1 "ONE-WAY VALVE FOR MEDICAL INFUSION LINES AND THE LIKE"
Field of the invention 5 The present invention relates to one-way valves for
medical infusion lines and the like, of the type generally comprising a first
tubular element and a second tubular element, which define, respectively, a
passage upstream and a passage downstream, which are coaxial to one
another and set transversely between which is a diaphragm made of
elastically deformable material, which co-operates in a 10 fluid-tight way with
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consequent opening of the valve, i.e., opening of the communication between
the pi@é@ﬁéﬁé&ﬁ%nd the passage downstream through channels
foPmed in tHée 1Bk tabeRtPRIEMEALY VREVEY oftres dponedert drauirdnesr
example] as tieck vadvepse wdnalalBreopprpogel\fidesigned denastamperecond
whep theuRreSRYEN (E-RaRIALE MPRIFEATYIS: highethaRa.RIedatarpingsh
relatively, modest. hreehold wallp, and e teqlose, RIOMBYY $0.38 10y,
prevent, w& the maximum daegr_ee of saflety, any reflux rom? e? passage
downdfréatiipbrass paads g6 dlpirabyisoupticadairs draddchecmpdaisadp
drops Beidktigbiovathe thtesholdlvalabcordl ot e thestcabel of denaliseit keirmrhal
overpregsdl iR Miiindas:passase: devnsl prmuLtalel oldthe e paseat S gieln

patentNp, P Lo ptatdlae 1 e aame b lieHsk eSS mReh and
check valve of the above sort exgre.ssly designed for o%eratln in %t%{an e of
b hiowy

pressFES BRI ABEY BetivRsn  \F-drd 8?6%%?.91“?1%‘38 PR & £|\t3ée
is coridtfaasdupsigais Re bt g spge diaRipt e tar igborharishbofparky tHe the
cicumfesenoidlrettgecofswhich is gripped between the two tubular elements of

the valve. Thg dislt inaxialy %ﬁ'k@@q%,%m@m;f@%% ahihe frank againstre
the valve 30 afegt defi@esd bSy an axial nn%!]gr ngrg)sjgr%tion of the first tul%ular
ere

elemeRt. Ahd tan be - axially moved awsay Fom wWhen the Bresetie i the
passafEhipbraRdremitat Ry reiigHed A8 ovB cARIVEN & frelose
type refemet toabdvertione veihshmplexandnintegrensivefcthcamys¢duhéom the
elomepiankshiapavliim dinpbragranibiadie sinple praceseeiird the latter

produgfigh theie sty et M ANk IIg, d965:09h ARPRALR P 3RIRiCninimal

guarantee e
overpressure within the passage downstream.

State of the prior art
German patent No. DE-C-19545421 filed in the name of Filtertek describes

25 a check valve of the above sort expressly designed for operating in a range of

pressures comprised between 0.1 and 0.02 bar. The diaphragm of the valve is

constituted by a disk obtained by dinking from a silicone ribbon and the

circumferencial edge of which is gripped between the two tubular elements of the

valve. The disk is axially pre-loaded so that it rests at the front against the valve

30  seat, defined by an axial annular projection of the first tubular element, and can be

axially moved away therefrom when the pressure in the passage upstream falls
within the range mentioned above.

A valve of the type referred to above, however simple and inexpensive

thanks to the elementary shape of its diaphragm and to the simple process of

35  production thereof by means of dinking, does not appear to be able to guarantee



2 the necessary sensitivity and promptness for pressure values lower than
the minimum one (0.02 bar) for which it is expressly designed. In order to
solve the above problem, and in particular to provide a check valve suitable
for operating with the maximum safety and reliability with 5 pressures in the
passage upstream even markedly lower than 0.02 bar, the present applicant
has proposed in his own European patent No. EP-B-1099457 a solution in
which the diaphragm is constituted by the end wall of a particular cup-shaped
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with which, however, is pressed in seal contact against the annular seat with conical
surface in a region corresponding to its own outer peripheral edge, also in this case
25 under the axial thrust exerted by the side wall of the cup-shaped element. In
operation, the pressure of fluid at the values indicated above in the passage
upstream produces an axial displacement of the end wall of the cup-shaped
element in the direction of the second tubular element, as a result of which the
corresponding outer peripheral edge contracts radially moving away from the
30  annular valve seat with a radial component.

This operation, which guarantees a surprising promptness and immediacy of
opening of the valve, is in principle similar to what is described in European
Patent No. EP-B-0791371, which is also in the name of the present applicant, with
reference to a medical connector with protection valve that can be activated via a

35 luer-lock connector.



reference to a medical connector with protection valve that can be activated
via a 35 luer-lock connector. 3 Summary of the invention The object of the
present invention is to improve further the functional characteristics of the
check valve according to European Patent No. EP-B- 1099457, exploiting the
concept of the anti-siphon valve according to European 5 Patent No.
EP-1093828 so as to enable application thereof at operating pressures even
markedly below 0.02 bar. With a view to achieving the above purpose, the
subjecXwpkEY Rl IaNcRIAN one-way valve in compliance to what is claimed
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The invention moreover envisages particular arrangements in relation to the
structure and conformation of the cup-shaped element designed to improve further
25  operation thereof, particularly in terms of promptness of opening and reclosing of
the valve.
Brief description of the drawings
The invention will now be described in detail with reference to the annexed
plates of drawings, which are provided purely by of way of non-limiting example,
30  and in which:
- Figure 1 is a schematic view in axial cross section of a check valve
according to the invention;




4 - Figure 2 is a view similar to that of Figure 1, sectioned according to a
different plane, partial and at an enlarged scale, of the check valve according
to the invention; - Figure 3 is an exploded perspective view, from beneath, of
the valve; and 5 - Figure 4 is an exploded perspective view, from above, of
the valve. Detailed description of the invéntion With reference to the
drawings, the number 1 designates as a whole an axial union for tube-tube
connection for medical lines for infusion, transfusion and the like. It should at
once be noted gt Thie anis cotidralsothe afrEiyed Fordeiérngibeaca@ding to a
conneédtitMenb ki nabeved coanasiivesdoichierolithe cdwple stibiesaeroadipg to
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passage upstream 4 and'the bassage downstréam b is & check vaive

de&grf&lféd’fafé"é?ﬁﬂ%k by 6. The check valve 6 basically comprises an elastic
open/close Blemeioh ¢omstituted by a eupishapbdzetermbnkiowepreSentadubir
greatefgigtaibiFigurescdokbahd A coktichidp Figirasoiand Hiadlbisiratadoie
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element 7 comprlse% a circular end wall 8, plane or more con enlente/
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d&ividdfrom the presence of an external
Set between the passage upstream 4 and the passage downstream 5 is a

check valve, designated as a whole by 6.
The check valve 6 basically comprises an elastic open/close element
constituted by a cup-shaped element 7, represented in greater detail in Figures 3

25 and 4, which in Figures 1 and 2 is illustrated in its resting condition corresponding
to closing of the valve 6. Said cup-shaped element 7 comprises a circular end wall
8, plane or more conveniently slightly convex, and a skirt or side wall 9 of a
cylindrical shape, more conveniently with conical external surface diverging on
the side opposite to the end wall 8.

30 As may be seen more clearly in Figures 1 and 2, the end wall 8 preferably
has a variable thickness, greater in its central part and progressively decreasing
towards its circumferencial edge designated by 8a. The circumferencial edge 8a
can in turn present a reduced thickness, deriving from the presence of an external
perimetral groove 9b.

35 Also the side wall 9 has a variable thickness progressively increasing



perimetral groove 9b. 35 Also the side wall 9 has a variable thickness
progressively increasing 5 towards its free edge 9a, i.e., the edge opposite to
the end wall 8. With a structure of the above sort, the area of connection
between the side wall 9 and the circumferencial edge 8a of the end wall 8
has a minimum thickness that is considetably smaller than the maximum
thickness of the side wall 9. 5 The circumferencial edge 8a of the end wall 8
conveniently has a rounded profile. The cup-shaped element 7 is normally
made ofausngidipiacigo?ancinjectidge-npooidedosbétealdstdhieric material, in
particular liquig Sikeabgerdtherastabes: 10d Qo digen et @ndi, dlw

cup-shapegl 6lg mgeﬁzurﬁraéﬁrtﬁ%g@sacmmberdwaﬂ%fn%% Qﬁh‘{‘ﬁ‘?&rﬁ SIS

tubular element 2 econd tubular. element 3 xra ]S%
F%ﬁi erse

elemefi. “rﬁ%%ﬁ&’i%é?% % D e ety Hﬁcﬁ’ﬁ“é éhﬁﬁlﬁet
wall 11 of tHeefirseumpierrncaierdenta obiie omdictrthe ¢artprsdsdayagiveied

out anprafiech is 15 delimited on the outside by a conical circumferencial

surface 12 @H@@fﬂ@ﬁ%@@rgﬁmﬁts‘?cﬂnQMi?rI%LQiJ‘QJ?t ) M%!%hpqt?dcén%? an

annular valve seat., tw en the inlet assagle ap f e1 r valve seﬁ\t
O-JLI 1'I¥1 clasfomeric ateria ar cular 111CONne %
12, theé rJ/v 1 has an array of projections or el e groove crng the en

wall 8 '9PhsE cup-shaped element 7, which in the undeformed condition of the
lafter is set Bxiadiyratta Histaece frodn2hehe2prshihpdd Elentbies Gppositersidien a

the chaimbeerl isicheliniteeveynakansradamadlcienf 2hadacond Suduldnlar
conneglar, 3| i acen [alt(aggg of.whigh the outlet passage 5 gives out. The
wall 14 is f gwr ]f lal.channels 15, which communlqﬁe on
one side witl QBT DaS<RUH1S SHPURLHE SRpodRE TR S Al 1 of
respeéhvélrakrabenaﬁkersni@ foRethishiee\ift oRthree dceiies iLiad Bleigheint
3l5anddtdoingdhe éxtennadstyfacenifahercidefanaltifl ofitfacecipislraged towards

elememe7sec%ﬁ'éﬂt@ma§ Q%%@bemﬁr&Wdé%lh&ua?@Qnﬁa%ia!mwmn BRBveen the
chamb 0, with |t aII Sf%rngalllkea%alr}s Ise aﬂ:r gm the |nIet

a ei
passabnee4 B Saa\%nth |ts sr 6 wa ]facmg, as has been Said al

channBigiaBions 8Tl é@@ée@& ofafige é@ﬁ%‘e%lg@rég?s"% %h@?ﬂaﬂg(ﬂ?%g
wall 14vbicthie Seconidftulnetareidimanef3hAktordingttexihdyptimdsyance from the
chpraciarnigtic of the invention, it rests in a non-

On the opposite side, the chamber 10 is delimited by a transverse wall 14 of
the second tubular connector 3, in a central area of which the outlet passage 5
gives out. The wall 14 is formed with an array of radial channels 15, which
communicate on one side with the outlet passage 5 and on the opposite side with

25  respective axial channels 16 formed in the wall of the second tubular element 3
and facing the external surface of the side wall 9 of the cup-shaped element 7.

Said cup-shaped element 7 is housed coaxially within the chamber 10, with
its end wall 8 facing, like a transverse diaphragm, the inlet passage 4 and with its
side wall 9 facing, as has been said, the axial channels 16. The free edge 9a of the

30 side wall 9 rests on the transverse wall 14 of the second tubular element 3.
According to the primary characteristic of the invention, it rests in a non-
continuous way, in the sense that the free edge 9a is set resting upon the transverse
wall 14 only in areas corresponding to angular portions separated by angular non-
resting portions. This is obtained thanks to the fact that the radial channels 15 of

35  the transverse wall 14 are separated from one another by sectors (in the example



continuous way, in the sense that the free edge 9a is set resting upon the
transverse wall 14 only in areas corresponding to angular portions separated
by angular non- resting portions. This is obtained thanks to the fact that the
radial channels 15 of 35 the transverse wall 14 are separated from one
another by sectors (in the example 6 illuStrated six in number, angularly set
at the same distances apart from one another) that are alternately axially
raised 17 and axially sunken 18. The free edge 9a is in contact with the
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16 andstgaenaftioaniselge opening condition following upon deflection, i.e., the
axial displacement of the end wall 8 of the cup-shaped element 7 in the direction

25  of the second tubular element 3. Said displacement causes an elastic return of the
circumferencial edge 8a and a consequent radial contraction thereof, which causes
recession thereof in a radial-axial direction with respect to the valve seat 12. The
valve 6 is thus opened so that the passage upstream 4 is set in communication with
the passage downstream 5 through the axial channels 16 and the radial channels

30 15 set below the free edge 9a of the side wall 9.

Contributing to the promptness of the elastic deformation of opening of the
cup-shaped element 7 is the component of bending of the edge 9a within the
sunken sectors 18 of the wall 14.

In fact, with respect to the case of the anti-siphon valve according to the

35  already mentioned European patent No. EP-B-1 093 828, the albeit partial resting



30 15 set below the free edge 9a of the side wall 9. Contributing to the
promptness of the elastic deformation of opening of the cup-shaped element
7 is the component of bending of the edge 9a within the sunken sectors 18
of the wall 14. In fact, with respect to the case of the anti-siphon valve
according to the 35 already mentioned Eliropean patent No. EP-B-1 093
828, the albeit partial resting 7 of the free edge 9a of the side wall 9 causes
the higher elastic yielding of the latter to enable opening of the valve 6 with
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circumferencial edge 8a and the conical surface 16: the loss of head through
the valR&'B¥ ¥ 8HEequently approximately linear. 20 The axial projections 19
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arrests, designed to prevent the end wall 8, in a condition of complete opening of
the valve 6, from possibly obstructing the outlet passage 5.

Return into the closing position of the check valve 6, as soon as the pressure
balance between the passage upstream 4 and the passage downstream 5 is restored
25  or else in the case of overpressure in the passage downstream 5, is brought about
as a result of the immediate return of the end wall 8 into the resting configuration

of the corresponding peripheral edge 8a against the annular valve seat 12.
Of course, the details of construction and the embodiments may vary
widely with respect to what is described and illustrated herein, without thereby
30  departing from the scope of the present invention, as defined in the ensuing

claims.



Of course, the details of construction and the embodiments may vary widely
with respect to what is described and illustrated herein, without thereby 30
departing from the scope of the present invention, as defined in the ensuing
claims. 8 CLAIMS 1. A one-way valve (6) for medical infusion lines and the
like, comprising a first tubular element (& and a second tubular element (3),
which define, 5 respectively, a passage upstream (4) and a passage
downstream (5), which are coaxial to one another and transversely set
between which is a diaphragm (8) mgéé%astically deformable material
co-operating in a fluid-fight way with an annular valve seat (12) of said first
tubular elerkeftr Y6 XEdBes@H Vanedie) nbiiealnerodtihmihicanaprising a
predetithifypredstienofBLidih saitfiradsageto alssteehrt’(4) Brslyatest
a dlisplatRasiBISh o riaPR et E RIERI AtlorN B f S ARdSasRIRFEIFE{8) end which are
conse&Rxit dpepiingettBelddlranayreehy sel \opivBesarthhnis|ar dizpiage d8)s
definethasie ahvedabivrHycdrivaablefasteinbyopraitifigsntablik tishs may ey an
diverghmguawsrtis said secorfdstib dilest &lbpharel¢B)enind)stickedinphifaryds(6)
constittfeepBy tHesehdiwvarhid) of predgeshimpeé dedestre nel( Auithénosrish psssage
ptiphepsiredy 648 Ry i0gwhichtisandinpladignysid sse duin dasticc dpfierotadigairndt sait
annulahapiipesddt (1@ onsrdesmppialethf ssdexéredd) bynthie sibichwsalf (@nofar
said cupvshaped aleimentbi7y thaldeflbctioncal axi@akdisplact medt fofsaidudad
wall (8)leofethie @updstraged eferaeiat (d)dbroogit dbowltinadesdny $3id and said
predetdnpting psesssiigital yitledeiémihiBpofhrectadibhpontiantion Df daiduter
olfter peripivenhled g €38 a)famblii @0 iksnconsiég pentsk paratibooiram sgachst said
annulanwealuevsbat b2 )| andimdehichxksaithsisiexadt (8) dfethidcwpisttapddaid
elementEhied ikown fecleddd]1¢0a)restinipbdiapistcamegrad\sad iramhswdr$8)
surfacef (b4 raj-seagesetanchtybLbaslemmientt (3)uso hynsaidipatingrviibdgatd sure
passage ftlowvistresinind Ylend didvinguantiarray ofidadiel ghaphats (1159, (8ajchnd
valve being claacactepradoin fibat sadchnadial chennels (2h).0d sadhiposaediad
transvetge(suotabe (i skaesepaiatied7 bysactommalieraagy/ aly) raised (anhand
sunkepr(d8y definingsanguhat (eslingsparieosd uhuangldamdy: separatedninating
angulavith eid atiagenihinns: (18)3 said fremedger(dp)hihe sidenaall1®) afid
said cuptveheped ehemeantiid) bheitghinseRNtiasioninitissaid)restingdogrions
(25). ZrahbeeMalvRBeeo(dingate Gdpimtdd eyakaaiaszadimthalyeagketadia) and
channgin@h (1S) aésaich arpaveddiansyersensyiface (imis pralergad haular
respeclbierévd@d portions (18), said free edge (9a) of the side wall (9) of said cup-
shaped element (7) being in contact only with said resting portions (17).
2. The valve according to Claim 1, characterized in that each radial channel
30  (15) of said grooved transverse surface (14) is prolonged in a respective axial
channel (16) formed in said second tubular element (3) at the side of said side wall
(9) of the cup-shaped element (7).
3. The valve according to Claim 2, characterized in that at least part of said
sectors (17) are formed with axial projections (19) projecting towards said end
35  wall (8) of said cup-shaped element (7).



channel (16) formed in said second tubular element (3) at the side of said
side wall (9) of the cup-shaped element (7). 3. The valve according to Claim
2, characterized in that at least part of said sectors (17) are formed with axial
projections (19) projecting towards said end 35 wall (8) of said cup-shaped
element (7). 9 4. The valve according to%ne or more of the preceding
claims, characterized in that said end wall (8) of the cup-shaped element (7)
has a variable thickness, increasing towards its central part. 5. The valve
according td. dihe orlyaerecditietiprecedimgrelaiihs, rhadicterized, Bhimatiatized
said sigewal(8)-al theicun-shaped glamssat déhbas @ vaiiablad btk igskaess,

mcreaﬁ{agatsqxéa[r N1 ggggegggle?ﬁa) 6. The valve according to Claims 4 and
5, character| hat said heral edge ‘%r’r&% of th end wall g ) of said
C

cup-shaped'e @&%%Y??f??é%‘ ?%?ﬂﬁfﬂfrﬂl ¥ SR PypyBaractenized
actordihtab eitesssteriioie (8 ﬂféfmém@h@geélaim%r{a}é@@eﬂ Fadabie tthigkagts.
first tubulasselgnosnid2)thaseadnouerse wall (11) facing said end wall (8) of

said cup- SW{‘WE’&#&W@%@JQ@“@ mmﬁnﬁg&v of @Qﬁ%@ﬁ?&?gﬁﬁﬂﬁkald
communicating wi eu m e, valve accor 0
s T G T AR N T
(9a) oﬁH’é‘@?&étb\‘/%ﬁPE% of said cup-shaped element (7) has an external
althular grobven¢oh)y®acthaliralve aeccordiong b baereradiogebintisechreveatingd
claimsinchar agtefizehbnihatsrigd cyprshapedwigmem (7) isoiaderf asingle
piece gf) '%PS;HH’QJB?H& 9&’ eﬁ?ﬁ%ﬂ"(‘?}%ﬁ{éﬁ Wateripl i Particyls ¥ﬁ9§é§’e5 (13)

silicone or the like. 2 he valve accordoz% to one or more of

prece&?@%‘f&fﬁ?&ngﬂg S@f&r?fé%f%ﬁ EREF € d First and second tubular
elements (3- Fhaialpeacsaisiged Tot on b pelopisecdioa slaonlskarpepriged
cthnedtidns widkfse tulge-(D@rot drnediiont, ©) efsailuerpsipednnactions) and
similagﬁgg{gggquﬁl@é{r%\m@ggal line. 25
9. The valve according to one or more of the preceding claims, characterized
in that said cup-shaped element (7) is made of a single piece of injection-moulded
soft elastomeric material, in particular liquid silicone or the like.

20 10. The valve according to one or more of the preceding claims,
characterized in that said first and second tubular elements (2, 3) are pre-arranged
for tube-tube connections, or else luer-tube connections or else tube-luer
connections, or else luer-luer connections, and similar connections of said medical
line.

25



