COMVBI NATI ON UMBRELLA AND | NVERTED BI - DI RECTI ONAL VALVE
BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates to conmbination fluid

val ves, and in particular to conbination valves
conprising an inverted bidirectional valve in

combi nation with an unbrella valve capable of

provi ding fl ow responsive to changes in pressure
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Current conbination fluid valves inclu ose of
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ont fgﬁ . chanber via the unbrella valve
Eort gﬁﬁe PPst flom1path and al l ow a second
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flow pagh. fHayevat, itz dupklsﬁ arten ol theoraingl tygicalyggeddssainielimited prevention
of flow mi tierdispessingdiodstiemendsmdeilatelr wildttvelydbvlpresgurodifferentials. For
examplgr dygibileumbrtllavenintinalico vabesleghr bk evlien bsedeina conjunction with
contain@®abliquad thetare uakn&l dutiap ueper at es satisfactorily to
prevent flow until a predeterm ned anount of pressure
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valve {HRPOHrOBs SNRLRMBrATRS Blek et ARV LM a bRdACERRRRGEUW dtbressure is
achieve@N€ aspect of the invention a conbination valve is

di scl osed including a valve body with a substantlally
cylindrical porgunm el ONTEaNUEROALN, a resilient
unbrel la val ve portion extending ann arly fromthe
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directio v%p%pxagag udessaagerady p@q@a\v,eap%eq hegl the slit is closed.
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fluid prospuse fup rst wirgetionrtg peeiit dendleroftitnig ér thetfirstrdinestiear Bie umbrella
valve partign dpréventshigarfsfer sif thid elot & dirst Jinestiontané| ik aresppabive at a second
predeterporetifiond preewerit s stqad dirertioofto Hrmickhiid flawfin tietsecond direction.
direction and is responsive at a second predeterm ned
Ifi |agiatdpree swithr enadther aaspet @fidhel imeatiom rthe ergger nhvtenfibuoipdovides a
combinafiblowalive withe sibstemtth!ldicyBetricahvalvabalydar thgricentssltlbngitudinal axis
and defigingt lew @gphedugh the gvel Avaiiichommbriehep@ties entndifyailiadly from
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cylindrical valve body haﬂjgg a central |ongitudina
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and defining a flow path through the valve, a
resilient unbrella portion extending annularly from
-1-0 the val ve body and the val ve body term nating at
an end thereof in an inverted bi-directional valve
portion. The inverted bi-directional valve portion in
accordance with this aspect of the present invention
has a curved contour about an axis of curvature

the valX bRHIALROHS %ﬁfe%‘d&%ﬂnaﬁﬂ TP Gh H&lﬂll £diYin b zﬁgl@'ed bi-directional
valve plomo%r ;’gﬁ ZER} thl% £ n% v 1 Q blttlld R@kc a%nﬁe withGhis aspect of the
0
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OFVIQ e %Psmm%f &‘9?811 IC\%tr pgl ”Ia axis. The
inverte Pé Fiestipag! varve nerting wyify pormal, aparedctalF ily ehprapjeriged by a concave
exterior §pang eande fiice iverteds B flisecdiongl dvalte PPHipEr flegs When subjected to a
predetepningg flaidnrevsutle. e vieveped bi-directipeat alvadrertios inghedss elogsp one slit
that is Ig)rmp]rljeql@@c@rwﬁqnéhp valvg o ipite semned, reltkes state end epens after the valve is
subject¢si todi predetéroirad frad presspor nidohe invettaddesiimttidnehetlveofiexes to open a
flow pa# thtough Btatslit.s normal |y cl osed when the valve is inits

normal , relaxed state and opens after the valve is
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i nvention are formed of one or nore el astoneric

0Bt edhvadlaBe oS Mvieh@e dodikibh IAREAIS R s@BJelihbrefd 19WMat the valve
providel BARHER] bRRedkiBY a5digd 1Rkagd rRiet Iodn@kssaR! MRdRBAS. | PRk éd?ntﬁnation
valve pldvidl a (ﬁl?qgttﬂeo(;hs@tt of Howd }ﬁt e fid § ﬁm&ﬁ?&%@& €€ the inverted
bi-direcB52R SHNE Jof¥s! c-A84 sitt g % iferR8 bl kb Va eYcauses
standin%ﬁﬁﬁo %’srﬁeobe%@ ?1% I’IHI § %E c{l t ?‘n ﬁ%ﬁé" 51% dgei‘ts clos & position,

unti] thg applied gre?sure L Ac suf 101?1} a/ ?f" ¢ ey 12 1F]e %rfa}] valve
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Hleogy)ove dnengone C?Sql tuR; |£Z re sure t% ékf aqnﬁ: { attaining
them, Wél gtfco apﬁ P\éedl g& %h er \1}% Srggerence
to the f% Oa’ﬂa% 55 lm?fa %g pmsay FH‘é"eBB%‘hu nt“hF%‘BW‘IBHt"Bt the
AccOMPRRyIng YRR IEhaVISHIR: | n |ts cl osed position, wuntil the
fﬁg ﬂed pressure | s |$creased suff|C|entIy to cause
RV PESBECHYC HiMett 7 OARF 1 APeRsdanse ptithoppe; SPeqt ek thhgresent
inventiop sfeging e sbif i itsnorppbelesed pesiiioser mi t ting f1 ow t hr ough
t he open. slit, BRILEF DESCRI PTI ON OF THE DRAW NGS The
Ko \2es Aisri ombe takdGol that S}foé’”é’@&ﬁh%h‘dfpefl ordlovnipairpighrection;
d .t he manner. of attalnlnq n} w || becone nore
Iglgpérléﬁfmammf'ﬂ@l ViVeAESIE inFée?P BiG1L pe better
éi derstood by reference to the foIIOMAn&_descrlptlon
ﬁs%Hﬁ@@ﬁﬁ@ﬁﬁaaFm@H@mVH&%%PPBﬁe?ﬂKﬁﬁ‘ n=conjunct|on
éig the acco dy dramnngs wherein: FIG IS
ﬁg & AP SERtie %\?W the valke By pRipstion wih aﬁemamer wall
Mummhg%gggﬁh@ngﬂ@ F@§@h@ he W)ehkadh showing the slit in
its normal ly closed position; FIG 2 is a viewsinmlar
to FIG 1, but showng the slit open for flowin a
first direction; FIG 3 is a cross-sectional view
taken on line 3-3 of FIG 1; FIG 4 is a partia
cross-sectional view taken on,line 4-4 of FIG 1; FIG
5 is a cross-sectional viedw deplctlng the valve in
conjunction with a contai ner wal



illustrating flow through the flow path of the valve
body; 0 -2 FIG 6 is a cross-section viewsimlar to
FIG 5 illustrating the operation of the unbrella
valve to allow fluid flowin a second direction
through a flow path around the periphery of the
unbrella valve portion; FIG 7 is a cross-sectional
vi ew of anot her aspect of the invention wherein a

p@ fs a a§%§t10n§r1@v€ g%ﬂig?go ﬁ’ﬁ% %rflvﬁ%m BSpet IBJ] 8Whe uglbrella
valve i R u1 w élr} 3&@{1& riﬂgcturogtt rl%gl{ ﬁzloareqaé}yaroﬁj 4 th \Bei‘zphery of the
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valve pgll'tlé) a&ot asfe%wentlon as
compargg witha B?@%H?‘Tip%Q%%qndﬁﬂtIWHéiu& il eﬂaaﬂoélbﬁ’@flon valve,
ecessarily t o scale and certain f eat ures

@salaas@@?é%ae FIRNGS didracters wéwtaf@rwmmgflm&tpéﬂgﬁm@w e feveral
views. yHopghethsrawingerepressnt armbadiaiopt pf the aresent igeantigytthe drawings
are not pegessany 1o sealerand sertaim feayotinay he exapierated in oudente beiter ilhustrate
and explge teqrrepeniainderdignh Tox exguiil ficatéan sshogtdheran iltustréges an embodiment
of the ipwsmsitn,ueconasioin,rdndi sugh ehenpisepm Bfndt he be meettuedas limiting the
scope ofithy inveniier in aDEfAhkdfD DESCRI PTI ON OF THE | NVENTI ON Al |

docunents cited are, in relevant part, incorporated

her ei n by DEFAILENCBESCRE TGONaDF R EQNVENPICdocunent i s

not to be construed as an admission that it is prior

Alltdonimdnty @ppent, it slaviig paricisemporated\hersin gnreféfaee; the citation of
any docembds n@rtd becaslroskd daeddmigsion tinotit is ptiendedith ecspet to the present
inventiogxhaustive or limt the invention to the precise form

di sclosed in the follow ng detail ed description.

Rat cisadihbre desthaeed baaw id sot intesdditbdd cshaukitvad ordii€ tig invention
to the pidéist Ifeth URcloRR! iarthe MAwid ddt@Rdi descripgiog hiRageer, thelbmbodiment is
describddedr B&EShérs QRllYd G tHedirNmaiRAiiZeRd RbEIONS, 0lt fePRsents only certain

manifestal¥&B AR invASioHs ed her ein, the term"inverted
bi -directional valve" refers to that portion of the

AOURIdN el ) tali¥d MaviRE B-dReEMRLLTAVS! Addko ttm Portion of the
combin#RAARN! i%}ﬁll g’ktrt@hfr@@ﬁﬁ&?% a\RhV& 8% RldirkQfonal A% BQept the
flexing }Rﬂﬁ&d oL 1'%/ & ﬁ{ %8 wifh ﬂcgb\é‘@trtb%je Wit Bn AR Hﬁ chQl on. Asa
result, (& ﬁ\ye?t@% @ idctfoflal DELE Co% cr %tﬂ Pl 2 % 1zed 2 enavmg a
generallg QX&I&‘(J 10r éurl%&%l\ﬁ{é as \é%o}{\?en Sg 1h b1- if Cth(]) 1 va LSRR a o[jieneratlly

convex exterfo§ (iér 1 %grng éagalgp & 8ﬁ8 gﬂ?vegﬂ%ﬂa E d%q fgr&? Ivgllx{s'ls (i)%ﬁIQ;S in U.S

Pat. Noﬁj‘ 4 convex exterior surface. One exan‘pl e

onvent, ctignal ve i.s discl i n
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combmal ﬂﬁ’l tvp]gpl T&cgp%%we iNIt ?WHCC& Q ﬁ et p]rgsqg gwleﬁ es a valve
body pogtion 125acludiag athqlpwgsubstgnially £vlingiicghpartion 44 dgfini ng a flow path 16
through fesghadace I The vl bodyddergrnaigret preendin an iRpsred Birdirectional
valve pqriie L8 daviag walivierionsulicy 8. snogrtarior suefrerd?hgndia §b Powystending
therebetwedns tQnetaf akillyin el artelitl reerignipo theit e slitmeebiane portian of thwinverted
bi-directpmphva @ caubd bcj drivatel @enywahere alvog yhel Rngthihd theabubstaboaly ybindrical
portion. t @hericombemtiat velve nalso mcnies nvesiiient binbila @ottionn2d extending
annularty &oweanparposicnentiSothiay vaige Bodyl Y2t eDhcosf skill fnathe a Ovillatcognize that
the umbeXt ®alve hoRlshf2ECie ndRlianhel ® isdind at2he @Xd ondienN@lve body but could be
extend from any part of the valve body 12. The valve 10 in accordance with particular

-3- o



t herebet ween. One of skill in the art will recognize
that the slit nenbrane portion of the inverted

bi -directional valve could be | ocated anywhere al ong
the length of the substantially cylindrical portion.
The conbi nation valve 10 al so includes a resilient
unbrella portion 26 extending annularly from an

opposite end of the valve body 12. One of skill in the
embodlﬁ'{ehtsvﬂfl t:n ,%?%Q%n fgp ﬁg of tutﬂﬁ%xg' @Ed ? %’sﬁqut\foapglé&% ap aZ@exible,

emgﬂnﬁﬁf e“ﬁd be extend fron1any part of the valve body

%r? ts af/ ﬁhéﬁee éleg a@e @v%%x%r d‘t%n %ﬁ’t ﬂ 1& Qlo@gg ttﬂe e%e?{og sur ?ace 92 of the

Inverte(? %aA val vc ort ra y clog BI cled't i2 sufficient
predetefip ff %‘% ﬁ%“‘ieciheds}‘% e csrfoafe%li e R dhgeslt 24

Opens ag Pyt ‘closed, the exterior surface 22 of the

erted b| di tjo val ortlo IS
Lo i Bl Labeinefed i ?ctleal e %@w T Bnd gurved
contourf pg@g %Ut %I{,]é)ﬂp e(‘rllt"é"lé}lrﬁl ere (‘.’6 |ageapprox1mateiy
constan dﬁ(%"ilSo ﬁf TERIEK 88- afhe i ef ICtIWQWG agtigferslys des opthe central
longitudipgbaxis 32 the hofleweribgantialy pylgdrigal nomaom Mvert ed

bi -directional valve portion 18 has a curved contour

Wiep ragwedugsy s Fipotht tharinesiied tfdireghopal vidlee pertigndl8 has a lincar
contowrpMedrégnigd) spbsiariialis neppaldrithrmewitgl lospitslinahaxisadi and petallel to the
axis ofcenvatenar 28. 30Thuphéheaxivsrted bi-diredtonale vage moefcar atsisgntd jaemdially
asymmagncd iperfdeabaulthe tamtrgl lougditwiadal axis$23Rawofg & wervadlchbooyr 27 in the
plane siswsinalfltG. &, lagd aylineadedncal 3@ on theopladedshowhein FAGe e theatsvo planes
preferatilpb&hEnordal tdwach omer inddohtiamélig tee tdndablongaldwel pds 82.on

18 has a linear contour 34 oriented substantially

modcomidatoa willea paniculat adpeargiftibiel pitadnt axieati@? sENM4 is formed in the
invertedolEirdidebidnat Oalt1Bortiaxit8 addl ettefidsadlotipethd Bincatlvdftout B The slit 24 is
normallly "¥&@Ed @Hd Dias A TefEhi 106ahay Ahe/ BiaRRfek I0PNhP EHE Moy ortion 12. In
accordah@vath lc¥rtaiASYPIRRE 81 G lprRERT ihl &utidROME s§1h94 91%@1%5@!& and is radially
symmcth@ Q.Qﬂhtré’s‘ﬂla&% t}éxc'eﬁréﬁonlgnﬁ'd’lhﬁgix% jgurved contour in

he plane shown in and a |inear contour 34 in

AP%OWnQH F168088nd §, dihGar dmbilel€ pbi¥iBn Bb 818Sds RELHR ARlbody 12
and ma %‘éaﬁ‘g A §t;§£uﬂdq‘e§% nﬁhﬁ%era é%gagrg i w136 SN i@k one or

more i@ Qs% 8 8fIn3d B¢ cortAnd9 4 céwit rtﬁé\% 8810 shown
in FIGSa§ 8t6 ev v bgﬁ}e I rthtepi\{l% és J]gen%ra 13 nulﬁr ;,[ I(I)TE Ha ge 35 and

general! ul gro Ve vi;,'héc nge.ﬁ rger wall 36.

Umbreilﬁ 1%{1%; gma I? - a{alpgaggnqi 3? ﬁ(éprevent fluid from
flowing dﬁlra S%@W@H v ~°v Sien ghe iy piessyieda fagupward
direction, pogeqser RrasisieraupRdc f%ouaf uerthec] B Roslanty 2 m)bﬂ% Brperpdluid to flow
upward gyqupd ghe mmheeéef Seayrabriela 28di He fuidSameeehackedypidh released by
flexible ugbpblatportipn Hemapnkw aked aeidhe Ui saale aaxhe f18R. pasging Huowgh flow
path 16.j In acpwncs veithdong, aspashof the prastnt édvieatiqno mmbola 26rtext 28mikscks and
releases fafrgmeompensatevier fodyraiderrahthromah fosapatiadaiand invarted bi-directional
valve poftian k8- r est r ai ni ng nenber such as a container wall 36
covering one or nore fluid passageways 38 defined by
Wohtlgiabeve-dabilib&lEonitrucaee tie dairiewilli rtohmblhebasdbaed, &Geen in FIG.
1 of the slieowings. i As &bfaSsurd deffetenfial dchess tied neerbrddy-dlidctianat tdve portion 18
increases BSdveCkRMcaprg@nerdl tueiriinaértddebialiet®haf hang@odonartilexes in
responsciOnBE plebdirafiffeleAtialg ERAUAIP CaviditioChic SINABIOG e afBdeAtih FIG. 2 of
the draWih@NIThs Dpe sfiN 84 GOBHRI BfardRloly BoughURRRAIea1PH thOBirection
indicate@By 11 aRBWR ih 182318 theaRAlingl héiHieH; (‘qufﬁﬁ Ao DB €huses a
vacuum i .dtezhsquoﬁYa?x{gr tHfak %lfjce{u @{He u é%g%?t JarRug ﬁH@f}%ﬁgﬁé’l\@%’ y thereby

own in pressure in
upwar d d|rect|on exceeds a predetern1ned anount ,
unbrella portion 26 will flex to permt fluid to flow
upward around the peripherd of the unbrella 26. The
fluid being checked and rel eased by



flexible unbrella portion 26 may, but need not be, the
sane as the fluid passing through flow path 16. In
accordance with one aspect of the present invention,
unbrella portion 26 checks and releases air to
conpensate for fluid transferred through flow path 16
and inverted bi-directional valve portion 18. Wth

t he above-descri bed constructlon the slit 24 will

allowin %Jgﬁlel Ar ﬁliﬁﬁ;lhofﬁﬁ(g as%g 68 R, A he]cof?tfam'ép d replace the fluid
transfe d %@gtﬁe contafheP El‘?gt? herlg r} 'v% ve ntmues until the
n'v%| Q

dlfferenél I Lessur é}gc 8% 1 tP c e ande fRChverted bi-
dlrectloB v& vre éﬁ)@?t-'rté nl?ﬁ TERURS 19 g%p?rﬁ'xggnélﬁ)_§ Gon ;é tiqn aqdﬁj@:%)alzlﬂg tglli ortion
26 retu Q‘Eﬁ(?é’oﬁ‘ AL é? Ag ity \Pé?ﬁa&%\ i @atf%‘icﬂ ow is
checke g}rqqg trthe inverehb 1|dHeqt1|0@ valvgporty chb@ refrp gortion 26 of
ﬂwcom@g@ﬂogyﬂyegh al l ows forward fIOM/through t he val ve 10

in. the direction _|nd|cated by the arrow 16 in FIG 3

thileibe patsiphefswhich e etlyesgre Eorpicted 6fn alfedrie &jgient extent the
pressurgsat ydichahe ipseripdrhiidirsstipaak and vatbnellai viabies wHhepani fpr flew gadprevent
reverse flgw, thehiskiess post shiapa of Bretvalviei dompapenpresanpihseriaflignee the operating
pressurgshefdibsting-the thuckrebool g invarsddiditactionat galyh pottiondl8 changes the
amount pé psagenveysirdBta apearstie?4.t hikeeows dic rerusing prepl@aequtited to flex
umbrellf [potttbn 26 ainb bper pahsigeonyd B8 icdapaadan rupbhribdigtickdessnof umbrella

portion PebdwdiBad dthardhotérs10. Fl ow continues until the
differential pressure is reduced sufficiently to

Ppedorbidasdel Witk 4nt QsgdcODE tienfrebdde ihvivaod, alle Rbmbination valve 10 is
provided iwi@C4 @@l 40/ &drv@ppatifg G BBribLEMIRS 20 ©tthe irvefd@bi-directional
valve 18 kOpRUcrE Q8fct GUIRE ((ﬁﬁboﬁfédﬂé\h Bati ¥ ehrb@ghPOE s1ioM, A8 illustrated in
FIG. 7,8k Widass 4@ fdrlsipRRfiiBihe 919&'1&' Q&R biNde thertd bi- &irectlonal valve
18 comPASSad Stjad J}éﬂﬁ&ﬁ&qj It 2 dfs F:’J’éeg ifi | R hiSe bORE S eacent the
mnterior a‘ay cﬁﬂ{ehn IR ai a I%Ct'h% md’ Yﬁlb@gﬁtc'axg? Be made

o%ld ng e b&éegﬁ. Bf)rt 10, s% ARY through the

of any

slit 24, \ﬁﬁfyelca ¥ \xél e ias uc ?S Qr 1 %msesl"he means for
sppori 188 8 %urt%fﬁé %Te iyl B fgvalwe caB g a separate

[y

structurq, or ‘an’ infegy bin? BP ¥alysy L B rasgidpnce with another
embodlrfl@v %@eﬁfvs # S‘tHH%“’t“ﬁl }efk ggier %Eﬂcg ﬂ%a@ﬁsﬂn‘ieﬁéd E’a@%tlonal valve
18 can b §trgcéwedfy}§@,h psnqucg,@}yc(ém}qu@d thepgyiipgrical portion 14 of the

valve bqéwé Ewélsermﬂ\@} trspaaps eqwdd bauncikivesss p@’f ofthe vilny eedveld-
bi di recti onal valve portion 18 changes the anount of
cos\instipR yeive dfl of sheoprerens invention, capeaupdised fthgecordance with
conventighgummpldate [rbriguase e wombination fvialrg 10l émlaalbob@ ingage of a
moIdabIQ@IaauqmenpgmtqyalssE@@W@ B8l $n depaladenwity fonpresest invention are
not particlaclinesisedobutustionkll ba of plor epproprée amdwek.! Hs obteen! should be
resilientft@elior she abveao candatoake woriral dogdarpiion wifen thhasyre ésediced. In
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the present invention may be installed in a vesse

such as a squeeze bottle (not shown) containing a

I iquid substance. To operate the bottle, the user

squeezes the bottle, thereby increasing the pressure

within the interior and the pressure of the liquid

against the inverted bi-directional valve portion 18.

When this pressure reaches a predeternined | evel, the

slit 24 opens as the inverd-ed bi-directional valve

portion 18 flexes, permtting the liquid to pass

t hrough the open slit 24 and into the anbient. As the

user rel eases the bottle, the inherent resiliency of

the bottle urges it to expand and resune its origina

shape thereby | owering the



pressure of the interior bel ow anbient. \Wen the

anbi ent pressure is sufficiently above the interior
pressure, the unbrella portion 26 flexes to permt air
to enter the bottle through passageways 38. 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 flow

oA Rassageways 38 ceases. The bottle is
preferably used in an inverted position so that the
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val ve portion 18 when the bottle is squeezed,
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an exterior surface having a generally concave curved
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7. The combination valve of claim 6 wherein the curved contour has a substantially
constant radius of curvature from the axis of curvature.

8. The combination valve of claim 7 wherein the valve body further comprises a
generally annular retention flange.



portion flexibly responds to a second predeterm ned
pressure level to permit flowin a second direction.
2. The conbination valve of claim1 wherein the first
direction is along the flow path fromthe val ve body
through the slit and the second direction is generally
opposite the first direction wherein flowin the
second direction is fromunder the unbrella valve
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means conprises a substantially cylindrical tube

di sposed in said val ve body adjacent the interior

surface of the slit valve. 11. The conbinati on val ve

of claim 10 wherein said cylindrical tube is press fit

in said valve body. 12. The conbi nati on val ve of

claim1 wherein said valve is formed in a unitary

nol ded construction. 13. The conbi nati on val ve of

claim 12 wherein said valve is constructed of an

el astoneric material selected fromthe group

consisting of nitrile rubber, hydrogenerated nitrile

rubber, butyl rubber, styrene-butadiene rubber,

nat ural rubber, polyisoprene, silicone,

fluorosilicone clastoners, fluorocarbon el astoners,

et hyl ene propyl ene, ethyl ene-propyl ene- di ene pol yners

(EPDM and conbi nation thereof. -g- Q






