COVBI NATI ON UVBRELLA AND | NVERTED BI - DI RECTI ONAL VALVE
BACKGROUND OF THE I NVENTION 1. Field of the Invention
WO 0®81})64The present invention relates to conmbi PEL/US005/016374
fluid valves, and in particular to conbination val ves
conprising an inverted bidirectional valve in
c onBONVEBINATION: WMBRELFr ANDINY: aEIP\T@QBbQMHQNAL VALVE
provi ding fl ow responsive to changes in pressure
differential. 2. Description of the Related Art [0002]
Current conbi natBAGKGROUNL QFVEEE IMCENTEON hose of t he
duckbil | -unbrella variety. Duckbill-unbrella
conmbi nation valves allow fluid (often air) into a
1.(Rield af the Iinventignunp chanber via the unbrella val ve
portion along a first flow path and all ow a second
fluid (often a liquid product) out of the container or
[0001TP THAFRRAt iMbeRtiblR 144Gk bc'brhlbmat@h\mwmxteb Qid ik tigiler do
second flow path., However, the duckbill g%lon of the
copghigatiop Q’E)IIV%%QW“E}P% i Bertdigiraetiona &lvepané@ fptiep with an
urhbi@i4 Ydivd &Ealﬁé sHRGRERG 19k T8pbhs 1B RFarEainlpeikurd BERFential.
relatively | ow pressure differentials. For exanpl e,
duckbi | I -unbrell a conbi nati on val ves can | eak when
2. Jeeserntien o5 AP RS9 wi t h containers of liquid that are
inverted during use. [0003] It would be desirable to
have a sinple, unitary conbination valve that is

[0AB3 e uryent poselipntion dui vabigs inelude ghoseofifbe dckil-woihrellzigaty-
Dgélébilﬁﬁﬁﬁltellglzo i RH VRlved MBS m t&fteﬁ Eﬁ’)sﬁﬁi) M@¥her or pump

mnimzes pro ens assoclated wth Spl [i ng or
cldmibppvimthe untbreliayblie abision blong e §irst Abiveathanf allew a second fluid (often

a ﬁcﬂur{g gro%ﬁclftfout 0 h% i%in%t%%%rrog %g%@ﬁcﬁna%%"%gk asﬂtl (ﬁ{cgl%i.}l lv%lrvé E%r&iPré through
a Sefeom:bfhdwepﬂﬂ HSUB)MAWG ﬁ%kﬂil-]lﬁoft{d\ilﬂﬁmﬁe@lv[a Oyied]ly proarides only

BT AR SO EbFnt Ruuf TR R bl ety o
pBssufhl diffetht@nalFov elaile) Gﬁdkbﬂnurﬁlijldlle&fbmhii’mtieh Walvezasah leak when
I n.accordance, Wit h, one 3 B éﬁof the ventlon a
e bSRAIF o it vt JeREdh aredeveisi A B2g W& ve body
with a substantially cylindrical portion defining a
[000FW Pl b degdbleit€Rdve Wikhiigle, luditvecuRbipetidd W@lve that is normally

closed and allows fluid to be drawn out under differential pressure. A normally closed valve
minimizes problems associated with spilling or dripping. It would also be desirable to have a
combination valve that operates satisfactorily to prevent flow until a predetermined amount

of pressure is achieved.

SUMMARY OF THE INVENTION

[0004] The present invention relates to a combination valve including a valve body having
an inverted bi-directional valve portion and an umbrella portion. In accordance with one
aspect of the invention a combination valve is disclosed including a valve body with a
substantially cylindrical portion defining a flow path, a resilient umbrella valve portion

extending annularly from the valve body and an inverted bi-directional valve portion



extendi ng annularly fromthe val ve body and an
inverted bi-directional valve portionprovided in the
wo b@#/1padh. The inverted bi-directional val ve pOT/AUBSING/016374
includes an interior surface, an exterior surface and
at least one normally closed slit extending
pibhide&ahaBien pathh Fheinvertdddbi-diceationdrvalye pbuioe irgfudeshian interior

i pverted hi-digecti.onal . val ve It i.ncl ude
T e e R
whéreiaakk exfid0 Srfath of fhe asemndd birirectionalnvableportipnondhdies a generally

conbi nati_.on val ye inc.udifg an inverted bi directiona
CQRSINESIPSH PPEIAR Shan theSHES P08 unbrel I a porti on

integrally forned with a valve body. A normally cl osed
[0805]t The présent invearibealsdprodidesciontmation sdlveinchding an inverted bi-

responsive at. a first._ .predeterm ned.f!| ui ressure in
SEFERpRL Y patied 5K 4 SR RPBrr EREpB it by Brg i pve boay
Afdofr8411ybids8€ it the TidRrtedVbiL BiekBond BVl P BshdrRive RE £HBNT S
transfer of fluid.in a first direction

pregeterpyRgd fidpregsutcdp 8 st drection &?ﬁﬂﬁa&raﬁﬁfgﬁncg ﬂﬁfdeigéltﬁfgmi n
digec,a@& O (it BIEJaBR JoRidA§hdVehis trhndifd of ieNy ih B AN ir&iGRBSY is

Irection. [0006] I'n accordance with another aspect of
resprasive glenterend, predeterined Epid prosgn i discpndgliiegiéen tg permit fluid flow
. [ :on.:valve with a substantially cylindrica
Hﬁgggg&%%ggﬁléging a central |ongitudinal axis and
defining a flomgﬁath t hrough the valve, a resjlient i
[0986]r elinjageqydanes with aretbar@bnegt efibrinygatign.fhepretenbinyentipa provides a
.val i nat.i .

oS B oD R R LAREATL o) Hoe el udinal
axinarglrdefiding ia-fivr dlt thonugh theaklve, qresitiénd pmbrella poxdiod axierding

Wi t-hi s.aspec f e 1.1 i
gty RS SR ot B ALE DGR, kbR iy Aot K Hrverca
bisdiksti@nt vAvd porpar. (e diettbdbildirettonahehlverjosticeio beaoglantrewith this
central longi.tudj.nal axis..The inverted.bi:directignal.

s DT ot arEP g RO ee R £l s o Bt e piRting
sibbiantedR tpependiOn gl 0 dhd altersestisg thel eéntiahidhgitudhal avertiednverted
bi-directional .val ve portion is ra i%IIy asynnqiricg& )
bigdjsgtionehenlvehfrtion has g Aigear gemtpupempepdiculan a the foary depeitudinal axis

stzh 16k FHRGhVePB@bi- KAl NEhaPPIItd RRtid 1s kdfallp QSyhetribA2 B the central
state is characterized by a concave exterior surface

loagigndinabatipy Bie igeerisil biftirestienad welve pertigeingtsmores, elaggdsate is

c%&r&%f& Ecglga\le%xﬁrief ﬁ?ﬁéﬂn@tﬁbﬁﬁvé&eﬁ bl 4 REcEieR VElve pétfon
Inverted 'bi -directional valve portion includes at

flxea sthewsibjestedtto o predeterningsk firad pripssuteo sldd intiseied bitdiregtignakvalve
o Ly S
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redaxdd thie and opens after the valve is subjected to a predetermined fluid pressure and the

inverted bi-directional valve flexes to open a flow path through the slit.

[0007] The valve body, umbrella portion and inverted bi-directional valve portions in
accordance with certain aspects of the present invention are formed of one or more
elastomeric materials such that the slit opens to permit flow through the inverted bi-

directional valve portion in a first direction at or above a first predetermined pressure level



inverted bi-directional valve flexes to open a flow

path through the slit. [0007] The val ve body, unbrella
w@eoositoraoand i nverted bi-directional val ve porpeDNS2005016374

accordance with certain aspects of the present

invention are formed of one or nore elastoneric
ariieheurhiakBa waliehporticn flexktdy shpandsivarsscand pesletermingd pigssure level to

t hr h the in bi directional valve portionin a
pef“in}tgté%dﬁaégctoin ﬁl%é‘%n%%'r above a first predeternined

pressure | eveland the unbrella valve portion flexibly
[0008] p oDucksa dv antegesd dsrinvaptiveiemehimitioe fuidrvelys desstibed/greip ¢ that the

ermt. . fl in ' [ e

vl e ot B R R R it Balds?Rget RaPkasliSongitions. The
castgeitiob ealvhproeidas a delashiatthe drsetvod flow uptibtherd essubfiiént presagire to

rotection.against, | eakage under Jo ressu . .
i sheo i SRR T on el GRE- TRy vggea i
ditdaGonsaie @lusdslspmding Fluld préseure bélswshe dHeaing threghokits uragntain the

to flex the.inverted bi-djrectional valve,.portion
S 83 legn RSt Pl e pafcd Fepsue e e A B he
inYeVSi- ARHIBRal VhRB Pbition fid Hxthn @S tealibRl ipeh tHeRbY periifigg flow
- threshold to maintain the slit inits closed position,
thgeweh thetapen glfpl i ed pressure is increased sufficiently

to cause the inverted bi-directional valve portion to

flex and causepkiFF SESCRIPTIORSF THEDRAWDEESI tti ng

flow through the open slit. BRI EF DESCRI PTION OF THE

DRAW NGS [0009] The above nentioned and other features
‘ [o%?lt 12 doBVERLARRed ARt e BRENE hi® Invéiton] dHdMEe fl#RY of

w 1l becone nore apparent and the invention itself

atwiitihg thembeilt kecome toresappargntapnd thsfinveahewitself il e better understood
fol.l owin i Dt b Q.. of ' B8 .

oy faftt g BRERER A3 fn S ARAALIRIE 60 uh Bftion teken

cahjactiogwith e @c@inmpanyif d@jvires,Grhetein's a per spective view

of a valve in accordance with one aspect of the

ovent i Gh . brinfhrdee
R0 R G P e e, O L e e
infvéfion Shovihing thehstitvnnty nbheallylciasedpmsiiiohpor flow in a first
direction; [0012] FIG 3 is a cross-sectional view
[@gﬁe?% . 2|isI 4 %eé'sg?i?gr tc!: +'I% 1 ,]ﬁut Ll% '[(1)15 's]ﬁo gn 20? £1%W in a first

Cross-secti onal view take of FIG
ditection;

[0012] FIG. 3 is a cross-sectional view taken on line 3--3 of FIG. I;
[0013] FIG. 4 is a partial cross-sectional view taken on line 4--4 of FIG. 1;

[0014] FIG. 5 is a cross-sectional view depicting the valve in conjunction with a container

wall illustrating flow through the flow path of the valve body;

[0015] FIG. 6 is a cross-sectional view similar to FIG. 5 illustrating the operation of the
unibrella valve to allow fluid flow in a second direction through a flow path around the

periphery of the umbrella valve portion;



[0014] FIG 5 is a cross-sectional view depicting the
valve in conjunction with a container wall
wo bdosgiqat i ng fl ow through the flow path of theCcwabwes 016374
body; [0015] FIG 6 is a cross-sectional view simlar
to FIG 5 illustrating the operation of the unbrella
(006 v FIG 07 &lal conws-éational fviewwpfianothersspashef the ingentiogvherein a support
t hrough.a fl ow path ar | ‘e
mgsin Aan Tt G RE FOe Bk ARt ARG REL b oot i vatve portion
andlr 0Ss-sectional view of another aspect of the
i nvention wherein a support neans is provided to

o A% 8 Rl i by QHBR A ap imered o

digeagil vdlvesitial dfagombmatied waveiin aédovlanceith erechspect pf thppresent

_inverted bi irectio val ve.portion of.a .c i i on

inyeRigR 27 SpRe ot il SRR Mt gy Bog LR

conib¥i@ifibh GAlv@s conpared with a duckbill portion of a
conventi onal duckbill-unbrella conbi nati on val ve.

0018] Correspondi ng referenc har act ers 1 ndi
B dspbmer R Pk B GRat o B-e g R POl Brout the
se‘%rﬁm&tﬁsﬁ A‘lth@ugﬂl_rtﬁé/\ﬂrﬁ@ﬁlgﬁ é&@fe@&ﬁ ah edbodhmbiadif thepresedit itveetion, the
present inventign, the awi n are not necessarily .t
crB g ars Al REGT T G Al AP EETTHy S TG B PREE SR e
bet8r MELtFRL addlkpiaintBd SeRRfinGloRl TheleRE@nPIRaRHH set out herein
I nvention. The exenplification set out herein,

illustragestan ambedinmntaf sdnyREHEN. 3 OB AP Aghsxemplificgfign is not to be
§ Q0 AR GHe EXETHH thé ink@ioRh dry et 0 be construed
“AS |n1p|ﬁ§&iﬁ% sgope og'thg injghtigg'in any manner.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON 0019}3 Al |

docunent s ciPEEAHﬂﬂ?Dﬁﬁcﬁﬂq%ﬁ&@FaﬁﬁnJﬂﬂgg Bhor at ed

herein by reference; the citation of any docunent is

not to be construed as an admission that it is prior
[0819] WAl Hoqugeptscited ayeitih eelgiapinart: incerpetated élﬁr.elr{lzyofzgffen% dhe
enbodj nent  di scl I [ t, 413 AR ;
cBERS ST Voo b i IRF & R o o B RRIRE 1O RS apt it respect
todths plesedethvértionhe fol | owi ng detail ed description

Ratlhler,OI t he enbodi nent is described so that others

| i n the ar. il.ize.-j ' . ..

P 8P PR L 8 e SR bk o
inlventRAtid e precise form disclosed in the following detailed description. Rather, the

embodiment is described so that others skilled in the art may utilize its teachings, but

represents only certain manifestations of the invention.

[0021] As used herein, the term “inverted bi-directional valve” refers to that portion of the
combination valve having a structure similar to a conventional bi-directional valve except the
flexing portion of the valve is inverted with respect to the substantially cylindrical portion.

As a result, the inverted bi-directional valve described herein can be characterized as having a
generally concave exterior surface, whereas a conventional bi-directional valve has a
generally convex exterior surface. One example of a conventional bi-directional valve is

disclosed in U.S. Pat. No. 4,434,810 to Atkinson.



[0021] As used herein, the term"inverted

bi -directional valve" refers to that portion of the
wa@eovbiinab? on val ve having a structure simlar POI/ES2005/016374

conventional bi-directional valve except the flexing

portion of the valve is inverted with respect to the
[0822) s t Wiith keférbncedyitialiyoto FEGS. 1ribrou1glmﬁ of the deawiegsuit will bheeen that a
cogﬁa %EIF d 196'3 1(5j ﬁl%%&%;ﬁlﬁlgg w1t}{ % %890% %f {he E)?eg%lg \%v%}elt%ngl?au&g a valve
baosly pbaoe 12\1\&@1@@ mallownmmmmﬂa Icyllu1dndalrpecttqndr4alleﬁmag g dlow path

S e a onye surfac
1&?10381&%\? {Yﬁ %’a Eﬂ‘e g’%i’?ﬁi onatFm\lx‘ﬁ?"%S oge GRS |a%gr28‘%d pi-
ditdcfionaPadlve Patiorl #e4ind kA 1ﬁténoé\fskﬂfa’a:§ Qo, z{n@iﬂ:ﬁbr éMfahe 22 and a slit 24
reference I niti IIy Q. FIGS. 1

e acepte Do bes Qb st iLretetbe it Pl Eppirmagporton

ofithe ﬁ@&%dﬁ‘-ﬁﬁ@ctﬂ&hfll RaRB €018 BEBLated aryd@eleafHe rmte 1e Bf fhen
i ncl udes a val ve bod %b portion 12 including
€

subgiprialin eyindrigal pprtiond L he embieation 3ave 40 gee }nﬁ}uf%@s aafeflllewumbreﬂa
p%ﬁé&t&nﬁfn@%ﬁﬂul&ﬂ}ﬁﬁéﬁ LY SpReily erél%tf thU\%l\)é %'oblyeli)@ﬁ[e (;lf%klll in the

termnates at one “end in an i nverted di recti onal
artyallliecqenize ithwn the @ntheahia ryglva potting &6 isgiot hmrtﬁda@éve% at gpp end of the

aﬁ]%tb%ﬁ% 8{1‘: coltld fb%%%teﬁ@ Qllﬁqm Pﬁjt bit th%\é}al%(lg&ig)qF N§he valve 10 in

er ebet ween sk| e art recogni ze
actmlandc hethadarﬁcuhEﬂbeerps)oﬁth@premﬁ inmention veeaftugifary molded
di.recti.on ve, coul d be cated anywhere al ong

CQtnﬁteuch?\ﬁ’?ﬂe f? fileﬁ(g)l Bl%tf) BReS ar 61;’/H%cyl i ndrical portion.

The conbi nati on val ve 10 al so includes a resilient
[0028)r dhlita npmlaﬂ,i wnstredGdetates mileraip thewliiRdd qlos{ed,cﬂn Gmerior surface 22

o 5 B S5 B 2 R b b
sulfﬁcléiﬁ preldeteintiael] hdd peksuge, die m\mete@hﬂdlmﬁ:tnbﬂabvalﬁ peetidrodyflexes and
; coul d be extﬁ fron1any part of the valve body
the 8lit 20peRs a5 @B 1 2accor dance with particul ar
enbodi nents of the present invention is of unitary

[00D4) dedtheoviswsdatih BIG. Bathe inferted 1f>1|-ch1>ebth1irﬁl vaNeq&tﬁmﬂrSi has a curved
In i.ts_nornal

mat er | 02 r st at
coiit &1 S apqut 90 11§ SEALUBHe 28 A RGP PPS hpilpasly
codbtahttedibdWRuEARrd30. ditc@Gisiof Bavatv|28@rdarblly 0iBs dBtht Sentral
general ly concave. When subjected to a sufficient

lopgidirkass Heef the Rallewprubsiantiady cylndricphnortiond 4-
bi -directional valve portion 18 flexes and the slit 24

[Oﬂpﬁnm BIBWEU dsin Fi624, the ilveRedbi-difeetiondi @M oason 1r$ Hak &linear
the inverted bj - dlrectlonal val ve portion 18

CO@iﬂu(, éﬂox@equosy]ast;gryla}(ly]Jéqnn@htio\;}é%cegm}d@nggﬁdlgg(ll axis ¢ and fa)a?rallel to the
axG b CaEVAR S 28 TRRY RN ifVSE A BI-dirddAsha P Pal AP fYBIefis ¥ radially

asymmetrical profile about the central longitudinal axis 32, having a curved contour 27 in the
plane shown in FIG. 3, and a linear contour 34 in the plane shown in FIG. 4; the two planes

preferably being normal to each other and containing the central longitudinal axis 32.

[0026] In accordance with a particular aspect of the present invention, slit 24 is formed in
the inverted bi-directional valve portion 18 and extends along the linear contour 34. The slit

24 is normally closed and has a length less than the diameter of the valve body portion 12. In



constant radius of curvature 30. The axis of curvature
28 preferably lies on the central |ongitudinal axis 32
w@booshes4bol | ow, substantially cylindrical portPONUS2D5/016374
[ 0025] When viewed as in FIG 4, the inverted
bi -directional valve portion 18 has a |inear contour
ac@dtdmcﬁ emﬁl@drt@u bsteein bf tk presand mamumoth@ skt 24aipfersggts and is radially
Ion I o the axis of
Yeur va Ur e& eC@EF’htﬁe §6%F qgn @é@%l g'l 2 -directional valve
portion presents a radlally asynnetrlcal profil e about
the central |ongitudinal axis 32, having a curved
to I [ Fl G '
0B8] s e sl s Gt
bady dPesd maeﬁw mﬁr;st bﬁuldgemmngl mé¢ngbeg swsh as hemtaiawdvall 36 covering
011%05{5] %}%Iaenﬂlgg pass%%ewaysp éi,a (%efl 8&(? | éolillgallrg%ltwag?ak S II]n acco Qn%% gx]lthltﬁe valve
10 shy@Atin PIGS. S |ahdl 6,2146 Wﬂvef mfdy'&ﬁ furthef ineludmkegehadlly annular retention
bi-direction va 8 and _exten | ong .th
it S5 eOQY <R V£ sk Sp@ e P ey e TBEEd) R
conBinef wh BE! Dndbesii pbhai 26 enddinalledeeted Ofaiidh ﬂul\d&bs)tﬁuﬁﬁgiﬁember
ortion 12. Inaccqordance with certain aspects

eegrt foid Epmiflowing theough passagawan % r Avtoenap EIC? $ whén the fuid

préégﬂeQﬁ b uﬁmlfebﬁonV@xE&dE 5?}@3&&1&1@6@ BROURE Bnbalila ortlon 26 will
l'ongi t udi nal axis As shown in FIGS. and

fle, to apnmit Bwid tmiheve pp‘aar'é @roum@ﬂile peripherseridle wmbyglla P The|fhud being
ch@@l@ﬁ aﬁg ez%g cf'@y SN uﬁ&@ilzﬂﬁc}m(ﬁ 34 1%5}91 hEREE AbtHeNBe same as the

a cont ai ner dovering one or
ﬂlﬂﬁ) Pming mlnrdu g@hvé@ sIn38catddncqmwith bye pedtal the presertinvention,

urgle{all ?(f % RS aBO CF;/ et,]ai%sh rt})/?‘ll%m enlsz%% o1rglwﬂ transtg H?thr(f%)gh flow
pa‘ﬂmmzlnﬁlrmv@eteém-dlmnﬁ]haangee pgati@antB.general |y annul ar
groove 37 which engage the mounting flange 39 on the

[ngeﬁg t a\k/’r{ﬁ thew%g\{e %scnb& ‘ O &10%% slh? 94 %91 T gﬁ%%%lé%gh%s seen in

ed again estralning
Flﬁ u Ioﬁ the rdeawifigso Wisncprédsure ldgferqmsmgmmmyc 113&ﬂe<Abi—cﬁfeoﬁwnal valve

6, when the fluijd in th . .
e g i

19kt PestPnM tb khefpr&¥urt QifRmIAI evehtuhily ¢asihp ey slimMatb @pen as
around the periphery of the unbrella 26. The flu

sepieitrig Ce b ot 1hs dragripes, Lreerpsa gty aflewsdopyard Serieropgh the valve 101n
thP Qfridi8R 1r%§caf€ﬁ36g tl}tiéll'% rroReRLin PRG. 6% thd cﬁlﬁwir%gE'ED@l%ehh@f i a

passi ng throug w path 16. In accordance with one
comtinet causes a viewpn énsidgithe qepiamer Gat WIMr%vseﬁheaurp‘erplﬂq ReAtigna26 to lift

SRS PR gAMLl

cdntaingic pbieploceathe flaldweangfomred foom ﬂ@_contamer through flow path 16 in valve

10. Flow continues until the differential pressure is reduced sufficiently to permit slit 24 to
close and the inverted bi-directional valve portion 18 returns to the normal closed
configuration and the umbrella portion 26 returns to its normal position sealing the fluid
passageways 38. Accordingly, fluid flow is checked through both the inverted bi-directional

valve portion 18 and the umbrella portion 26 of the combination valve 10.



[0028] Wth the above-described construction the slit
24 wll normally be closed, as seen in FIG 1 of the
waelc@siings? As a pressure differential across tPer/US2005/016374
inverted bi-directional valve portion 18 increases
above sone presel ected value, the inverted
[0029]di Whidd the nmateriabofiwdrigiothe valves g qonstrustedican ﬁﬁ@ﬂﬁ trisgregigxtent

thtﬁ EI%F%E%S gwfl%h ghe Jn‘?ertgg I)L?i&cugﬁé? Fﬁdl{ﬁﬂﬂrg lac@afl’\%'s el %)_}E% f§1l ﬂctw and

n-as seen in rawm ngs.
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t he, dlrectlo ar r ow, 6|n
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cHaAgts Gife aindtacofpRsks rdirtd® opanslaRAeLikewit, the ithowdubgessure

the unbrel | ortlon 6 tolift u i.pheral |
e R B HEP L S APPAR Postt6F B i g upon the
thRRABGS O LWAMSI1SFortiéh BBl ROtRPALAdINEr and repl ace the
fluid transferred fromthe container through flow path

16 in valv I t til the diff
108305 SaFErGnreif ot St PLPEREF Ly eHiPniE capf sy Bl 105

proViaSEwaAR S nlehies 40%ﬁ§u&>?&uhg thd iit@edris@fiak 20 af ie 11Ii¥éf'tédl ‘@Mdn?e&lonal
returns to the normal cl osed confl)g ratiaon

vaIYﬂolrf%etp PEevpBreveEs g (PBRasindow gainls phe g%?‘% | Aillustrated in
@l e pem E§46 fo blﬂ)p@ﬁﬁ% ALENRYSr safFace MDA iRedritd bi-bikdctonal

ow I's checked t'hrough both the inverted
vabye kR qoemnsmasmbammﬁy pdingfienh tubg 42 dispesaé in fhp vaye body 12 adjacent

th? gr{térloq @ur%a%e %"ng 11%%%@('1 ﬁ%ﬂe n\!tP\LaY\% 150 150 Qﬁ%ﬂ%'t&lﬁ 42 can be

teri a e val ves are consttucted can
madd eahy metesdalprpaie efgreviding He npmm supporh to mibvenhreygrse flow

[ nve rte di rect I I n
R G 2h i EGUOARy APs ORI R o Ryl 1R e
méfiR[Fer uppdrthey taintaios eurfzma 2OIbRhe Anvertdd-dimétionsinabyetlBean be a

operati ng pressur the t

' f the.
sepRte el oo & kel st U8 pyBS P sbiegg" FRojdEcp pth another
crdbGHiAtnt Ohe REARTON RppcRang the thidridr OReide 30 bf thd dveltéKisiwdirsetional

t he anmount of 1g%ressurerequlredtof ex.upbrella .
vadst 18 a8n bog PEssE bﬁ@ﬁ%&f&%%ﬁ}%@%@%eﬂgﬁgﬂ @gwéﬂﬁéaﬂmon 14
oit theviitd 6d19as S FefhetBleeiht theRR doliMbe 28 iASzri¥§latt o@&e%ﬁ@ body 12.

factors. [0030] In accordance with one aspect of the
present i nventl on, the conbination valve 10

[093 8y i HescPombimgtion yademk) of b RIFSCRUIBIBHIPR Fi tt@rPéOquﬁ?%Ini agordance

with boReRHAG ﬁgldfn@%dhﬂﬂflﬁést e BbmbthitRmtvaRBab WRkpRaliPbd Made of a
prevent reverse flow (opposite flow path 16) through

mplylablg lelastomaric mgterlalI didastomesspsphyl fjagpordance with iheeserignvention
‘Ib%%%]ﬁar ol %lgllﬁ]lﬁteh IBF’L Bﬁlg ok BF the o8 Eiteo@iud MNGiel lrﬁh‘(&fat 8duld be

conprises a substanti al
reswbntrtd pllqvathe tvalve tod2tudi togbsedmalrlosaé pqsamqpemmydyesglge is reduced.

In ac]corglance with certain embodiments, the combination valve 10 or individual components
of the valve may be constructed of one or more elastomeric compounds selected from the
group consisting of nitrile rubber, hydrogenated nitrile rubber, butyl rubber, styrene-
butadiene rubber, natural rubber, polyisoprene, silicone, fluorosilicone elastomers,
fluorocarbon elastomers, ethylene propylene, ethylene-propylene-diene polymers (EPDM)
and combinations thereof, In accordance with certain embodiments of the present invention,

the combination valve 10 is of unitary construction. However, it is not beyond the scope of



the interior surface 20 of the inverted bi-directiona
valve 18. The cylindrical tube 42 can be nade of any
woriosni@b7 capabl e of providing the necessary SPQPUS1005/016374
prevent reverse flow through the slit 24, but
typically will be made of materials such as netals or
thp pimsdnit wentibheo medwes thoyalvuldom p pgqulm;oﬂ ipgigidpgcomponents
rface inverted bi-directional valve 18 can
hﬁangv%Q %omh&}ucture or an integral part of the
conblnatlon valve 10. In accordance with another )
[oem] odiheenmbingtien yabeerdssdriped S this drvention maedd ysed i aoyariety of fluid

%}éf geCV?ces suc?xf as & eh%\ﬂ? ﬁ&)ﬁ&g d t%rgétr §ifnl 16?&@1{) of Xtﬁer]fﬁzlcfs%ere it

re whi iI§'s | sposed in
is ﬁbﬁredyd pemhmfbad of flwid in@ne didectibn,tbyetovpad veat 1bfm|1yt ftpzvmg in the

ns G
onpfEta g Eenpg i R Do e e R b6 BBl e
pibtided) BB mbinati@Nal@of derprésentinvatioes nbﬂpaamﬂHrUdeEd to any
wi t.h conventi onal .nol din. hni ques. .The conbi nati
SRy ATRBSIGRY 91 CPUBIBBI YIRS AL B 5t Pdhcton bi¥erly
ufeA$ 1évﬁigﬁi'éth@cy ORbREdtAb parlEing®isO FRIwRvers §bichl dp@raaﬁgi Preckafc e
with the present inventiqn are not art|

diffesentidgjagsess theripyarigd pidigictip Vac}m)}?% q 1§ Iga)h%% oﬁg40 t1} Q0 inches
of Wh&' ﬂ)la(gpeﬁﬁg ltﬁeqlogﬁalfyec%sjeﬂ S ater Blid AW e MabitRn beflow path 16

return to the nornal | osed p05|t|on when pressure is
and@dﬂayeuressure chﬁ@remtuéﬁﬁ@ouﬁ 35inchsp phv HeriRp et ymbejfa portion

F?liuﬂéﬁdwp@reo\ﬁgh Ylﬁldgpgssgé (ﬁ gggg“ AvalowsoneRn %nsﬁsep&f Auerlow

ve may onst one or nore el ast onmeric
b&gmmrao sppisximetelydduthbs Hif fdigheginvarisd bosisdctipnah gowipn of a specific

AR TSRO 0 0 e

dplb ¥l tgsepvabiee The délacmrtmid flbw osospbiids tnlessdbakaoarerdipping through
quorocarbon el astonmers, ethyl ene propyl ene,
NYFene propyl ene- dlene pol ymers (EPDM and
conblnatlons thereof. In accordance with certain
[098j0dA FBIvE $0 of the prsqnt @sentioninmyehetinatailed e veseahisnchas 2 equeeze

val ye 10 i of .unit tru ver,. it is
oo 6 O etz Barls SRBTHG oo o BB G, pelset fuecres e
bdf1&) Qh’&ﬁaytlﬂcﬁ%a\éﬂig\ﬂﬁe Prbsshire Gvithin tmb iitéior biyd thé ptoeggnre/d)ﬂigahqmd

conponents havi ng.varyi ng conpqs

OB E7 B GitaL ATt Ot WTREm LRy BISPREH oI be

féé&grlﬂlﬁlsdQC%@ reheEdliY 206pehnk B e hfveﬁ&ﬁﬁrdue&wn@mm wohiodd 8iflexes,

T quid product di spenser, si i n ot her

Pefmleﬂtlds thefigpid 1 pass delighithegpen @hfggrami ﬂntﬂ)}@wn@fenf | B @e pser
re?&gesqﬁé' Gt %'mﬁé%nt {eglélgﬁv\(ﬁ/vo? S Ho&lefdréﬁ@1{ th Qﬁ%aﬁg ahdrebiBife its

posite 'rection an ere a flowor relief action
omgmztl lshape tiwoehiytlewetingdls prossuisiof theb@terlor below ambient. When the

ambient pressure is sufficiently above the interior pressure, the umbrella portion 26 flexes to

permit air to enter the bottle through passageways 38.

[0034] Orice the bottle has resumed its original, unsqueezed shape, and the interior pressure
is sufficiently reduced, airflow ceases and the slit 24 closes and air flow through passageways
38 ceases. The bottle is preferably used in an inverted position so that the liquid contents

bear upon the inverted bi-directional valve portion 18. Thus, when the bottle is squeezed,



provi ded. The conbi nati on val ve of the present

invention is not particularly limted to any specific
wa@lRovsnsidons or operating conditions but can bePCT/US2005/016374

manufactured to function properly under a wide variety

of operating paraneters. However, typical operatin
oqty hgmlu passei thioagletht valve 1Gdrstead of past hl%%mdemrt air. Insucha
colnﬁglhraﬁoqic %he\(}g\%étex ? (Ylﬁacﬁ&{ai {fﬁ% %ﬁépr%@rﬁhsal}ﬁ OS é%tdeqlnﬁpﬁ)le user
sqdédezEothe bbttied flom1|n the dlrectlon of flom1path 16 and

a flow pressure differential of about 25 inches of

OBy e O e R R R E A Shar etict g an
opamreh thof refthmsdhef ﬂlud/tdnlaagirmn att vaggvesuumaoraither tanandlely ecting
i ?C; ?Oa t he | d bi -directional portion of a
18 SEET 19 PR BHS ?? lLvalve in accordance with the
i nvention conpared to about 4 inches H2O for a
[063& Kk Qirbin theygheve &bwikk be §'e|ee t}dethayordsmtﬁﬂvahﬁbﬁprovides a combination
orresponds to |e s ka e Fng through .t
5 GEPRRge s PR G SR PR DR PRl b e
pxbﬁdbﬂﬁéradlde& delhy'lplﬁbr\tceﬁﬁ @hses Uf;lﬂuléﬂoﬁ is g wiagle elabotrietie p{rh ot
shomn) containing a liquid substance. To operate the

I h .
R B8 A T SO S PP R cppgimens o

thB ErﬁzSﬁthtfnelt@sf toibb andldrﬂ(bbddhaglm ingdntibi & riohk@itédid these precise forms of
dlrect val ve 8...\When t sure
PRI 4 BIEE TP B e arin e P SR of the

myaﬁmhnverted bi -directional valve portion 18 fl exes,
permtting the liquid to pass through the open slit 24
and into the anmbient. As the user rel eases the bottle,

s F1HRR9Rt resiliency of the bottle urges it to

expand and resune its original shape thereby | owering
the pressure of the interior below anmbi ent. Wen the
anmbi ent pressure is sufficiently above the interior
pressure, the unbrella portion 26 flexes to permt air
to enter the bottle through passageways 38. [0034]
Once the bottle has resuned its original, unsqueezed
shape, and the interior pressure is sufficiently
reduced, airflow ceases and the slit 24 closes and air
fl ow t hrough passageways 38 ceases. The bottle is
preferably used in an inverted position so that the
l'iquid contents bear upon the inverted bi-directiona
val ve portion 18. Thus, when the bottle is
squeezed, only liquid passes through the val ve 10,
instead of part liquid and part air. In such a



configuration, the inverted bi-directional valve 18
prevents flow fromthe bottle until the user squeezes
wo b@shodadt e. [ 0035] I n accordance with anot her PEEPSZTNG/016374
of the invention, the valve may be used in an
operation that requires the fluid to be drawn out
l.undeX comloivaiivnorlvetheprisimans of subj ecting the valve to
a pressure differential. [0036] Fromthe above it wll
ggn,za?\%&etbgﬁg 1ntc{&81n@ aesﬁl?s?a nﬁ%tl@yc%rﬁ%hgcr?\llg&ﬁon ge“:ii‘c'mn% a flow path, a
refilierd umbcdla galat pardiby extmﬂutg’ amnulaﬂgd fraun themle Body pod 4 @merted bi-

that provide incr rlor .tq t.he onset. of.
it P Y P R T TG S Tl et P e Ga B it vave
portie d‘oﬁlplﬂiﬁes@il iatpriiarsaifie, fedxedrior slefics arlded lacrunt nbiially closed slit
i ment,s of the |jnventi.on

nb
’fﬁ%at r ereﬁaf Ggn Fl}?\?éﬁwfowﬂ"ﬁ%e e IPY?ﬁeflé’Hd’F%Pﬁg??Eé’%“’e

po@ﬁ&ﬁhaada‘sqrgeﬁermy cRpae 3led peifih WhaH the Hiangasseany be
made therein w thout departlng fromthe scope of the

|nv i on, . \What s .Claimed is; A copbi nation, val ve
o SPRBRSON A A BERaRoRcT I S BTHSRiE R i g verted bi-
dlf‘ehfﬂldﬂaﬁfdlfeaéom ib h&¥matle tlofddnad & &éﬁéﬁ’slﬁ@i’ct& fir fﬁr&ﬁ‘cehhﬁ@& fluid
unbrel l a val ve portion extending annul arly omthe
Dresgyg o pRsEypaid sHE 19 penyt Bow e first diffrfiecanddheaimbigila ealve portion is
noP@AIly Qe T&\ﬁréiz%ﬁltlﬂgrﬂ(fv@indché fiRWiRetidh Mﬂ@feﬁib Lte%%nswe to a second
invérted bi-directional valve portion conpri
predeteamingd flgidressere taperekifloriine seaond dizectiand at | east one
normal |y closed slit extendi ng therebetween, wherein
3.t he ¥ tehbiRkticiWalRELaRbrdhil® vhﬂlvcﬁdflﬁ&dwpérelq S Q) Slaf{irst
val ve portion includes a generally concave curve
dingetiqni compuiprsflovhef adiquid dlengel fiysteandthway afih the dlomtin maedood direction
im1l wherein the slit in
COMﬁgxﬁgkﬁhéyéygyﬁggﬁgg%?kghgkgvaIve portion is normally
closed and is responsive at a first predetermn ned
4. | uiTe porabigafion velye dpessorlaiag vathi dlaimg whareih thefigwed hi-directional

vafvle L&t 11q§y(§l Ei 'tc?ﬁr f}g}gdettaﬁuﬂéﬁtﬂ!’o@ fiu?z? %I%Ls\ﬂ?es {l))ﬁ £et l%aI%FISdt fiches of water.

nor ma ose reventin
di rection and erX|ny responsive to a second
5. pr edée epmbingitpnivalye ¢f plpiss s whereinghgembrictla v4lwgporiioneextends

anﬁlﬁ%g}plgoﬂloﬁg gﬁd ﬁq}é @alv ‘lﬂ%ﬁv\ﬁ c{]’:ﬂé Oﬁ(f%gghfy\{ajm\{ﬁatés%t p sec01t1d end

acc ance t erein t ['Ow 1 n
thereof in the inverted bi- dlrectlonal valve portion.

6. The combination valve of claim 5 wherein the valve is constructed of an elastomeric
material selected from the group consisting of nitrile rubber, hydrogenated nitrile rubber,
butyl rubber, styrene-butadiene rubber, natural rubber, polyisoprene, silicone, fluorosilicone
elastomers, fluorocarbon elastomers, ethylene propylene, ethylene-propylene-diene polymers

(EPDM) and combinations thereof.

7. The combination valve of claim 6 wherein the elastomeric material comprises EPDM.

10



direction conprises flow of a liquid along a first
pat hway and the flow in a second direction conprises
wo b@d/1od49mi r al ong a second pathway. 4. The coP@I/Ns1008016374
val ve in accordance with claim2 wherein the inverted
bi -directional valve remains closed to first )
8.pr edibe epmbinetipnf Jabiw of Plairg 1 frrdws earergisifg regant Basuppeging the
. pnches '
il P of % s o DRI R RO PE 1 Ple EceBhdidction
thfoughthe skt iarick infertel di-diadctiendd @dye and the val ve body
terninates at a second end thereof in the inverted
T Lo .
e
cydahdtsdabmbe dispased @rsagl vabelbedy sljackntahe inkegiogsurfape of the inverted bi-
&9 ﬁ IQ% of nitrile rubber, hydrogenated nitrile
TGB¥%F V8%t v rubber, styrene- but adi ene rubber,
nat ur al rubber, polyisoprene, silicone, fluorosilicone
1Cel askherembinatidnsaivecd claon 9 sthasimsaet ¢lingidal/tubais press fit in said
| ene, ethyl ene-propyl ene-di ene pol yners ( EPDM
Wﬁﬁﬁﬁﬁﬁnb|natlons thereof. 7. The conbination val ve of
claim6 wherein the elastoneric material conprises
11IEPDM 8omblitkgtioo oalye nahpriamgral ve of claim 1 further
conprising neans for supporting the interior surface
of t
o @gbég%h\élgf d%glln?lé% '\/5195’{3(#??/%{/ cc‘-!rﬁra]i %Pgﬁ?d\ﬁ‘faﬂ il bfM¥efining a
flow pﬁh tlecughi saldlvah/e,ta mmhéntwaibr/aéla pértioil bgtedtimbammalaily firom the valve

| f cl .
g s el Pyt naineel Gl R pC R YR o yaie
pdsly adj acent the |nter|or surface of the inverted bi
directional val ve. 10. The conbination val ve of claim

9 wherein . dri cal e.is s f ai d.
val VB By D fifoond] YR B Bt i i ibu g ois of
cuswifgt aftbrndidd ybaytialigd pérpaddicndily @o habhitehastingGaid cemil [aalgitudinal
| ongi tudi nal axis and defining a flow path through
a&%aid valve, a resilient unbrella portion extending
annularly fromthe val ve body and the val ve body
t er nhidahergd Hltdiﬁﬁﬁ@faﬁvdl'l?@foﬁiﬁlfn liaRing 1 lineatebhtedr perpendicular to said

|rC|onav ortion,. . . . .
centralqong?tu inal axis suc tﬁat t]?e 1nverteg ‘bi-directional valve portion is radially

asymmetrical about the central longitudinal axis;
at least one normally closed slit formed in the inverted bi-directional valve portion;

the inverted bi-directional valve portion including an exterior surface having a

generally concave curved orientation when the slit is closed; and

the valve body, umbrella portion and inverted bi-directional valve portions being
formed of elastomeric material such that the slit opens to permit flow through the inverted bi-
directional valve portion in a first direction at or above a first predetermined pressure level
and said umbrella valve portion flexibly responds to a second predetermined pressure level to

permit flow in a second direction.

11



the inverted bi-directional valve portion having a
curved contour about an axis of curvature extending
waumstiaqab? al | y perpendicularly to and inter sece¢gSmas/alic374
central longitudinal axis; said inverted
bi -directional valve portion having a |inear contour
12rJ er peedbmbinationt \Kalvfe&if dlaime ht threind]mﬁﬂstmtenﬂdm iaxlong thedlow path
t the inverte direction al.ve ortlon '
g a‘rarvr oady e ek it gt P i e Capvitg e first
difb¥tién whdreih €R&1in GRGedAl ARtdtion 6 B&R Unddr itHe vntbréld/alve pbitn to
inverted bi-directional valve portion; the inverted

argynddhe pEippeAersPdl ve portion including an exterior
surface having a generally concave curved orientation

130vhe mHeRemBinhiion wlvelopsafh 1 Bivtlerbiahe/ Bdedodaemly liesiffarpiink &vhich is
portion and inverted bi-directional valve portions

nop@plig aperone glaps cufaypg hecpye @@WFaI such that the
slit opens to permt flow through the inverted bi

14di 1 eeicomBinatich vaB/edP tlain® 13 ivherdinfthe it etteidd@idng thedlined contour.
above a first predeternined pressure | evel and said

unbr, alve rt|o onds
1%re ReioroR it s 1 Sheeth ERR ARG lshng o § a8 mdinat
axgecond dlrectlon.12. The conbi nation valve of claiml1l
wherein the first direction is along the flow path

rom.t he alve b h.the slit.an he se
151 1 R RO Re DR D b BLreE it e B i respect
mwmﬁkﬁﬁﬂl&kgmmhﬂakﬁe second direction is fromunder the
unbrella val ve portion to around t he perlphery

her 3. .The. c ve of .cl a imall erei.
1 e v Glre o Flat ) MBers S RadeRiom s sty
coRstHRGAdItk ¢l canaueomémiteiarg ofb@venreyed contour. 14. The
conbi nati on val ve of claim 13 wherein the int ext ends

al o the ] inear contour n val ve of
1) o ke PR, R B 17 P Rireihais Fve o R et
geln@ﬂa%hmeéte@%hﬂangbﬁ. The conbi nation valve of claim
erein the slit is radially symetric with respect

tot tral tudl xis. 17. The conbi nat.io
19,91 v s Biraten e e e AT Frtot hmptifiog Sieuy T Ripgoing he
infeMbsi@fatd ¢ the/inverted bi-directional valve.

20.  The combination valve of claim 19 wherein said means comprises a substantially
cylindrical tube disposed in said valve body adjacent the interior surface of the inverted bi-

directional valve.

21.  The combination valve of claim 20 wherein said cylindrical tube is press fit in said

valve body.

22.  The combination valve of claim 11 wherein said valve is formed in a unitary molded

construction.

23. The combination valve of claim 22 wherein said valve is constructed of an
elastomeric material selected from the group consisting of nitrile rubber, hydrogenated nitrile

rubber, butyl rubber, styrene-butadiene rubber, natural rubber, polyisoprene, silicone,

12



constant radius of curvature fromthe axis of

curvature. 18. The conbination valve of claim 17
wob@saidot he val ve body further conprises a gePer/abiops/016374

annul ar retention flange. 19. The conbi nati on val ve of

claim 11l further conprising neans for supporting the
flyopesdicions elatiorhers,dluofoctthen elastemérechtiyilend iprapyicne milylenadpyvaylene-

ti.Q al ve f cIa|n119 wherei n said

(h&%gm rﬁ%ﬂﬂwy%ndcmnlnﬁgﬁ?lafﬁy cylindrical tube

dlsposed in said val ve body adjacent the interior

surface of the inverted bi directional valve. 21. The

conbi nation val ve of claim20 wherein said cylindrica

tube is press fit in said valve body. 22. The

conbi nation valve of claim 11l wherein said valve is

formed in a unitary nol ded construction. 23. The

conmbi nation val ve of claim22 wherein said valve is

constructed of an elastonmeric material selected from

the group consisting of nitrile rubber, hydrogenated

nitrile rubber, butyl rubber, styrene-butadi ene

rubber, natural rubber, polyisoprene,

silicone,fluorosilicone el astoners, fluorocarbon

el astoners, ethyl ene propyl ene,

et hyl ene- pr opyl enedi ene pol yners (EPDM and

combi nati ons t hereof .
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