Office de la Proprieté Canadian CA 2582499 C 2014/07/08

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 582 499
L.|5J|n gfgamsg'e ; 'f*fc‘j age”%y of ; 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2005/09/30 (51) CLInt./Int.Cl. F76K 57/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2006/04/13 F16L 29/00(2000.01), F16L 3/728(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2014/0//08 JORDAN. GREGORY S. US:
(85) Entree phase nationale/National Entry: 200//03/29 ENERSON, JON R.. US:
(86) N° demande PCT/PCT Application No.: US 2005/035205 MILLER, PAVEL T., US

(87) N° publication PCT/PCT Publication No.: 2006/039496 (73) Proprietaire/Owner:

o, o HALKEY-ROBERTS CORPORATION, US
(30) Priorites/Priorities: 2004/10/01 (US60/615,479);
2005/09/29 (US11/238,680) (74) Agent: NORTON ROSE FULBRIGHT CANADA

LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : CLAPET DE NON RETOUR BOMBE
(54) Title:. DOME CHECK VALVE

/'3

36

(Z

271‘ 7—7//-‘7//

f////

X
=

’ '////// -'W////////////////////ﬂ
23 _m
{7 21 {4 J
(57) Abréegée/Abstract:

A valve comprising an inlet housing, an outlet housing, an elastomeric valve element having a generally dome-shaped configuration
with a central integral stem positioned substantially concentrically therewith, the inlet housing and outlet housing being fastenead
together at a joint with the elastomeric valve element positioned therein and the valve element including a plurality of longitudinal
ribs formed along an outer annular periphery of a lower end of the dome-shaped configuration that define flow channels that allow
fluid flow from across an upper surface of the dome-shaped configuration through the flow channels.
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(57) Abstract: A valve comprising an inlet housing, an outlet housing, an elastomeric valve element having a generally dome-
shaped configuration with a central integral stem positioned substantially concentrically therewith, the inlet housing and outlet hous-
ing being fastened together at a joint with the elastomeric valve element positioned therein and the valve element including a plurality
of longitudinal ribs formed along an outer annular periphery of a lower end of the dome-shaped configuration that define flow chan-
nels that allow fluid flow from across an upper surface of the dome-shaped configuration through the flow channels.
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POME CHECK VALVE

- N NN TR XN LUORY TN YONRY AN T
FIELD OF THE INVENTION
o At ol t Xl & R KKl 2 ’ Al '.-.-':"uh e

This invention relates to check valves, and relates more specifically 1o a check

valve for needleless medical usage,
DESCRIPTICN OF THE BACKOROUND AKT

Presently, there are many types of check valves which are designed (o control
the one-way flow of a fluid thercthrough. One common type of check valve
comprises a valve element, such as a ball or spring biased valve stem, reciprocatingly
pasttioned within a valve body providing a fluid passageway, The flow of fluid in
one direction through the valve body is permitted tipon displacement of the steny as it
flows arcund the valve stem to exit the valve body. In ithe opposite direction,
however, the {luid pressure along with the spring forces the valve stem agaiust a

valve scai, thereby inhibiting, or checking the flow of flwd therethwough. In this

dircction through the check valve., An example of this type of valve 13 found

United States Patent No. 5,349,984,

4,499,916 and 4,365,812, Some check wvalves employ elastically deformable
digphragm-like elements ag described in U5, Patent 6,390,120, Another check valve
emploving eonical or hollow elastomeric elements where fluid flow is arranged to
pass through the element itself'is described in US. Patents 5,573,316 and 5,746,414,
some of the designs described above aliow for bi-directional fluid flow il aecessed by

the approprizte a connector such as a lver {itling commoniy used In the medical fhug

delivery ficld,

\\\\\\\\\\

vaive providing a reliable seai when checked by very low back preasures such as low
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fractions of pounds per square lnch {PSI} while sealing at very high pressures,
preferably in the range of 10-100 PSL There is also a need for check valves that gilow
for an economical way {0 accommodale various preset opening or oracking pressure

conditions, Most prior art valves of this nature empioy springs that have varving

W

spring properties, resulting in a cheek valve that provides different opening pressures

without anv component change.

More particudarly, current pressure relief valves employ metal springs for

accurate opeming pressure settings. The presence of metal i an LV, line presents

nossible confamination dangers from corrosion or melsllic particles, Elimination of

18 metal springs is therefore highly desirable. Check valves equipped with non-meta!
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resilient sealing elements are designed for a specific opening pressure. The variability
of this valve characteristic is therefore not easily achieved.

Most valves that are designed to seal at low pressures, such as disc
valves, do not normally allow for high flow or bi-directional flow. Therefore, there
exists a need in the industry to provide a check valve that accommodates relatively
high fluid flow when unchecked.

Futthe;, some valves with elastomeric elements where fluid flow is
arranged to pass through the element itself have a possibility of particulate
contamination. Molding of small check valve elastomeric components commonly
include small openings for fluid to pass through. Such openings are created by cores
of very small dimensions. These core features could be relatively easily damaged and
could therefore cause flash and result in small particles of flash potentially breaking
off and contaminaﬁng the fluid flow.

Therefore, it 1s an object of this invention to provide an improvement
which overcomes the aforementioned inadequacies of the prior art devices and
provides an improvement Wh;ich 1s a significant contribution to the advancement of
the check vaive art.

Another object of this invention is to provide a check valve employing
an elastomeric valve element that is economical to manufacture and assemble to
achieve valves with different possible cracking pressure.

Another object of this invention is to provide a check valve that allows
bi-directional high fluid flow when cracked.

Another object of this invention 1s to provide a check valve that

-3 -
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maintains a seal when checked even at very low back pressures.

Another object of this invention is to provide a check valve that
maintains a seal when checked even at high back pressures.

The foregoing has outlined some of the pertinent objects of the
invention. These objects should be construed to be merely 1llustrative of some of the
more prominent features and applications of the intended invention. Many other
beneficial results can be attained by applying the disclosed invention in a different
manner or modifying the invention within the scope of the disclosure. Accordingly,
other objects and a fuller understanding of the invention may be had by referring to
the su;mj:nary of the invention and the detailed description of the preferred
embodiment in addition to the scope of the invention defined by the claims taken in

conyj unction with the accompanying drawings.
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SUMMARY OF THE INVENTION

For the purpose of summarizing the invention, this mvention comprises
a valve that seals itself to restrict fluid flow at very low back pressure. The valve
element is made from an elastomeric material which is deflected after the line
pressure reaches a predetermined level thus allowing flow in one direction and
occluding the line in the opposite direction.

The hemispherical dome-like shaped elastemeric valve element 1s
constructed in such a way to be deflectable, such as being activated by the external
device such as a male luer, whereupon the valve then becomes a two-way valve
allowing flow in both directions. The valve element is self-aligning by the valve seat
geometry complementing valve element tapered seat features. The valve element 1s
designed in such a way that Vaﬁous opening pressures are achievable by a simple
modification of a mold tool, for example by changing a core pin.

‘The valve element of the valve is self-supporting and when assembled
in the valve, exerts a predetermined pressure against the valve seat thus sealing the
valve. The element deflects at the center after pressure rises over the predetermined
cracking pressure thus opening tﬁe flow path. The elerﬁent deflection 1s directed by a
concentric groove or grooves poeitioned on the inside of the element dome area. The
dimensions of the groove(s) determine the valve opening pressure. The simple
variation of groove dimensions thus achieves the goal of providing an economical
way for valves to be manufactured at various preset cracking pressure conditions.

The valve element positioned in the housing incorporates a set of ribs

that allow high, unobstructed fluid flow. The valve element has no openings for fluid

_5
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flow; 1nstead the fluid flow is directed outside the valve element.

The valve has a relatively low, predetermined opening pressure one
way and withstands relatively high back pressure in the opposite direction. Moreover,
the valve housing is manufactured in a modular fashion, allowing the assembly of the
same stem element to various housings having different connecting arrangements,

such as ML, MLL, tubing fitment or barbed connector. The components of the
envisioned new valve are producible reliably by high cavitation molds and are
suitable for high speed assembly process, thereby resulting in a highly economical
valve. None of the valve components require registration radially during assembly.

' The foregoing has outlined rather broadly the more pertinent and
important features of the present invention in order that the detailed description of the
invention that follows may be better understood so that the present contribution to the
art can be more fully appreciated. Additional features of the mvention will be
described hereinafter which form the subject of the claims of the invention. It should
be appreciated by those skilled in the art that the conception and the specific
embodiment disclosed may be readily utilized as a basis for modifying or desi gning

‘other structures for carrying out the same purposes of the preseht invention. It should

also be realized by those skilled in the art that such equivalent constructions do not

‘depart from the spirit and scope of the invention as set forth in the appended claims.



CA 02582499 2007-03-29
WO 2006/039496 PCT/US2005/035205

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention,
reference should be had to the following detailed description taken in connection with
the accompanying drawings in which:

Fig. 1 1s an enlarged isometric view of the valve of the invention
having MLL inlet and outlet arrangement;

Fig. 2 1s an enlarged cross-sectional view of the valve according to F g,
1 showing the first embodiment of the valve element at rest stage;

Fig. 3 1s an enlarged cross-sectional view of the valve according to Fig.
1 showing the first embodiment of the valve element at open stage;

Figs. 4A and 4B are side and 1sometric views of the first embodiment
of the valve element with a nbb ed stem;

Figs. 5A and 5B are side and isometric views of the second
embodiment of the valve element With a smooth stem without inlet ribs;

Fig. 6 is an enlarged 1sometric view of the third embodiment of the
valve element with a notched stem;

Figs. 7A and 7B are enlarged isometric views of the outlet housing of
the valve having a tubing connection arrangement;

Fig. 8 1s an isometric exploded view, partially in section, of the valve
according to Fig. 1; and

Figs. 9A, 9B, 9C and 9D are side elevational views illustrating various
fitting locations.

Similar reference characters refer to similar parts throughout the

-7 -



CA 02582499 2007-03-29
WO 2006/039496 PCT/US2005/035205

several views of the drawings.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As best shown in Figs. 1 and 8, the valve 10 of the invention comprises
inlet housing 25 and an outlet housing 13 and an elastomeric valve element or stem
15. Housings 25 and 13 are permanently fastened together at joint 14 such as by
welding or bonding.

Referring to Figs. 2A and 2B, the inlet housing 25 comprises a
genérally tubular configuration having a luer ﬁttiné 35 at its inlet 11 and a generally
dome-shaped, larger diameter configuration 31 at 1ts opposite end. Similarly, outlet
housing 13 comprises a generally tubular configuration having a luer fitting 35 at its
outlet 12 and a generally dome-shaped larger diameter configuration 32 at its opposite
end which assembles with the dome-shaped end 31 of the inlet housing 25 at joint 14.

: The 1nlet and; outlet housings 25 and 13 may be provided with many
types of fittings such as, in Fig. 8 A, dual inlet and outlet barbed hose fittings 34, in
Fig. 8B, inlet luer 35 and outlet hose barb fittings 34 (or vice versa), in Fig. 8C, inlet
luer ﬁtting 35 and outlet locking luer fitting 36 (or vice Versa) and in Fig. 8D, inlet
luer fitting 35 and outlet luer ﬁtting 35 (or vice versa). ‘

As shown in Figé. 4A and 4B, 5A énd SB and 6, the valve element 15
comprises a generally dome-shaped configuration 33 with a central integral stem 42
positioned concentrically therewith. .

As shown in Figs. 4A and 4B, in a first embodiment of the valve
element 15, a plurality of ribs 45 may be positioned longitudinally along the length of
the stem 42. Alternatively, as shown 1n Figs. SA and 5B, in a second embodiment of

the valve element 15, the outer surface of the stem 42 may comprise'a smooth

_0.
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cylindrical configuration 37. A stem slot 16 may be provided diametrically in the end
of the stem 42 to allow fluid flow therethrough in the event the stem 42 is engaged by
the tip of a luer fitting, syringe, or other device that might otherwise form a seal
therewith. As shown in Fig. 6, in a third embodiment of the valve element 15, a
plurality of notches 38 may be positioned longitudinally along the length of the stem
42.

The notches 38 preferably comprise a larger width toward the inlet 11
and a smaller width toward the dome-shaped configuration 33, and a depth radially
inward to define a castellated configuration in the end of the stem 42 (as viewed
axially). The depth of the notches 38 is sufficient 'to eliminate the need for the stem
slot 16 since fluid may flow within channels formed by the ﬁotches 38 when the tip of
luer fitting engages the end of the stem 42 without blockage as might otherwise occur
without the stem slot 16 or the notches 38.

The valve element 15 further includes a plurality of longitudinal ribs
41 formed along the outer annular periphery of the lower end of the dome-shaped
portion 33 of the valve element 15. The ribs 41 define flow channels that allow fluid
flow from across the upper surface of the dome-shaped configuration 33 through the
flow channels. Viewing Figs. 4A and 4B, 5A and 5B and 6 in conjunction with Figs.
7A and 7B and 8A and 8B, it is seen that the outlet housing 13 correspondingly
includes a plurality of caétellations 22 formed along thé inner annular periphery of the
dome-shaped portion 32 of the outlet housing 13 to define flow channels. Referring
also to Figs. 2A and 2B, the lower edge of the dome-shaped portion 33 of the valve

element 15 is juxtapositioned against the upper surfaces of the castellations 22 when

-10 -
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the valve 10 is assembled. Preferably, the relative annular spacing and size of the
castellations 22 is different from the annular spacing and size of the ribs 41 such that
no blocking occurs and fluid flow is allowed through the flow channels defined by the
ribs 41 and the flow channels defined by the castellations 22 from the inlet 11 to the
outlet 12 of the valve 10. Specifically, the ribs 41 and the castellations 22 may be
configured differently, such as being odd or even in number, staggered, or positioned
asymmetrical, such that they are not allowed to fit into each other and otherwise
restrict the fluid flow therethrough.

As best shown 1n Figs. 2A and 2B, 3A and 3B and 4A and 4B, the
valve element 15 further comprises one or more annular reliefs 19 and 20 formed
concentrically in the underside or upper surface of the dome-shaped portion 33 of the
valve element 15. The reliefs 19 and 20 may each comprise a continuous groove, a
series of indentations ali gned annularly, or other continuous or mtermittent
arrangement of reliefs 19 and 20 that all.'ow easier flexing, similar in function to a
living hinge, whe'n the valve element 15 1s forced to 1ts cracke‘d or opened position
(Figs. 3A and 3B). The number and dimensions of the reliefs 19 and 20, together
with the elastomeric properties of the valve element 15, define the cracking pressure
ﬁecessary to crack or open the valve element 135.

More particularly, the upper portion of the dome shape configuration
33 of the valve element 15 comprises a generally frustro-conical neck 17 that is in
alignment with an annular valve seat 18 to form a fluid-tight annular seal therewith by
virtue of the resiliency of the valve element 15 pushing its frustro-conical neck 17 into

sealing engagement with the valve seat 18. It should be appreciated that valve

-11 -
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elements 15 of different elastomeric properties and/or reliefs 19 and 20 of (iifferent
dimensions and/or different number of reliefs 19 and 20, could easily be
manufactured and assembled with the valve housings 25 and 13 to thereby produce
valves 10 having different cracking pressures.

In operation, fluid flow through the housing outlet 12 1s blocked by
virtue of the frustro-conical neck 17 being resiliently urged in sealing engagement
with the valve seat 18. Due to the dome-shaped configuration 33 bf the valve element
15, the greater the pressure of the fluid ﬂow in the outlet 12, the greater the sealing
force betwem the neck area 17 and the valve seat 18. The.‘Valve 10 may be opened or
"cracked" either by fluid pressure in its ihlet 11 or by a physical object such as the tip
of a syringe that exerts a force on the stem 42 of the valve element 15 against the
resilient force inherent in the valve element 15 and as deﬁned by the grooves 19 and
20. As shown in Figs. 3A and 3B, once the valve elehlent 1s opened or cracked, fluid
flow from the inlet 11 flows around the stem 42 or through notches 38 radially across
the outer surface of the dome-shaped configuration 33 of the valve element 15,
through the flow channels defined by ribs 41, through the flow channels deﬁhed by‘ |
the castellations 22 and then out via outlet 12. Importantly, a substantial flow of fluid
is allowed to pass through the valve once the valve element 15 is cracked. Once the
cracking pressure is removed, either by the lack: of sufficient pressure of the incoming
fluid in inlet 11 or by removal of the object that cracked the valve, the inherent
resiliency of the valve element 15 urges the neck 17 back into sealing engagement
with the valve seat 18. Significantly, the sealing force caused therebetween 1s

sufficient to assure an adequate seal even when the outlet fluid pressure is very small.

-12 -
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The present disclosure meludes that contaitied in the appended claims, as well
as that of the foregoing description. Although this invention has been deseribed in ity
preferred form with a cortain degree of particularity, it is understood that the present
disclosure of the preferred form has been made only by way of example and that
mumercus changes in the details of construction and the combination and arrangement

of parts may be resoried to elaims.
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WHAT IS CLAIMED 1S
L. A valve, comprising (n conmbination:
an inlet housing:
an outlet housing;
an clastomeric valve eiement having a generally dome-shaped
contiguration with a central integral stem positioned substantially concentrically
therewih;
said infet housing and said outlet hausing being fastened together at a
yoint with said elastomeric valve elgment positioned therein; and
sayd valve element inchuding & plurahty of longitudinal ribs formed
along an outer annular periphery of a lower end of said dome-shaped configuration
that detine flow channeis that allow fluid flow from across an upper surface of said
dome-shaped configuration through said the flow channgls,
wherem said cutlet bousing comprises a plurality of casteliaticans formed
along an mner annular periphery of said outiet housing that define flow channels,
wherein a lower edge of said dome-shaped configuration of seid valve
clement 1$ juxtapositioned against upper surfaces of the castellations, and
whersetn the relative annular apacing and size of said castellations is
different trom the annular spacing and size of said longitudinal ribs such that fluid
ttow is allowed through said How channels defined by said Jongitudina! ribs and
saad tlow channeis defined by said castellations.
2. The valve of Claim 1. wherein said ribs and said casteliations are configured

ditferently to preclude fitting into each other and restricting the fluid flow

- 14 -
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therethrough.
3. A valve, comprising in combination:

an inlet housing

an outlet housing;

an elastomeric valve element having a generally dome-shaped
configuration with & central integral slem positioned substantialiy concentrically
therewitly;

said inlet housing and said outlet housing being fastened together at a
joint with said elastoreric valve element positioned therein; and

said valve element inchuding a plurshty of longitudinal ribs formed
along an outer gnnular periphery of a lower end of said dome-shaped contiguration
that define flow chanpeis that allow fluid flow from across an vpper surface of said
dome-shaped configuration through said the tiow channels,

wherein said valve element comprises a plurality of ribs positioned
iongitudinally along the length of said stem.
4. A valve, comprising in combination:

an iniet housing;

an outlet housing,;

an elasiomeric valve element having a generally dome-shaped
configuration with a central integral stem positioned substantially concentricatly
therewtth:

said inlet housing and said outlet housing being fastened togsther at a

joint with satd elastomeric valve ¢lement positioned therein; and

- 15 .



CA 02582499 2013-06-03

WO 200618349496 REFRIHRSI0E5205

said inlet housing and said outlet housing being Tastened together at a
Joint with said elastomeric valve element positioncd thereny; and
said valve elemeni including a plarality of longitudinal ribs formed
along an cufer annular peripbery of a lower end of said dome-shaped configuration
that define flow channels that allow fluid flow from across an upper surface of said
dome-shaped configuration through said the tlow channels;
whetein said valve element comprises a plurality of noiches positioned
longitudinaity along the length of the stem.
3. The vaive of Clabm 4, wherein said notches comprize a larger width toward said
ket and a sivialler width toward said dome-shaped configuration and a depih
radially inward to define g casteHated configuration 1n an end ol said stom.
6. The valve of Claim 3, wharein said depth of said notches s sufficient to eliminate
the need for a stem slot,
7. A valve, comprising io. comRation:
an inkgt housing;
an putlet housing;
an slastomsric valve gloment having a generally dome-shaped
configuration with a central infegral steny positioned substantially concentrically
therewith;
said indet housing and said outlet housing being fastencd together at a
joint with said elastomeric valve glement pasitioned therety; and

said valve element including a plurality of fongitudinal ribs formed

e
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along an outer annular periphery of a lower end of said dome-shaped configuration
that define flow channels that allow fluid flow from across an upper surface of said
dome-shaped configuration through said the flow channels;

wherein said valve element comprises a at least ene annular relief
formed in said dome-shaped configuration to allow easier flexing when said valve
efement is apened;

wherein said relief is positioned in the underside of said dome-shaped
configuration; and

farther comprising two reliefs positioned concentrically u the underside
said dome-shaped contiguration.
8. The valve of Claim 7, wheretn said rehief Comprises a Contiinpius groove.,
G, The vatve of Claim 6, wheremn the number and dimensions of sald reliefs,
together with the elastomeric properties of 2a1d element, defing the Sracking pressure
necessany 1o srack or open the valve glement.
18. A valve, comprising in combinstion:

an indet housing;

aiL cutlet housing;

aty elastomerie valve element having a generaliy dome-shapsd
configuration with a central integral stens positioned substantiallv concentrically
therewith:

saif inlet housting and said outlet housing being fastenad together at a

joint with said elastomerie valveelement positioned therein; asn

“47 .
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satd valve element inciuding a plurality of longitudinal ribs formed
along an outer annular periphery of a lower end of said dome-shaped canfiguration
that dedine flow t::ha.milefs;*ibm stow {luid flow from across an spper surface of sald
dome-shaped configoration through said the flow channels;

wierein an uppey portron of said dome shaped conliguration of said
vaive clement comprises a generally frustro-conizal neck, and
whetein sald ket housing conprises an apnolar valve seat in alignment

with satd frustro~conical neck to form a fluid-tight anmiiar seal therawith by virtue
of the resiliency of said element pustnng said frastro-concal neck into sealing
enggsenment with said valve seal.
11, The valve of Clamn 10, wherein said valve elemants of different elastomeric
properties, with rehiefs of dillerent dimensions, of wilk a ditTergnt munmber of reliefs
are manutactured and assembled with said valve housings (o thereby produce sad
vatves having diffcrent cracking pressures,
12. A valve, comprising in combination:

an inlet hoasing;

an gutier housing;

an elastomeric valve element having 4 generally dome-shaped  confipuration
with a central mtegral stem posttiongd subs aﬁt‘}iaii}f conoetirically therewithy

said inict housing and said outlel housing being fastened topether at a ioint
with said elastouneric valve element positioned theretn; and

suid outlet housing nchudig x plurality of castellations tormed along an

[ A
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inner annular periphery of said outlet housing thal define low channels;

wherein said vabve element comprises a pluralify ol be posittoned
longitudinally along the lengih of said stem.
§3. A valve, comprising ot eombination:

an ndet housing,

an cutlet housing;

an elastomerie valve element having & generally dome-shiaped configuration
with a central integral stem positioned substantiaily concentrically therewilly

said infet housing and said cutlet housing being fastened wgether atajomnt
with said elastomeric valve element positioned therein; and

said cutlet housing including a plurality ot casteliations tonwed along an
in;zef annufar periphary of said cutlet housing that define tlow ¢hannels,

wherein said valve element comprises a plurality of notches posiioned
longitudinally along the length of the stem.
14, Thewalve of Claim {3, whersin said notches comprises comprisg a argar widlh
toward safd inlet and a smaller width toward said dome- shaped configuration and a
depth radially foward (o define a castetlated cundiguration ip au end of sawd ster.
15, The valve of Claim 14, whersin said depth of said notches is sufficient to
oHrninate the need for a stem aiof,
16, A valve, comprising in combination;

an iniet housing;

an outlel bousing;
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an elastomerie valve element having a gererally dome-shaped configuration

said inlet bovsing and said outlet housing being fastened together at a Joint
with satd elastomerie valve clement positioned thersin; and

saud outlet housig inchuding a plurality of castellations formed along an

»

inner annular periphery of said cuilet housing that define flow channels,
wherein said valve slement ¢omprises at least one avnular relief formed in
saxd cir;-me—shape& configuration to allow easier flexing when said valve element is
opened,
comprising two reliets of said at least one anmular relief positioned
concentrically in the underside of said dome-shaped contfiguration.
17. The valve of Claim 16, wherzin satd relief comprises 4 confinuous groove,
18, The valve of Claim 17, wherein the manber dand dimensions of said.at least sng
reli ei, (e gca‘her with the elastoineric {10} erhes of said elggusat, define the G'?'ﬂ'i‘-‘kiﬂg
PYESSUNS TIECeSSary tx crack or open ihe valve glement.
19. A valve, comprishig in combinaiion:
ait inlet hausing;
an outhet housing;
an elastomeric valve element aving o generally dome-shaped  configuration
with & central integral stem positioned substantially concenirically therewith;
said inlet housing and said outlet housing beimg fasiened together at a joind

..... t

with suid elastomeric valve element positioned therein; and
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aatd outlef housing etiding a plurahty of casteliations formed along an
mner annuiar periphery of sald outlet housing that defivie flow channels,

wherein said valve element comprises at least one annslar relief formed in
said dome-gshaped configuration to allow easier flexing when said valve element is
spened,
wherein an upper portion of said dome shaped condfiguration of satd valve element
cormprises a genstally rusiro-confoal neck,

wherein said inlet housing comprises an anmular valve seat in alignment with
sajd frustro-contcal neck to form a fhnd-tight annular seal therewith by virtue of the
resiliensy of said clement pushing sald frustro-conical neck inlo sealing enpagement
with satd valve seat, and

wharemn a plurality of valve elgtnents of different elastomeric propesties,
cach with reliafs of different dimensions, or with a different namber of reliefs, are
roanufaciured and assembled with said vilve housings to thereby producs valves
having different cracking pressures.
20, A valve, comprising in combinalion:

an iniet housing;

,.
»
r 4

an outlet boysin

NS

an elastomeric valve element having a generally dome-shaped confisurstion
with a central integral stem positioned substantially concentrically thevewith;

said indet housing and said cutlet bousing being fastened together at a joint

with said elastomeric valve slement poaitioned therein; and
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sald vabve slement comprising al least one annuiar celie! formed o savd
dome-shaped configuration and positioned i the understde of sad dome-shapsd
configuration, to allow gasier flexing when said valve element is opened,

further comprising two reliets positioned concentrically in the underaide said
dome-shaped contiguration.
21. The valve of Clains 20, wherein said at [esst onc annular relief comprises #
COnRLGUS Zroove.
22. The valve of Claim 21, wherein the number and dinensions of 3aid reliefs,
together with the elastomeric properties of said element, define the cracking prossure
sovessary toorack or open the valve element.
23, A valve, comprising i combination:

411 fler housing;

an outlet housing

an elastomeric vaive element having 4 generally dome-shaped eonfiguration
with 2 central inlegral stem positioned substantially concenineally therewith;

sald inder housing and sald outlet housing being fastened together af a joind
with suid elastomeric valve slement positioned therein; and

said valve glement comptising &t ieast one annular rebief formed in said
dome-shaped configuration to allow easier Hexing when saitd valve elemment 18
apened;

slarmant comprises a generally frustro-conical neck,

. PP~
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wherein said inlet housing comprises an annular valve seat m alignment with
sard frustro-conical neck o fovm a fuid-tight anmmular seal therewith by virtue of the
restliency of said element pushiag said frustro-conical neck bito sealing sngagement
with satd vaive seat,

wherein a plurality of valve elemnents of different elastomeric praperties,
cach with reliefs of different dimensions, or with g different mumber of veliefs, are

manufactured and assembled with said valve housings to thereby produce valves

having different cracking pressures.

.09 .
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