e o PP
widelh @ndithe ameaffaunw bé @Iamgn!mdé Zh@ddfcn'thnedae
|ﬂ§:¥:bQP ?ﬁér@‘ih&%cﬁ E ﬁé‘r r%?axe[soé}ﬁﬁkf Zr% n’%ﬁnehn and the

| 'ust'rat es anot nB a va
%emb{mééwatﬁheﬁﬂ@éh ®Podhédpoppet s or ot her val ve
Bﬁn%)]ers d%.?érl bed above. The illustrated val ve 44
IPAd%ludes edtllusgates %‘F%f fgmpie off grvaive §4orhigh st s

include one or more of the poppets or other valve members described 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 cylindrica! lip 54 and
a plurality of intake passages 56 in a hexagonal packing arrangement, The
illustrated 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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50, and a plurality of shoes 52. In this enbodi nent,
each poppet 50 and correspondi ng shoe 52 are housed by
the seat 46 and the guard 48, which abut one-anot her

and have a generally circular, cylindrical shape
WOR8AR2I51 t hese conponents are descri bed |ﬂd?Q’F’H§QW‘9817°
in greater detail. [0047]In this enbodi nent, the seat

46 includes a cylindrical lip 54 and a pIuraIity of
i nt ake passages 56 in a hexagonal packing arrangenent.
The illustrated intake passages 56 define generally

%dnn‘? Cu{té Ay lﬁahdéf;ﬁt%{[g% g; % h SRS ERE dHepes,

respective "axes are general'ly
aB@"S&FﬁnK%IOTWGB@ﬁ'ﬁn%aCh other and a central axis 58
of the valve 44. An upstreamportion of the intak

19948)ages HBFIG Jbe downstmpmrtide of thediast é@eabﬁq%gaanst the

gdawnaa IRBIh IO EHis @mdoﬂﬁhéﬂeﬁlcﬁlc@@@@m‘éﬂitﬁ of séwﬁteé@abtacies
odi nent s i ncl ude

l.ng surface 62.
6 T B os HEerGEes P PVt BRESagRn . The Popbs
rédieipﬁﬁ@eﬁﬁﬂtaﬂ’e gehefdilyefrcakar mwndn[ném%]ulmmﬂrﬁt af: alsbe
downst.re ﬁ de of the seat A6 seals i w%?%4%yar

cRECeiiF NePEPRANS R %%Pﬂ%% rof
sipmgdetmatebdbe poppst 5D, &6, thal thegoppat ﬁ&gmpﬁn@n&lamee&trﬁﬁ the

oRePHplache a8 A0 Slond B RAPHhCORLARl SRS
poppets Bl maydsocharadigrized pe daving agieglesiegrse of tr@pggm %
ﬁlﬁ&? Fg@&li S§a:ﬁéleafrﬁth% éﬁgoaﬁ’némt ishndip Eogiﬂ&ﬁ’ %ior%()the%&ls 57.

may transl Iate W

HBBE SIS IES S addiaeal Uporaasa rsiom that correspond

t@@mgmpbgyofmegﬁ,eﬁg poppets 50 may be characterized
as having a single degree of freedom which, as an

[emmpl e, |Tmzetﬂu|<$dmim@@b apmuresﬁatdreldsmuturmﬁr 8he# g2 and
@ S, ) @ ﬂ‘g oge % addi t org)al 50

a&%é}? gy &“mvasa h ¥ Vg PEEndhe PHRES

ol stwmedsdnT he jlldeutaiethmutiet paBISEI'QEEI Gthge ggrerally paradéd tabeth
oqf é}&ﬁﬁgr Mﬁ{e ﬁg(ﬁg p%%sgggs 56. In this embodiment, the outlet
passages 68 are disposed off-axis from the intake passages 56, beside the
poppets 50, and extend through the guard 48 to its downstream side. Other
embodiments may not include the poppet receptacles 64. In some
embodiments, the shoe 52 may guide the movement 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, includfng fluid compressors. An exemplary
compressor 210 is provided in FIG. 10. In the presently illustrated
embodiment, the compresser 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
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15 are in fluid conmunication with a volunme 86 (FIG

5) between the poppet 50 and shoe 52. The illustrated
out| et passages 68 are generally parallel to both one
anot her and the intake passages 56. In this

VRFAHOFIM | the outl et passages 68 are di spoBelUs2007/018170
of f-axis fron1the i nt ake passages 56, beside the
poppets 50, and extend through the guard 48 to its
downstream si de. O her 20 enbodi nents may not i ncl ude

t he poppet receptacles 64. In sone enbodi nents, the

a%BFZﬁ‘ Lé%d"@)éo%ﬂrggs Bi?m%r finae ”‘N‘Fne%aﬁtggl M%u?& of diriver

shoul d al so be noted that some guar
31ﬁc§'é!€ﬂaa% BB engineomrmelesic mptart maweevupmi t@hthghoul d

cBﬁipr@%&@@ttbtﬁévﬁ@ n%tilﬁaﬁﬁial bb®br &me%h@hsﬁrﬁéw es
di scussed herein may al so be omt [ 0050] The

CEHINONGRIS ARG, I enrRie PPB’@&E%?&!/@‘ Hgyl ‘-'I!ﬁswgﬁﬁ‘l t89 Sylinderg 212.
T‘oa’at:ﬂitate @céds Hotsubhriaiermy c&Mﬁ:IdHéﬁts aBGha\db8 debiréd fbr
ressors., {gn exempl ar% ressor 2%{0 i's row ded
diagehS Of gralpienanGs Bmoske QPannasIp tas Bams 3 mavke

ptrdnﬂde@ and ewaamtwé’ls;%ccaﬁewkﬁa rémpaalile @oveFIESSSHdOSver the

%I ers 212 coupled to a frame 214. As discussed in
é 898t detail bel ow, a variety of 30 internal

[G%ﬁ) nent & uﬁ’i’%& ?ﬁe %&éx@\%ﬁﬁ? CWI r‘c@rg 2h 5 %’1(&!){&% E%Fﬂesd fet8sses

he frane r €ssion
28tasinfguras toyereive wglvgmsembh@aeemmmvmgss&mlely 220.

mmyf@é §§§er%a|9 mymgﬁ uiéiddé %ﬁéjoﬂ‘ &OF@ h%s\%ri%% Voo

However, i n ot her I ments, conpressor 210
%RP%@GB isgiRsed abge/ Whllﬁs@dywl%@ﬁw%@sa&ﬁen@ﬂy 220 is

iifustriatsd, lt/\wmhf‘el‘é}ﬂdrééibteﬂc’c“ﬁf i OAMISLR Ethb8AIMEHis ?a%@aetno%léﬁbalve

.ectric be co
a?ﬁ%f?‘@a IR ﬁ'df%dv'{ ﬁ%"m 'ﬁé%ﬂr'{eawaaeaireqe@wﬁ@w
It\/\.];aiiltejxqbsm ]lc)tl-‘: Ia_bgi‘di:_ﬁtitltﬁ_d Qil‘ll?lgﬁ@ ﬂ?lf‘r_ucﬁ!ﬂﬂ 242 Znﬁl Zsahbm d@qm@h@f $I|tullﬂ
e uj in i nders ilitaLe
BhatlEorttsh fibirb st 2 B g RLS Siserars Biue  Sliste
fiber ofch figid ostiol andooutroditing eyimdees P2 flosegh sogienalng %ssa'nbhes.

Acﬁﬁt Jﬁaﬂ %%) srméltapaqi rc%\ﬁ!noéj ga st % %%Cct&{g\éﬁl%é%s eners may

Vi a re covers di spos

b[ecmnnlpvad théaciitateenenntingl efithe olgalvemiasembmaﬁ 2PAcAithirethe
SahRed Jqgcesses 10 218 configured to receive valve
rasserrblzly es, such as val ve assenbly 220. The val ve

[eesmnbl y Mﬂoﬂ@ﬂtﬁ@ékérﬂﬁlaﬂﬁé’o:ﬁbréﬂﬁﬁz i :h@st)’eﬁéa QS

val ve enbodi ments di scussed above. Wiile only a sin
QW e CHEQEAtANY, CODRY eSS, PF"l?étcPHIFEﬁssqrtCOﬂﬂJ‘I’faB@nS may a

e&nﬂl 6¢Qhaib©ewlgf‘h?ém tha pvafelnqya.@lﬁs@dt hlta@rmlaue@dplmt :h@tréalee in
al ve asse ies are inclu Wi t hi
ol SoRaiTEnl, Hie Fatetiser 218 MAbNELER A Sptest pumber of
cgmme&dhm;ﬁ;d stjblatas tahfeusiH rbwdﬂhm@&@arﬁa)élx-mbwd;&mpressor,
ci Qé%r_ rec id condumts ks)e ween t he regesses %13
PRR'SVE é" QLAY EAMDISESPY & SHEPY CPIIRLEF B P kFt ui d
ﬁunher.a:n_tlem\zﬂnabrbns lage algbiemvisaged | Bcluding griationh iv tleviength
of SRERD thE Dol SRR dnfa PLIL8UB dRd BUY 20"

, ca asteners, nhay

conponents, suc
[0053] A cross-sectional view of the exemplary compressor 210 is

provided in FIG. 11, which illustrates a number of exemplary internél
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

13



10

15

20

25

30

be enpl oyed to facilitate nmounting of the valve
assenblies 220 wthin the 20 recesses 218.
[ 0052] Al t hough the exenplary conpressor 210 is

illustrated as a two- throw reciprocating co % I 18170
BPAUP B8 Hpr essor configurations may al so enpl n(‘g(/m g

benefit fromthe presently disclosed techniques. For

i nstance, in other enbodinents, the conpressor 210 nay
include a different nunber of 25 cylinder throws, such
as a four-throw conpressor, a six-throw conpressor, a

259 40 WiidH \?aq'ld'ug%ﬁﬁ% %BH&n%H{H%S? BElrecéved) fh as a

nmpr essor, her’ ot her variations are

Céﬁf!i‘éhéﬁ\??@aé% ene ﬁmqmﬂﬁgt \f/l?sﬁ central hedy 222182y BAVR A of
geheRi§ cuhRy &F&‘hﬁ&héﬁﬂ sﬁ@?@d It shodid hensieae hoiv@véht’;lmatbhlé

a few cross-sectional view of the
ceawr@&ﬂzmewf@ve@t ViR of ropfasratians ible Rectbince
with!tHe tor@def téchmiigday, of exenplary internal conponents
of the conpressor of FIG 10. In the presently

[0054]st r at adopedatidn nibetdriveh216 ratates3hd codnkshaft@2empipgported
|

ViR BEoF PR 24 SR ity s 7 Rh@ erdittimehe e
chankshaft @i2BdH coapled s crassbeads 230 Nsornrmestingyodse228 and

|
AR e BR85S S AELed Sh Pl gadh st
whjch aenerelly emase‘rom ﬁh%ﬁ@ﬂ}rﬁ‘i b@é&’%@?éﬁﬂd fasilitaie Fon@%tion of
tﬁ@e¥|mfr§ 2h2 hothe %?@gom RLAIRY emBBARSert! the

con |gurat|ons In accor dance ese
coppMBFERied O inglugas fwe sinasehead Buides 83&rt|t’%‘e?"t9'1‘g 9PBE: éﬁ'&s
deﬁeercd*@ng HEbin @p&ﬁas&a Rt sfdhavice hirAl tidm@ orm@mgrzzz

Aot s CSpBONTEUORE Braass sniPa0et . 5oy BE prpréciited, the
rotio aslt rotion obithez8nlaatchfifassis 23is|aldk viarthe shaadsting3@ds

e BRSSP BRERAREE 335 iy lsheac
duiied 234t e connection of the cylinders 212 to the

conpressor 210. In one enbodi nent, the conpressor 210
[PB8Fldes Arnatedsbreadhgeyinders 242a@racoaiigend to receive a

ﬂr%%r@@é&?mﬂhé ‘éh?sfsh)éaaé 992 QRPESIIBd $b s%‘soﬁa‘ 2dde

central housi n , - al though ot he
c!iwegwﬁtm xcingers %%2 ew. t!sgg%%mm&ét'ﬁwq}@n of the
REIHRE8 a86ws IchpkBsdier of filda AithiPtHeasyiialietd 12 via the

SanE IR bbfSuay. B Pkt P R e PR BS AR TS
frdrh e Atralnedyr 222 hetadhg diykteker 232, 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



[ 0055] As noted above, the cylinders 212 are configured
to receive a fluid for conpression. The crossheads 232
are coupled to pistons 236 20 di sposed within the
%Ilnders 212, and the reciprocating notion of the

VP3UHAZ¥ES al | ows conpression of fluid withi FCYHR007/018170
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

|MR$dHE%d intBhE YA oRARL ppbbife Qiﬂa%?meepeioﬁ h%%ﬂ ﬂb.

di scharge”val ve, such as valve assenb
wq#%ﬂtﬂﬁ'el?ﬁ F‘é""‘ﬁl’ef%'ﬁﬂtqﬁ'éhﬁ|b@§§‘ﬁrﬁfdz%tip|@r°fébﬁ]9|'9é@% 8an | ui d
Xit t nder 212. The piston 236 nay
[é&?%ke bagi‘i}\‘g%e IRyePtion dnay Eﬁ éBS‘FEFHS'ib!? Wa‘iPrE’HFéT‘O‘?'ﬁ%a“O"S
amﬂwﬁﬁMﬂN%EBnhﬁﬁqmgHmﬁhmﬂﬂmﬁﬂmﬁﬂaMébéﬂn§mmﬁﬁbyak@Qﬁ

BB AN 2T B St fr bR I BB Rl Hver,

it?i)mc_mqlpre cndemstibod that the innersticn 8 hdt tdended odve lighed o the

t
PR !Bl Glodbofio TRUESS il n0RuRA B R OEWLOLI Rlotirlfions,
emliwalmtpu mcbalte:_reatlmvfeﬁmg @nﬂm thei gpintandhsaoperof the invention

[ (1d on one side of the
dgf??@%a%gggggygﬁgﬁg%PEE@ CEEILr)ﬁg"introduced into the
cyllnder on the opposite S|de of the piston. Such
fluid would then be conpressed on the backward stroke
of the piston 236. [0056] Wiile the invention may be
susceptible to various nodifications and alternative
forms, specific enbodi nents have been shown by way of
5 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
alternatives falling within the spirit and scope of
the invention as defined by the foll ow ng appended
claims. CLAIMS The invention clained is: 1. A
fl uid-handling system conprising:




a poppet conpri sing: a body, conprising a head
havi ng a sealing surface configured to seal against a
seating surface, and a | eg extending froma downstream
side of the head; a magnet; and a nounting nenber
configured to secure the magnet to the body;

CLAMRI n the | eg has a generally tubul ar shape that
defines an interior volume in which both the magnet
and the nmounting nenber are disposed. 2. The system

TheyingglicAClRimGdhiSr ei n t he seal ing surface defines a
generally frustoconical volume. 3. The system of

m 1, wherein the nmounting nmenber conprises an

1eI as‘?‘ﬂﬁ'gma?d'd'@f%'ﬁ?ﬁblcén‘ﬁﬂﬁ'ﬁgr configured to secure the

a PBspekorhpridife body. 4. The systemof claim 1, wherein
the nmounting nmenber conprises threads confj %ured to

secL? BOPh EOMBUHRY AGCRR hB\éFg PSeRING Bpage coniglirgdo siak agginst

a Séatim3uffade, AN aNSY BxtbREndRYUMLd deviBeBhRI sidOoMhé BESH; A
pl asti cal | ydef ormabl e nmenber configured to secure 't he

magr@faget A npunti ng nember. 6. The system of claim

1, c&mnhmmemaeﬁ@ﬂmgur\ée t6l sm&ﬁ@ r{a@gmwm@%dvﬂgnet
and t he noun st em of

mher‘@h?fe'ntth%}e@m g @ngr%lméu%l@éag%%t Hﬁg@sg}n |gter|or volume
in I hotth tHeBhgridt ahd dRsmBlphirfembdieir@dRpbdi. | eg is a
tubul ar | eg, and wherein both the head and the tubul ar

leg are rotationally symretric about the sanme axis;

2.t he TRy§stahg of @AIRET, ilediH desSsdatihg budaud ®ARBE hgeBerally frusto-
urality of pl astical | y def ormabl e nmenbers
%9&%% ¥I¥ME from an upstream side of the mounting
menber ; a gener ally circul ar-tubul ar si dewal |

W t exterlor thre configured.to secure
B mounTieg) T BL AL B1Air B e PR PeaRY crimEes n
elaﬁts;awkﬁd@fortmwé memper tordiuel tb Recure @tk magakt to the bodg.
downstreamrestraint having a tool interface

configured to receive torque froma tool; and
4, - The system of claim 1, wherein the mounting member comprises threads

configured to secure the mounting member to the body.

5. The system of claim 1, wherein the mounting member comprises a plastically-

deformable member configured to secure the magnet to the mounting member.

6. The system of claim 1, comprising an adhesive disposed between the magnet

and the mounting member.

7. The system of claim 1, wherein:
the body is a one-piece body made of a material that includes plastic, wherein the leg
is a tubular leg, and wherein both the head and the tubular leg are rotationally
symmetric about the same axis;
the mounting member includes metal and comprises:

a plurality of ptastically deformable members extending from an upstream

side of the mounting member;
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the magnet is disposed within the circul ar-tubul ar
sidewal | of the nounting nenber, between the plurality
of plastically defornmabl e menbers and t he downstream
restraint. 8. The systemof claim1, conprising: a
seat having an intake passage with a seating surfac
Shorgener Al edar fBuAr SHBawYh exPanreAth SR 1o ecure
thé H%nﬁhgsmaﬁ@er SRRTIdrRETa tRrEaliS Gispetathsiad € tilsar@ridn of
repel ling magnet; a guard having a shoe receptacle in
theAradi @Ae shoe is disposed and an outlet passage. 9.

The SysHrfiean rebPdif Bvingeos iRtetBte sHIRURANBrESENE Brque
shock absorber. 10. The system of claim 8, wherein

franha YA t he repel ling magnet, and the guard have a

f I wtﬁe tHRhBeis Qisphssd Wikien thelclrculﬁhmb%wsm\n@n ofihdirduhting
nprising a conpressor havi ng, a corrpreSS| on C¥| i nder

m‘?*ﬁb?'l B?‘M’eéamﬁﬂil@ﬁiyu%ﬁ'ﬁﬁl"fﬁ#ytdﬁ@fmﬁ‘?'sw%erﬁ%%f§é@@ héhd a

doliris¥8im Gedtidid to a piston disposed within the
conpression cylinder. 12. A valve, conprising: a

poppet conpri si ng: a magnet, wherein a

8. dOWNHer at8ns bid@aiff 1, tclampﬁggget is substantially w der
than an upstream side of t

a gl havag anKae RarsaaR YRR, Seﬁ}'\'&%‘i C?h@‘%ﬁwh? ﬁ%@tuﬂ@gpéﬁed
udgggglmm popeg that defines a distal surface that is
downst r eam f romthe 13. ,The valve of claim

a hoe qipRaser HOYVH%@%fF%%'P% BePret gad BRung g repelling magnet,

a §liata havifg Aishiak redePiRld iAWHIEH tHERBhoe ib4ispbed ¥ad ¥e obflet
claim 12, conprising a shelf disposed adjacent a

Pa#839Rst r eam si de of t he magnet . 15. The val ve of
claim 14, wherein the shelf includes a fillet on a
downst r eam SI of the shelf, where the s

el f neets
9t he T'?éi‘gS.VSt%° B‘%N ée'Bithec?*};ﬂerﬁoﬂp”s%ﬂﬁFP% ?@oﬁmr
plurality of poppet recept acles and a plurality of
oppet s, vvherlnte I|t 0 s are
onfThsavatins of v e i toenie BEREERS pabis s the guard

hdvecemlididlathage aperture.

11. The system of claim 8, comprising a compressor having a compression
cytinder in fiuid communication with the intake passage and a driver coupled to a

piston disposed within the compression cylinder.

12. A valve, comprising:
a poppet comprising:

a magnet, wherein a downstream side of the magnet is substantially wider
than an upstream side of the magnet; and

a body disposed about the magnet, wherein the body includes a head and a
leg that defines a distal surface that is downstream from the magnet.

13. The valve of claim 12, wherein the leg defines a generally frusto-conical,
interior volume.

14. The valve of claim 12, comprising a shelf disposed adjacent a downstream
side of the magnet.
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17. A nmethod of formng a valve, the nethod
conprising: providing a poppet body for a val ve;
provi ding a magnet; providing a nmounting nenber
configured to attach the nagnet to the poppet body;
and providing a shelf adjacent a downstream si de of
the magnet. 18. The nethod of claim 17, wherein

1501 oviirdivateldh 81aitR RRENh&IEMNE SREIT ihslBged ARk ohQNddVistieas side
t he poppet The nmethod of claim 17,

body. 19.
of thergiieifsivhrye the:ghatfimeg)s thededmgnet into the nounting
menber; and after inserting the magnet, attaching the
nmount i ng nenber to the poppet body. 20. The t hod, of
16¢| ai TheMalve\ slaim A 2a8amRiIsingd PHEAINRI POPPR} FREFRIATe: 84 Re
pIRAIRP 8F poRfKs, GRBRIA ﬁf\%ﬁ&l@'@ﬁlﬁ%\' ago;téﬂer sdpnigurtd @ PARRAE within
body w th conpl enentary threads on the nounting
a [9EP@rdive Poppet regePiaSIRar at us, conpri sing: a conpressor;
and a val ve di sposed between a fluid inlet and a fluid

outlet of the conpressor, wherein the valve conprises:
173 v Pethedah&mingailve ity MethadResPrisiignpunt i ng nenmber

préRaiRg hobPettiRly YeH argarveenber ; and a magnet coupled to
the valve nenber by the nounting nmenber;"
ProYiding 2ANagnet poppet “ conpri ses a I eg, and wherein the

pralmmg aMBoUMBRE fferiser Eb&RFaMtoRAta0R B MBgndTEQ iRt popRet Hdts:;
eg.
and

providing a shelf adjacent a downstream side of the magnet.

18. The method of claim 17, wherein providing the poppet body comprises
iniection molding the poppet body.

19. The method of claim 17, comprising:
inserting the magnet into the mounting member; and

after inserting the magnet, attaching the mounting member to the poppet body.

20. The method of claim 19, wherein attaching the mounting member to the
poppet body comprises engaging threads on the poppet body with complementary

threads on the mounting member.

21.  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, comprising a poppet;
a mounting member coupled to the valve member; and
a magnet coupled to the valve member by the mounting member;
wherein the poppet comprises a leg, and wherein the mounting member is

disposed between the magnet and the leg.

22. The apparatus of claim 21, wherein the compresscr comprises a piston.
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22. The apparatus of claim 21, wherein the conpressor
conprises a piston. 23. A fluid-handling system
conprising: a poppet conprising: a body; a magnet; a
nmount i ng nenber configured to secure the magnet to the
body; and an adhesi ve di sposed between the magnet and
the nmounting nmenber. 24. The system of claim 23,

23Whenefid-hafding @JdteinS cdmpigng)i ece body made of a
material that includes plastic, and wherein the body

2 ROPEELRASYPISEOh a head with a seal | ng surface and a
t uby gyl €g extending fromthe downstream side of the
head, erel n both the head and the tubular leg are
r ot &Magngt ly symretric about the sane axis; the

MU R h HGhtikg Mﬁbér%hﬁ?ﬁéd fRdathure?ing reayMet {oXBS body; and @

plurality of plastically deformabl e nenbers extenglln
f r ofnAdhEp¥e Aleapsast RRIWeN hednadEh ARG iefBRAENg mem

generally circular-tubul ar sidewall with exterior

threads configured to secure the nounting nmenber to
24¢ opiherfYpieRY §f AR Whaiedhbosed i nside a tubul ar

thdBbdy 9 ddfe- rhét% HRPMadt 6 a materiaRhSONEIGddsaAsRtIceatd whérkin
having a tool interface configured to recejive to
the e IRCigRs botaAdiead with 4 sealing Swice; 1o WhHEE ko pdenriRo
frdﬂ]ﬁecdoﬁ\ihglr@ém sl Uf te 5L WRkleiboth iife F@ddrid e TESURENeg are
between the plurality of %astl cally defornmabl e

rotatioRAlly SYRABIMGRPUbIFME M F est rai nt. 25. The system

th®@othfgMémbe£iABNEES MatH afd Se@pridayi Ng an Int ake
pas e wth a seating suyface, V\,herelg I? [
di S@ég@llﬁg@p}a@ﬁgﬁlw ,dsﬁqnﬁuaalﬁé?embers extending from an upstream

side of the mounting member,;

a generally circular-tubular sidewall with exterior threads configured to secure
the mounting member to complementary threads disposed inside a tubular portion of
the head; and

a downstream restraint having a tool interface configured to receive torque
from a tool; and

the magnet is disposed within the circular-tubular sidewall of the mounting
member, between the plurality of plastically deformable members and the

downstream restraint.

25. The system of claim 23, 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; and

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

passage.

26. A fluid-handling system, comprising:
a poppet comprising:

a one-piece body made of a material that includes plastic, and wherein the
body includes both a head with a sealing surface and a tubular leg extending from a
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a shoe di sposed downstream from the poppet and havi ng
a repelling magnet; and a guard having a shoe
receptacle in which the shoe is disposed and an outl et
passage. 26. A quid handling system conprising: a

poppet conpri si one- pi ece body nmade of a
dowppleeansideiphthg hﬁﬂduwaerem %%th the hegdanskibe E»Yt}ﬁ"%rllf‘eﬂ ¥Bdy

roﬂaﬂéﬂnén?%m%iﬁb FEM didaxds; seal ing surface and a

tubular | eg extending froma downstream side of the
head® MaBRGeA™ both the head and the tubular leg are

r Ot 3at inBM@IngYn SBERIchfigurad B eduf@the aRBy X icsthe BoBP. RSN the

a nmounti ngI menber configured to secure the
m%@ﬁ@quw@h{s’@aynetw«?é\déaommﬁ%s nount i ng menber

i ncl udes d“iﬂ&l%'llt 31 B 8EENY i@ RFmable members extendidg from an
plurality o I astical |l g def or mabl e nenbers extendi ng

upﬁmaméwemnq—@awtmgdaera % he nounting nenber;

a gener ald Yorfehr iy Hirdliaf-4iBUIaR Bideivele With bxﬂé’r:&n’f‘thf@éﬂg E:bﬁﬂgured to
threads configured to secure the nountjn

SeEUHInG MOHDHIS DB oRATDE AN HEPdbAEP SRR Nelas a tubular

poPRInt dr ¥ Rdad; BRg head; and a downstream
restrai nt havi ng a tool interface confl%red

recei ve taoslwar@trﬁawatrq'amavmrﬂﬂool interfac @?f@.uwdttﬂéecewe

to,@gr&@h b fooflizmgosed Wi thin the circul ar-tubul ar
i dewal I of the mounting nenber, between the Iura}ath?

of pvhesein dhg macpelis Aisaesad Wit iecirguar-lubulag sidrwel 8

mé@itihg MdMber, Betwedih thesraRiNoP plaslicilifigRrmaseBidnsieng andithe
seat having_an intake passage with a seating surface,

doyeredm reH@ieat i s di sposed upstream from poppet; a
shoe di sposed downstream fromthe poppet and having a

repellln% gnet and a guard having a shoe receptacle
27 n {eReolgizip ?@%V‘Q%ﬂ@%d and an outlet passage.

a gaht hﬂlﬁg SM #itaKe Sdssah@ivith A GeatifdiBifateNghaBinaHb esatiedisposed
di sposed bet vveen t he magnet and the nounting nenber.

upstream from poppet;

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

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

passage.

28. The system of claim 27, comprising an adhesive disposed between the

magnet and the mounting member.

29. A fluid-handling system, comprising:
a poppet comprising:
a body;
a magnet; and
a mounting member configured o secure the magnet to the body;
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; and
a guard having a shoe receptacle in which the shoe is disposed and an outlet
passage.
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29. A fluid-handling system conprising: a poppet
conprising: a body; a nmagnet; and a nounting nenber
configured to secure the nagnet to the body; a seat
havi ng an intake passage with a seating surface,
wherein the seat is disposed upstream from poppet; a
shoe di sposed downstream from the poppet and having a

30repeau,éwgg cBR@Ashg: and a guard having a shoe receptacle
in which the shoe is disposed and an outl et passage.

a pAPPAL IRASING onpr i si ng: a poppet conprising: a magnet;
a bogmagheposed about the magnet, wherein the body

i ncl udes a head and a | eg that def S a d
U AR ROSPd A MHRTY BhS/ER 1BO BagHEELdESg head and a

legthat Hefties RASQH AHas6 BTt isTHoIMRELTH SR SledRadiet;lHdna

magnet . . . .
a shelf disposed adjacent a downstream side of the magnet.
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