"Anti - si phon val ve for nedical infusion lines and th& Ul(keﬂ 0 l. 2440
The priesent invention relates to anti-siphon valves (or non-return- val ves)
for 5 medical infusion lines and the |iKke. ei’he sai d val ves
traditional |y conprise a first tubular elenment and a sedéhdli Mtubt’l---"ﬁg
el ement which respectively define a passage upstream and a passage
downstream which are coaxial w th one another, and between which is
transversely set a diaphragm made of el astically defornable material which
co- 10 operates, in a fluid-tight manner, with an annul ar val ve seat of
said first tubular el ement to keep the anti-siphon val ve rmal |y
closed, and in whi cA@tiNighon valve fhetnerdital @dubibtiilislepsed o iekd™n \;Z'Zi d passage
upstream causes a deflection of the di aphragm and t he consequent

openi ng of the anti-siphon val ve. These val ves, which are
normal |y closed, nmust be able to open gfbnptly 15  when the pressure in
the passage upstreRRdSnh@ifhe AR @ AiSiEh REERRAbA Mhiifuives) for Wi ch
is much higher tha nor ma I"-s1 phon” val ves used I1n” simlar
medi cal appl ireedi¢ad idusiemlingsgnd $hsildsl |y bet ween 1 and 5 psi. The

primary purpose @[fhetsﬁﬁ \Fh'l\%?ﬁﬁﬁltloﬂm%ﬂ&dn%hsb% filt RILAME @%rrﬁnt’%d’@ s€onl he
type speC|f|ed bove, such a way as to be able to
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devel opi ng a doomstrebed, abihh are copedll RGthf ohe eandftRnevad bdi@edd Wiliclpriessure in

the passage L{Pa?lg\ge?sae@ ge%%ecggpsﬂragh l?neédte of elastically deformable material which co-

10 operates, in a fluid-tight manner, with an annular valve seat of said first tubular
element to keep the anti-siphon valve normally closed, and in which a pre-
determined fluid pressure in said passage upstream causes a deflection of the
diaphragm and the consequent opening of the anti-siphon valve.

These valves, which are normally closed, must be able to open promptly

15 when the pressure in the passage upstream is higher than a pre-set threshold value,
which is much higher than the one in normal anti-siphon valves used in similar
medical applications, and is typically between 1 and 5 psi.

The primary purpose of the present invention is to provide a valve of the
type specified above, which is shaped in such a way as to be able to withstand a

20  relatively high closing preloading, at the same time developing a considerable
opening force whenever the fluid pressure in the passage upstream exceeds, albeit
by a small amount, the threshold value for which the valve is calibrated.

Another purpose of the present invention is to provide a valve of the
aforesaid type, which is shaped so as to meet the above requirement with a simple

25 and inexpensive structure, also in terms of assembly.

A further purpose of the invention is to provide a valve of the aforesaid type
that is easy to calibrate, at the moment of fabrication, according to the
'fequirements of use.

According to the invention, the above purpose is achieved essentially thanks

30  to the fact that the said annular valve seat is defined by a conical-surface wall of
said first tubular element which diverges towards said second tubular element, and
the aforesaid diaphragm consists of the bottom wall of a cup-like element the
extemal peripheral edge of which is normally kept pressed in fluid-tight contact
against the annular valve seat under the axial thrust exerted by the side wall of

35  said cup element; the deflection of said bottom wall of the cup element brought



by a smal| anount, the threshold value for which the valve is calibrated.
Anot her purpose of the present invention is to provide a valve of the

af oresaid type, which is shaped so as to neet the above requirenent with a
sinple 25 and i nexpensive structure, also in terns of assenbly.

A further purpose of the invention is to provide a valve of the aforesaid
type that is easy to calibrate, at the nonent of fabrication
according to the requi renents of use. According to the

i nvention, the above purpose is achieved essentially thanks 30 to the fact
that the said annul ar val ve seat is defined by a conical-surface wall of
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el enent, and he af0resaid aphragm consi sts of the bottomwall of a
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safety ement produces an elastlc deformation of the latfer into a concave conformation

10 which is substantially hemispherical, and as a result of which the peripheral edge
of said bottom wall separates from the conical-surface valve seat with an effect
which is, so to speak, amplified. In practice, a modest pressure value beyond the
above-mentioned threshold value is therefore sufficient to cause opening of the
valve according to the invention in a prompt and immediate way.

15 In the valve-open condition, as the flow rate of the fluid increases there is a
proportionally greater deformation of the bottom wall of the cup-like element and,
consequently, a proportionally greater removal of its peripheral edge from the
valve seat. In this way, the head loss through the valve follows a linear pattern.

In addition, in the valve-open condition, the thrust exerted by the fluid

20  against the external surface of the area of the side wall of the cup element which is
adjacent to the bottom wall contributes to keeping the valve open.

According to a preferred embodiment of the invention, the free edge of the
side wall of said cup element conveniently rests against a grooved surface of said
second tubular element communicating with said passage downstream, and the

25  side wall of the cup element conveniently has a conical surface diverging towards
said grooved surface of the second tubular element.

Altematively, said surface may be cylindrical.

The invention will now be described in detail with reference to the attached
drawings, which are provided purely as non-limiting examples and in which:

30 - Figure 1 is a schematic axial section illustrating an axial connector for
medical infusion lines, incorporating an anti-siphon valve according to the
invention;

- Figure 2 is a section similar to Figure 1 but rotated through 90°;

- Figure 3 is a cross-sectional view taken along the line III-III of Figure 2;

35 - Figure 4 is a perspeclive view of the open-close element of the valve



and rellablllty of closing of the valve. In fact, the thrust exerted by the
pressure upon reaching of the threshold val ue agai nst the bottom wal |
of the cup-like el enent produces an el astic deformation of the latter
into a concave conformation 10 which is substantially hem spherical, and
as a result of which the peripheral edge of said bottomwall separates
fromthe conical-surface valve seat withyan effect which is, so to
speak, anplified. In practice, a nodest pressure val ue beyond the
above-nentioned threshold value is therefore sufficient to cause opening of
t he val ve according to the invention in a pronpt and i nmedi ate way. 15
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t he val ve :

Between the passage upstream 4 and the passage downstream 5 an anti-
siphon valve generically designated by 6 is arranged, which specifically forms the
subject of the present invention.

20 The anti-siphon valve 6 basically comprises an elastic open-close element
consisting of a cup-like element 7, illustrated in detail in Figure 4 in its
undeformed resting condition. This cup element 7 comprises a circular bottom
wall 8 and a skirt or side wall 9 having a cylindrical shape, or more conveniently a
conical surface diverging on the side opposite to the bottom wall 8.

25 The bottom wall 8 may have a constant thickness or, more conveniently, a
variable thickness that increases towards the central part of the wall, as illustrated.

Likewise, the side wall 9 may have a constant thickness, or else, more
conveniently, a variable thickness that increases towards the free edge 9a of the
wall (i.e., the edge opposite to the bottom wall 8), as illustrated.

30 The external circumferential edge of the bottom wall 8, designated by 8a,
may be a sharp edge, as in the case of the example illustrated, or may be
chamfered.

The cup element 8 is normally made out of a single piece of soft elastomeric
material, in particular injection-moulded liquid silicone with a central injection

35 point.



3 " according to the invention; and - Figure 5is a view
simlar to Figure 1 which illustrates the valve in the open position.
Wth reference first to Figures 1-3, nunber | designates as a whole an

axial 5 connector for tube-to-tube connection for nedical infusion |ines,

transfusion |ines, and the like. It should be noted i nmedi ately that
the connector could al so be arranged for |uer-tube or tube-tube or

| uer-1uer connection. The conrector 1 conprises, in a way that
isinitself generally known, a first t ubul ar connector 2 and a second

tubul ar connector 3 which are both normally 10 made of an appropriate
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bott om 10 respective axial channel 14 formed in the wall of the second tubular element 3

of

which delimits the chamber 10 laterally. In addition, formed on the grooved
surface 12, around the outlet passage 5, are axial projections 15, the function of
which will be clarified in what follows.
The cup element 7 1s housed coaxially within the chamber 10, with its
15  bottom wall 8 facing, like a transverse diaphragm, the inlet passage 4, and with its
side wall 9 facing the axial channels 14. The free edge 9a of the side wall 9 rests
on the grooved surface 12 of the second tubular element 3.
The external circumferential edge 8a of the bottom wall 8 rests against the
annular valve seat defined by the conical surface 11 of the first tubular element 2.
20  The arrangement is such that, in the mounted condition illustrated in Figures 1 and
2, the cup element 7 is subjected to a pre-determined axial elastic preloading. In
this way, the peripheral edge 8a of the bottom wall 8 is elastically kept pressed in
sealed contact against the annular seat valve 11, under the axial thrust exerted by
the side wall 9, as well as under the resulting radial thrust exerted by the wall 8 of
25  the cup element 7 thanks to the conical conformation of the valve seat 11. This
condition corresponds to the normally closed position of the anti-siphon valve 6
according to the invention, in which flow from the passage upstream 4 to the
passage downstream 5 is prevented in an effective and safe way:.
Whenever inside the passage upstream 2 an overpressure is produced that
30 exceeds a pre-set threshold value, for example of the order of 1-5 psi, the anti-
siphon valve 6 promptly switches from the closed condition to the open condition
illustrated in Figure 5, as a result of the deflection of the bottom wall § of the cup
element 7, possibly combined with partial axial elastic yielding of the side wall 9.
This deflection causes the peripheral edge 8a of the cup element 7 to move away

35 from the annular valve seat 11, and this generates an annular port 16. The passage



wall 8 and a skirt or side wall 9 having a cylindrical shape, or nore

conveniently a coni cal surface diverging on the side opposite to the
bottomwall 8. 25 The bottomwall 8 may have a constant thickness
or, nore conveniently, a vari abl e thickness that increases towards the
central part of the wall, as illustrated. Li kew se, the side
wal | 9 may have a constant thickness, orselse, nore conveniently, a
vari abl e thickness that increases towards the free edge 9a of the wal |
(i.e., the edge opposite to the bottomwall 8), as illustrated. 30

The external circunferential edge of the bottomwall 8, designated by 8a,
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10 latter in a substantially hemispherical concave conformation, as a result of which
the peripheral edge 8a separates from the conical-surface valve seat with a certain
degree of amplification. In practice, then, a modest pressure value beyond the
threshold value is sufficient for causing, in a prompt and immediate way, the valve
6 to open, at the same time also reducing any risk of undesired adhesion between

15 the edge 8a and the valve seat 11, also following upon prolonged periods of
closing of the valve which could jeopardise opening of the latter.

In the valve-open condition, as the flow rate of the fluid increases, there is a
proportionally greater deformation of the bottom wall § of the cup element 7 and,
consequently, a proportionally greater widening of the port 16. The head loss

20  through the valve 6 is therefore approximately linear.

The axial projections 15 on the grooved surface 12 have the function of
preventing the bottom wall 8 thus deformed from obstructing the outlet passage 5.

In the valve-open condition, the thrust exerted by the fluid against the
external surface of the area of the side wall 9 of the cup element 7 that is adjacent

25  to the bottom wall 8 of the same element 7 contributes to keeping the valve open.

Return to the closed position of the anti-siphon valve 6, when the balance of
pressure is restored between the passage upstream 4 and the passage downstream
5, or else in the case of overpressure in the passage downstream 5, comes about
immediately as a result of the return of the bottom wall 8 to the non-deflected

30 configuration where it rests its peripheral edge 8a against the annular valve seat
1.

Calibration of the anti-siphon valve 1 described above is simply by
operating on the elastic characteristics of the cup element 7, for example by
varying the thickness of its bottom wall 8 or by using materials with a different

35 hardness, or else by modifying the assembly preloading within the chamber 10, or



channel s 13 arranged |i ke spokes and comruni cating with said outlet passage

5. : The radially external end of each radial channel 13 is
prolonged with a 10 respective axial channel 14 formed in the wall of the
second tubul ar el enent 3 which delimts the chanber 10 laterally. In
addition, formed on the grooved surface 12, around the outlet passage
5, are axial projections 15, the functi orf of which wll be clarified
in what follows. The cup elenment 7 is housed coaxially within

t he chanber 10, with its 15 bottomwall 8 facing, |ike a transverse

di aphragm the_j as ed. .and Wth its e S d€ 1.9 facing the
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the annul ar sethbrevaldeparfilg ftondlahe tshiger@xif athe tpiesant irexatidreds dyfined in tHee si de
wal | 9, as melg %&k%Q%ﬁrsthe resulting radial thrust exerted by the wall 8
of 25 the cuplgﬁenen "5t hanks to the conical conformation of the valve

seat 11. This condition corresponds to the normally closed position of
the anti-si phon valve 6 according to the invention, in which flow from
t he passage upstream 4 to the passage downstream 5 is prevented in an
effective and safe way. Whenever inside the passage upstream 2
an overpressure is produced that 30 exceeds a pre-set threshold value, for
exanpl e of the order of 1-5 psi, the anti- si phon valve 6 pronptly
switches fromthe closed condition to the open condition illustrated

in Figure 5, as a result of the deflection of the bottomwall 8 of the cup
el ement 7, possibly conmbined with partial axial elastic yielding of the
side wall 9. This defl ection causes the peripheral edge 8a of the cup
elenent 7 to nove away 35 fromthe annul ar valve seat 11, and this
generates an annular port 16. The passage



5 * upstream 4 is thus set into conmunication with the passage

downst'ream 5 t hrough said annul ar port 16, the axial channels 14
facing the side wall 9 of the cup el enent 7, and the radial channels
13 situated underneath the free edge 9a of the side wall 9. 5

As has al ready been nentioned previously, opening of the valve 6 occurs
pronptly even if the di aphragm consisting of the bottomwall 8 of the cup
el enent 7 is subjected to a high axial preloading that ensures Its

maxi mum safety and reliability in closing. In f l l M Hﬂ
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the bottomwall 8 causes elastic deforréliééw—sof t he t er

substantial |y heni spherical concave confornation, as a resul t of Whl ch

the peripheral odge G, eRaral Sl BT Rpcnaamicalusys age uol vk spa with 2

certain degree (0] racti pr essure
val ue beyond t¢raprising one firstbibulay cmmeg@r (3 @dfcfnp@rz@m tﬁb\rlarcmmge(ng Gk a

pronpt ands i N t o e aI <o
Pecuci g any Lok ntppet (e A phSare warsinl@) 060 e Blec IRaR0E 47D,

val ve seat 11“”§Ws€ff%WF@%H%Q"@p@H”%?OP@%d@&wﬁﬁrWBHB 6f“mmvm3%Yd§ f g of t he
val ve which Cﬂhbﬁaglﬂ(w)arhﬁﬁe&ﬁ“ e%ﬁéﬁlmeﬁfm&ﬂé nﬁa@értaﬂf énd co-operatmg in a|ﬂind he

| [ t t he. {
b opor 1 onal | JElrBaTEr Vi e Rbrear et Bt i i PRE Rt (el cront

7 and, ckw‘@eemermhys;pmnpv@vnol(ﬁ)l msmiallly dosd; én whicke i p@-d:ﬂtemﬁm:dport 16.
The head I Ss t.h e I inear.
The axi al gr o] u.r%%fé%f%ﬂmd '?‘héla%x) ﬁg%llr}%' {f}?fg %g 8%‘%@5&&%,{3%1& of

preventing t hélabbtagmr@)midl0p8mngegsazléﬁmir piphiorf vaive Shsthamcteringl mtthatsand| et
passage 5. annular valvel fatt (19) Ysaﬂéﬂ?nc@ BGT: SRS Eﬁ%e V&J‘POF &'idj?ﬁ‘st QﬁﬂﬁflarEd by

the fluid agai nhst J”u external Surface of rea? the side wall 9
of the cup el glemgnt @).1whigh fi)é/er@gf tawards said second tubular element (3), and in that

said diaphragm consists of the bottom wall (8) of a cup-shaped element (7), the
15  extemal peripheral edge (8a) of which is normally kept pressed in fluid-tight

contact against the annular valve seat (11) under the axial thrust exerted by the

side wall (9) of said cup element (7); the deflection of said bottom wall (8) of the

cup element (7) produced in use by said pre-determined fluid pressure causing the

radial contraction of said external peripheral edge (8a) and its consequent
20  separation from said annular valve seat (11).

2. A valve according to Claim 1, characterized in that said side wall (9) of
the cup element (7) has its free edge (9a) resting against a grooved surface (12) of
said second tubular element (3) communicating with said passage downstream (5).
25
3. A valve according to Claim 1 or Claim 2, characterized in that said side
wall (9) of the cup element (7) has a cylindrical surface.

4. A valve according to Claim 1 or Claim 2, characterized in that said side
30 wall (9) of the cup element (7) has a conical surface diverging towards said
grooved surface (12).

5. A valve according to Claim 2, characterized in that said grooved surface
(12) presents series of radial channels (13) arranged like spokes, each of which is

35  prolonged in a respective axial channel (14) formed in said second tubular element



25 to:.the bottomwall 8 of the sane elenment 7 contributes to keeping the
val ve open. Return to the cl osed position of the anti-siphon

val ve 6, when the bal ance of pressure is restormw
upstream 4 and the passage downstream 5, or el se— e case of
overpressure in the passage downstream 5, cones about f ) ““ammas a
result of the return of the bottom wall % to the non- d “B‘\ -
configuration vvhere it rests its peripheral edge 8a ag | e Annul ar

val ve seat Calibration of the anti-siphon valve 1
descri bed aboy ml.. 0, rat| e elastic characteristics
of the cup el e@e ?"qfld %1%& 5t n’ﬂ)l (g)%ﬂF “tp aggrg‘&(?jg] the thickness of its
bottomwall 8 or by using naterlals with a different 35 har dness, or el se
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10 8. A valve according to one or more of the foregoing claims, characterized
in that said side wall (9) of the cup element (7) has a variable thickness, increasing

towards its free edge (9a).

9. A valve according to one or more of the foregoing claims, characterized
15  in that said external peripheral edge (8a) of the bottom wall (8) of the cup element
(7) is a sharp edge.

10. A valve according to one or more of the foregoing claims, characterized

in that said cup element (7) is formed in a single piece of soft elastomeric

20 material, in particular, injection-moulded liquid silicone with a central igjection
point.

11. A valve according to one or more of the foregoing claims, characterized
in that said first tubular element (2) and second tubular element (3) are arranged
25  for tube-tube connection, or luer-tube connection, or tube-luer connection, or luer-

luer connection of said medical line.



7 ' C CLAI M5 1. An
anti-si phon valve (6) for nedical infusion Iines and the |ike,

conprising one first tubular connector (2) and one second tubul ar connector
(3), 5 which define, respectively, a passage upstream (4) and a passage

downst ream (5) whi ch are coaxial tg one another, and between which is
transversely set a di aphragm (8) nade of elastically deformable
material and co-operating in a fluid- ti ght manner with an annul ar
val ve seat (11) of said first tubular element (2) to keep said

anti - si phon val ve (65Amesiphioh wabledseghedicnl infiistdn ingsrnaddié Hkett ned 10
pressure of the fluid in said passage upstream (4) causes a deflection of

sai d di aphragm (8) and openi ng of said anti-siphon valve (6),
characterized in that said annul dbstradtve seat (11) is defined by a

coni cal - sur f aqg, walLipfin 5816l (6] EStmbo! @fusion, ] P ) conthiteh o1 ver ges

towards said second ul ar el’enment , sal d di aphragm

consi sts of tHepPhgemamdsafelape) maqen@l le m%%i?ﬁéwe@ @wé'ﬁﬁt tutyylar qopgectey
external peri Pi)%'il@lon@g&%nﬂ &a)hl@fcom@h (3)8 mﬁ@éﬁ@?&ré’hdﬁﬂpﬁh B &8sl valve
va

fluid-tight ai nst e a 1 un erthe
axi al th?ust é‘?@ér(ﬁgd 8] e‘fpng”3 ant‘"SIB Ye v EW”B?I?YSQFG"GC%J M(7): the

defl ecti on of camisth dfat tbcslrmn/\ahll (§)%f ao:fuptdheped elemﬁum)ektmrmdnémz(lb)enph@aluced in
use by said pre- I
contraction o (?%ea? d‘ehlc &rna agggfﬁ er a%d gndﬁ%%@gcgnq%t agams(:tcfﬁésié’%buéﬁt 20
separ at i o0 f r gave stad (Ahnuhder thelvigl deast qxenyd by the side wall (9) of the cup

element (7).

(Figure 1)
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2. A valve according to Caim1, characterized in that said side wall (9)
of ‘ the cup elenent (7) has its free edge (9a) resting against a
grooved surface (12) of sai d second tubul ar el enent (3) conmunicating
wi th said passage downstream (5). 25 3. A valve according to
Claim1l or Claim2, characterized in that said side wal | (9) of the
cup elenment (7) has a cylindrical surface. 4. A valve
according to Claiml or Claim2, characterized in that said side 30 wall
(9) of the cup elenent (7) has a conical surface diverging towards said
grooved surface (12). 5. A valve according to Claim?2
characterized in that said grooved/3urface (12) presents series of
radi al channels (13) arranged |i ke spokes, each of which is 35 pr ol onged
in a respective axial channel (14) formed in said second tubular el enment

8 (3) alongside said side fvali]l (9) of the cup elenent (7).
6. A valve according to Caimb5,}-=¢ cter' zed in that said grooved surface




(12) has axial projections (15) set around said outlet passage (5). 5
7. A-val've according to one or nore of the foregoing clains, characterized
in that said bottomwall (8) of the cup elenent (7) has a variable
t hi ckness, increasing towards its central part. 10 8. A
val ve according to one or nore of the foregoing clains, characterized
inthat said side wall (9) of the cup elenent (7) has a variabl e thickness,
i ncreasing towards its free edge (9a). 9. A valve
according to one or nore of the foregoing clains, characterized 15 in that
sai d external peripheral edge (8a) of the bottomwall (8) of the cup
el enent (7) is a sharp edge. 10. A valve according to
one or nore of the foregoing clains, characterized in that said cup
element (7) is formed in a single pigce of soft elastoneric 20 mat eri al
in particular, injection-noulded liquid silicone with a central injection
poi nt . 11. A valve according to one or nore of the foregoing
cl aims, charactenized in that said first tygular elenment (2) and
second tubul ar eyf‘"nt ) are arrange® 25 fjg/tube-tube connection, or

r

| uer -tube conneéc t ube-1 uer conpecti on, | uer - | uer
connection of 'sai Aredi cal i ne.




