CHECKVALVE CROSS REFERENCE TO RELATED APPLI CATI ONS
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BACKGROUND OF INVENTION

Field of Invention

[002] The present invention generally relates to valves and, in particular, to
check valves that may be used to allow fluid to flow in one direction and prevent fluid

from flowing in an opposite direction.

Description of Related Art

[003] Conventional check valves are devices that allow gases, liquids or other
fluids to flow in one direction. In particular, conventional check valves allow fluid to
flow in a desired direction when sufficient pressure or force acts on the check valve.
Conventional check valves, however, prevent fluid from flowing through the valve in
an undesired direction. Specifically, when these pressures and forces are such that

the flow of the fluid would be in the undesired direction, the check valve



an undesired direction. Specifically, when these
pressures and forces are such that the flow of the

w0 basd21sdal d be in the undesired direction, theCDOSR6/019658
val veautomatically closes resulting in the stopping or
checking of the flowin this undesired direction.
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desi.gned to deformor bend in order to allow fl ow of
f1 uPEFPa desired direction. This di aphragm nay al so
return to its original position in order to prevent .
f1 o0fh t heomgphfmaTe ehqtkrebier gie a[fisaible wRmETRny Hay dunctions as a
have a positive pressure differential when there is
gr eSieRrags o $his disphraem g designed ie fefare pebsadya oydsr tq #lovpfow of
desired direction of flow, than there is downstream . .
f r offwid fiea dertred dieerior, This diaphtesmanay Ay il ipesigiglrosgion in
negative pressure differential when there is greater
pr eedeirte Py Slowean thefappasitersiareetipic k val ve than there is
upstream |f a positive pressure differential exists
andl00$] | s chdckivelvenhaymna jpositivmgressutrddifferendal whea there is greater
di aphragm may bend to create a space or passage
t hr pragphrewipstodany frerh thecdackt vadve, ithihe defired diaeation ok flowl then there is
in the desired direction. The m ni mum pressure, or
pr edounsteah frhmtendtieak yalve glni qostlast, shegkonlvas biveaknegativepressure
is sonetines referred to as the cracking pressure. |If
no giffesstinl evidnfthae ds tereater qresaun elpamiteempfremstbe eheck valve than
differential exists, or if a positive pressure
di f therednipstearax ilf b pokitive pressuns differentigrdxistsnandeig i duiikéent in its
then the diaphragmw |l prevent the flow of fluid
t hr magtitutid) ehenltbe Hiaplahgte mayrbepditd ¢reart akpacé bepasapphliraggh which
Wi Il bend or deflect fromits original or nornal
posflid odan t Aova khrowghf thei chetlo vhivevin Whe dedifd@rdiretford The minimum
sufficient positive pressure differential. Wen

pressure, or pressure differential, required to open a check valve is sometimes referred

to as the cracking pressure. If no pressure differential or a negative pressure
differential exists, or if a positive pressure differential exists but is insufficient in
magnitude, then the diaphragm will prevent the flow of fluid through the check valve.
In particular, the diaphragm will bend or deflect from its original or normal position
to allow fluid to flow when there is a sufficient positive pressure differential. When
there is no longer a sufficient positive pressure differential, then the diaphragm will
return to its original or normal position to prevent flow though the valve.

[006] Known check valves often have several shortcomings. For instance, some
conventional check valves have a high cracking pressure. That is, these check valves
require a large positive pressure differential before they will open.

Disadvantageously, a check valve with an undesirably high cracking pressure will



there is no longer a sufficient positive pressure
differential, then the diaphragmw Il return to its
wW@eoogitzmbe or nornmal position to prevent flow tPOUGk2D6IE19658
val ve. [006] Known check val ve¥ often have severa
shortcom ngs. For instance, sone conventional check
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pressure willprevent flow jn the desired dirggtion .
evefriYer A9 claie vpd) mfslaielortes egaiye resswy didergpigl grists. A
normal Iy allow this desired flow._ Furthernpre, sone
conkherlt Velnatha Hequey &) spaganiigl negative pressush differeptial to close may

relatively | arge negative Pressure differentia
exi dlog amuw@éagﬂq/% wscearipbler oyt g5 bagksflays toalowagontrary to the

negative pressure differential to close may allow an,
undéesiredaditestion, whamoaprapesuibiientiel ofpameallimagpitudgrexists.
flow contrary to the desired direction, when negative
pr el98Tr e diflfitipratly; spmef cepventioing]l \whepli veldes dryestcgmponents or
[007] Additionally, sonme conventional check val ves
"havatrugorgsdhas nntsriere vathrargesistake flomtof fnideinfthy desitpd firggtion when
resist the flow of fluid in the desired direction when
t hethe hlasck velyk vseopies. ®hesn kndie sleeck malwes thitedi rastanesstottheaflow of
add resistance to the flow of fluid in the desired
di rfhad iio thendeyireddizstiominky uodssirgdp dedrénse dfefdfiGdienvy yof dfe system.
the system Furthernore, sone conventional check
val Methermyte,| sake vdrepntidnel vikk evalves apgnleala whemitieg valesrids open,
of the fluid to proceed or flowin a direction
Conilfoaityg §dind bithel midr ©prodeeé of flow. in [200R L tiGosmmtrary to the desired
conventi onal check valves may al so produce noi ses as
t hegirsepen) and cl ose or when they |leak. In sone
applications, the noise nmay be very undesirable and

[008] Some conventional check valves may also produce noises as they open and

close or when they leak. In some applications, the noise may be very undesirable and
disconcerting. Furthermore, many known check valves are not aesthetically pleasing
in their design. In addition, some known check valves have a large size and/or may
be difficult to manufacture. For example, some conventional check valves may
include components that have to be manufactured to relatively tight tolerances and
interconnected in a very careful and meticulous manner.

[009] Further, some conventional check valves have a complex design with a
number of parts and components. Disadvantageously, the complex design may make
the check valve more difficult and costly to manufacture. Conventional check valves

with a complex design may also be more difficult to clean, maintain, repair and



di sconcerting. Furthernore, many known check val ves

are not aesthetically pleasing in their design. In
w@odaetizs¢ some known check val ves have a. | ar geCBHUSB06/019658

and/ or may be difficult to mantif acture. For exanpl e,

some conventional check val ves may incl ude conponents

t hat have .be ufactured.to relatively. tight

¢ or PR AT SORNER e i FoPietelS plisctti g fpovm cheok
netiiulous manner . ngﬁ% Furt her, some conventiona
che VS J3Y &S THPAG Bo8° o 8% design with a number of
parts and conponents. Di sadvantageously, the conpl ex
desi gn may nmeke the check valve nore difficult and
costly to manufacture. Conventional check valves with
a conplex design may al so be nore difficult to clean,
mai ntain, repair andreplace. Additionally, the conpl ex
desi gn and nunerous parts of sone known check val ves
may be nore prone to failure. BRIEF SUMVARY OF

I NVENTI ON [ 010] A need therefore exists for a check
val ve that elimnates the abovedescri bed di sadvant ages
and problens. [011] One aspect is a check val ve that
may have a relatively | ow cracking pressure. Thus, the
check valve may open to allow fluid flowin the
desired direction when there is a positive pressure
differential, even if the magnitude of the positive
pressure differential is small. [012] Another aspect
is a check valve that may prevent undesirabl e back
flow through the val ve. For exanple, the check valve
may either entirely or within reasonabl e tol erances
prevent back flow through the valve. [013] Stil

anot her aspect is a check valve that may not |eak when
it 1sin the



cl osed position. That is, when the check valve is
closed, it may prevent any fluid fromflow ng through

wWo bmonzisse. [ 014] Yet anot her aspect is a cheCRCWEHE2006/019658
that may include a nenbrane or5di aphragm The nenbrane
or di aphragm may be sized and configured to provide
little or no resis ' r the fl ow of
fluid through the %g%%h%&é$&&§ﬁ&g&}b ction.
[015] A further aspect is a_chec alve which may b
rel lQ]tl?lvel yAqlﬂﬁeéttﬂ?rﬁfe"F‘E SXBBef4td 6 ‘?&Aﬁ‘é?n%b é’gﬁ’é‘}%ﬁs the above-
this may allow the check valve to be used in a w de
v ar des¢riped disadvantages gPrablemenyi ronment s. [016] A still
further aspect is a check valve which may be . .
aestOhBt i caPry apicelaisi mghegk valee #hesimpy. bave s gditivelynlowt pcking
check val ve may have a rather straight-forward de.sié;n‘, )
whi erhsshngy Tahs, e dheck vlvsemagepanyo abey Epid floveigtthg desired direction
manuf actured, maintained and cl eaned. [017] Still yet
anovheay thers je 6 tpopisiva preiaiek diffsrandial peen ifnghe agnitude of the positive
manufactured within a relatively w de range of ‘
t ol prencasiferGitighisfingdnt | y, the w de range of
manuf act uri ngt ol erances may all ow the valve to be
ecofd2li cal Ayotharaspert ius ebleckl wahadbattrhaynprevdné updesible back flow
valve may have a low failure rate. [018] A further
as pthotugh sha valhec KForadxamptehdlie nbegkivableudey aither entirely or within
substantially flexible menbrane and a substantially
r i gregsopalylé iobemancdhwesmbBickiflomathtoygli the walsk.e nenbr ane nmay
be generally done shaped and may act as a di aphragm
The[odBlbst agiili ahdtherfasgact i £ cheeRbhabva ghatayayahd deakl whenoit is in the
deformin order to open the check valve. The '
subdbatpositiby, Mhe i, Wher thetheakyvalves® dided) dhtiaglpravetioany fluid
shaped and may include a

from flowing through the valve.

[014] Yet another aspect is a check valve that may include a membrane or
diaphragm. The membrane or diaphragm may be sized and configured to provide
little or no resistance or interference to the flow of fluid through the valve in the?
desired direction.

[015] A further aspect is a check valve which may be relatively quiet in its
operation. Advantageously, this may allow the check valve to be used in a wide
variety of situations and environments.

[016] A still further aspect is a check valve which may be aesthetically pleasing
in its design. In addition, the check valve may have a rather straight-forward design,
which may allow it to be easily and efficiently manufactured, maintained and cleaned.

[017] Still yet another aspect is a check valve that may be manufactured within a

relatively wide range of tolerances. Significantly, the wide range of manufacturing



surface agai nst which the substantially flexible

menbrane nmay touch or contact. The substantially rigid
W@eoobilo1sseray be sized and confiégur ed to hel p ppST/UBNG/019658

and/ or control the novenent of®the substantially

fl exi bl e menbrane. For exanple, the substantially
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{ here A PRt  FLGBRd farbr ane. [ 019] A Still
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P oA 11 eI R Mot b SR ple mertbrane may

flexi ble menprane may be naturally biased so that its_ .
out ¥ sargdy fayre shingd1agd praysact @p 2alanirem. « ke sibslaptigly flexible
ring of the substantially rigid portion. Wen_the
outBFmPERe Y el fsbet dpformi iny orderp Hinsn niBerishaske valve.  The
contacts or is pressed against the sealing ring of the
subwbgtantially |rigid pejitign syt 3l be wpraiallyhdorgh ghaged, and, mapgyelude a
be cl osed and fluid may not be able to pass through
t hesugfaescagaipgl which the sulstantial inBgxilp arpmbasg mapdouch or contact. The
substantially flexible menbrane fl exes or bends so
t hatubstenfialy rigid notfipa masersiacd 9nd eenfigored tekedp porifion ang/op Eontrol
the substantially rigid portion. Wien this separation
oc cthe movemerd o€ Hiersgbstmtiplis Serglele mpynbivanec Feneathpleh thgisybstantially
which fluid my pass.[020] A yet further aspect is a
cheugid paitier nayde siray andhednfigered ts bélp tchwne pradehthé Clasck yhlwe. The
menbr ane whi ch may deform when there is a positive
pr esbstagiatly tig@rpertionahayciisochefufrbvide emicturd gnproude thelsabstantially
particul ar, the flexible nenbrane may have a done
s hafrxible mefbgue.at i on with the top of the done di sposed
in the direction opposite to the

[019] A still further aspect is a check valve that may include a substantially

flexible membrane with a sealing edge or outer edge at its periphery and a
substantially rigid portion with a sealing ring. The substantially flexible membrane
may be naturally biased so that its outer edge may tend to press up against the sealing
ring of the substantially rigid portion. When the outer edge of the substantially
flexible membrane contacts or is pressed agéinst the sealing ring of the substantially
rigid portion, then the check valve may be closed and fluid may not be able to pass
through the check valve. The valve may open when the substantially flexible
membrane flexes or bends so that its outer edge separates from the sealing ring of the
substantially rigid portion. When this separation occurs, an opening or passage may

be created through which fluid may pass.



direction of the desired flow. Thus, the fluid may
press down on the top of the done shaped nenbrane and
WO pooen2tshe si des or periphery of the donme shapkdI/UuS2006/019658
menbrane when a positive pressure differential exists.
If the magnitude of the pressure differential is
ient, the essur e.my or

ff t i d d/ .
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! dy, t b ti bet \ t he .. .
out Becible gsmbYene R Tt ST S (heresa PSS REFF R diffRgential of

the sealing ring of the substantially rigid portian.

| f & spdhgientanaggiiiies Ja prtticwaty the flsxiblegperphraggmgyyave a dome shaped
magni tude of the positive pressure differential is |

i nsemfiperton Withhibe don of thegdeme ispprsd JpFhe giegtion| gpposite to the
flexi bl e menbrane may return to its normally biased
posditscien pithouesitgd ifowp rldpe thenfluid meppigss §ovmen gedpp pljthe dome
ring of the substantially rigid portion. Additionally,

i f sheprsymembrang eed dupe thti fidesramerinhere vf $hesdond giapechmmembrane
fluid may press up on the bottom and out on the sides
andwhan erpastitye pessuree ddigtentialnestisth.| yIff the xinpgnitude b rthe) eoressure
This pressure nmay push the outer edge of the

subdiffereniial|if yufficent, theepresswio maayecauset the soles and/omputér adges of the
sealing ring of the substantially rigid portion

t hesubbtyntillly Sieriplet thembraneste moSk dsvandlys thereladrvadingmygap between the
create a seal so that the fluid may not be able to
paseutémedpet v die thietantidt datiblal mgmblaexidpd etheeseilirgneng of the
and the substantially rigid portion in a direction
oppassthetidllpaigikeportion & thee tis: onpeisutd differeptidd by ithe ntagnitude of
aspect is a check valve which may include a

Subhk giakitiad Ipyesiure dittdrentiaeiztinaificigt] the souse aldpd 9f @atg@bsthntially
its periphery and a substantially rigid portion with a

s eaflédigle mdRbraBaaan fturh feito Hbaiallg b@gedposithl in which it preferably

substantially flexible nenbrane may be

contacts the sealing ring of the substantially rigid portion. Additionally, if a negative
pressure differential exists, then the fluid may press up on the bottom and out on the
sides and outer edge of the substantially flexible membrane. This pressure may push
the outer edge of the substantially flexible membrane into contact with the sealing
ring of the substantially rigid portion thereby closing the valve. Closing the valve
may create a seal so that the fluid may not be able to pass in between the substantially
flexible membrane and the substantially rigid portion in a direction opposite the
desired direction of flow.

[021] Another aspect is a check valve which may include a substantially flexible
membrane with a sealing edge at its periphery and a substantially rigid portion with a

sealing ring. Because the outer edge of the substantially flexible membrane may be

intended to separate from the sealing ring of the substantially rigid portion, the outer



intended to separate fromthe sealing ring of the
substantially rigid portion, the outeredge of the
waawstiarssé al |y flexible menbr ane My not be seRUT/BB3006/019658
permanently attached to the sedling ring of the
substantially rigid portion. Rather, the subst anti ally
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portion of the check val ve. These spokes nmay serve to
at t 5t he base to the center portion of the
subst antl aI‘I?’]i gl d portion. In between each of these
spo anoieAsRPH gS @rehgdnvalke itgh Wi Eludp & ebstantially
pass. . If the valve is the fluid may pass

t hr B@SWOFWésV@ﬂb%) elralgs ob Fubggpfsaﬂarregl@ prokes. hF@fufgqqmphethe spokes
spaces or channels in between the outer edge of the
subBey seiead fromiq geoerilly rigidrbesanwhigh anaytacladathe meplingnipg, to the
of the substantially rigid portion. [023] Still
anoteésr pagiee of theschgcke dvge vﬁqsq épakk$ BBy Serye imattagh ¢hegbase to the
substantially flexible nenbrane with a plurality of
r el eantey ppjion hf the selstantally mgid pertiph.ufebetwsenshcly of these vpdkgs may
thick sections which may be created as integral parts
of bhen spevingamtgenlthrgugh which |fidveaip passe If Teevatvel iabparg e fluid
thick sections may extend fromthe outer rim of the
s ubsa pass dirbughf thesg i dpbwngeortgapn end thed theoughnhespapsrdrichimnels in
of the substantially flexible

between the outer edge of the substantially flexible membrane and the sealing ring of

the substantially rigid portion.

[023] Still another aspect is a check valve which may include a substantially
flexible membrane with a plurality of relatively thin sections and a plurality of
relatively thick sections which may be created as integral parts of the substantially
flexible membrane. The relatively thick sections may extend from the outer rim of
the substantially flexible membrane to the center portion of the substantially flexible
membrane and may also resemble spokes. These relatively thick sections may
provide structural support to the dome shaped, substantially flexible membrane.
Preferably, the substantially flexible membrane may include a plurality of relatively
thick sections, equal in number to the number of substantially rigid spokes included in

the substantially rigid portion of the check valve. Furthermore, the substantially



menbrane and may al so resenbl e spokes. These
relatively thick sections may provi de structural
WG ppoe1sse o t he done shaped, substantially fl er€DUS2006/019658
menbrane. Preferably, the subsPantially flexible
menbr ane may include a plurality of relatively thick

zﬁg gli Q | n}jﬁn? %“Ia}g’ Cpréuc%baﬁe‘rgggdotﬂ E]FCe g%gﬁﬁ{lif %fgid portion such that each

substagnti aII ortion e check val ve.

Fur oh i etve il B’EFHWFWQPO'%FT fogsind FETRE Doy ot e
connected to.the subst nt| rigid porti uch_t
eacf!'®s JTaml“ﬂ]é(s%glE equlquve| ?,‘i BR¥idgd qﬂy %@ relat“’gy thick
| ocat ed generally in between t wo of t he substanti a

ri ghgtiepoKdhe S“ﬁ%én%?é]éfe%exélﬂ‘b BSFOTIsE Ayl whihe tswéstantlally flexible
relatively thick sections of the substantiall

f | eXeBbEnganiseusid. Al the) 1elafively dhigysstions taf he g;-ubsraese@lm Hexible
menbrane in general, and the relatively thin sections

of mgEmbEIEsPerHicaliy.| 9 b eppciurd i bafbinsgerndi ner| floxible.  The
to be manufactured to be thinner and nore flexible.
Thefleyibtkifytofithasy redaiivelidhia seasions inge pNove thieyalse i 9nsn én thg presence
allow the valve to open in the presence of a snall

pospPf & vmalhpesive preghinfef differeniial) therehe crebimg 2 shgcknglvg a very low
check valve a very |ow cracking pressure. The

f | estadihg pigssofe. tThedlexibditavf thesoyrelahively dur sdéctions mapyalsd sllow the
all ow the valve to close where there is no pressure

di f vdveno i ddseowhere nthgrat isv o paressuger difidiehfidr entai aégative pressure
which may create a check valve with little or no back

f | odifferentidawhigie maj 024 aShedkl vabeotithdittlaep®diack flow oc kekdge.

val ve that may include a substantially rigid portion

Wi t [024] pl uBdll ahgthafasprat isiaadhedpedesthatingy Biplnes sutyantially rigid
extend froma substantially rigid base towards a

cenp@tioP @ith b lurality bf pafigal Spkee ST pbdsaidy\extbad fion a substantially
contact the center portion of the substantially rigid

por tigidbaselib@ard§g edater pordn/TRit tdl spOkds Ppedfettisly do not contact the center
substantially rigid spokes that extend fromthe base

t0 porEof VTt @E NBEAdtANY 88 godnY, The check valve may also include
substantially rigid spokes that extend from the base to the center portion. Desirably,
one of the partial spokes is placed between each of the substantially rigid spokes.
Advantageously, the partial spokes may be sized and configured to add stability to the
check valve. For example, the partial spokes may prevent the substantially flexible
membrane from being pushed backward and out of contact with the rigid base and
sealing ring. In addition, the partial spokes may not significantly obstruct fluid flow
through the valve.
[025] These and other aspects, features and advantages of the invention will
become more fully apparent from the following detailed description of preferred

embodiments and appended claims.



one of the partial spokes is placed between each of
the substantially rigid spokes. Advantageously, the
weoandtei1iatssepokes nmay be sized and configured toPa@aS2006/019658
stability to the check valve. Hor exanple, the partia
spokes may prevent the substantially flexible nenbrane
from bei ng pushed backward and out of contact with the
rigid base and sealing ring. In addition, the partia
spokes may not significantly obstruct fluid flow
t hrough the valve. [025] These and ot her aspects,
features and advantages of the invention will becone
nore fully apparent fromthe foll owi ng detail ed
description of preferred enbodi nents and appended
cl ai ms. 10BRI EF DESCRI PTI ON OF DRAW NGS [ 026] The
appended draw ngs contain figures of preferred
enbodi ments to further clarify the above and ot her
aspects, advantages and features of the invention. It
wi |l be appreciated that these draw ngs depict only
preferred enbodi nents of the invention and are not
intended to limt its scope. The invention will be
descri bed and explained with additional specificity
and detail through the use of the acconpanying
drawi ngs in which: [027] Figure A is a perspective
view of a portion of an exenplary enbodi nent of a
check valve, illustrating a substantially rigid top
cap; [028] Figure IBis a cross-sectional side view,
along lines IB-1B shown in Figures 1C, of the
substantially rigid top cap shown in Figure | A [029]
Figure 1Cis a top view of the substantially rigid top
cap shown in Figure



A, [030] Figure IDis a side view of the

substantially rigid top cap shown in Figure | A, [031]
wo2@ane7s2A i s a perspective view of anot her poPCT/082008/019658

an exenpl ary enbodi nent of a cHeck valve, illustrating

a substantially flexible nenbrane; [032] Figure 2B is

a side view of the substantially flexible nmenbrane

shown in Figure 2A; [033] Figure 2Cis a bottomview

of the substanti al in Figure

2A; [034] Figure f@m{: bgégmmfﬁgﬁ@&ﬂg&ge Vi ew,

al o i nes, 2D-2D shown in Figure.2C, 0 e )

subE% gint i aI%P? "PP%%&S% %ﬁsorc%’ﬁ%l nsHgies © Epﬁ‘%ﬁ‘ﬁ‘?de e’?‘b\"dlmems to

RS b B ERCEAT el TRl e

subtatlall flex menbrane attached to a

subStfitHeAPPIPCI batt’fB??e depyvingscigpict pplyj prefergd prgbogiments of the

pers ecfive view of a portion of another exenplary
Blg?lwé?ﬁtan% fireiof H’é‘?ﬂ@e‘\gﬁ’l lipait lfff forpRst Flag ineptign will be described and

substantlally ri.gid top cap; 0371} Figure 4B is

cr oSPlained; Wighagdidgnabsnpriiity andoleiptl thrrugh 4B. uss of Hmmccrmpanymg

Figure 4C, of the substantially rigid top cap shown in

- Fi g@ﬁa‘éﬂ%ﬁén‘f’]@@&] Figure 4Cis a top view of the
substantially rigid top cap shown in Figure 4A; [039]
Fi. glfedl 4D Figure &) ien parpgette Vidveofapestiomof a1l ¢xpmplagy einbodiment

top cap shown in Figure
of a check valve, illustrating a substantially rigid top cap;

[028] Figure 1B is a cross-sectional side view, along lines 1B-1B sﬁown in
Figures 1C, of the substantially rigid top cap shown in Figure 1A;
[029] Figure 1Cis a top‘view of the substantially rigid top cap shown in Figure
1A;

- [030] Figure 1D is a side view of the substantially rigid top cap shown in Figure
1A;
[031] Figure 2A is a perspective view of another portion of an exemplary
embodiment of a check valye, illustrating a substantially flexible membrane;
[032] Figure 2B is a side view of the substantially flexible membrane shown in
Figure 2A;
1033] Figure 2C is a bottom view of the substantially flexible membrane shown
in Figure 2A;
[034] Figure 2D is a cross-sectional side view, along lines 2D-2D shown in

Figure 2C, of the substantially flexible membrane shown in Figure 2A;



4A;, [040] Figure 5Ais a bottomview of a portion of a
still another exenplary enbodi nent of a check val ve,

WO bdogaeTsaé i ng a substantially flexi bl e menbr aneCT/pS2004/019658
Figure 5B is a side view of th@ substantially flexible
menbrane shown in Figure 5A;, [042] Figure 6 is a
sid r oSgrSect ko Al rt{her . exenpl ar
bl fent TR hb kil tenfhe i PAFPKE §Bodinkat of a check

sub Al f [ Lane attached.to a . . .

sub%?%:ﬂlhug If)%ngr% %ﬁé‘g{‘%&l caep?b%Erfaﬂ?lEﬁBe 5%&??? Bore efpsaptially rigid

PRE%%%RED EMBODI MENTS [043] It will be readily

unde

St!dod that the conmponents of the present
i nv jon, _as _genperal ly descri hed dillustrated in
theﬁ}gﬁgur eSEpEr &in’s %ﬁffsae e a‘fl?‘%nfggﬂ p&ﬁtb"ndéé iaﬂ?l‘g?f p¥pmplary

a wide varie of, different .confjgurations. Thus, the
F ol B BF Lotfak Satys Al BT AP Sntaty Bidrer s48g
[ _intended to limt the scope of the

enbodinents. i s not . L C .
i nv@ghngn, lgﬁ&&ﬁ’f’c B ilféFrofsectional ddgyuiegy \plgngplines ¢iR-48 i shewn in

of sone of the presently preferred enbodi nents of the

pr eé‘g}‘ﬂe 4&’19%}1? ?‘B’ﬁﬁamﬂaélxlﬂg“g‘ﬁ% ot dewntn Figverttdon i s
generally directed towards a check val ve that may be
useld3th cotigweriCols aipr Fiewr frthesubsippially igid tonsppshaym in Figure
val ve for.a snorkel and a tracheostony speaking val ve.

It 41 be understood, however, that the check val ve

may be used in connection with other types of devices
andlOBA ot hBgue#i igBIsideainy phthasrstntiabyrigid topanap showthia Figure
check valve may be used to regulate the flow of any
typEdof fluid or flowable materials such as air,

water, blood and the |ike. Thus, the check valve may
be [040] Figure 5A is a bottom view of a portion of a still another exemplary

embodiment of a check valve, illustrating a substantially flexible membrane;

[041] Figure 5B is a side view of the substantially flexible membrane shown in
Figure 5A;,
[042] Figure 6 is a side, cross-sectional view of a further exemplary embodiment

of a check valve, illustrating a substantially flexible membrane attached to a

substantially rigid top cap.



used with an artificial heart valve, an intravenous
valve, an irrigation valve, etc. Accordingly, while

wo bmoatrsek val ve may be di scussed bel ow i n conPEDUSIN6/019658
with an inhalation valve for &3snorkel or a
tracheostony speaking valve, it wll be appreciated

wnore it PErkAeTERCatitm d BRAPRkERgpODIMENS"

Addi ionaII 0 a scription the . .
chdbid1var v Vit by wd B dietbop it T rs en?sr%f?%{le Prégeg} invention,
right and left are us %d to describpe t acco nyi n
f i Gresaeraliy despribadeand dtlusiiated 58 aﬂ“? Fﬁﬁuﬁﬁs 1 §°Y a‘?eearrwed and
wi || be appreciated, however, t he present
i nvisrigneshica vidse varsba ok differenk 09’5‘?%“&“;9“%1‘ Thuy jthe dollowing more
posi tions-including various angles, sideways _and even
upsletrled deserivtiané perfared cabedimepisippot rtendsd t‘th‘@ﬁ fthe sgpReeof the
now foll ows. [046] As discussed bel ow and shown in the
ac doveptionsi #rgclpinepdr byt itt isemetsbt kepyesentativeaf [@me < gthp rpresently
connection with a snorkel. For exanple, the check
valm@fenay@eb@nnqntﬂﬁeﬂﬂmm@qqnvavwoﬁ .or a snorkel and the
val ve nay be placed on the top of a snorkel riser

..t ulde441The Tlivautsentahvestionip copmsailyvwhivented trovandser choek v4lee that may
snorkel inhales to allow the user of the snorkel to
br et kred surdomeetian with, Tive eyahple, smynhelhon viles dorwhenorkdleand a
user of the snorkel is not inhaling, as during
ex hedchdostomyapeakimp welesn 1 malhbdhsndeitved, howeverathatghé ¢heck valve may
closed, it may prevent splash water fromentering the
i nhelwtd ancdntidetion fvith loehes npekef devives amlyinptiey autablexdnairaonents.
air from passi ng back through the inhalation tube
t hemoe nystanbg mteadhedkgvalvie thdyr eughd tdegyate pier flex bkt typsof fluid or
tube. [047] As best seen in Figures |A through ID, the
C hefidtvab Rl iertiBysué sl aligi@ratdr, $1oba bidihe &ikd. y Thusgthél clipok Valodmay be
12, which may also be referred to as a substantially
r'i Qised with an artificial heart valve, an intravenous valve, an irrigation valve, etc.

Accordingly, while the check valve may be discussed below in connection with an
inhalation valve for a snorkel or a tracheostomy speaking valve, it will be appreciated
that the valve may be used in any suitable situation where it is desired to regulate flow.
[045] Additionally, to assist in the description of the check valve, words such as
top, bottom, front, rear, right and left are used to describe the accompanying figures,
which are not necessarily drawn to scale. It will be appreciated, however, that the
present invention can be located in a variety 6f desired positions--including various
angles, sideways and even upside down. A detailed description of the check valve now
follows.

[046] As discussed below and shown in the accompanying figures, the check

valve may be used in connection with a snorkel. For example, the check valve may



top cap. The substantially rigid portion 12 may be
constructed froma generally hard and rigid materi al,

WG owh/12885@] astic, in order to provide the cheCRCWEHE2006/019658
with structural support. The cdHeck val ve may al so
i nclude a substantially flexible nenbrane 14, as best
seefle bi ifHag ntially
71 oo B STaBER 3 Ak B SR o PR BB AR pifee¥on the top of o
flexj . i &bl terial such as silicon.,or rubhe
o Piacker i o’ e oG Bl BTG Bl b g otk ihes o

<2 TR TR, oS SRR e e

['ow Tt he” val Ve
t he,subst anti al flexibl.e nenbrane be bi ased, |f
octn? 87 o Bersonit in S Al B P e e 7 Ho ARh Eieg e When

or closed.pqgsition. One of ordinary skill .in_the art

i 1 §1o 3RBF RSl ¥y T CTHSE ST omy SRepig e dRhelagan tbe of
12 &F Brﬁfer bly nmore rigid than the substantiallé., )

f | P SPRRRART, B Preyent rxBalert alp frgrh Bpsying hapk thrpughyge dphalation
w || also appreciate that the rigidity of the

subBPaiverely Phanneliiedt Heueh By PEpar exhalatipRtubei | ity of the
substantial ly flexible nmenbrane 14 may vary dependi ng,

f or V8 %anpl &5 )(’Sﬁogﬁelt HeFigwss 1 Adheomgh 48} dhq heck yalye mayeinclude a
check valve. Additionally, one of ordinary skill in

t heSulptentigly rigichporiien dd.cviiphmay plso daisefernd by § selisghigally rigid
portion 12 and the substantially flexible nmenbrane may

be eBMERr Tha whstrrtislly sigilarortian Rabiebareanstrici¢dsfion atgendraly hard
desired properties.[048] As shown in Figure 3, an

ex eaﬁélrmlcgmemék sieh| ag @lasr, imgrdenolpoeiade the chedsstbmiwithl stryctural
rigid portion 12 and the substantially flexible

menpegit The chesk slilse ney elo iinglugle @aubstardiatlniflexiblel roewmbrateel 4, as
check valve 10 may be used to help control the flow of

f | uUest seen arEigeres 2Ahreughy2i® Blie sibstentially dlegibled@stmbigne 14 may be
[049] In greater detail, as shown in Figures |IA

t hrovngtucteDd froanh e flsxibteapliatdd inyterial such as silicon or rubber so that it may

flex or deform. The substantially flexible membrane 14 may also act as a diaphragm
and it may allow the valve to open and close. In e;ddition, the substantially flexible
membrane may be biased, if desired, so that the valve tends to remain in the open or
closed position. One of ordinary skill in the art will appreciate that the substantially
rigid portion 12 is preferably more rigid than the substantially flexible membrane 14.
One of ordinary skill in the art will also appreciate that the rigidity of the substantially
rigid portion and the flexibility of the substantially flexible membrane 14 may vary
depending, for example, upon the desired characteristics of the check valve.
Additionally, one of ordinary skill in the art will appreciate that the substantially rigid
portion 12 and the substantially flexible membrane may be constructed from other

suitable materials with the desired properties.



rigid top cap 12 may include a substantially rigid

base 16 that is preferably circular or ring shaped.
wab@eiienses surface of the substantially rigi d PEEESHE6/019658

may include a sealing surfaceld8, sonetinmes referred

to as a sealing ring 18, and the outer surface of the

SOTOMIL Lok 0 G ol e o
TG SRR R DTN T P

check valve and prevent air or. water fro assing in
betditsured Fosredigrsdetil helg-ha sheek walee Hbway b, el o Bl <ppfaot the
sealing ring 18. The outer rim 20 may be the portion

of Haveoiflid iy setable ypeeidirdpre OagevIE: which i s

attached or connected to the_inhalation tube of the )
sndP4I i ningsrepder detpil@F ghewe ing Rigetes idy (eoyeh Pp.gike substantially
[050] Still referring nowto Figures |A through ID, .

t heigditsptcami? alay ynoludgiacubsigntialiprigid bageyl 6 that|isjprefegably circular or
plurality of substantially rigid spokes 22. Al t_hough )

t heimgsbatedn Thainngr suifgéefithgrsubsigntially figidpaser kit ey inplude a sealing
Figures 1A through ID includes five rigid spokes 22,
onesutthceol &lispaetymeskiefelrred to phe sealing wink | 18a ppt thei autar sutfage of the
any nunber of substantially rigid spokes, froma

si rbgasiaig tigidttasd 1§/ may dictiids poleatet tma2(y r Bt sealengysurface 18 may
substantially rigid spokes, may be used. The plurality

of tsuths tsaufitcie aifltlye subgiadtidiyoksd t@2capel? which dim eubisdtially flexible
the substantially rigid base 16 of the substantially

r'i ohembrage Chgniadisdn drdenio ddost ércthegknail e and pnebentraiaerdlager from
until they neet at or contact a center portion 24 of

t hepassis indbdtwednl e shlgitaatibidpfledle hitmbidre 19l atrdathk tsyalinf ring 18.
generally rigid spokes 22 may give the substantially

ri grie dudd &aR0kdayt be tgesveticl ofshapebsahtidlytoga e tde)2 which is

curve upward and inward fromthe substantially rigid

basgtadiRdtoR cbkiRcte@ B B& inhalation tube of the snorkel in order to hold the check
valve in place.
[050] Still referring now to Figures 1A through 1D, the substantially rigid top
cap 12 may include a plurality of substantially rigid spokes 22. Although the
substantially rigid top cap 12 illustrated in Figures 1A through 1D includes five rigid
spokes 22, one of ordinary skill in the art will appreciate that any number of
substantially rigid spokes, from a single substantially rigid spoke to a great many
substantially rigid spokes, may be used. The plurality of substantially rigid spokes 22
may be connected to the substantially rigid base 16 of the substantially rigid top cap
12 and may extend upwardly and inwardly until they meet at or contact a center

portion 24 of the substantially rigid top cap 12. The plurality of generally rigid

spokes 22 may give the substantially rigid top cap 12 the general shape of a dome as



portion 24. The spokes 22 may be integrally forned

Wth the rigid top cap 12 as part of a unitary,
wor®en2mee structure, if desired. The spokes 2BCTYH$2006/019658

al so be separate conponents thi# are attached to the

top cap 12. [051] The shape and positioning of the

S“bﬁa‘eg{lﬁ%%'d& a?ci %ﬁc{j irg‘Pa%( %rso gﬁl}eips; %fﬁtgﬁhae],ﬂgi}/r&gcl: %%geeg% ?(fl_ él‘.le center

gener y me-shaped subs YT op ¢
Ad . h I - t 1
oy PRRE 2 T ipahet 22 e tatele IR TR SR AP b 12 o o
flexible.menb 14, whi I b 1
L 5P gl 0o 8 ST, o %2 B
bst anti al igid t 12 d/ th
iﬂbéﬁgﬂw?iFh%t%%g@FﬁrﬁgﬂéﬁﬁPgﬂbﬁﬂ4 g;y h:ve ot her
[ d nf i ti . [052] .Stil
"ot BBHI g™ 45° Pt FuL bRk aectighe RS HEDSIBS cRpter 32 pypferably
rigid tog cap_.12 may_incl ude aﬂgﬁunality of gaps 26.
EacHeyf? gnefally demgspaped subsiapti

g

pPoiten eneld- | A satagrosply, the
two of the plurality of substantially rigid spokes 22
so $srellx dewmeghgped t9pirap 1B anay dsieraypRat andanale wah thysupgientially
substantially rigid spokes 22 and on the bottom by the
sublexable  membrang 4f.qwhighema alsphess gengally demeyshaped. It will be |
preferably sized and configured to allow fluid to pass
t hr SWEITiatese havievsr. dhat ity supstantinlly rigdp tapagep 12 anfl/or lthe substantially
check valve. Specifically, if the check valve is in
t heflopllp meebrane 3t may have dtheyiseitabipshppes and eondiguationsas s
t hrough the space between the substantially flexible
me nl%gh e 13tithredertihg tosEigiren A thragghl HD,ghe $ubstantially rigid top cap 12
substantially rigid top cap 12 and into the gaps 26.
[ 058}y 8tclude arpddrelrty iofi gapts @6FiEpoh ese bfthedergapgR6 By bt Ipesitioned in
substantially rigid top cap 12 may include a plurality
of lpdwednaivosy thegdualdty of héstanpatyt iigd spikek2s s@Bat dack gap 26 may
t he

be bounded on the sides by two substantially rigid spokes 22 and on the bottom by the

substantially rigid base 16. These gaps 26 are preferably sized and configured to
allow fluid to pass through the substantially rigid top cap 12 of the check valve.
Specifically, if the check valve is in the open position, then fluid may be allowed to
pass through the space between the substantially flexible membrane 14 and the
sealing ring 18 of the substantially rigid top cap 12 and into the gaps 26.

[053] Still referring to Figures 1A through 1D, the substantially rigid top cap 12
may include a plurality of partial spokes 28. These partial spokes 28, like the
substantially rigid spokes 22, may also be substantially rigid and may also extend
upwardly from the substantially rigid base 16 of the substantially rigid top cap 12.
The partial spokes 28, however, may only extend upwardly and inwardly a small

distance and the partial spokes preferably do not contact each other or the center



substantially rigid spokes 22, may al so be
substantially rigid and may al so extend upwardly from

w0 bweaeisse antial ly rigid base 16 of the subst aPtT/a51096/019658

rigid top cap 12. The partial Ypokes 28, however, may
only extend upmardly and inwardly a small dlstance and

the art I not

or nEEGh o MR AR Rpaf oy By s o risia e
LA spgkes?éarﬁ&?rév%ad BB R0 B
suppo e . substanti al | eX|bIe nbrane 14.
exaﬁl&n rang 1410 2 S3rlp ofe it RS P L Siprpg to the
the supstanti_al flexi ble menbrane 14 at an

wheP BRI, ﬂg%lg  PSEPYE (14, Fio HehBrsfe s hsfantially fexible
attached tq the substantlally rigid top c

Becglagﬁrapﬁ ds pefraiached 49 g!?e%‘bﬁﬁ‘mﬂ}léﬂ’éfdanaH dZn cReC%HSF the partial
the way to the center portion 24 of the substantially

ri gﬂ@k?q)%S Egﬁerg_b}y de pat eﬁ]aghg gy tQ élég(@éltmrtwatﬂ of the substantially
substantially restrict or inpact the flow of fluid

t hr Beigrion P?é’ éaﬂ@ pegial spokegimay nob substgpiaallyaeddction ppachibe flow of
substantially rigid top cap 12 may incl ude any

sui flaid|throy 2R éb\ﬁlﬂlutwpmemeﬁqd drat ﬁ}ﬁék@éﬂnﬂﬂﬂmﬁd top cap 12
parti al spokes 28 depending, for exanple, upon the

| nt B9Y depludecangfsuitshde yumbes anctmnf@mﬁpm ef spokes rend partial spokes
situations, it may be desirable to use a greater or

| es%%ﬁemuﬁin@rfomxambkmsmme iaterifiest usp af theahlve p Beexapgle, in some
i ncluding zero. [054] Still referring to Figures | A

t hr sitnghionsDit mayebesdasizatdatol wk |aygreateyi at 1¢ssqr roiabed of spmjes 22 and/or
include a center portion 24. The substantially rigid

t oprartig spekesy, iaflsding red.ude a center cylinder 30,
preferably with a generally cylindrical configuration,

whi [i34jray Sxitl eeferroigwnianel yAfthwonglt b, the sttestantiaityt digid topdeap 12
of the substantially rigid top cap 12. This center

cyl maglérchisio araytengortinga 24h @hs slistaatidllyaidid toblcex i bingy also include a
menbrane 14 to be

center cylinder 30, preferably with a generally cylindrical configuration, which may
extend downwardly from the center portion 24 of the substantially rigid top cap 12.
This center cylinder 30 may allow the substantially flexible membrane 14 to be
attached to the center portion 24 of the substantially rigid top cap 12. As shown in the
accompanying figures, the center portion 24 and the center cylinder 30 may have an
opening or hole to allow the unimpeded passage of fluid. The center portion 24 and
the center cylinder 30 may also be sized and configured to prevent fluid flow, if
desired. Accordingly, depending upon the intended use of the check valve, the center
portion 24 and the center cylinder 30 may allow any desired amount of fluid flow. In

addition, the center portion 24 and the center cylinder 30 could have other suitable



attached to the center portion 24 of the substantially
rigid top cap 12. As shown in the acconpanying

w0 p@enersse t he center portion 24 and the cent erPCHUBIW0€019658
30 may have an opening or hol &8t o allow the uninpeded
passage of fluid. The center portion 24 and the center
cyl i.nder .30 and conf i
o eafand poniPacRns Sorp Rt FGCrARe Gt e pfends e of thy check

upon.the intended use of the check vaIve the center

porY@%% 24 and the center cyl i nder 30 may allom1any

desj unt of id flow In addi

por 55 54 aﬁ%entlﬂ%edc ErCo %{)%ﬁﬂ% (ﬂf o8 “Wtrepay be
sui t abl esi zes and i gurations depe

exatfpil 8 an, e lon g S b ot S0 hlég tﬂn@ Shegk valve may be
[ 055] .As nentioned above, one exenplary enbodi nent of
t hi &ed gpeayyinglude ap sxiplation Anbe Wilip & lpsar (hkplgtion gbey When the
snorkel ., The snorkel which this check valve may be
us elhdptiareyplveri [fif @atohis srorkelatie dnhalation tilier Mash fihontg oy attach to
i nhal ation tube. Wen the inhalation valve is fit onto
t hi e enter 1 20 afitke suhptantially sigidihapre] hefthe pybsigntiadlygygid top cap 12
attach to the outer .rim 20 of the substantially rigid
bas#nditbe exhalatien Jutesman fif entp \pr bp gitethedfp thesentpr aytuld@rh@ of the
exhal ation tube may fit onto or be attached to the
c engubstatially nigid topGapfl2 Véhenthes inhplatien yalve isgittachied jo & aporkel in
12. Wen the inhalation valve is attached to a snorke
i n sk la meanmyen, ther cheekhealvhmek allew the userytoahbadesurfase ais dhrough the
to inhale surface air through the inhalation tube only
whemhalatidngulperly when md opeir and drdy otibe khoghilvelat’s ddsisiddgdction of
direction of flow Air exhaled through the exhal ation
t ubiow hAwexbaled tieongh ¢hefexbalation tutwy Bowdven ngly betfeee thmoke through
val ve, agai nst the check valve's desired direction of
fl otve checkwille, bggainstdthe sétheekd villelt detiredl diadctien ©6dlosv. alltswill be
be used in connection with other devices,

understood that this valve could also be used in connection with other devices,

structures, environments and the like. Further, this valve could be used in connection
with other types of valves and not just check valves.

[056] Although the substantially rigid top cap 12, as shown in Figures 1A
through 1D, employs a downwardly extending, hollow, center cylinder 30 by which
the substantially flexible membrane 14 may be attached to the center portion 24 of the
substantially rigid portion 12 of the check valve, one of ordinary skill in the art will
appreciate that other structures may be used. For instance, the center cylinder 30 may
be upwardly extending or may not be hollow. Alternatively, the substantially rigid
portion 12 of the check valve may simply include a hole through its center portion 24
through which a portion of the substantially flexible membrane 14 fits or is attached.

A mechanical fastener, such as a rivet or screw, may also be used to attach the



structures, environnents and the like. Further, this
val ve coul d be used in connection with other types of

wo 2006837580 d not just check val ves. [056] Al thorgUus1ve6/019658
substantially rigid top cap 1219 as shown in Figures IA
through 1D, enploys a downwardly extending, holl ow,
cen ' 3 [ he bstant.ial |ly.flexible
oty ey MRl e £ bd SRR R ptiion b chect
of the substantially rigid portion 12 of the check
val ve, "one of ordinary skill in the art wll

jate,that o tryct b . For.. .
helBfke, “hdTbut e G S oy s dAvirae 2D the check
di t be hol | Al ternat i . th _
S ubCHS it s PR 2, DReRORITS IR e/ V. Fgantialy

si npl y, .i ncl yde hol e through its center portion 24
t h?ﬂﬁéﬂe W&ﬁanﬁalﬁdf Preswakly sepraally destestheped) ang wiigh gy be made
menbr an fits or is attached. A nechani cal .
f as?ffaﬁefff‘;m fchFrgeble, apigprelastic sataipl shely aairakPepeorygliepn.  The
to attach thesubstantially flexible nenbrane 14 to the

- sub¥Psiartially | Bexibleymgmbeing  1may inghude geceaies Rtipal 32eby which the
[057] As_ discussed above and as shown in Figures 2A
t hr BgfAntBy flexble praptianggay be penpecipdiy theywbstartiadly rigid top cap 12.
substantially flexible nmenbrane 14. The substantially
fl e&'ilecﬁUBstﬁﬁﬁﬁy Hereble embraned apayislisp indyrdsragloier edge 34, sometimes
done- shaped and_whi ch may be nade of a flexible,
berfgfpied il waling eige B, Whiclempybe designedity qontabethe eealing surface
silicon. The substantially flexible nmenbrane 14 may
i ncl@efdhasubsiantially pigid foprea3 22 wemihic checkhvelvs ubit the tiosddl ppsition
fl exi bl e menbrane can be connected to the
s ubigtozder icapreyent flgv ih the direction tantrafinie thaidistlamdlvelb Hesired direction
flexi ble nenbrane 14 may al so i nclude an outer edge
34,ofdlowet i nes referred to as a sealing edge 34, which
may be designed to contact the sealing surface

[058] Still referring now to Figures 2A through 2D, the substantially flexible

membrane 14 may also include a plurality of relatively thick sections 36, sometimes
referred to as substantially flexible spokes 36. Advantageously, the substantially
flexible spokes 36 may be created as part of the substantially flexible membrane 14.
In addition, the substantially flexible spokes 36 may extend generally from the outer
edge 34 to the center portion 32. The substantially flexible membrane 14 may also
include a plurality of relatively thin sections 38, sometimes referred to as collapse
zones 38, which may also be created as part of the substantially flexible membrane
14. Preferably, the collapse zones 38 are located in between the substantially flexible
spokes 36 of the substantially flexible membrane 14.

[059] The substantially flexible membrane 14 of the check valve shown in

Figures 2A through 2D has five substantially flexible spokes 36 and five collapse



18 of the substantially rigid top cap 12 when the

check valve is in the closed position in order to
w@e@eaeitssé | ow in the direction contrary to thePChEs1006/019658

valve's desired direction of f20ow. [058] Still

referring nom1to Fi gures 2A through 2D, the

Sfff)ﬁsé?‘?” 25 of0hp ed izlid{?llé‘feyy sl H]ge b{?%ﬂ%%*%%?@#%ﬁ%% That the
Ve g 5T R Bt Phly dieRyte ArEREbe X siptautally floxibi

nay be c ed as art substaptially flexibl
PR Ao o %t%r}ﬂsﬂy ﬂfﬂfﬁ@l TR FGP) eﬂ*ﬂ%%wugstanﬁaﬂy

spokes 36 nmay extend gener fromthe outer edge

to YHaPlEapriet Putherperc.ae O?w tagrh skl ithe 4ty i @mﬂaée Ymat the

menbrane 14 may al so include a plurality of relatively

t hi ngtéwﬂar&e@ée m%h@p? e dPemeide gny gugkercef] qofpese zones 38.

zones 38, which nmay al so be created as part of the
sublqregremple; yhilg thgmymberefifoilapse zoues 3Brig Pesferphly complimentary to
col |l apse zones 38 are | ocated in between the

subthe agmbel eKsupstentiaBy dexiplskipekesedoppny penkay 98 sulstantallyyflexible
flexi ble menbrane 14. [059] The substantially flexible

e nipoligfeanti/or gpllapprezaphetRy wisp we usttowhhusnthEngubaf zallapse zones
through 2D has five substantially flexible spokes 36

and3§ bsed is wbot Bpged tnfie 38l angneingfer of dplivaps zaks;| from mo collapse
the art, however, will appreciate that the

s ubstnanto aagdreat Irtahyemllapw aoeeshmanee tskdmay i ncl ude any

nunber of substantially flexible spokes 36, from no
sub@bant i aBlyymploginiglthese sgadively tBi6k saztiansgioemt] retatimely thin sections
substantially flexible spokes. Furthernore, one of

or di$efi e stbistahtially flekibleandmiwid 143 fiprozredah tildcknasst of ttieesubstantially
substantially flexible nenbrane 14 may include any
nunfietiblef memblaap seayz bo edecRBscd Fotthexafml exampié,| eofiemising its
nunber of collapse zones 38 is preferably

C on@tuictilAltstdbylity.O In addition, the relatively thick sections 36 of the substantially

flexible membrane 14 may resist deformation and flexing more than the relatively thin
sections 38 of the substantially flexible membrane. Thus, these relatively thick
sections 36 may be capable of retaining the check valve’s general dome shape and of
holding the substantially flexible membrane 14 generally in place against the
substantially rigid top cap 12. Significantly, this may help prevent failure of the
check valve. The relatively thick sections 36 of the substantially flexible membrane
14 may also allow the relatively thin sections 38 of the substantially flexible
membrane 14 to be thinner than the substantially flexible membrane 14 could be were
it uniform in thickness.

[061] The relatively thin sections 38 of the substantially flexible membrane 14

may deform or flex more easily than the relatively thick sections 36 of the



the nunber of substantially flexible spokes 36, any
nunmber of substantially flexible spokes and/ or

w@olobaprses zones may al so be used. Thus, the nurdBUSIDG6/019658
col | apse zones 38 used is not2limted to five and any
nunber of collapse zones, fromno coll apse zones to a
great many col | apse zones, e ugsed. [06 B .
rpeg Y Hesbleara el THY elowt BeTeomEtRY ) setions 38 t

relatively thin sections 38 of the substantj al]

£ I 1B YR Hieanes e DY Rum 98t e Fhce R valkR B hoighfeercater than
substantially flexible nenbrane nay be decreased

wi tthoBressurg Aownsisn dromt herbesh wlvgy THi§ comppiatiyphypmall pressure
stability. In addition, the relatively thick sections

36 dffereniml mayseasstthascaling ¢de 34108 threswbptanially lexihlp membrane 14
resi st deformation and flexing nore than the )

r eltatsenaatty fram fhe ealingmisg 38 of the rabgynisty Aigidatapycap 12 with a
flexi bl e menbrane. Thus, these relatively thick

sectlativaly $6aliramolns of fopeirir grassure.e pegondingly 1 the rabdiiwely thin sections
val ve' s general done shape and of hol ding the

SulBsSt may isabdtantiblle xddptee theeomiskingepreshurgerietha | dhgeki velys. abtewill be
agai nst the substantially rigid top cap 12.

Si guppfecintedithat, the telasivein yhitkesqotiprsedseanid blativaly éhinbections 38 of the
check valve. The relatively thick sections 36 of the
subsbsmitiady | Ylefiblex innebraventidaceuld4 haesy atheyo saikdbley shipes and
relatively thin sections 38 of the substantially

f | exoinfip@aticaide panding dfot exahglel tipanrtbe intdnded gseef the check valve.
substantially flexible nenbrane 14 could be were it
uni[pezjm i nAk hbesk ResmS in [Fidutds 2Ae threhght 2el die tdnbstantially flexible
sections 38 of the substantially flexible nmenbrane 14
Mayméleb@hd P idyl 83 AElNE: £3Bevey4d Baendilpedévelvairdly dtoym the center
thick sections 36 of thesubstantially flexible

e ndyr@de3 2l 4f thENubstalihyVEetibe Seenitehrt 14/ eTlis sleve 40 may be sized
sections 38 to coll apse when the pressure upstream

f r oatBBAGREE o MALYRL drSvi@Phnbusd 1he REAtYr @NiB@r 80 of BRMbubstantially
rigid top cap 12 in order to connect the center portion 32 of the substantially flexible
membrane 14 to the center portion 24 of the substantially rigid top cap 12.

[063] Although the substantially flexible membrane 14 of the check valve shown
in the accompanying figures includes a downwardly extending, hollow sleeve 40 to
attach the substantially flexible membrane 14 to the substantially rigid portion 12 of
the check valve, those of ordinary skill in the art will appreciate that other structures
may be used to achieve this same result. For instance, if the center cylinder 30 of the
substantially rigid portion 12 of the check valve extends upwardly rather than
downwardly, the substantially flexible membrane 14 may use an upwardly extending
post that fits inside of the upwardly extending center cylinder. Similarly, if the

substantially rigid portion 12 of the check valve includes a hole through its center



the pressure downstream fromthe check valve. This
conparatively small pressure differential may cause

W0 b@weaembé ng edge 34 of the substantially fl exP@i/@52006/019658

menbrane 14 to separate fromt3e sealing ring 18 of
t he substantially rigidtop cap 12 with a relatively

f?é%ﬂi@%"%“ ipfriokEh ?ﬁ%a@fgeﬁéuﬁﬁﬁb@ﬁ SRR Y. b ptandlly
app BB 1216y BPUHE Fohy Ehrren el 3idifis i o

1 ceris Wateh Gisdoleinani & Hash T % %iﬁ’@{aﬁsf B bledpeagsene 14

and _con gur tions dependi ng, for. exanp upon the

" nt U e Al piecheorttn \f%ameféwnwefzite% wekes sawt proore,
Fi gures. 2A throu h 1D the substantially flexible

menBrBAEo ba usgdyio aﬁ% the,gubptamsiadly flesibleanerpbrang khigi th@substanhally
downwardly fromthe center portion 32 of the )
subsgigdportion 7 of|tesehscle Vﬁmx@ﬁ@edlnglya ofipr suitgbleedeyicg orpgctures
be sized and configured to surround or wap around the
c enay be yseidrie) aftach thegfubstpyaiaby, Bexibls mpembirgnerliddp ghersgbstansiplly rigid
12 in order to connect the center portion 32 of the
subperien 1401 the eheskivilve menbrane 14 to the center

portion 24 of the substantially rigid top cap 12.

[ 06 BI04l t hBefprrinshieove b Eigaret 3. 4hd ghetk arlivh(18 indvdss altrﬁesubzﬂtantlally
of the check valve shown in the acconpanying figures

i ncilerdels nzendwanewdr ehinyectod: teril supstaitally gigidsiopeap 1260 tamt each of
attach the substantially flexible nenbrane 14 to the

subgkanbstaitially fiegiblt spokdsi Inard Dosifionddegenbrelik inv hétwegn two of the

those of ordinary skill in the art will appreciate

t hatubstahigallyigidisokese2? aalyard genegadly alignegichitleve éfiths patisiespokes

result. For instance, if the center cylinder 30 of the

sub3sg.arit ivdlll e apgedatpditiat ghe I@bsaitidihe fletiblekmembiage 14 may be

extends upwardly rather than
connected to the substantially rigid top cap 12 in other desired orientations and
configurations depending, for example, upon the intended use of the check valve.
[065] In operation, when a positive pressure differential is applied to the check
valve 10, the collapse zones 38 of the substantially flexible membrane 14 may
initially collapse and separate at least a portion of the sealing edge 34‘ from the sealing
ring 18 of the substantially rigid top cap 12. This may allow any suitable type of fluid
to flow through the check valve. Depending upon the pressure differential, at least a
portion of the substantially flexible spokes 36 may also separate from the sealing edge
34 from the sealing ring 18 of the substéntially rigid top cap 12. Because the collapse
zones 38 may deform or flex more than the substantially flexible spokes 36, the

substantially flexible membrane 14 may generally resemble an umbrella. Thus, when

the check valve is in the open position, the collapse zones 38 may bend or deform



downwardly, the substantially flexible nmenbrane 14 nmay
use an upwardly extending post that fits inside of the
waipwaneisye ext endi ng center cylinder. Simlarl yPCT/iS1006€019658
substantially rigid portion 123of the check val ve
includes a hole through its centerportion 24 rather

than a downwardl y extendi center cylinder 30,_.the .
ettt eysugf’%@ﬂaﬁv JIGHIIE sBgles 7 Whiphi TRl &R e ubstantially
button_or of her_ protrusion whjch fits in or extends

t hrilerge ‘E‘“ﬁ‘?lgraﬁ%l‘gthfaﬁf’ogroﬁérckls%d Fcelansed ‘Hgbrglﬁﬁ)st antially
flexi ble nenbrane 14 to the substantially rigkf i
pori0p@n 12Advanisaeqyal; begruse Qubveme collaps. Frrg S8 2¢q ¢allppsgyin order
screw, nmay al so be used to attach the substantiallx

f 1 eiidow %@mhrav@ the chgck Melve 1B sipand cpyfigurgiog of the collapse
portion 12 of the check valve. Accordingly, other

suizoats &8 ersljarcabstentialy dlgsibler wekesedp Bay be signipylaiadt tg cntrol the
the substantially flexible nmenbrane 14 to the

s ubdssizgst dnaduntyofy flugd Howo Mor exemple, off the sbsteniéadly flpgiblazmembrane 14
[064] Referring nowto Figure 3, the check valve 10

i ncs ugkmsfatredswobthatatiei ralatively (thex isedtionsrd$rigf dppesubgtantially flexible
connected to the substantially rigid top cap 12 so

t hamemsbretle bf atchgensralbs tamsisieat nythidkesssbthen scolodapsg Gongse38 may
positioned generally in between two of the '

s ubsillapse iag kéngratlly ghelsaypotues a@fommth. dPrethgentier dhnd; the thickness of
aligned with one of the partial spokes 28. It will be
appthe eé¢laively thichtsettivas Stbati/antlicaklativdly ¢hxn btctionehd mapee varied
14 may be connected to the substantially rigid top cap

12 acdordingas tibeddstretiuger éfahé alidckvalvan@oc efah@y ifadubstingial flow is
dependi ng, for exanple, upon the intended use of the

c hegdedadadr\desirell @bdhigh fhe @pRkahivoall avligste aoe 3B thayesollapse even if
pressure differential is applied to the check val ve

10, thk E@simlﬂr@a&e dERRESIa B8 raMler blgll.Subst anti al 'y
flexible menbrane 14 may initially collapse and

SePAGAt © ahs IntAdned abik! the Bhdek vaIREmE P dlsd BYa REGRosIdny speaking
fromthe sealing

valve. This tracheostomy speaking valve can be placed in the tracheostomy of a

patient who, for instance, has an obstruction in his or her upper trachea which may
interfere with normal breathing. This check valve may normally be in the closed
position, but may opens when the patient inhales in order to allow air to enter the
lungs through the traechea, possibly bypassing an obstruction. Aﬁer the inspiration,
the valve may close again. This may prevent air, exhaled or otherwise from leaking
out of the tracheostomy speaking valve. Because exhaled air may not be able to leak
out through the tracheostomy speaking valve, it may be forced further up the patient’s
trachea where it can pass the patient’s vocal cords thereby allowing him or her to

speak.



ring 18 of the substantially rigid top cap 12. This
may all ow any suitable type of fluid to flow through

wo b@eabssk val ve. Dependi ng upon the pressure PCT/US2006/019658
differential, at least a porti?n of the substantially
fl exi bl e spokes 36 may al so separate fromthe sealing
edg 4 fr he sealin in 8 of the.substanti al
i og8 op 20, bheSiin, deririevalin a8 SpBTRan Jrayes to the
deformor flex nore than the_substaniially flexible .
S pOREEOSY dishiss BOTEHIT WS OF PoRPRLE. REBPERE. b Sagantally
general ly. resenbl e an ynbrella, Thys, when the check
Val Vedipsttion @r@%ﬁ8@@%%@&&%&@6@%@@%&% fgough 4D
may bend or deformmore than the substantially flexible
spokas bsgongipctef Ry agitipas ard tigid steliel SPehs af plaiidp e order to
menbrane 14 the | ook of a closed or coll apsed )
ubPreridg thy tagipostea seeakiee el e, Witk shydwalofipposnelhis exemplary
col  apse zone 38 need col lapse in order to allow flow
't hr JoRdlimerd  eyEcisy anglade 14 esubstandially dflesable | gembraponl4f The
the col | aﬁ)se zones 38 and/or substantially flexible
s pokbstaggllirlexible meambisne At évliltugtraterhiny Bisuteh A gad Yeeand may be
amount of fluid flow For exanple, if the
- subsmaimdted) fpmf flesdblol er plaahiy aweaderipls, jsychmas wilwor (aredibbe.  The
that the relatively thin sections 38 of the
s ubsibstantiadly | f§exitle mienibganee b isaprefetablasized ené cahfignred to flex or
consistent in thickness, then the coll apse zones 38
maydefoint dpslwvathe gpeeng kbhd clobisg Sérhe traceosamu/ speakripg ®alve. The
On the other hand, the thickness of the relatively
t hi elenplacy ieombsdi@Gntacidthe rirdchepstoglyaspeelahy vhlve rwithethei sahgantially
38 may be varied according to the desired use of the
c hefidkibamegbrdnori4icosdeatedao thef substingiatin trigwll top kapM 2 & illustrated in
needed or desired through the check val ve, all
col Figmes. zones 38 may col | apse even if the positive
pressure differential is rather small. [067] As
menfoeoned abonster 48l CRehiswM dh \Fegui@y4AltEouge4B, the substantially
tracheost ony speaki ng

rigid portion 12 of the tracheostomy speaking valve may have a configuration and

arrangement similar to the snorkel discussed above. For example, the substantially
rigid portion 12 may include a substantially rigid base 16 with a sealing surface or
sealing ring 18, an outer rim 20, a plurality of substantially rigid spokes 22, a plurality
of gaps 26, and a plurality of partial spokes 28.

[070] As shown in Figures 4A through 4D, the substantially rigid base may
include a ridge or flange 42 that may extend inwardly from the sealing ring 18 of the
substantially rigid base 16. This ridge 42 may be sized and configured to contact the
outer edge 34 of the substantially flexible membrane 14 in order to keep the
substantially flexible membrane 14 connected to and in position relative to the

substantially rigid portion 12 of the tracheostomy speaking valve. For example, the



val ve. This tracheostony speaking val ve can be pl aced
in the tracheostony of a patient who, for instance,
whamearrsebst ruction in his or her upper tracheeCTEN6/019658
may interfere with normal bred@bhing. This check val ve
may normally be in the closed position, but nmay opens
al |.ow

e B8 CRaP UG PR s b B Berb g adiedon sicing ot o

bypassi ng an opstruction. After fhe i iration, th .
vl e o Seborisietny © figyubHeavelt Baid PoraghAf-et wil be
or othermﬁs&vfron1leaklng of the tr?%heos

spedhprsitsda Eﬁhesa@a@g%aﬂé(xﬁ%ﬁ%@a THFIROIARR, d?%%g %ﬂf&l@@ do the

| eak out  t hrough the tracheostony speaking valve, it
rrayS“B%ta‘Ftlﬁlféélﬂld%@Fft Heir ol sHisblsapngsis ord etliedea wher e

it can pass _the patient's vocal cords thereby allow n

hi MO&H her Stilhrefpreng tq ewps ThdhepgheHadhe sibstaaindlyiigitportion 12
valve may be simlar in many ways to the previousl )
di sefuths derchenstor spepking Volue ey 2lss istudel a ot RoRtafrplestending
the substantially rigid portion 12 of this exenplary .
enrbéinyerdly iflom e eemterportrpniZ4gd theessubgantistlp tigid pepiiapgh?. s with
constructed froma strong and rigid material, such as

pl athe centeri porignmd®r ofithe phajotichevaltecior thgshedel hmperipranoii 4rgof the .
valve with structural support. This exenplary :
enbloatheestamymepeakingo vilne Inwje ba wadstoasattdchl thy fubgxitislle flexible
menbrane 14. The substantially flexible nenbrane 14 is

i | | membatetd tonthEsehstaetallyAigd dorsiBn dAd Theisiedye 40 of the substantially
constructed fromflexible or pliable materials, such

as S8déxible aendraneubbeny shie oserbsidagricombasyesf the xeilgkrepost 44 of the
menbrane 14 is preferably sized and configured to flex

or ahbstetinlly @ighl patiorn hesotheniha gulstatidlyofiexiige ofemblade 14 can stay
tracheost ony speaki ng val ve. The exenpl ary enbodi nent

of inlptact kdletheas the Bybsepealki mgd pative 1M t h t he

substantial ly

[072] The center post 44 of the tracheostomy speaking valve may also include a
barb 46 at its lower end. This barb 46 may be sized and configured to contact the
sleeve 40 of the substantially flexible membrane 14 in order to keep the substantially
flexible membrane 14 connected to and in position relative to the substantially rigid
portion 12 of the tracheostomy speaking valve. More specifically, the barb 46 may
prevent the sleeve 40 of the substantially flexible membrane 14 from accidentally
sliding off of the center post 44 of the substantially rigid portion 12.

[073] Referring now to Figures 5A and 5B, the substantially flexible membrane
14 of the tracheostomy speaking valve may, like the inhalation valve for a snorkel
described above, include an outer or sealing edge 34, a plurality of relatively thick
sections or substantially flexible spokes 36, a plurality of relatively thin sections or

{

collapse zones 38, and a sleeve 40. It will be appreciated that the tracheostomy



flexi bl e menbrane 14 connected to the substantially
rigid top cap 12 is illustrated in Figure 6. [069] In
w@e@atizisseet ai |, as shown in Figures 4A t hr ougPCEDS20061€19658
substantially rigid portion 126of the tracheostony
speaki ng val ve may have a configuration and
ement . sim | ar, t the snor ussed

Ror SRESRE et ey abis thake o VRufiige f°ﬁ§%%rﬁ%wsab%nﬁvangemems

i ncLude.a substant.i al |l ase.16 wth a se
sur $5heeit. "B Ry vl e Soehits A pitin? & The adheostomy
pl uralj.t substantially rlgld spokes 22, a
pluﬁﬁﬁ?Pg %Yegaps 26, and a plurality of partia
spok 3 [070] As_shown in Figures_ 4A through. 4D,
t hel®d bst aAEisheYY 1 Figneps BAsEd R, the,Ribgamtially feyihle gembrane 14
flange 42 that may extend inwardly fromthe sealing
ri N alseinc{ikls asilibd8-a Ht this xgmplagy; émbpgdiaent.ghe 48 mquzjeplaced
42 may be sized and configured to contact the outer
edglragh ope phthesybsiandially Apxihlefspeles B e Qnsrmlordipary gkiflin the art,
order to keep the substantially flexible menbrane 14
conkh@aved Wid wmeqleﬁe pledia phyralielofitslitpedd enayhlee placed through the
substanti al | igid portion 12 of the tracheostony
s pestibbtagtially| 1b1¢:men@r@anﬁl4emdtthﬁérthaﬁjés 49 mpgiybetmdaced through the
prevent the substantially flexible nenbrane 14 from
sl i ghibpignielly fEeikitde membiang 14un lashtignsgithdr dhany thfcugh the qubstantially
the substantially rigid portion 12. It will be
appflextblasedkes B@at t he substantially flexible nmenbrane
14 may be attached to the substantially rigid base 16
in B78ker slih¢ slitl48 manseeredo actchs atrdsowts relfB i caStsi wilere there isa
referring to Figures 4A through 4D, the substantially
ri ghegathar pressurd Aiffereptivd dfr ac hadsirably @pdaigerogs wadguitude. For
may al so include a center post 44 extendi ng downwardly
f r ofisthie, the nitackicopiotilyispeakitdk valve infag atlow Siitaddi adrl thipugh BlitGrevents
portion 12. As with

exhaled air from passing out. If, however, the patient using this tracheostomy

speaking valve coughs, the force of the cough may damage the valve or could force
the entire valve assembly out of its proper position within the throat of the patient.
The slit 48, if properly sized and positioned, may allow some equalization of
pressures in cases of an excessive, negative pressure differential without causing any
significant leaking or backflow. It will be understood that any appropriate number
and arrangement of slits 48 may be utilized depending, for example, upon the
intended use of the tracheostomy speaking valve. It will also be understood that the
slit 48 is not required.

[076] Although this invention has been described in terms of certain preferred

embodiments, other embodiments apparent to those of ordinary skill in the art are also



the center portion 30 of the inhalation valve for the

snorkel, the center post 44 of the tracheostony
W(splmam’/rsg6 val ve may be used to attach the subspenuUszné/g19658

flexi ble menbrane 14 to the substantially rigid

portion 12. The sl eeve 40 of the substantially

e LB R B\ Mk, AR e Pl I TRRASRES t proncca
12 Bldih 0 y BUBSLARL Ohby cflogXi bl e membrane 14 can

stay 1n ace e substantlally rigid
portion 12 [072] The center post 44 of the
tracheost ony speaki ng val ve nay al so include a barb 46
at its lower end. This barb 46 nmay be sized and
configured to contact the sleeve 40 of the
substantially flexi ble nenbrane 14 in order to keep
the substantially flexible nmenbrane 14 connected to
and in position relative to the substantially rigid
portion 12 of the tracheostony speaking val ve. Mre
specifically, the barb 46 may prevent the sleeve 40 of
the substantially flexible menbrane 14 from
accidentally sliding off of the center post 44 of the
substantially rigid portion 12. [073] Referring now to
Fi gures 5A and 5B, the substantially flexible nmenbrane
14 of the tracheostony speaking valve may, like the

i nhal ati on valve for a snorkel described above,

i nclude an outer or sealing edge 34, a plurality of
relatively thick sections or substantially flexible
spokes 36, a plurality of relatively thin sections or
col | apse zones 38, and a sleeve 40. It will be

appreci ated that the tracheostonyspeaki ng val ve nmay

al so have other suitable configurations and
arrangenents dependi ng, for exanple, upon the specific
desi gn and/ or use of the tracheostony speaking val ve.



[074] As shown in Figures 5A and 5B, the substantially
flexi ble nenbrane 14 may also include a slit 48. In

wo bios/123566p| ary enbodi nent, the slit 48 may beP@l/asmde/019658
t hrough one of the substantialBy flexible spokes 36.
One of ordinary skill in the art, however, wll
appreciate that a plurality of _slits 48 nmay be pl aced
t hrough the substantially 1¢e&MSe nenbrane 14 and
that the slits 48 may be placed through the
subs it iss¢lpynediisxi bl e nenbrane 14 in | ocations other
than through the substantially flexible spokes 36.

[ 075]. The Asthdck4BIvetatsiarsigedt ndaginfigtred B8 &Mt Partially control the
rel ease in cases where there is a negative pressure

ﬂdwfd‘fermtth@éhe@kv@ﬂe@sﬁﬁﬁglhgbl e or dangerous nagnitude.
For instance, the tracheostony speaking val ve nay

al | ow i nhglg j t pre ntsexaled

from pass?ng&’&{ 1561?1? &qﬁgﬂld&g add r?\é B aﬁ‘? aﬂ?flﬁﬁp?lﬁﬁog and
tracheosto eakln val.ve. cou S, the force of th

cough nay E%%S@S r{lﬂ’é ¢ Javige 3 P%rahiﬁ romner P"é%P‘i’rFfég“fatlon the
val v errbl out of its proper position within the

thro ?Xlgﬁ’ 1{9-5%‘ insfdingrs, genfey portign comnegtied je ihoycesier pdrtion of the
and positioned, may allow sone .equalization of

pr essippes mambels s @dtelandmcaephlraflﬂ:y ofegpddtively {hi&s saetiens at least
di fferential w thout causing any significant |eaking

or bpariflipwispbsedbdtivetre thindeitat petion NeFt thdMexible membrane and the
appropri ate nunber and arrangement of slits 48 may be

ut i | dmededRpenUe Txitl® et %nd lép;ﬂﬁrah%eﬁ ﬂatleﬁs oﬁ%{hﬁ? Sections at

of dt he tracheostony speaki ng val ve
7
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cert oallthr nge o? the f(ijelele membrane.

2. The check valve as in Claim 1, further comprising:

a post extending from the center portion of the support member; and

a sleeve extending from the center portion of the flexible membrane;
wherein the sleeve of the flexible membrane may slide onto and encompass at least

a portion the post of the support member.

3. The check valve as in Claim 2, wherein the post of the support member
includes a barb that is sized and configured to prevent the sleeve of the flexible membrane

from sliding off of the post of the support member.



enbodi nents, other enbodi nents apparent to those of
ordinary skill in the art are alsowthin the scope of
wo bios/12738€@nt i on. Accordi ngly, the scope of thePCT/US2006/019658
invention is intended to be d2%ined only by the clains
whi ch follow CLAIMS What is clainmed is: 1. A check
val ve that is sized and configured to at | east
partfal | yTeerthesk vahe f$ gw efun| Li wherdie thserparhmember further
conprising: a support menber including a center
cquopiisesn and an outer portion; and a flexible nenbrane
havi ng a generally done-shaped configuration, the

flexi bl e apaydpSnidie] HemNGeeheBRrRid PafekiaRAngonnect ed
to the center portion of the support nenber, an outer

edge, . a phys 3l infofe ggoﬁe%l éﬁgén\ﬂﬁ@’ bl G B86%S A5 céter p%rftion of the

| east partially di sposed between the center portion

t he exi.bl rane_and the outer edge of the

1 ext PRt A8 o, fifng isboRdPly of | bRty dpme-shaped

sectio at. |l east partially disposed between the

cent EMYFUO8n of the flexi bl e menbrane and the outer

edge of the flexible nmenbrane. 2. The check val ve as

in daim1l, further conprising: a post extending from

the center portion of the support nenber; and a sleeve. ,

ext efdi ngThe adhethevabenterin pOlaimoh, woheteie thd expfrre member further

menbr ane; wherein the sleeve of the flexible nmenbrane
copriggki de onto and enconpass at |east a portion the

post of the support nenber. 3. The check valve as in

d ai gyZse: Wherei n the post of the support nenber

includes’a barb that is sized and configured to

Prevend of Hl%réc' Ip%?f!ﬂesp(?)fkeé theﬂéig)g(ifpc!ﬁ tHeDa3E \Gards the center portion of

the support member, each of the partial spokes including an end that is spaced apart from

the center portion of the support member.

6. The check valve as in Claim 1, wherein the support member includes a base
constructed from a generally rigid material, the base including a generally outwardly
extending ridge;

whereir; the flexible membrane includes an outer edge; and

wherein the ridge of the base is sized and configured to hold a portion of the
flexible membrane in a generally fixed position by contacting the outer edge of the flexible

membrane.

7. The check valve as in Claim 1, further comprising one or more openings in

the flexible membrane.



fromsliding off of the post of the support nenber. 4.

The check valve as in Caiml, wherein the support
woreovbae7sfar t her conpri ses: a base constructed PCDISH06/019658

generally rigid material; and3one or nore spokes

extending fromthe base to the center portion of the

support nenber, the spokes being disposed in a

general |y done-shaped configuration. 5. The check

valve as in Caim1, wherein the support nenber

furtBer congheckesiveaompasingand one or nore partia

spokes extending fromthe base towards the center

portion of fifighie URBAbTanE BN, 2 GRAGAAY doliR-ia ?&d @bnﬁgurauon the
spokes including an end that |s spaced apart fromt

C ent ﬁéxﬂﬂfgﬁk%graﬁre racrﬂfd\}\%%g Qa{tér Ind ou-lggengodgg'e ck

alve as 1n e suppor

|ncludes a base construct a gener ri
mat er i al , AHEPHLIED] EF%Q%W@IG W o ety aifigrial, the support
extendlng ridge; wherein the flexible nenbrane
i ncl meEdeninchifding 2 sauer perbian Whatrie pided ped Wrefg@r%ﬁ toy preconnected to
base is sized and configured to hold a portion of the
f | exthsl center pbrttnefitie Bexgeleemeanhbynd,itheshppod iméngrer ycluding an outer
contacting the outer edge of the flexible nenbrane. 7.
The gheck valve as in Caim1l1, further conprising one
or nore openings in

one or more spokes connecting the outer rim of the support member to the

center portion of the support member; and
one or more partial spokes extending from the outer rim of the support
member but not connecting the outer rim of the support member to the center

portion of the support member.

9. The check valve as in Claim 8, wherein the support member includes a
generally cylindrical-shaped member extending from the center portion of the support
member; and

wherein the flexible membrane includes a center protrusion extending from the
center portion of the flexible membrane, the center protrusion of the flexible membrane
being sized and configured to be connected to the generally cylindrical-shaped member of

the support member.



the flexible menbrane.8. A check valve conprising: a
fl exi bl e nenbrane having a generally done-shaped
wa@oeobilgiss@t i on, the flexible nmenbrane incl udi NBCEUS2006/019658
center portion and an outer &dge; a support menber
constructed froma generally rigid material, the
support nenber including a ¢enter portion that is_. ..
si zd@. andThsoglteckuiebE 2soipElad@ntheWherging @etg?é‘e’@jelﬁtcéﬁhndmal"smped
portion of the flexible nenbrane, the support nenber
mémisdrudithe sgmpoduhembeyriaclodesrroeanter fukte that isriredtand gonfigured to hold
outer rimof the support nenber to the center portion
th®EerdidiSrotRAO bf the Mbgible masibome ima gamarallypfixdd mdsitimokes
extending fromthe outer rimof the support nmenber but
not connecting the outer rimof the support nenber to -
the center portion of the support nenber. 9. The check
val ve as 40 aim i e gﬁ@@ r :
i ncludes gheg gﬁeé:?‘(a‘fal%ile %fﬂ{ E%%llr&c gi f@r%%g‘g e eirEt member includes 2
extending fromgthe center portion of the suppor
IR SIS QR T B TBIE PONbPRAD PR BYeg © hold the
center protrusion extending fromthe center portion of
flexiide f embtring weAbzaaallyt fzed @rsibion preftivg sioo Hicopunnge member by
fl exi bl e menbrane being sized and configured to be
contieting thedotter ddpge ofjthn dleaiblemexdbrangr i cal - shaped menber
of the support nenber.10. The check valve as in Caim
9, wherein the generally cylindrical -shaped nenber of
the support nenber includes a center barb that is
S Zef'z[.an dg{ié’ REEGULAe 1 ROERIhNE FRELR M ALHYRI MBmblane further
e

t he exi nmenbrane in a generally fixed position.

comprises:
one or more flexible spokes at least partially disposed between the center
portion of the flexible membrane and the outer edge of the flexible membrane; and
one or more collapsible zones at least partially disposed between the center

portion of the flexible membrane and the outer edge of the flexible membrane

13. The check valve as in Claim 12, further comprising one or more openings

disposed in the flexible spokes of the flexible membrane.



11. The check valve as in Caim8, wherein the support
menber includes a flange extending fromthe outer rim

wo b@ofitmsge bei ng sized and configured to hol dPETES2006/019658
flexible menbrane in a generalBRy fixed position
relative to the support nenber by contacting the outer
edge of the flexible nenbrane. 12. The check val ve as
in Cldi m 8 chiskvelve cOmRTIFINgxi bl e nmenbrane furt her
conprises: one or nore flexible spokes at |east
parti al | y adiggcse dndheding areenise poswnemd posentaypost exti¢reling from the
flexi bl e nmenbrane and the outer edge of the flexible
menbrcantes patidn;ame or nore col | apsi bl e zones at | east
partially di sposed between the center portion of the

flexi bl e npaBLiBREMmARArdnE Delis Snef 9%109{6 ihse ,ltﬁé(itﬂ%l(eirﬁle membrane

menbrane 13. The check valve as in aim 12, 'f

CoOnpri S [ Lnas. . di [ he

71 oxiip e 33 pSTRES HORE A SRAERE 1ot Kimcsisg to the conter
val ve conprising:..a rigid cap includin center .

por t ip8ﬁ1°z§9n%Il ‘3‘6 cr%ﬁ‘il &P D ST P%tﬂﬁéﬁfl@l: portion of the
portion; and a flexible menbrane being generally done
shapdixiblgmempeaneisnd bemasizedeandrontiangg tareseivedhe center post of the
portion being sized and configured to be connected to

t he cigid eap, poe or owroflexivde spaliesl atkpst parttadlytdisposed beteveen an outer

extending fromthe center portion of the flexible

menbredgeofthd flegiblgmembegie and tle0sthied poridnto? thefi@ivie rhdifibrane, and
center post of the rigid cap, one or nore flexible

Spoke@se At rﬂcﬁ@@&lleﬁigilbtlé Aide¥ a6 1GROSRHAIRCENESRI BRHWAEL S outer edge of

edge of the flexible nenbrane and thHe center portion

of th& fl&kk %e%ﬂ%@irﬁ'ﬁle c@rpcgr portion of the flexible membrane.

15.  The check valve as in Claim 14, further comprising a projection extending
from the center post of the rigid cap, the projection being sized and configured to hold the

center sleeve of the flexible membrane in contact with the center post of the rigid cap.

16.  The check valve as in Claim 14, further comprising a rigid base of the rigid
cap, the rigid base being connected to the center portion of the rigid cap by one or more

spokes.

17. The check valve as in Claim 14, further comprising a rigid base of the rigid
cap, the rigid base including one or more partial spokes extending towards the center
portion of the rigid cap, the partial spokes including an end that is spaced apart from the

center portion of the rigid cap.



one or nore collapsible zones at |east partially
di sposed between an outer edge of the flexible
woresbnzrseés and the center portion of the flexi bP@I/US2006/019658
menbrane. 15. The check valve3ds in Caim 14, further
conprising a projection extending fromthe center post
of the rigid cap, the projection being sized and
configured to hold the center sleeve of the flexible
menbrane in contact with the center post of the rigid
cap. 186. The cbhbdckelvadsia Gleim A40vhéminlihe rigid tdyeincludes a rigid base
conprising a rigid base of the rigid cap, the rigid
ah@ s €lahigd BetiB6iaHe Hgid higecent er portion of the
rigid cap by one or nore spokes. 17. The check val ve

as i Ryckdh Eﬂe]ffex1lflé’|fr§¥}ﬁ)"rarfeqm5ﬂ§§ er'ddgb.hfgase of the

rigid cap the rig base i ncludi ng one“or nore

part es,_ext epdi omards t 0 n :
Phe 1 A0t S Rl U el i R ks gt the fexible
that is spac?d a art ron1the center portion of th
m%rrgaranec&b aqxelatiyg POSHIoY b3n Sontactie, the Quter \gdas é%fnthe flexible
the rigid cap |ncludes a rigid base and a fl ange
membei-ng fromthe rigid base; wherein the flexible

menbr ane i ncludes an outer edge; and wherein the

flange of the rigid cap is sized and configured to

hold the flexible nenbrane in a relatively fixed

posi t1boN e @BEUkAEVE S T Elaih! i &) fuetdéecodhprishs bdeCoti bR opening in
menbrane. 19. The check valve as in Caim14, further

ﬂﬁﬂﬂ&ﬁ&%hﬁgﬂgﬂﬁ.or nore opening in the flexible
menbr ane. ,



