; NOe3e4E4BL: 6>T. 72 3 SEP 2002 nCheck valve for nedical intusion Iines and
the like" The present invention refers to Check val ves for nedi C?n% 2002
infusion lines and the |ike. Such check (or non return) valves no I$§/P
conprise a first and a second tubul ar el enent that respectively define an
upstream and a downstream passageway, nutually coaxial to

each ot her and
between which a di aphragm of el astical|ly deformble materi m“mmm‘mM‘“ML
transversely positioned, sealingly cooperating with an ann at
of the said first. tubular elenent to forma fluid seal. that rmsiest ai ns the
check valve in a normally closed position, and in which a predeterm ned

fluid pr essur§c£2c£ he.sal %ogpgehggglfgg§§%£%€yh ehad cdef hegbvon of the

di aphragm and conhSequent opéning o val ve. Such check val ves mnust
neet a series of critical requirenents: in the first place, they nust
normal Iy be closed and nust only opep,, continuously or intermttently, when
the pressure in the upstream passageway i s higher than a predeterm ned

t hreshol d, nor nald ypetsenal |iwmdrndore. gef@rf05ed_Qhessr . viheeghdak val ve

nust al so be,capahl e of, preventin ref,J ux fromthe downstream
passagewaym?%l‘f%e H‘%&‘Fr‘&ﬁﬁb&%éaﬁgﬁ%@%ﬁ’i&ut nost security, i.e. it nust be
capabl e of rapigiich dhesikngort senf returaseyahies enarnhl VGO SH éssur e
enters the_downstream passag n CIcTTN, LePiviDe gdEeGle val ves
used in thglﬁ% i c}eaaﬁﬁlcfggt ?%ﬁéllaﬁ %ée}g rf"{)n cgn?igg?sci nvsﬁrrpl e and

| ow cost desi gpsti@amoanéchi dowbstheant pagaagéway urimgoahky aS8¥fiid ng of

the check val ve.. The object ,of .t he present i L i j a check

val ve of th® ﬁﬁﬁk}eqﬁé?’éraéh%epcﬁtﬂﬁpeé’ v‘\'ﬁlo%?ly flﬁ‘ﬁ%?’ﬁ%?ﬁ‘g %Eegg?gggg%i

requi r enentisformal?l 8 SR 2sAtkanshersaby epesbtienrd presehingk¥enti on

is to provide check val.wve_of o] ferenc t i £he g inply to
P oﬁéﬁa{ﬁ% uvlyfl%}é ?ﬁ aglpxﬁlgp Yrgl?g eLepced topRe whi£heisssi mply

adj ust, up6f ereof; as a function of the user's need.
Accor di ng tobuhar elementn tohifpmhj actlbidacwiady ddats MR IRE YR& he fact

that the ttaﬁeeﬂn%g{fevws S6%nat 8y deibasd BysfefaOntasur faomndn the first
tubul ar el enrent and the di aphragm consi sts of ”ﬁg bottom wal | of

a
cup- shapedprskdntarminrdki af lui€h SQHEFSUESt r ebiin ahddovitftt eaPPas&HYenays)

sai d bottom.wallebei ng-nad@l |y wgeddiln sed cbet aghaphaagmt sadd
annul ar valve seat under an axial thrust provided by the [ateral wall of
sand cupsh&pagcarenremrenisld ©f dheofheskdvab{¢om wal | of said cup- shaped

el ement produced iRl USRJY $31dedr edater nboed 4 | yedips essiur erdaisahg axi al
sepér ation rteg?lg.ggnerrlgé :at Ii\rlle t:th?e S!?‘-J!.I('jstanglilgg‘é, V%lh\és Sn%.laétt ‘normally be
closed and must only open, continuously or intermittently.
when the pressure in the upstream passageway is higher than
a predetermined threshold, normally of small entity e.g.
0.005-0.02 bar. The check wvalve must also be capable of
preventing any reflux from the downstream passageway to the
upstream passageway with utmost security, i.e. it must be
capable of rapidly c¢losing itself in cases where a minimal
overpressure enters the downstream passageway.

Another requirement of the check valves used in the
medical applications in question consists in simple and
low-cost design, in connection both with manufacturing and
assembling of the check valve.

The object of the present inventiocn is to provide a
check valve of the above-referenced type wholly fulfilling

the aforesaid requirements.
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$y virtue of this solution, in operation opening of the check val ve takes
pl ace pronptly even if the diaphragm constituted by the done %o(rgg?)m)@f t he
cup--shaped elenment is subjected to a relative high axi al prz- SO as to
ensure the maxi num degree of closing safety and reliability. Mreover, in
the open condition of the valve any increase of the fluid flowrate wll
result into a proportionally greater deformation of the bottomwall of the
cup-shaped el enent and) thereofore, into a proportionally greater distance
of the done portion relative to the valve seat. Further characteristics and
advant ages of tRe Enveherorchigdt befr evbal erreRemitng IPHENEESR| |36d t°

description,thalae 9l bLRVEKWA vé eé@r&rg:eaﬂo@let%fegeheé&ow@w}ﬂ% ighich are
e

supplied purely as a non-limtati.ve exanple, wherein: - Figure 1 is a
schemat i c, HUAlY FosaiPBhedunPR\PRHFAGTYTaARTakP8FePt tTHP foPedlcal
infusion lid¥she 1udes SERe£R02 3 incorporating a check valve according to
the invention, - Figure 2 is a sectioned view sanme _as Figure 1 but ,rotated
of 90, -Figure 2qcerdiggodie stbei dmVERsAgn| i HE S | PPISGE of SFiafiievVEd - Fi gure
4 shows) i ngsdRduaad KAl fddStenc@tdnterf dririlae Yalvel geae 3sshows,
in a reduced scal e, a second variant of Figure 1, -Fgure 6 is segt i oned
vi ew al ong 9&iH@ed by apfrepg perface g he Zfls"fﬁ&\/\&)’i’gﬁaﬁ ?]e@d%’g:da? al e, a
third vari apte Qfi F5Hede dondDdts FbHUEKe Sdtkom wacli onetl &iew-alheped i ne
Vril-VIlIl of Figure 7. Referring. initi a,léfy to Figures 1-3 : refernce
nuneral 1 g@HERSM y deSPiEds WATAxiSA1G i PPRREETBr Fthe- tRWRTHE™
connecti on ﬁ&g@ﬂ@s,i U Wbddorewaand sipelwg . ndimasligulud-dedl iimredi at el y
noted that 1t could also be set up,for Luertube, tube-lLuer or .Luer-Luer
connect i onsSeFheCPRERTHgaERIRFT s88idj ARNiaY JAI¥PaISSE Sknow™FSF $8) a
first tubul gkigonenetot 2Hranddadsaspnenéulataiatomwsadt osf 3sbatih aupr-mal |y

made of a relatiyely rigid.,plastic material, ch as.pol yeaxbyv ) acrylic
pol ymers, A%%a%?% ‘Tlt?é“qni%ke,dgéﬂaxé?% %%a%":‘a I S#&F%&'al? og%fh%%l | Er?u?

per manent wayapédrelenstancerbyunkér isouse wel iy peedsbexinimedrfisgd val ent
e ongxlilole AULING SREUN0 SIS GOUNRELOE Sr 2o IPTUNS A
upstream pan’sageway, o M et passageway 2" and a downstream passageway) or
out | et passagewbyr Sralrespeeti.vel y, which are designed to be connected to

respective tubi rﬁgysng}tl.@é]sof)ftltxbg ggﬂgtgfén,l i:ﬂ’?'operation opening of
the check valve takes place promptly even if the diaphragm
constituted by the dome portion of the cup-shaped element
is subjected to a relative high axial pre-locad so as to
ensure the maximum degree of closing safety and
reliability. Moreover, in the open condition of the valve
any increase of the fluid flow rate will result into a
proportionally greater deformation of the bottom wall of
the cup-shaped element and, thereofore, into a
proportionally greater distance of the dome portion
relative to the valve seat.

Further characteristics and advantages of the
invention will be revealed during the detailed description
that follows with reference to the enclosed drawings,
which are supplied purely as a non-limitative example,
wherein:

- Pigure 1 is a schematic, axially sectioned view

showing an axial £fitting for medical infusion lines,



A check val ve, generically indicated as 6 anal 2 3 SEP 2Q02 a
specifically enbodying the present invention, is arranged betmeenéé?eggp 2002
upstream passageway 9 and the downstream passageway 5. The check Ve-'6
essentially conprises an elastic obturator consisting of a done portion 8
projecting axially fromthe central part of the bottomwall 9 of a reversed
cup-shaped elenent 7 which, in Figures3l and 2, is depicted in a condition
corresponding to the closed position of the valve The cup el enent 7
conprises a shell lateral wall 10 _having a_cylindrical, design, nore

sui tabl y wiOROEPEBATERY 3 Fiefde VALYEr §FRETEDRArSR Hike %V&é‘tgﬁ’ﬁosi te to the
dome portion 8. _Thegaup- shaped, el&f®iined vieW WA | s NBfguitd DNpupi ece of
soft elastonmeric material, particularly liquid silicone or even

t her mopl astiotaFa8beE, 99hat is injection noul ded using a central injection
poi nt. The cup- shagede ehenBnty 7eksdl beafi Vel ddy CkiRsSIDr-1Mor eosUi tably,
can have a variable thickness nanely greater in correspondence of the done
portion 8. F&@Feel i n correspondence of the annular bottomwall 9 and the
agai n greater inpgghtesponence iof o heduabar séaidld fikstActaabhy, othe

t hi ckness of the side wall 10 nmay be nore conveniently greater towards its
free edge FEOFReldone portion 8 of the cup-shaped el ement is preferably
flat, but may al.g9qhPemBd cdlowst S iQULET ddideTRHAR! halsceda Wakllaap annul ar
rib defining a sealing 1 lip 12 ~The cup-shaped el'ement 7 is fitted wthin
a chanmber 15 #apumedlbet ween the first tubul ar menber 2 and the second
tubul ar menmber 3. iy ly.therew 344 t it edgat one
side by a pl anar Frlgg?gl adf r%%t %vva% %%%éwﬁlggb?r?g?n ublullsnae?e‘bn%[nvb}ter 2, which
defi nes i n Bigrumespondence of the axially inner end of the inlet passageway
4 an 2 3 SEP 2 agn vaj SRt Wat i, C i then 8 (or
the sealing lip %5%F28r20 g%?'?ng%up-sﬁggegcﬁ?%hin%$§b?§£§3%%3rg?ing. On
t he ot her Siidmire Be ehdnber 13 is delinmted by a channelled surface 17,
coaxial 1o the OWlisgloPaSIAoRNALeD;ohBlleRYa Podipl Dl vidd-girighgenel s 15
communi cating with the outlet passageway 5. The radially outer end of each
radi al chanfedurks Tnerges into a respective axial channels 16 fornmed in the
wal | of the secqpg tybubar ebemel 3otpabubal erd)y Aatdides diberghanber

13.
1 generally designates an axial fitting for tube-to-tube

connection in medical infusion lines and similar. It should
be immediately noted that it could also be set up for Luer-
tube, tube-Luer or Luer-Luer ¢onnections.

The fitting comprises, in a way generally known per
se, a first tubular connector 2 and a second tubular
connector 3 both normally made of a relatively rigid
plastic material, such as polycarbonate, acrylic polymers,
ABS and the like, and are coaxially joined together in a
permanent way, for instance by ultrasound welding or
bonding or equivalent systems.

The first and the second tubular connectors 2, 3
define an upstream passageway, or inlet passageway 4, and
a downstream passageway, or outlet passageway 5,
respectively, which are designed to be connected to
regpective tubing sectiong of the medical line.

A check wvalve, generically indicated as 6 and



As al ready nentioned, the cup-shaped elenment 7 is coaxially housed inside
the chanber 13 with its dome portion $ facing the inlet passageway 3 SEke062
transversal diaphragm and with its side wall 10 facing the axial channels
15. The free edge 11 of the lateral wall 10 rest upon the channell ed
surface 17 of the second tubul ar el enment 3. The dane portion 8 for the
annular lip 12 thereof) is bearing agaignst the annul ar val ve seat 14 as
shown iofo figures 1 and 2, whereby the valve is normally closed. The
arrangenment is such that in the closed condition the cupshaped elenent 7 is
subj ect ed tswezificdéler minbedyanrgalthpr presdnhginventhos, way wheangel of the
done porti Lar th n | ther ) kS ed..i nt i cont act
agai nst thgﬂgéﬁh ar€9§|cgﬁgﬁéé&€4ﬁ%ﬁﬁ§ F%?%e gxigégtﬂ?ggtggbpg%ggg%y t he

si de wal | ImssalgewaghSt he annul ar bottomwall 9- As pointed out, this
condition corre n t r el 0SJ 1 e val ve 6
according to thziﬂlgn\?%lnét&on?g%ggvm%?c%%%%%felﬁg% ?%@%p%s% e%gr% ﬁggggggway 4 to
t he downst redmnsdoragenayssing gf evalpmed portaon e froeel sat ingd agakélvanner .
Wienever an:QuerddLSHie AXGaed Nor i eASt 8541 heth thr s8hal Peykokeignst ance
in the range of 0.005-0.D2 bar, develops in the upstream passageway 4, the
anti - si phorfup-shgprsepedenont THerichialive Féoguuesnhtardldy %@%éﬁﬂél y

swi tches framd herdiesed shat8shbondhey OPSNIN s deq tdahl 8xi @Re0 the
annul ar bottomwall 9 of the cup-shaped el enent 7, possibly conbined with a
partial, axy&ivVe el astic yielding of its side wall 10. This defl exi on causes

the surface of e CQRP HAUNIRN B EOfpdieeaNiIUERE1] | Dale2al NgaeDf 100 NMOVe
away fromthe annul ar val ve seat_14. The upstre assageway 4 i s thus put

am
in connect iRAY G 1R (HE idBRiSEle 88398 agORRY Sﬁ‘i\FP§E¥hé’i Ri 8 coRiRAél s 1f
facing the sifeidaldi dd-gfing heowamehaped glisgemdppbsane tde tREi domehannel s
15 | ocated beneath the free edge 11. of the lateral. wail 10. In the open
state of tRPNVEPe8, as the fluid flow increases, the annular bottom wal |
9, and possibly ats® the-6RaBe@OictBn8 bECOBE NRrapoNtyi aRald yimrebaeand nore

def d d, t he, si f.t fl ow, h_i . ti I
[ mroased. M bk HNVeSbe HRT A el9°PELDT ns BP0 CL RO-6F becd 0GRt i on

when the preskivenebalmneeehetheenophestipst rebibepasshgewdy 4rgrdtitiba

downst ream g€ LS I bl j .0l Ln. the case of overpressure in
t he downstfggﬁ?pasg%ég§aé gfggﬁéiz%#f%ﬁgigﬁnéfggtbotton1malI 9 returning to
t he non-def| ect dthec opbi- ghaped opl emént the cdonbepokt ¢oen Sclviorkywgsent] vy
returning t t i{ion. jqt u ip 12

t her eof) agxg?%{f\s Wqﬁgkggrvggée%%&%f Q‘;(?eﬁll r1 %t %%%Sg?étgieﬁ%ﬁ%%ﬁry\#g?\%% can be
ef fected bylsi mpiryrespokidageen ¢he Biastdapechpratieni s8i cssmefllere dBpshaped
element 7 SolkesRiede! B HHCKRRNT A0 bbtEoROLLIM Yalkhad o UgaRd
materials o i1 erent hardness, or- nnodifying assenbling preloading

t her eof wi t9WeateR iohsessespendames doirehsoreitenal valhotl staqtaglyy.

necessary, @nd iuk kst be theesiprehaliedo ahlervathyee eahadimRmEs yWhi ch

shal | be discl osed herebelow with reference to Figures 5 z 3 sEP Zoo2 7
t hrough 8 (At Fowprdswhtenfaee §dhtlilcal or similar to those al ready

di scl osed are ingi<catgflebypdheisamg r ekerence qiyrenhapbsil havéndia sagh done
portion. In these alternative enbodinents the bottomwall 9 of the cup

el enent 7 iPERIF Y nddathe AVdph®Ym #dfal I5PTIRGed 3fnt - SSeal®E6AL act

agai nst sai i 2AMleHentahvecagat widn WdeinmNexaxt 8l dbhinsiy pf dadedgby the
| ateral wal].10._ 1n all three alternative enbodinents the side wall 10 of
t he cup- shapdd Henent 7 has a cylindrical or conical surface diverging

towards sai d chameldugd shepbacel drferdndy an iMmeteaswighifi €kdesddr am t he
bott om wal |

9 towards its free edge 11. reover, in all, three alternative
enbodi ment sd?%’él%%ﬁ?%% Fhe ﬁga%%g‘: d??‘ﬁ?&rvgl VS & 2858 % ovi ded
at a di st ancebiYzom hdmbdrat Bf akorRi&11¥. therewith. The chamber 13 is

delimited at one side by a planar radial front wall 14 of
the first tubular member 2, which defines in correspondence

of the axially inner end of the inlet passageway 4 an



In the enmbodi ment shown in Figure 4 the bottomwall 9 is slightly Cpdv&EP 2002
towards the valve seat 14, and the thickness of the area of the bottom wall

9 corresponding to the sealing lip 12 is reduced. The front surface

defining the annul ar valve seat 14 is oriented wth an angle different than
90 relative to the axis of said first tubular element 2. For instance) the
angl e between the plane of the front surface 14 arid the general plane of

t he channell ed surface 17 of the second tubular elenment 3 nmay be conprised
between 1 and 10. In the enbodinent of Figures 5 and 6 the bottomwall 9 is

al so sl i grATmplegn el veovieals ‘n’h’éhvah\?éhség? Pemeh RFHIObntPhHr B ded of a

substanti alda i@enihi ¢knessarddie) f bentrindir Eagesklgbedi BYetbgrannuiar val ve
seat 14 is in this case perfectly radially oriented) i.e. is perpendicul ar
to the axi®WIHTH @ Ei-rst tubul ar elenent 2. lastly, in the enbodi ment of

Figures 7 and & htheOUWtheSUE{86¢ Wnkh chigpeealliang d | @elinitied Mgy bat tom
wall 9 is generally planar, with an increasing thickness towards its center
along a fi?hﬁnﬁﬂ%%ﬁilﬁ%FféFﬁeéHPOWQQﬁﬁﬁﬁ19@ &he optle§rpasgayewa¥| gngat ed

recess 18 formmd thn 4 NRaiONgE suERage phnhbesbatt edm@hlcArahgngiensecond
di anetral direction perpendicular to the first_dianetral rection, The
desi gn of ¥R PUELRL PAGSALGWAE d?ff%h%nFa@h%lehQ“Bﬁé(ﬁéacﬁ dePRPt he

drawi ngs .rNetar adbdanndihel £onstgust iAR8! adekgbkerand theatnednaenss coul d
be extenS|veI¥§chan ed with respect to that_descri bed _and |Iéusghg%ed
d he

g p
wi t hout debBrt9MES AomttRe Waddp8ToF PERFEC PR P UIT £ <95
appended JatéeFal RN cddidiicen thel thampbrt b®. val ve has been described with

express reference as.a check valve, it could easil e ted for_use as
an anti-sa. phon 83I€é?eag¥:f§? Pt 02thEI§PR§s?f¥§§.Fﬁ%%%?%né%déﬁ) A
check val veodotallyetionakdi nitside |tie) cembpersi hg: wifhrsittsandomesecond
tubul ar el enent positioned coaxjally to each other,.to respectivel y,define
an upst rea?r‘?’éﬁ’omg %o’%ﬁ%ﬂgea%%a’s’é %%v%iﬁs%ge&aé’pgr glrt]ﬁeo el as s’lv\égf’?%
def or mabl edpapleraad, t aaaswernsel yrpossidonedlbet Weefasdng fihest azndlsecond
t ubul ar el enent sal d di aphragm seal [ ngl operating w a | ar
val ve sea Sggﬁyéiia. 'ffg%tpfﬁ%uFageehgnﬁﬁt%gS ﬁS?ﬁFQQfV5§2 ggafggﬁat
mai nt ai ns spbd citeck chahvelilnda sorfmtdy I osdd pbsi tsarpndndubnlami ch a
predeternigfgméﬁggg pressure in the said upstream passageway causes a

sard d

defl ection o i aphragm and consequent opening of said check valve,
wher ei n: The dome portion 8 (or the annular lip 12 thereof) is

bearing against the annular valve seat 14 as shown iofn
Figures 1 and 2, whereby the valve is normally closed. The
arrangement is such that in the closed condition the cup-
shaped element 7 is subjected to a predetermined axial
preloading: in this way the wall of the dome portion (or
the annular lip 12 thereof) is urged into sealing contact
against the annular valve seat 14, under the axial thrust
applied by the side wall 10, through the annular bottom
wall 9. As pointed out, this condition corresponds to the
normally ¢losed position of the check valve & according to
the invention, in which flow from the upstream passageway 4
to the downstream passageway 5 is prevented in an effective
and safe manner.

Whenever an overpressure exceeding a predetermined
threshold, for instance in the range of 0.005-0.02 bar,

develops in the upstream passageway 4, the anti-siphon



- said annul ar valve seat is defined by a front surface of said éiinguz
tubul ar el enent, and wherein said diaphragmi ncl udes a cup-shape
positioned coaxially with said upstream and downstream passageways; said
cup-shaped el enent having a lateral wall and a bottomwall, said bottom
wal | contacting said annul ar valve seat and said |lateral wall having a free
edge contacting said second tubul ar el egent, said cup-shaped el enent bei ng
di sposed in axial conpression between said annul ar val ve seat and said
second tubul ar elenent, said botto wall being normally urged into a sealing
cont act agaﬂhgﬁkszﬁhvanﬁuﬁatomaﬁ%@ﬂ%@ﬁﬁﬂuhdgwmﬁﬁlaxﬁHPtFH?%s¥r$Wo@W%ed by

sai d 'ateralcm@laa Qkasal Q;ocutﬂméhéﬁéﬂ gkgEBNt quad def | st oaf i ghdot t om
wa of said cup-shaped el ement. bein tglroduced in use b sal7d gred term ned
Xi bo

fluid pr ess@P@uﬂ-ﬁér}é‘bt'b%i’Elé'fﬂgl &h P SEPaPRIRHh e PBAT

rel ative toceabina@nyiah \al graega, améf\mréde@}.le\ wglalagcmﬂjiﬁgsto
Claiml, wherein said |ateral wall sai d cupshaped gl emegt Eplas a free

edge and saisdetpht b s éjleefr}f?ﬁ‘tl°ﬁ‘a§a‘a’(s’éﬁa‘hkh%lsl & ofiRlRi cat i ng

with said d@@i&&bﬁaﬁl P&S sagevmanRd upen1ehisérseet d do ewvedgeaysfrest i ng.
3. A valve according to Caim?2, wherein_ said lateral wall of said.
cup- shaped & %(?rré?m‘rﬁ’gsa WAV dPFRE) 'etﬁ'urfTék‘?e UpSLY eaNgRASHFGEW ay4a4 A¥Val ve

alccor dihng t ctxﬁsapmlc 2in M@ﬁﬂ%tim vidhd that agadxsu\edéam qiamigéwaypB S?Ia@ed

el em~ has a conica face_di rds, sai a ed. surface. 5. A
val ve accor dig’r‘?gatx& él & prpel ﬁhége% gﬁ @gﬁaﬁﬁ f“’l‘@ﬁfg W t E%% a%hal o of
radi al channglapedeatbmart g7 ngndl nima a—ardaapechanﬂehm B lovated bEoeavld i n

sai d second ubtfl ar Sa%gegi oF t te%lfq \lx,%&gr wal | of said cup-shaped

el enent. 6. ve ac I ng to o erein said first tubular
el enent has a I or‘:tgl trdnehi ru:a:lemmsataznob&at}defvme sbr f asetbef Eanhg £hod

annul ar val vq,ﬁs[ee%%epfs %ée&t&ﬁ&e wa&%u%aﬁ Qn?aﬂ,gs@gl@ alsoPrMal ve

according to eérel n sal ITst tu enent has a | ongi tudi nal
dome portionm B become proportionally more and more deformed

and, as a consequence, the size of the flow path is
proportionally increased.

The check valve 6 immediately returns to the closed
pogsition when the pressure balance between the upstream
passageway 4 and the downstream passageway 5 1is re-
established, or in the case of overpressure in the
downstream passageway 5, due to the annular bottom wall 9
returning to the non-deflected configuration and the dome
portion 8 consequently returning to the contact position of
its surface (or the annular 1lip 12 thereof) against the
valve seat 14.

Calibration of the check valve 6 can be effected by
simply working on the elastic characteristics of the cup-
shaped element 7, e.g. varying the thickness of its bottom
wall 9 or using materials of different hardness, or
modifying assembling preloading thereof within the chamber
13.

The dome portion 8 is not strictly necessary, and in
fact the three preferred alternative embodiments which

shall be disclosed herebelow with reference to Figures 5



axis and said front surface defining said annul ar valve seat is orz'agngﬁd 2002
with an angle different than 90 relative to said axis. 8. A valve di

to Claim1, wherein said bottomwall of said cup-shaped elenmer formed with
an annular rib defining a sealing |lip facing towards said valve seat. 9. A
val ve according to Claiml1, wherein said bottomwall of said cup-shaped

el emreni has a vari abl e thickness. 10. val ve according to Caim9, wherein
said bottomwall of said cup-shaped elem- has a central portion having a
reduced thickness. 11. A valve according to C aim 10, wherein said central
portion of tRabaga’ t twhenadin pasaisd whiiphs hzpeddehthemt ¢x $iovindd Wit h a

recess. 12 ., A val.ve car.di i : a E6Sr

di anetral | )t7h8?| e?&re aé:y %fsgqgﬁég %Jﬁg {%%Eca&vg\;g?j?egggcg? ée{; to éé&éal m 1,

wher ei n sandmboai®m bard mﬁ satkl dopeshapeiowr| e%n?h%esﬁi’gﬂm%}:lé@nvex

t owar ds Sa'{gﬁbX?i aéhe éﬁ’%}:é’ﬂ af COf Ay &g QPdiRrds hergiyr said
sai ape

| at er al cup S enent
defines the diaphragm normally urged into seal contact

against said annular valve seat 14 under the axial thrust
provided by the lateral wall 10.

In all three alternative embodiments the side wall 10
of the cup-shaped element 7 has a cylindrical or conical
surface diverging towards said channelled surface 17 and an
increasing thickness from the bottom wall 9 towards its
free edge 11. Moreover, in all three alternative
embodiments the sealing lip 12 facing towards the valve
seat 14 is provided at a distance from the lateral wall 10.

In the embodiment shown in Figure 4 the bottom wall 9
is slightly convex towards the valve seat 14, and the
thickness of the area of the bottom wall 9 corresponding to
the sealing lip 12 is reduced. The front surface defining
the annular valve seat 14 is oriented with an angle
different than 90° relative to the axis of said first
tubular element 2. For instance, the angle between the
plane of the front suxface 14 and the general plane of the
chanmelled surface 17 of the second tubular element 3 may
be comprised between 1° and 10°.

In the embodiment of Figures 5 and 6 the bottom wall 9
is also slightly convex towards the valve seat 14, b while
beeng provided of a substantially even thickness. The
front surface defining the annular valve seat 14 is in this
case perfectly radially oriented, i.e. is perpendicular to
the axis of the firts tubular element 2.

Lastly, in the embodiment of Figures 7 and 8 the outer
surface with the sealing lip 12 of the bottom wall 9 is
generally planar, with an increasing thickness towards its

center along a first diametral direction but with an
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10t 10 a diaphragm of elastically deformable material transversely positioned between said first and

second tubular elements, said diaphragm sealingly cooperating with an annular valve sea

of the said first tubular element to form a fluid seal that maintains said check valve in a

normally closed position, and in which a predetermined fluid pressure in the said

upstream passageway causes a deflection of said diaphragm and consequent opening of

said check valve, wherein:

- said annular valve seat is defined by a front surface of said first tubular element, and

- wherein said diaphragm includes a cup-shaped element positioned coaxially with said
upstream and downstream passageways; said cup-shaped element having a lateral wall and a
bottom wall, said bottom wall contacting said annular valve seat and'said lateral wall having a
free edge contacting said second tubular element, said cup-shaped element being disposed in
axial compression between said annular valve seat and said second tubular element, said botto
wall being normally urged into a sealing contact against said annular valve seat under an axial
thrust provided by said lateral wall of said cup-shaped element; a deflection of said bottom we
of said cup-shaped element being produced in use by said predetermined fluid pressure thereb

causing an axial separation of said bottom wall relative to said annular valve seat.

2. (Amended) A valve according to Claim 1, wherein said lateral wall of said cup-
shaped element has a free edge and said second tubular element has a channelled surface

communicating with said downstream passageway and upon which said free edge is resting.

3. A valve according to Claim 2, wherein said lateral wall of said cup-shaped elemer

has a cylindrical surface.
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. A valve according to Claim 2, wherein the said lateral wall of said cup-shaped elem

has a conical surface diverging towards said channelled surface.

5. A valve according to Claim 2, wherein said channelled surface has a halo of radial
channels, each merging into a respective axial channel formed in said second tubular element ;

facing said lateral wall of said cup-shaped element.

6. A valve according to Claim 1, wherein said first tubular element has a longitudinal
axis and said front surface defining said annular valve seat is oriented perpendicularly to said

axis.

7. A valve according to Claim 1, wherein said first tubular element has a longitudinal
axis and said front surface defining said annular valve seat is oriented with an angle different

than 90° relative to said axis.

8. A valve according to Claim 1, wherein said bottom wall of said cup-shaped elemer,

formed with an annular rib defining a sealing lip facing towards said valve seat.

9. A valve according to Claim 1, wherein said bottom wall of said cup-shaped elemet

has a variable thickness.

10. A valve according to Claim 9, wherein said bottom wall of said cup-shaped elem

has a central portion having a reduced thickness.

11. A valve according to Claim 10, wherein said central portion of said bottom wall «

said cup-shaped element is formed with a recess.

12. A valve according to Claim 11, wherein said recess is diametrally oriented.
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15. (Amended) A valve according to Claim 1, wherein said bottom wall of said cup-

shaped element has an axially projecting dome portion.

16. (Amended) A valve according to Claim 1, wherein said cup-shaped element is
formed from a single piece of soft, elastomeric material, namely liquid silicone that is injection

molded using a central injection point.

17. (Amended) A valve according to Claim 1, wherein said first and second tubular
elements are set up for tube-tube, Luer-tube, tube-Luer or Luer-Luer connections on said medical

infusion line.



