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BACKGROUND OF INVENTION

Field of Invention

[802] 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.

Descrintion 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 m 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 wvalve



the flow of the fluid would be in the undesired direction, the cheek valve
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in the stopping or checking of the flow in this undesired direction. [004]
WEOHE/KIS§N check valves use a flexible membrane that furRstioHS2866 419658

diaphragm. This diaphragm is designed fo deform or bend in order to

allow flow of fluid in a desired direction. This diaphragm may also return

to itsantigindlfipsiten iasudiide tiaherevesitflovehadtiesap dasiievdiratiiamdesired

[005] Check valves have a positive pressure differential when there is

greatiregdrassure upstream from the check valve, in the desired direction

of flow, than there is downstream_from the check valve. In contrast, check
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pressi n f 2C ve than there is upstream. If
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which fluid can flow through the check valve in the desired direction. The
miniratian tppessut EperiprBssppesdididtesiial, required to open a check

valve is sometimes referred to as the cracking pressure. If no pressure
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pressure differential exists byt is insufficient in magnitude, then th .
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position to allow fluid to flow when there is a sufficient positive pressure .
differgitiahidlheRntiese & RelenoskansdticianiposiMeDIRSSHESL valve than

differential, then the diaphragm will

there is upstream. If a positive pressure differential exists and it is sufficient in its
magnitude, then the diaphragm may bend to create a space or passage through which
fluid can flow through the check valve in tﬁe desired direction. The minimum
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 poéitive pre#sure 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.

[G06] Known check valves often have several shoricomings. For instance, some
conventional check valves have a high cracking pressure. That is, these check valves
require a lérge positive pressure differential before they will open

Disadvantageously, a check valve with an undesirably high cracking pressure 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,
Wi ase/ahEsck valves require a large positive pressure differeiiBEISeforg 19658
they will open. Disadvantageously, a check valve with an undesirably
high cracking pressure will WO 2006/127556 PCT/US2006/019655 3
preverviawliwthietbesieddieetinn evanthsoplghthelsdiatifedaross gadures
pressures would normally allow this desired flow. Furthermore, some
convepitid riadrehdis ke Edsdéepivtdcibee. uAtirRaiativelyiar genteanek check
pressure differential exists. A check valve that requires a substantial
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direction, when negative pressure difrere tial of a smal magnitude exists.
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structures that interfere with or resist the flow of fluid in the desired
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add resistance to the flow of fluid in the desired direction may undesirably
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check valves may leak when the valve is open, . allowing some, of the flui
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and close or when they leak. In some applications, the noise may be very

undesifabierangesHaConeadingal UHRRINOTeIJRRY KROMN-LRSEKMA Ofstem.
are not aesthetically pleasing
Furthermore, some conventional check valves may leak when the valve is open,
allowing some of the fiuid to proceéd or flow in a direction contrary to the desived
direction.
[608] 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. Furthenmore, 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
inciude components that have to be manufactured fo relatively tight tolerances and
interconmected in a very careful and meticulous manner.
[609] Further, some conve;ltionéi check valves have a complex design with a
number of parts and components. Disadvantageously, the complex design may make

the check valve more difficuit and costly to manufacture. Conventional check valves

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



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

Wi patively3ght tolerances and interconnected in a very carePgIiTARI006/019658
meticulous manner. [0091 Further, somé conventional check valves have
a complex design with a number of parts and components.
Disattypintagediisbpnathye thomypleiex ésign mdymmakensthercheckna ke wnorick
difficult and costly to manufacture. Conventional check valves with a
comsievetimainbe masr areBe b difficult to clean, maintain, repair and
WO 2006/127556 PCT/US2006/019658 4 replace. Additionally, the
complex design and numerous parts of some known check valves may
be more prone to failure. 5 BRIEF SUMMARY OF INVENTION [010] A
need therefore exists for a check valve that seeks to eliminate the
above-described disadvantages and problems. [010a] A first aspect of the
present invention provides a check valve that is sized and configured to
at least partially control the flow of fluid, the check valve comprising: a
support member including a center portion and an outer portion; and a
flexible membrane having a generally dome-shaped configuration, the
flexible membrane including a center portion connected to the center
portion of the support member, an outer edge, a plurality of relatively thick
sections at least partially disposed between the center portion of the
flexible membrane and the outer edge of the flexible membrane,



and a plurality of relatively thin sections at least partially disposed

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

of the flexible membrane. [010b] A second aspect of the present invention
provides a check valve comprising: a flexible membrane having a

generally dome-shaped configuration, the flexible membrane including a
center portion and an outer edge; a support member constructed from a
generally rigid material, the support member including a center portion

that is sized and configured to be connected to the center portion of the
flexible membrane, the support member including an outer rim; one or

more spokes connecting grarusemMimaeftie syt amber to the center
portion of the support member; and one or more partial spokes extending
fréthe outererifriitefdoe: suppdnt merberbuttitotetnnectingdkehoaberidascribed
of the support member to the center portion of the support member.

[o¥erdy s abPeRlEBF the present invention provides a check valve

c rising: a pgid 5a cap including a.center portion and a center post . .
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generally.dome shaped, the.flexible membrane including a center portion ..
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between an outer edge of the flexible membrane and the center portion o
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partially 5isposed between an outer edge of the flexible membrane and
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provides a check valve that may have a relatively low cracking pressure.
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when
and a plurality of relatively thin sections at least partially disposed between the center

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

[016b] A second aspect of the present invention provides a check valve comprising: a
fiexible membrane having a generally dome-shaped configuration, the flexible membrane
including a center portion and an outer edge; a support member constructed from a generally
rigid material, the support member including a center portion that is sized and configured to be
connected 1o the center portion of the flexible membrane, the support member including an
outer rim; 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.

[020c] A third aspect of the present invention provides a check valve comprising: a rigid



there is a positive pressure differential, even if the magnitude of the

positive pressure differential is small. [012] Another embodiment provides

a check valve that may prevent undesirable back flow through the valve.

For example, the check valve may either entirely or within reasonable
tolerances prevent back flow through the valve. [0131 Still another

embodiment provides a check valve that may not leak when it is in the

closed position. That is, when the checkyalve is closed, it may prevent

any fluid from flowing through the valve. [0141 Yet another embodiment
provides a check valve that may include a membrane or diaphragm. The
MR Ok diARR RAMIMaYRenkz gekane-canfigure chta.arevidailittiemara flexible
no resistance or interference to the flow of fluid through the valve in the
desirddedirdetigngdBlorail Ba Rirtredr & begine ntepriovideisdudhngck vatige portion
which may be relatively quiet in its operation. Advantageously, this may
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easily and efficiently manufactured, maintained and cleaned. [017] Still yet
ahether embadimeddeprdvitte §l ibhe chenvahaecthat niay Getmanufactofedie fiexibie
within a relatively wide range of tolerances. Significantly, the wide range of
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m factured. In addition, the check valve m 1ave a low failure rate.
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[611] One embodiment provides a check valve that may have a relatively low cracking
pressure. Thus, the check valve may open to allow fluid flow in the desired direction when
there is a positive pressure differential, even if the magnitude of the positive pressure
differential is small.

i612] Another embodiment provides a check valve that may prevent undesirable back
flow through the valve. For exampie, the check valve may either entirely or within reasonable
tolerances prevent back flow through the valve.

[013] Still another embodiment provides a check valve that may not leak when it 1s in the
closed position. That is, when the check valve is closed, it may prevent any fluid from flowing
through the valve.

614} Yet another embodiment provides 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.



1018] A further embodiment provides a check valve that may include a
substantially flexible membrane and a substantially rigid portion. The
substantially flexible membrane may be generally dome shaped and may

act as a diaphragm. The substantially flexible membrane may also flex or
deform in order to open the check valve. The substantially rigid portion

may also be generally dome shaped and may include a surface against

which the substantially flexible membrane may touch or contact. The
substantially rigid portion may be sized aad configured to help position

and/or control the movement of the substantially flexible membrane. For
example, the substantially rigid portion may be sized and configured to

hdfj elose ok Sediethmmbhéinienateidhe sulsstastialbhiigiviportionamnaly quiet in its
also help provide structural support to the substantially flexible ' .
mEiABIARe. 1O TR U TR P BB sETToVdEs A BhadkdvaGeatvariety of
m%m%%ggd%ﬁsubstantjéglly flexible membrane with a sealing edge or

outer edge at |t§11|g)éur?ﬁ ery and a substantially rigid portion with a sealing

ringi gihe subsiantiglvdlexifiemembrang.maxheinatwaly Rirsed s Nakescary
its outer edge may tend to press up against the sealing ring of the ’
sulhstantiallysrigideportionididhendbr-cutaredgs ahibea sihstantigitytorward design,
flexible membrane contacts or is pressed against the sealing ring of the
suBstari B Agit heienien theienboramifetnrly hentibsedahdefinid

mf% not be able to pass through the check valve. The valve may open

w
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When this separation occurs, an opening gppassa)ge may be ¢ ated' v
through which fluid may pass. 7 [020] A yet further embodiment provides
a check valve that may include a substantially flexible membrane which
may deform when there is a positive pressure



differential of a sufficient magnitude. In particular, the flexible membrane
may have a dome shaped configuration with the top of the dome
disposed in the direction opposite to the direction of the desired flow.
Thus, the fluid may press down on the top of the dome shaped
membrane and in on the sides or periphery of the dome shaped
membrane when a positive pressure differential exists. If the magnitude of
the pressure differential is sufficient, the pressure may cause the sides
and/or outer edges of the substantially ftexible membrane to move
inwardly, thereby creating a gap between the outer edge of the
substantially flexible membrane and the sealing ring of the substantially
rigid portion. If there is no pressure differential or if the magnitude of the
pOSIERRCRT SRR A s SRitia P StmRIEH e ot Bs sy dbdpision. the chedk valve
subst%néiaélyo@elg(iple membrane may return to its normally biased position
T

in WHich'it prefearauli f%%ntacts the sealing ring of the substantially rigid
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fluid may press up on the bottom and out on the sides and outer edge o

thaestdstantialydlexblemnembranesid bistpressuaumsay RUsMikB e Wehbrane may
edge of the substantially flexible membrane into contact with the sealing

rify efihellsulystantiziiyd doidnportcretietabiratosing thabsadvenl €l6sigethembrane
valve may create a seal so that the fluid may not be able to pass in
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flexdbiemembranrewithaseslinghadgedkitsRernherwiaRddribsiantialyzed and
rigid portion with a sealing ring. Because the outer edge of the

substantially fexiibetoe midifanemaltizeriotended thseparateafroffetitd: membrane.

sealing ring of
For example, the substantially rigid portion may be sized and configured to help close or seal
the check valve. The substantially rigid portion may also help provide structural support to the
substantially flexible membrane.
1619} A stiff further embodiment provides 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 flexibie 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 against 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.



the substantially rigid portion, the outer 8 edge of the substantially flexible
membrane may not be securely or permanently attached to the sealing

ring of the substantially rigid portion. Rather, the substantially flexible
membrane may be connected, for example, by its center, to the center of
the substantially rigid portion of the check valve. When the check valve is
open, fluid may pass through the valve along the valve's edge or

periphery rather than through its center.7[0221 Still another embodiment
provides a check valve which may include a substantially rigid portion

with a [9R#Fhlity ofsudstanaliynhigichepokasidesraexaniple]véhbaspokeseney a
extend from a generally rigid base, which may include the sealing ring, to

the cefHBTBUATEHIBH BepaRpnGaiiec e KpBRER TS s o 20 hittauprsure

the b to th nter.portion of the substantially rigid partion. In between
each oF R L B e R R e

pass. If the.valeds urkfefIWighmay pass through theS&APENIRYSIRLction
gaps and then through the spaces or channels in between the outer edge

of the spilistantially fiexikle snembrang aod. thewsaplimgitingobthie down on the
substantially rigid portion. [023] Still another embodiment provides a check

valve Vltieh fifagomelciecs samstartiany fesiblbenmisiabraneiwitiyaoplieatiope
of relatjvely thin sections and a . plurality of re{l tively thick se)gt_ions which
may b lﬁ‘nga{B?i“gEa’iﬁté“ P PBIIST e SoSIAHEdIR) fxihie misnmasade of
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substantially flexible membrane to the center portion of the substantially

flexibleansrebianapichimpy Msobresembigspokes. Thesarrelatively creating a
gap between the outer edge of the substantially flexible membrane and the sealing
ring of the substantially rigid portion. If there is no pressure differential or if the
magnitude of the positive pressure differential is insufficient, the outer edge of the
substantially flexible membrane may return to its normally biased position in which it
preferably contacts the sealing ring of the substantialiy rigid portion. Additionally, if
a negative pressure differential exists, then the fluid may press up on the bottom and
out ¢n the sides and outer edge of the substantially flexible membrane. This pressure
may push the outer edge of the substantially flexible membrane inte 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 embodiment provides 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



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 9 flexible membrane may be connected to the substantially
rigid portion such that each of these relatively thick portions will be
located generally in between two of the substantially rigid spokes. The

added support,provide t1 the relatively thick sections of the substantially,
flexible: RERorAnE kg 21w thS SULSTR a1y Rl Erb A T >

general.ansh thenralativenihir sectionmelithe: substantiallyflexibleubstantally
membrane specifically, to be manufactured to be thinner and more

flexibldleXihi flexibility ofthe serrelaticly thimmgdctions mayraltowethenwahfghe
to open in the presence of a small positive pressure differential, thereby
creatirfyPadRBeK ValdeUtirsrylI oW eherdkiity cprddsurdeThecHeribity een. fuid
these irgla}tivelxhthin cti‘cf)r}@ may atlgo alll‘fgw tk&e valve t clo'_st wfggreth .
there is ar?opﬁsrsessral?%] |?ereén?i§|°olga ﬁ%at?v%%%s% re differential, Which &
may ctgale.a.check valve with little or no back flow or leakage. [024] Still
another embodiment provides a check valve that may include a

substamtially rigidimostiaRewithva phkalityfparishe&nrokes Thespekesciude a
may extend from a substantially rigid base towards a center portion, but
the spekesuprdie ralilypddionstibontbetliheof evttsnpoitiornzof ghvdes. For example,
substantially rigid portion. The check valve may also include substantiall

rigid sPEKES Frat'ek e BT Heehasd totHe Eatiter P, iSkeiaRiyieeling

one of the paflial SREkes:is BlagediRewern epch of the substantially rigid, .
base to the center portion of the substantially rigid portion. In between each of these
spokes may be an opening or gap through which fluid may pass. If the valve is open,
the fluid may pass through these openings or gaps and then through the spaces or
channels in between the outer edge of the substantially flexible membrane and the
sealing ring of the substantially rigid portion.
[623] Stitl another embodiment provides 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
substantialty 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 reiatively thick sections, equal in number to the number of substantialiy
rigid spokes included in the substantially rigid portion of the check valve.

Furthermore, the substantially



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.
[0251 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 cfaims. WO 2006/127556
PCT/US20061019658 10 WO 2006/127556 PCT/US2006/019658 11
BRIEFIDESCRIPTHONTOF BRAWINGST0DE]sYhiésajpented dratiangsch that

contain figures of preferred . embodiments to. further clarjfy the above and.
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appregigted,ihal thess,drawings.derictanly prrigrred emhedingntsRfheons

invention and are not intended to limit its scope. The invention will be
describegdandsexplainediwith.adeitionak s preHiaitys anchoeiail thtpuohdhasrane
use of the accompanying drawings in which: [027] Figure IA is a
perspéctigsvibvnf Bipordorcbf dinesehalary Bmisothanaatyof exibheskembrane
valve, illustrating a substantially rigid top cap; [028] Figure IB is a

cross-SSEHEALY A& BRI ABHE fife SIBtBeSHEMAHE Prothiss 1t Toriiy of

SUbSta%ﬂéls%”l)élgthg&%%:? g&tls&]lg%%}mal%gaut%% Ivéf../e to open in the presence of & small

positive pressure differential, thereby creating a check valve a very low cracking
pressure. The flexibility of these refatively thin sections may also allow the valve fo
close where there is no pressure differential or a negative pressure differential, which
may create a check valve with little or no back flow or leakage.

1024] Still another embodiment provides a check valve that may include a
substantially rigid portion with a plurality of partial spokes. The spokes may extend
from a substantially rigid base towards a center portion, but the spokes preferably do
not contact the center portion of the substantially rigid portion. 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 vaive. 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 foliowing detailed description of preferred

embodiments and appended claims.



[029] Figure 1C is a top view of the substantially rigid top cap shown in
Figure IA; [030] Figure 1D is a side view of the substantially rigid top cap
shown in Figure IA; [031] Figure 2A is a perspective view of another

woortian obsn exemplary embodiment of a check valve, illustrating mos/ 019658
substantially flexible membrane; [032] Fitjure 2B is a side view of the
substantially flexible membrane shown in Figure 2A; [033] 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; WO
2006/127556 PCTYUS2006/019658 12 [0351 Figure 3 is a perspective
view of an exemplary embodiment of a check valve, illustrating a
substantially flexible membrane attached to a substantially rigid top cap;
[036] Figure 4A is a perspective view of a portion of another exemplary
embodiment of a check valve, illustrating a substantially rigid top cap;
[0371 Figure 4B is a cross-sectional side view, along lines 4B-4B shown in
Figure 4C, of the substantially rigid top cap shown in Figure 4A; [0381.
Figure 4C is a top view of the substantially rigid top cap shown in Figure
4A; :



[039] Figure 4D is a side view of the substantially rigid top cap shown in
Figure 4A; [040] Figure 5A is a bottom view of a portion of a still another
exemplary embodiment of a check valve, illustrating a substantially
wiestbBlaatiébrane; [0411 Figure 5B is a side view of the suBStAlsziy/019658
flexible membrane shown in Figure SA?,1[0421 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. WO 2006/127556 PCTIU52006/019658 13 DETAILED
DESCRIPTION OF PREEERREF-ENBODINMERRSHONSE It will be readily

understgod that the co nents of the present invention, as generall
desgfrr?%é}d and%ﬁs%?gfé%%% ﬁ%zéwﬁéﬁrceo % et RSufd @éegeﬁﬁﬁgeé’&bﬁﬁa'}éms to
designed ing-widg VAl qf diere eI IAIRNS:, A5, DS FUOWING o,
more detailed description of preferred embodimeénts is not intended to

limit theiscepeppfdigeinantion: aselaiesibubitispeiely sepiRsetiativehe
of some of the presently preferred embodiments of the present invention.
10441vFHepradant mmidntoteisgbngridlscdieclid towaiids willieclesalve and
that maéIi be used in connection with, for example, an inhalation valve for

a snETREISHoP A AseHiaset R S psakifigivall B eai tisevan A& Fatgsenmpanying

hOW%\I/aeul;h}hat thgic#weck valve may be used in connection with other types

S 1IN whic . . .
" of dewcesgan% in other suitable environments. For instance, the check

valveomgy be paaetodeopiais e daut of Ry BRe Ui @nplary embodiment

of a check valve, iliustrating a substantiaily rigid top cap;

[628] 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 1 A;

[629] Figure 1C1s 2 top-view of the substantially rigid top cap shown in Figure
1A

1030] Figure 1D is a side view of the substantially rigid top cap shown in Figure
1A;

1031] Figure 2A is a perspective view of another portion of an exemplary
embodiment of a check vaiye, illustrating a substanially 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 ZA; .

[034} Figure 2D 1s a cross-sectional side view, along lines 2D-2D shown in

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



flowable materials such as air, water, blood and the 'like. Thus, the check
valve may be used with an artificial heart valve, an intravenous valve, an
irrigation valve, etc. Accordingly, while the check valve may be discussed
Waetosw/in7eennection with an inhalation valve for a snorkel op@r/Us2006/019658
tracheostomy speaking valve, it will be éﬁpreciated that the valve may be
used in any suitable situation where it is desired to regulate flow. [0451
Addifeasally, tGgssist iin theedesafiptidevobihe chesloMalvenaras:sugh afeck
top, bottom, front, rear, right and left are used to describe the
accorapaniinyriiRe asuisitis i dlerdbla ceanbemily adtewhed to scallesidivillybegid
appreciated, however, that the present invention can be located in a
variePS§fesired positions--including various angles, sideways and even
upsidesgown. Agdelaled desallplion.of e chaek valie,naw fobgus. [0AShy

As discussed below and shown e accompany?ng iguré (o
valvesmayierised dncennestinnwith .shetkek Ionexample,the check

3

valve may WO 2006/127556 PCT/US2006/019658 14 be an inhalation
valvdd$ifi a sndikeleatil the: abee-suaiphe glacettwndhadamef ansmokeln in
riser tube. The check valve may open when the user of the snorkel inhales
to affdfafuskibeihtasinikalas npeaneerraeEigie e valve may then

cIo?je\g/gen the use é)f,th% snorkel%s not jnhaling, as during exhalation or
betwean breath Wiheh VAR HIR SR aPRIty PR an Ep i dtdiieure
fromggntering the inhalation tube of the snorkel and may prevent exhaled
air from passing back through the inhalation tube thereby channeling it
throygtpthe preipes exhilation he of iy hbsbestSesn iR RSN Figure
through ID, the check valve may include a

4A;

[04a] Figure 5A is 2 botiom view of a portion of & still another exemplary

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

j84%] Figure 5B is a side view of the substantially flexible membrane shown in
Figure 54;,
1042} Figure 6 is a side, cross-sectional view of a further exemplary embodiment

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

substantialty rigid top cap.



substantially rigid portion 12, which may also be referred to as a
substantially rigid top cap. The substantially rigid portion 12 may be
constructed from a generally hard and rigid material, such as plastic, in
wardestemevide the check valve with structural support. Theatiestosadvesss
may also include a substantially flexibléimembrane 14, as best seen in
Figures 2A through 2D. The substantially flexible membrane 14 may be

constructed fspmua flexibE3OR plable ORI mURRI s BRcNaENhber so

that it may flex or deform. The substantially flexible membrane 14 may
alsofs]as a Hiaypihtegemdindndarsmpdifenithevapredgopgahegnecsalibseeition,
addition, the substantially flexible membrane may be biased, if desired,

S0 tiHAtERSToHYy eterions B AeiliusaiRc e Bp dhesreT RS (Foifidie omBasst and
ordinary skKjll.in the art will appreciate that bstantially rigi tion 12
gc?%%/%% y1pna wzd% ; aaﬂ?gh g%g eentt ca & Sgo Ss an{lgué/ tgg IQ{}@%}%‘ ﬁ%ore

is pre ore rigi € supbstantialty fléxible membrane

of O@Qﬁé}f §£&H&1ﬁﬁeo%§é%ﬁ@d%%§&ﬂﬁ%@tﬁ thatthedigiditn.af ttitféesco ¢ of the

substantially rigid portion and the flexibility of the substantially flexible

membraenl dmayivaey siependingdor exaEpieiuwpaT hendesired presently
characteristics of the check valve. Additionally, one of ordinary skill in the
art witt &ppiecibteiithatitted babstemtigiiprigidl portion 12 and the
substantially flexible membrane may be constructed from other suitable

- matdPtdl with eCHEEH S BHaPeitisnoRmis Sosicfioyas 2 check valve that may

PCT/US20061019658 15.1048] As shown in Figure 3, an exemplar
el e romestien A0 B RSB B g5, B PTG ana &

subsianiiaiyfieybie:membrans i vindiseuasadin g eatehdelal el oWnay

the check valve 10 may be used to help control the flow of fluid in any

suitaklesdm obstsusiyreirderiemes of devices and in other suitable environments.
For instance, the check valve may be used to regulate the flow of any type of fluid or
flowable materials such as air, water, blood and the iike. Thus, the check valve may be
used with an artificial heart valve, an intravenous valve, an irrigetion valve, stc,
Accordingly, while the check valve may be discussed below in conmection with an
inhalation valve for a snorkel or a tracheostomy speaking vaive, it will be appreciated
that the valve may be used n 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 1o scale. It will be appreciated, however, that the
present invention can be located i a variety éf desired positions--inciuding various
angles, sideways and even upside down. A detafled dsscription 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



[049] In greater detail, as shown in Figures IA through 1D, the

substantially rigid top cap 12 may include a substantially rigid base 16

that is preferably circular or ring shaped. The inner surface of the
wWaubwkarntiathy rigid base 16 may include a sealing surface 1&c3vnsetinresicss

referred to as a sealing ring 18, and thelbuter surface of the substantially

rigid base 16 may include an outer rim 20. The sealing surface 18 may be

the sSerfacénbilithiersuhistafitiadlyrigiel tap ahp d2vehiek themsutestantiadyop of a

flexible membrane 14 contacts in order to close the check valve and

prevERthil BEshEks: gt Chraksityeimbetnasenitetbubstmpfitihsfiekiblohales to

memEH{g“Q 14 and the sealing ring 18. The outer rim 20 may be the

portiSh St e St aMisRI TG fOp Ls S BRiEn ieateiehatothen close when
connggted to:the inhalaton tube.of the snorkeljn;order to hold the chec
valve in place. [050] Still referring r%bw %ﬁoﬂ& u%%lﬁ%%oﬁa ?f)rf F}eggs' l%hen
substaiiatly 1igidsap iCARL2MAY ipelude.aPhualityefisybsiantialiHgife of
spokes 22. Although the substantially rigid top cap 12 illustrated in

Figufes $pethebegh 1Byinchveessfiudsigit Spekesday onccahaidipaky skilidfon
the art will appreciate that any number of substantially rigid spokes, from

a siniE Sardte Abpimr iRadt Syaxeh ibermrsaerhalsiostsrantially rigid

Spo ay be used. The plurality of substantially rigid spokes 22 ma

Al ey ) = i i BT U M i
top capsiAiand-paveHERd LRwRsAansnwardi uptl they meet ator . .y
contact a center portion 24 of the substantially rigid top cap 7. The

pluratipyces. gene sablyirigithspakasRdnMaY@ivectBensistanticly: Heid e hard
cap 12 the general shape of a dome as WO 2006/127556
PCT#S200 s/ dels 8uchoes plastic, in order to provide the check valve with structural

support. The check vaive may also include a substantially flexible membrane 14, as
best seen in Figures 2A through 2D. The substantially flexible membrane 14 may be
constructed from a flexible or pliable material such as silicon or rubber so that it may
fiex or deform. The substantially flexible membrane 14 may also act as a diaphragm
and it may allow the valve to open and close. In a:ddition, the substantially ﬂe:;cible
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 membrans 14.
One of ordinary skill in the art will also appreciate that the rigidity of the substantially
igid 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.



they curve upward and inward from the substantially rigid base 16 to the

center portion 24. The spokes 22 may be integrally formed with the rigid

top cap 12 as part of a unitary, one-piece structure, if desired. The
wspaleea 22smay also be separate components that are attacheriiszthedoess

cap 12. [051] The shape and positioning of the substantially rigid spokes

22 preferably creates a generally dome-shaped substantially rigid top cap

12. Ashgantagaguslywthe, genesally domershapeddap ek 12 may beltel: the

support and mate with the substantially flexible membrane 14, which may
also sabsgetidialygid persiagédait wilk bebsppiediatéekitowesebrthatithe As
substantially rigid top cap 12 and/or the substantially flexible membrane

14 nibspHsvEiDterg e IR &Y ShF e BhiNg dRBen e (B9 IS ifPeterfipighe
to Flaaures IA through 1D, tpe sub?tanggllll[gc g%j tgg cap 12 may include a

ri
plurdfity/ 8F BRGLAEY ERLR S8 PHTEEE g% 8558 Fay be positioned in

betvvﬁs%]two of t@gﬁ@y ity of subsiantially.pigid 51 4 50 Hhatgachany

gap 26 may be nded on the sides by two substantially rigid spokes 22

and gp;shspheftammby taemar bstanstiallyngidibase 16 {Hhese apsl? 6iatgur or
preferably sized and configured to allow fluid to pass through the

substaptibdhyedigichtomeapni2:-obille: shietikivalyaist hesdficatypyintiedehselding
valve is in the open position, then fluid may be allowed to pass through

the SpEReeDnIeBAEsSafEtemhinny Hasatiie Mrmbratie 1 Siriertace of the
sealing ring 18 of t]}t substantiall igid top ca%#l?z@nq};nto ql'le 9aps 26
; . 8
[053fl§’ﬁﬁ?%?e¥rﬁ% 0 ?gﬁgrénsaﬁx}%ﬁurgusgrh ﬁ%‘ & Stibstantia Rl/%'lgl a%p ey
cap ¢ gpayholuder Riyalin g PattielsPolesr2@nilhess RatiakaRokRS ble
28, like the substantially rigid spokes 22, may also be substantially rigid
and mayaise extend-upnwaadhidrandhie shhstasiialiydipieybaser b6 witthé&om
substantially rigid top cap 12.
passing in between the substantially flexible membrane 14 and the sealing ring 18.
The outer rim 20 may be the portion of the substantially rigid top cap 12 which 1s
attached or connected to the 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. Altbough 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 coniact 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 2 dome as



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 WO 2006(127556 PCT/US2006/019658 17 portion 24
waf thesaeirstantially rigid top cap 12. By protruding up from tireTigikkbasessss
16, these partial spokes 28 may providéédditional support to the
substantially flexible membrane 14. For example, the partial spokes 28
may fhegvidevsuppanititadh eneatbistantialy feddlleimenpranest 4 ataniareanter
where the substantially flexible membrane is not attached to the
subseaiayFigitaspokes?d maB dednserdie farial vafotesizl preferalihes part
do not all the way to the center portion 24 of the substantially rigid top cap
12, the HAHEFE e Hiag RO SISty r@ﬁfrfé{%f’%%éﬁﬁﬁgﬁ&ﬁ parate

fluid 5!359%?1@ ntg%gp%g %@cﬂg cy\zfi(l)l nng ﬁgegr%gnqb@ted that the substantially rigid

top cap may Include any suita er and configuration of spokes

22 angspprtial spokes. 28 JpRending Jore @nRIRHRALIneINENsed Ustiny

of the valve. For example, in some situations, it may be desirable to use a

greatecases eggeenliynbet-ahspakeh@naniti/ otgiatialppokes A8ningludiRgthe
zero. [0541 Still referring to Figures IA through 1D, the substantially rigid
top cefRERiinieymeieRre W erdl st bRt suvers s rag e atifh rigtdubpantially

cap 12 may also,include a center cylinder 30, preferably with a generall
eyt RTBHF o WHIH 2y BRtent ABIFFIVAN AR OTRERS capearl o°
porti jally.rigi SRR i ter cyli desgl i
oy St e e Tl et A 27 S i gty

centelepiti antdiralthe substantaly Sigidlomaae 4 Dsrhamwsl) the

accompanying figures, the center portion 24 and the center cylinder 30

may 188%k an Still referring to Figures 1A through 1D, the substantially rigid top cap 12
may include a plurality of gaps 26. Each one of these gaps 26 may be positioned in
between two of the plurality of substantialiy rigid spokes 22 so that each gap 26 may
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 aliowed 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 iD, 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



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
WesueF ttigheck valve, the center portion 24 and the centePEYliiTle$6309658

may allow any desired amount of fluid fiblv. In addition, the center portion
24 and the center cylinder 30 could have other suitable WO 2006/127556
PCThdB8RO0BI 01 9658 b Site signdgorfigliafiyns degandindrdarthe rigid base
example, upon the intended use of the check valve. [055] As mentioned
abovES- SRS CREHD FF b DA RET T AfinoaR S upRaTise Tesulststiny flexible
inhalatéo%%%glq%or snorkel Tt%aesnork | which ]&his check valve maébte

: | 1o the

SR B WIS FrgaFirR Ao s

usedl%ﬁnmay includé an 6x é?at

Whe E‘um@dniﬁm%l aﬂ@ﬂb‘fcal}{%ﬂﬁnfgng nto tﬁi SN eré%e lwmggei Q.JHQl @ﬁ@s&ﬁﬁ%n&?ﬁbh

fit onto or attach to the outer rim 20 of the substantially rigid base

the swbsiaatially rigidiap-aap & sand-thriexHalatiop tupemayefitentacpartal
be attached to the center cylinder 30 of the substantially rigid top cap 12.
Whespthesidiatetionbinlens attdbheadtdoatisnorket iporsuci ofiirnebstheially
check valve may allow the user to inhale surface air through the

inhalA§EHBEEPoHyHFRERIH BEBRRARP OSIFHE LFElevaneReibndaw of
Do rE BBl e L IR B R B S B 12

be free to move thr the chec ve, against

desirgdhdirestien.of lawel WiliRe Hndersiaeaiihat iz valve could alsoNg s

used in connection with other devices, structures, environments and the

like. Faidrendinis falvennpldldhe decdinhdanneelidn: witk. OHeexyReR Gh some

valves and not just check valves. ‘
situations, it may be desirable to use a greater or lesser munber of spokes 22 and/or
partial spokes 28, including zero.
054} Still referring to Figures 1A through 1D, the substantially rigid top cap 12
may include a center portion 24. The substantially rigid top cap 12 may also include 2
center cylinder 30, preferably with a generally cylindrical configuration, which may
exiend 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 §enter 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 cenier 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



[0561 Although the substantially rigid top cap 12, as shown in Figures IA

through ID, employs a downwardly extending, hollow, center cylinder 30

by which the substantially flexible membrane 14 may be attached to the
weelwesy 1poition 24 of the substantially riii%d portion 12 of the pABE Qb 658

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 shat bedhatdiyuAliern dtivelinth ésabatahii albsridie ipertanut? «fibe @heck

check valve may simply include a hole through its center portion 24
throtrghsvhich a portion of the substantially flexible membrane 14 fits or is
attached. A mechanical fastener, such as a rivet or screw, may also

used & atac thE W T0RS 7885 PR HBEIO TS fbls e Ty ve
SubStenl b e %0%5}9 e disda e BRIRN Il Gl BRI S Bl e

the ¢ eck valve. dlscusse bove an own in |gures

throwghy 212 #he chece a&a%m&m@&lmqea daspstantiain lewdbl&vhen the

membrane 14. The substantially flexible membrane 14 is preferably
genéralistitonvelehap@doatedhidwobimiayhb ennddmnahbeflexibie  dnendabitech to
and/or elastic material such as rubber or silicon. The substantially flexible

men%?&ﬁ@ﬂ@h%é’;ﬁfrféﬁﬂ@%ﬂ%@%ﬁ@érhw @%ﬁhﬁﬁ?@ﬁ@ﬁéﬂ%’é%@&?&@ 12

R T S T
34, Sometimes fefe %%dc ?a?é a\ﬁf?&!'ﬂg ﬁ&gﬁt?b% whieh 'E@éi%% designad, ; in

to contact the sealing surface 18 of the substantially rigid top cap 12

whesufeaGhgsleyaheindi taRclosedipasiionsdnoaiasitosprave al ipwadh fhe
the direction contrary to the check valve's desired direction
inhalation tube only when it is open and only in the check valve’s desired dirsction of

fiow. Air exhaled through the exhalation tube, however, may be free fo move through
the check valve, against the check valve’s desired direction of flow., It will be
undersicod that this valve could also be used in con;lection with other devices,
struchures, environments and the like. Further, this valve could be used in comnection
with other types of valves and not just check valves.

[656] Although the substantially rigid top cap 12, as shown in Figures 1A
through 1D, employs a downwa::d‘iy 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 atiach the



of flow. [0581 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
Wepukes2380Advantageously, the substantially flexible spok®€ B /58

created as part of the substantially flexible membrane 14. In addition, the

substantially flexible spokes 36 may extend generally from the outer edge

34 tothsavdaierpoitiomBbTne stivsthntisllyfiexilyeiphemidtiana 2 4fmaytcheck

also include a plurality of relatively thin sections 38, sometimes referred

to as"ﬁlé’ﬁapse zones 38, which may also be created as part of the

subs aIIy fﬁx@le memhrane eferaply,.the cglla% zones 38 are

loca betvedh The S bAEh L a?léil?ﬁ“é R FoREes el Rt dhtigfisek

flexiRlgunemprane 1dnl@oR1hhe.athsiantialy lexile membrang 1 s oy
check valve shown in Figures 2A through 2D has five substantially
flexiltlecpokesBanthfiveeeltapse M BO06HLHRB8 and which may be made
PCT/US2006/019658 20 zones 38. One of ordinary skill in the art,

howe{er, Sigidpphretiatdet matithre chatistamtialy flectible mbéhebraneilidomayThe
include am%?number of substantlalé/l flexible spokes 36, from no

SubsTTR e ABIb e RRmETaRe 1 L RHE AT AR SOBISTAPRIANR BRdplErhich the
Spo are, one of ordin ar skill in the art will a CIate that the
su bsi?:t%égrﬁlaég# ;q exi Ees?ﬁgm STaRE T r%/{é{i/mllr?g u%][e a%ny numﬁé)arl St 12-
Zoneg, b AR MRS AHMIgHIR-NURRS L RS CRIRRSS. ZRAES A8 181 sometimes
preferably complimentary to the' number of substantially flexible spokes

36, asfpmdmbaer ofeslitistaintialy Wiexible:yspokesantiot aollanse 2emassurface

may also be used. -Thus, the number of collapse zones
18 of the substantially rigid top cap 12 when the check valve is in the closed position

in order to prevent flow in the direction contrary to the check valve’s desired direction
of flow.

[658] Still referring now to Figures 2A through 2D, the substantially flexible
membrane 14 may also include a plurality of relatively thicl% sections 36, sometimes
referred to as substantially flexible spokes 36. Advantageously, the substantially
flexible spokes 36 may be created ag 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
inciude a plarality 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 fiexible
spokes 36 of the substaniially flexible membrane 14,

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

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



38 used is not limited to five and any number of collapse zones, from no
collapse zones to a great many collapse zones, may be used. [060] By
employing these relatively thick sections 36 and relatively thin sections 38
wof thes/seisstantially flexible membrane 14, the overall thickness/ekthes/415658
substantially flexible membrane may bédecreased without, for example,
compromising its structural stability. In addition, the relatively thick
sectigngs36:0f thaswsstantially stiexialeimnembranedd, May episkiate that the
deformation and flexing more than the relatively thin sections 38 of the
substerstiaitiz e Abidmeamitrane 17y, tivdsk miptvelyahidkuseotioy §6xible
may be capable of retaining the check valve's general dome shape and of

holdithg ey @%ﬁ%@hﬁ&ﬁﬁ%ﬁéﬁﬁmﬁaﬁ@&% TNy IR TR é@‘aﬁﬁgﬁaﬂy

the substanti r| njficantly..this.ma reve
failure. g? 2?13]3 éézck \\;/%%x e{’?effl(%J mﬁ%i( ’sﬂe}: %lﬁsa%év e#)ﬁg recme that the
substantigiiv i ﬁ%@%@ﬂam@ A mayaleeLlanhese avEMIlIN ones 3.

sections 38 of the substantially flexible membrane 14 to be thinner than

the substentialy fexible memiraneclidpsouisheswarerdtanifpBaniflimentary to
thickness. [061] The relatively thin sections 38 of the substantially flexible

mentheaneda of aybeefitieiy diefidlerserkeedsilyahanher refatibethniaibk flexible
sections 36 of the WO 2006/127556 PCT/US2006/019658 21
subsTiFaRpdaxteRse ﬁ%?éﬁ?ﬁ&ls?ﬁf‘s‘ﬁﬁ?)wg %H%é%%*é‘?&tﬁ?él%?ﬁﬂapse zones, |

 sectigns 36 o-5olapas WA B RISSIUS XA IO he chedk valG..

IS ON greatert an the pres ure ownstrea omt
valveqlhig Gampasativebismallpre ssedifierential may cause the

scaling edge 34 of the substantially flexible membrane 14

[060] ' By employing these relatively thick sections 36 and relatively thin sections
38 of the substantially flexible membrane 14, the overall thickness of the substantially
flexible membrane may be decreased without, for example, compromising its

. structural stability. In addition, the relatively thick sections 36 of the substantizlly
flexible membrane 14 may resist deformation and flexing more than the relatively thin
sections 38 of the substaniially 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 subsfantially flexible membrane
14 may also allow the relatively thin sections 38 of the substantially ﬁeijie
membrane 14 to be thimner than the substantially fiexible membrane 14 couid be were
it uniform in thickness,

[061] The relatively thin sections 38 of fthe substantially fiexible membrane 14

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



to separate from the sealing ring 18 of the substantially rigid top cap 12
with a relatively small amount of force or pressure. Accordingly, the
relatively thin sections 38 may substantially reduce the cracking pressure
wof the/chsek valve. It will be appreciated that the relatively thiokisectionssss
36 and relatively thin sections 38 of theZlsubstantially flexible membrane
14 could have other suitable shapes and configurations depending, for
exampie#Ran Meilntendecase of thecheskvabe JORABReL88MY 1o
Figures 2A through 2D, the substantially flexible membrane 14 may also
includiapssledve #6 pxiandingioewiwardly dfhock thcentay poitiypd2tafthan
the substantially flexible membrane 14. This sleeve 40 may be sized and
confiturserters daronriesan Weap thrclinek tie Gentdrityirterrebr pall pressure

substantially rigid top cap 12 in order to connect the center portion 32 of
the SUBSERHAAIYI SR SRR 24 G e 8%%6?%3&%??‘%%6?%@“‘“ 14

substantially, rigid top ¢ . [063] Al : jally flexib :
mer% r% aellyltz of t e&gh%e%%\?%ak?g s%‘ugg\(%]rl%ﬁt %%?g?ﬂgg%@ rl%gf%%reﬁé with &
inclydggaidawmuatdimestending. halow. slaRweifRito ttteriithe thin sections
substantially flexible membrane 14 to the substantially rigid portion 12 of
the Gleckwalbeiathindie ofdordirtaryskiing thearevifl ppleciatelizat bBtlvell be
structures may be used to achieve this same result. For instance, if the

 centEPESHiAGE Y BE tratsabstrkistRieRi ¢ Darddria oY e cRetqes A el the
extends rdly, raj than d dly, . th b tially flexibl
mxen%??%%ij nv%gym & %lee r %gri%zaz%wq\ﬁlar 3%1 ﬁa%g Sﬁg‘rlaﬁ[&aﬁé : 8 aF?ﬁeand

€ an upwardly exten ing posf’-. at fits'inside 0
Up""_@éﬁﬁ%%%?d%@ g Gemer Gy iRdas. Similany i ihesubetantallycdgihe.
portion 12 of the check valve includes a hole through its center WO
200645217556 RCHHASRR061018688s 224 through 2D, the substantially flexible

membrane 14 may also include a sleeve 40 extending downwardly from the center
portion 32 of the substantially flexible membrane 14. This sleeve 40 may be sized
and configared to surround or wrap around the center cylinder 3G of the substantially
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.

[663] 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 flexibie 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
substanttally 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



portion 24 rather than a downwardly extending center cylinder 30, the
substantially flexible membrane 14 may include a button or other

protrusion which fits in or extends through this hole in order to attach the
weutsstantisity flexible membrane 14 to the substantially rigidPpartiszodeAgess
mechanical fastener, such as a rivet or $€rew, may also be used to attach
the substantially flexible membrane 14 to the substantially rigid portion 12
of thecctiacky altter Aeeosdinghyatiie equiidEhicdavicediod3tBOCtEasbRRYally
be used to attach the substantially flexible membrane 14 to the
substrtdyndgibraporibmi? sfihée chdukoralve ofoB4XIRefemingisbwite in or
Figure 3, the check valve 10 includes the substantially flexible membrane

14 cERRBG RIS st an Ry Rttt Rapaseatihatedel seigne 14 ©

substantially flexible. spoke 362£ re positioned erally in between, two of
the B VI LRIl 27 afe e el i, el A0 B e

partiglsnakes: 2&qllowlBe ApRiegiaieaiinalibe sihsiantialy.flexbl@stntiany
membrane 14 may be connected to the substantially rigid top cap 12 in
othetidisiredoarientatienshahd-abenfigurations dependingiéateexampleructures
upon the intended use of the check valve. [0651 In operation, when a
posititey pretsdre eiffeidrristieaisindr e hoenkiere VAltretioswprentially rigid
collapse zones, 38 %{Et e substantially flexible membrane 14 may initially
collap¥8? {(}%8& g tvf’gl‘éest a portion of the sealing edge 34 from the

seali 4?”9 18011 %HQSEQ'HQA% EJQlﬁetgﬂs&?Qa% T&kﬁéﬂﬁ%ﬁﬁﬂg \Qﬁgﬁylﬁjgﬂy

suitable type of fluid to flow through the check valve. Depending upont

pressusoiiffierentiab o leastacparianebiasubstigatis-ilexible spokes: of
36 may also separate from the sealing edge 34 from the sealing ring 18

of théhsubistantislly figithtoprobgs B2. Becasitertiicccotializen iptes:88vwmay the

deform or flex more than the substantially flexible spokes 36, the
substantially rigid spokes 22 and are generally aligned with one of the partial spokes
28. It will be appreciated that the substantially flexible membrane 14 may be
connected to the substantially rigid top cap 12 in other desired orientations and
configurations depending, for exampie, upon the intended use of the check valve,
[865] In operstion, 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 seaiing edge 34 from the sealing
ring 18 of the substantially rigid top cap 12. This may aliow any suitable type of fluid
to flow through the check valve. Depending upon the pressure differential, ét least a
portion of the substantially flexible spokes 36 may also separate from the sealing edge
34 from the sealing ring 18 of the subst;antiaﬁy rigid top cap 12. Because the collapse
zones 38 may deform or flex more than the substantally 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



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 WO 2006/127556 PCT/US2006/019658 23 more
wihanothe mabstantially flexible spokes 36, which may give thecolustantialbsss
flexible membrane 14 the look of a clos&d or collapsed. umbrella. [0661
Advantageously, because only one collapse zone 38 need collapse in

ordef,de allgwdlowthrauehitite ghrckvalves dhesize and gosfigurationafany
the collapse zones 38 and/or substantially flexible spokes 36 may be

manifldiecdmiconirt} thelodk sifediasaduntodbflasd dhaweiEor example, if
the substantially flexible membrane 14 is manufactured so that the
relath06fy thin SevasrEsaBIHf bR Yt s P b ren il Aol l4psy e order

Il istent in, thjck , thent Il 38
colloi5E ST B B o R S Kl T H TRL SAREP s i llapse
thickpess of Mﬁ%@%&ﬁﬁf}%é&ﬁg %?&{%9 AN/ fheielatively mi@ﬁm the

sections 38 may be varied according to the desired use of the chec

valvee kiRt inataness s bstantial tomnise neededet.gegiregeimwrughibene 14
check valve, all collapse zones 38 may collapse even if the positive

pressunedifferentaistratier stabilic 06 sstimeritfont thalsobsatied g Hokble
valve may also be a tracheostomy speaking valve. This tracheostomy
spedRFPFER &R B pRbetPRI SRR SRt e FRteRta RS Sf may

instange, has an obatriction, n i or et UpPes racheRIhIEh Ma¥yciness of
interferd xith orma)brea%ﬁlng.mfjhisc‘ec valve may normally be nthe

closegl. Pesitioy ik MRy AReRS WM e Ratiet iBhaleSIROsISRLD Bl ed

air to.enter the lungs through the traechea, possibly bypassing an

obstaschidmgAtiakdldesingpiiationte check valve. For instance, if substantial flow is
needed or desired through the check valve, all coliapse zones 38 may collapse even if
the positive pressure differential is rather small.
0671 As mentioned above, the check valve may also be a tracheostomy speaking
valve. This tracheostomy spealing valve can be placed in the tracheostomy of a
patient who, for instance, has an obstruction in his or her upper trachez 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. Af;:er 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 ic leak
out through the iracheosfzomy speaking valve, it may be Torced further up the patient’s

trachea where it can pass the patient’s vocal cords thereby aliowing him or her to

speak.



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,
wicmay/treswrced further up the patient's trachea where it caTasS2the0196358

patient's vocal cords thereby allowing h# or her to speak. WO

2006/127556 PCT/U52006/019658 24 [068] The tracheostomy speaking

valvgosgly be sipilaiciRdnany Waysiie thevimemonsaiscusseshinhalationthe
valve for a snorkel. For example, the substantially rigid portion 12 of this
exerppiarsgmiiedissshinihlstratedlire Figuresodilthfoughaddlenthy bistantially
constructed from a strong and rigid material, such as plastic, in order to
prov?&@@ﬁ@%ﬁéﬁt@%ﬁwﬁ%@%@w biegsy Ewrﬁﬁrm@ugh 4D

exem Iar embodlm %tma Iso incl sul%)mantlal flex E

mem rg S PP TRE S UBtALA R/nﬁem Ie rané M ES SIlﬁs Fafedhis grder 1o
Fu55,56 8003B, A0 RO LIRS TR ey

materials, such as silicon or'rubber. The substantially flexible membrane

14 isepreferably sized and cenfguredsiodiexianydetamictomaligwathe 14, The
opening and closing of the tracheostomy speaking valve. The exemplary
embeeinraialf hexitracheobieom)i$pedkistpirdve Riththésabdtahtiallymay be
flexible membrane 14 connected. to the substantially rigid top cap 12 is

illustFARSEYACEIGare 568019 @f@%ﬁem&%ﬁa&ﬂoﬁenﬁﬁ% Grehber  The
throy s%%i)i pef?el'}jubﬁgaﬂxtéal Lfgfkpgl’tlre (=] fépz%dtre? C(P ﬁvﬁgd o %ex or
the

Speaking vav may have a con iguratiorn an arrangement similar to

snorielHisGySsRe Q}Qouﬁen%%r m&%gtbﬁtﬁy Iﬁ%@@&@gﬁy speaking valve. The

exemplary embodiment of the tracheostomy speaking valve with the substantially
flexibie membrane 14 connected to the substantially rigid iop cap 12 is illustrated in
Figure 6.

1069} In greater detail, as shown in Figures 4A through 4D, the substantially
tigid 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 cuter rim 20, a plurality of substantially rigid spokes 22, a plurality
of gaps 26, and a plurality of partial spokes 28.

[676¢] 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 io keep the
substantially flexible membrane 14 comnected to and in position relative to the

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



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.

w0 Z@kAg7skiiown in Figures 4A through 4D, the substantially RQiitisases/masss
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
configipesbtenephéachihenoiteresgeizdyaidtpis ubsidniial iy fexiRding off of
membrane 14 in order to keep the substantially flexible membrane 14
connecteEd it and ¢ poditorrdetatve therebsattBntialy nigidopddiont 12ibfbe
the tracheostomy speaking valve. For example, the WO 2006/127556

PCTHISHOEI0TS65E S8 FiERjE Ha Relrpiatent tharstinsteaittahg® © the
flexible mg@;ﬁraneéj}ﬁ Jrom.sli inigﬁg gt or moving, out.of position relative
to the Substa igﬁ’if I‘ISI por ion 12- 1t wil aémgrﬁgrematea hat the

subsignyally figxiblgmanbrans 4 mayhepuachedia e syhsiental, 12

rigid base 16 in other suitable manners and methods. [0711 Still referring

to Figlites daciibseagly 4h2athe Subsianiinliyscdidpostionshzrafdiels extending
tracheostomy speaking valve may also include a center post 44 extending
dowsweErdRrdD Frth dhe eamisr portion224 i aBeirialii s mgid @olfiodd Hith
As with the center partion 30 of the inhalation valve for the snorkel, the

centbFSEREREBTRRE (ot RABHEY SPRAKATGRY AOE P eTEaRpTn 4 of the.

ttach tantialk o] 14 tq th ially rigids... -
atadh e sbyanial fexble merrane, 140 e subsianal o e

fl
0 of the substantially flexible membrane 14 may
slidenQuek-andians B RAssasitNe Sentesnesth44 ohihesubstantiobyyigitiany

portion 12 so that the substantially flexible membrane 14 can stay

flexible membrane 14 may slide over and encompasses the center post 44 of the
substantially rigid portion 12 so that the substantially fiexible membrane 14 can stay
in place relative to the substantially rigid portion 12.

672} The center post 44 of the tracheostomy speaking valve may also mnclude a
barb 46 at its lower end. This barb 46 may be sized and configured to contact the
siceve 40 of the substantially fiexible membrane 14 in order to keep the substantially
flexible membrane 14 commected to and in position relative fo the substantially rigid
portion 12 of the tracheostomy speaking vaive. More specificaliy, 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, Hke the inhalation valve for a snorkel
described above, inciude an outer or sealing edge 34, a plurality of relatively thick
sections or substantially flexible spokes 36, & plurality of relatively thin sections or

i

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



in place relative to the substantially rigid portion 12. [0721 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
wsleewg140®f the substantially flexible membrane 14 in ordersotkeepoe v65s
substantially flexible membrane 14 conffected to and in position relative
to the substantially rigid portion 12 of the tracheostomy speaking valve.
More;sprgificallivetheabadsd Gimayopeventbne siogverdihal the! arrangements
substantially flexible membrane 14 from accidentally sliding off of the
centdesodingd bf theasubstapeiaierigrtiforiongt2af@/F8 nReférfingmeiwdgony
Figures 5A and SB, the substantially flexible membrane 14 of the
trachBe¥BIh YL Feaking valve may, like the inhalation valve for a snorkel

desc aboye nclude n out ed e34
relat f thlck‘Xseié lons orlsgﬁlggssgnt@s?e éxgbeie%)p ?II%H E;Ja}‘r'lpiura bﬁfm 14
relatiyely N Seeion IR U COHARRE£0NER 38 ANtiR sleaNe AP 4t ill BEptaces
appreciated that the tracheostomy WO 2006/127556

PCTiG2006{0 066 SuRfespankirgivalvsreap @lsohareather siitablahe ar,
configurations and arrangements depending, for example, upon the
spedifiereesigiilnepictists ghathe trhehép stdralisspeakingbeaileefOTupyss the
shown in Figures 5A and 5B, the substantially flexible membrane 14 may

also THESEIEA S APl AR ERS nlfb@’r%/ t@?ﬁﬁ}b?dﬁ]ﬁrérﬁg fﬁ@‘f Sii Egﬁ?ﬁaﬁ%’&g}l the
placggbs@i%%ﬁﬁt ex%b?e em%&‘jal}%t?gu Xllilglg % %‘%& [ bsiai:éxahy

ordinary s e art, however, WI appreCIatet atap ura ity of s it
may fsplaceskthrasigh the substantially flexible membrane 14 and that.
the slits 48 may be placed through the

[075] The skt 48 may serve 1o act as a pressure release in cases where fhere is4

negative pressure differential of an undesirable or dangerous magnitude. For
instance, the tracheostomy speaking valve may allow inhaled air through but prevents
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 thvoat of the patient.
The shit 48, if properly sized and positioned, may allow some egualization 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 ufilized depending, for example, upon the
intended use of the tracheostomy speaking valve. It will also be understood that the
slit 48 1s not required,

{676] 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



substantially flexible membrane 14 in locations other than through the
substantially flexible spokes 36. [075] The slit 48 may serve to act as a
pressure release in cases where there is'a negative pressure differential

wofameuptissirable or dangerous magnitude. For instance, tiR€T/US2006/019658
tracheostomy speaking valve may allow’inhaled air through but prevents
exhaled air from passing out. If, however, the patient using this
trachedisitotimyscope akithly walweicougbsyieinrie eftircot Guughvanayn is intended
damage the valve or could force the entire valve assembly out of its
prop&t BB RRiRStHE et Wrighkd9liatient. 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
WO 2006/127556 PCT/US2006/019658 27 within the scope of this
invention. Accordingly, the scope of the invention is intended to be
defined only by the claims which follow. WO.2006/127556
PCT/US2006/019658 28 CLAIMS



What is claimed is: 1. A check valve that is sized and configured to at
least partially control the flow of fluid, the check valve comprising: a
support member including a center portion and an outer portion; and a

witexibée tmeanbrane having a generally dome-shaped configuratiars,theo19s5s
flexible membrane including a center p%?‘tlon connected to the center
portion of the support member, an outer edge, a plurality of relatively thick
sections at least partially disposed bgtwggg the center portion of the
flexible membrane and the outer edge of the flexible membrane, and a
pluralityrpirelativeldthin sections at least partially disposed between the
center portion of the flexible membrane and the outer edge of the flexible
membiane. %Eh&ﬁh@kv&im@&m&dﬁmamﬁgﬁfwi@%ﬂHé&%ﬂ?%omm the
extending from the center portion of the support member; and a sleeve -
dxrenbifhgdriw dhelc enter gontioising:the flexible membrane; wherein the
sleeve of the flexible membrane may slide onto and encompass at least a
portion the péstpperansupissmaiediiser c8nhpochiecknbiverag: pdliam 2d
wherein the post of the support member includes a barb that is sized and
conflgured tF prevENt tRsBRsave brting flestierpionidoranehirom wlidiggrefion, the
of the of the support member. WO 2006/127556
PCT/ FBTEREE Jer oTIER GFOIR DRIveasarrenisfia thuleramnmpision of the

Su ort m ber further comprises: . ,
PP 1[? s eI, an oute edge, a piumhty of relaﬁvely thick sections at least

partially disposed between the center portion of the flexible membrane and fhe
outer edge of the flexible membrane, and a plurality of relatively thin sections at
least partially disposed between the center portion of the flexible membrane and the

outer edge of the flexible membrane.

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

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

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

~aportton 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 sieeve of the flexible membrane

from sliding off of the post of the support member.



a base constructed from a generally rigid material; and one or more

spokes extending from the base to the center portion of the support

member, the spokes being disposed in a generally dome-shaped
vwaopfigueatan. 5. The check valve as in Claim 1, wherein thepsuppxios/019658

member further comprises: a base; anéPone or more partial spokes

extending from the base towards the center portion of the support

member, eact,of the-pariiRlSaekss MEliling aRegd A BAPAcEl AP furter

from the-center portion of the support member. 6. The check valve as in

Selainsts wherein the support member includes a base constructed from a

generally rigid material, the base including a generally outwardly

extending ridgeaswhersin gl exble-membrangdnchudes anouter edge;

and wherein the ridge of the base is sized and configured to hold a portion

of the - flexiblenmembxanapoiagenerayfiketdppsitiasby cantaetioiheion of the

outer edge of the flexible membrane. 7. The check valve as in Claim 1,

furthesaopnprisingber dhencmebperingg intithestidxiltle memizralip. \We-shaped

2006/127556 PCT/US2006/019658 30 8. A check valve comprising: a -

flexibleanBenreie having a generally dome-shaped configuration, the

5. The check valve as in Claim 1, wherein the support member further
COmMIpIises:
a base; and

one or more partial spokes extending from the base towards 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 I, wherein the support member includes a base
constiucted from a generally rigid material, the base including a generally outwardly
extending ridge;

Whesreir; the flexible membrane includes an outer edge; and

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

membrane.

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

the flexible membrane.



flexible membrane including a center portion and an outer edge; a support
member constructed from a generally rigid material, the support member
including a center portion that is sized and configured to be connected to
whewmentesgsortion of the flexible membrane, the support membpUizcladingss

an outer rim; one or more spokes conriécting 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 sugport memier-J1EneLhggk yalve as in Claim 8, wherein the

support member includes a generally cylindrical-shaped member

extending from dbgmpenigmperienalile sURRer M eRReRAPEA VSIS ation, the

the flexible membrane includes a center protrusion extending from the

centermadtionedihe.eriblednenbrane pheGentarpratsignof the

flexible membrane being sized and configured to be connected to the

generally cylindtippd:s hapsstmenhecet thensupporralientdaed. Milrial, the support
2006/127556 PCT/US2006/019658 31 10. The check valve as in Claim 9,
whereinghbgencrallycylisdiicalsstiop &tht nsenizbé raod thesSgmedrtatenbearected to
includes a center barb that is sized and configured to hold the center
protrudisrretitieadion e the Ardtemeaiyenrdhstixed posiber, indiuting an outer

check valve as in Claim 8, wherein the support member includes a
YITNL;

one or more spokes conmecting 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 &, wherein the support member includes a
generally cylindrical-shaped member extending from the center poroon of the sopport
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.



flange extending from the outer rim, the flange being sized and configured
to hold the flexible membrane in a generally fixed position relative to the
support, member by contacting the outer edge of the flexible membrane.

wiR20hbvezebrack valve as in Claim 8, wherein the flexible memiarang favdlagssss
comprises: one or more flexible spokes!at least partially disposed between
the center portion of the flexible membrane and the outer edge of the

ﬂexib|§0memﬂg9r&%é§gqag@eaggm@@&%ﬁ&ﬁi@%@a&%ﬁ@%&i&%@ PAtial¥al-shaped

disposed between the center portion of the flexible membrane and the

s o otibsflexbiaamhiane Lanthecheck valveasdn cdamsutéd to hoid

further comprising one or more openings disposed in the flexible spokes

1of dbedlexiblemearnbiang. MR 2R00/126556 REIAIS2R0B/NNERE 32 14.

A check valve comprising: a rigid cap including a center portion and a

center post extending from the center portion; and a flexible membrane

being generally dome shaped, the flexible membrane including a center

portiohlbeinaiz etkaind donfigune Cleiipe onheriedis tprehtmengwtigreludes a

of the rigid cap, a center sleeve extending from the center portion of the
fHegibkx ity dreatid beiegrsizethadtiesiions gited codiverthiguEenter old the

post of the rigid cap, one or more flexible spokes at least partially .
Agsblisaaepiumee it a8 gEsLROERD EHRBIRbIA B U cBHIgPer bY

portion of the flexible membrange, and gne or more collapsible zones at

cRukg g R S8R A R IEE P e TR Blye of

12.  The check valve as in Claim 8, wherein the flexible membrane further
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 fiexible membrane and the outer edge of the fiexible membrane

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

disposed in the flexibie spokes of the flexible membrane.



the flexible membrane and the center 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
warndwonfigfisred to hold the center sleeve of the flexible mermbEAEin6/019658

contact with the center post of the rigid %?ap. 16. The check valve as in
Claim 14, further comprising a rigid base of the rigid cap, the rigid base

being gannecteghteitRaicepiRiRRIeN of the rigid cap by one or more
spokes. 17. The check valve as in Claim 14, further comprising a rigid

base of the rigidgigagptheridigldasedns! weiagPRRI FBREe PadtialSRekeSrom the
extending towards the center portion of the rigid cap, the partial spokes
includicgnen prddhatné spaced apart from the center portion of the rigid

cap. WO 2006/127556 PCT/US2006/019658 33 18. The check valve as

in Claim 14, whBesibi¢hearigicioapdngiuptesralijgidhasbasl tdlAagdle membrane
extending from the, rigid base; wherein the flexible membrane includes an

outer éBjjadamc wnsrepritieniesine sretaniyrpedpisdiedy anuneotsfigarid center
to hold the flexible membrane in a relatively fixed position by contacting

the ouRSFERRSIRME i ifle 2riBRET SlF6va S tPRERm Sary Hiocersan worips of the

14, further_comprising one or more opening in_ the flexible membrane.
Tiexible membrane and bemng sized and configured to receive the center post of the

rigid cap, one or more flexible spokes at least partially disposed between an outer
edge of the flexible membrane and the center portion of the flexible membrane, and
one or more collapsible zones at least partially disposed between an outer edge of

the flexible membrane and the center 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.
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18. The check valve as in Claim 14, wherein the rigid cap includes 2 rigid base
and a flange extending from the rigid base;

wherein the flexible membrane includes an outer edge; and

wherein the flange of the rigid cap is sized and configured to hold the flexible
membrane m a relatively fixed position by contacting the outer edge of the flexible

membrane.

19.  The check valve as in Claim 14, further comprising one or more opening in

the flexible membrane,



