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(57)  Acheck valve (6) for medical infusion lines and
the like, including a diaphragm (8) made of elastically
deformable material inserted between an upstream pas-
sageway (4) and a downsirearn passageway (5) and co-
operating with an annular valve seat (14) to keep the

a4

Check vaive for medical infusion lines and the like

check valve (8) narmally closed. The annular valve seat
(14} is formed by a front surface of the first tubular ele-
ment {2), and the diaphragm consists of the bottom wall
(9) of & cup-shapad element {7) arranged coaxially with
the upstream and downstream passageways (4, 5}
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Description

[0001] The present invention refers to check valves
for medical infusion lings and the like.

[0002] Such check (or non retumn) valves normally
comprise a first and a second tubular element that re-
spectively define an upstream and a downstream pas-
sageway, mutually coaxial lo each other and between
which a diaphragm of elastically deformable material is
fransversely positioned, sealingly cooperating with an
annular valve seat of the said first tubular eiement to
form a fluid seal that maintains the check valve in a nor-
mally closed position, and in which a predetermined fluid
pressure in the said upstream passageway causes a de-
flection of the diaphragm and conseqguent opening of the
check valve.

[0003] Such check vaives must meet a series of crit-
ical requirements: in the first place, they must normally
he closed and must only open, continuously or intermit-
tently, when the pressure in the upsiream passageway
is higher than a predetermined threshold, normally of
small entity e.g. 0.005-0.02 bar. The check valve must
also be capable of preventing any reflux from the down-
straam passageway to the upstream passageway with
utmost security, i.e. it must be capable of rapidly closing
itself in casas where a minimal overpressure enters the
downstream passageway.

[0004] Another requirement of the check valves used
in the medical applications in question consists in simple
and low-cost design, in connection both with manufac-
turing and assembling of the check valve.

[0005]) The cbject of the presentinvention is to provide
& check valve of the above-referenced type wholly ful-
filling the aforesaid requirements.

[0006] A further object of the present invention is to
provide a check valve of the above-referenced type
which is simply to adjust, upon manufacturing thereof,
as a function of the user’s need.

[0007] According to the invention this object is
achieved essentially by the fact thatthe the annular
valve sest is defined by a front surface of the first tubular
element and the diaphragm consists of the bottom wail
of a cup-shaped element coaxial with said upstream and
downstream passageways, said bottom wall being nor-
mally urged into seal contact against said annular valve
seat under an axial thrust provided by the iateral wall of
said cup-shaped element; deflexion of said bottom wals
of said cup-shaped slement produced in use by said
predetermined fluid prassure causing axial separation
thereof relative to said annular valve saat.

[0008] By virtue of this solution, in operation opening
of the check valve takes place promptly even if the dia-
phragm constituted by the dome portion of the cup-
shaped element is subjected to a relative high axial pre-
load 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 propartionally greater deformation of the bottom
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wall of the cup-shaped element and, thereofore, into a
proportionally greater distance of the dome portion rel-
ative to the valve seat.

[0009] 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:

- Figure 1 is a schematic, axially sectioned view
showing an axial fitting for medical infusion lines,
incorporating a check valve according to the inven-
tion,

- Figure 2 is a sectioned view same as Figure 1 but
rotated of 90°,

- Figure 3 is a cross section along line 1ll-11i of Figure
1,

- Figure 4 shows, in a reduced scale,a first variant of
Figure 1,

- Figure & shows, in a reduced scale,a second vanant
of Figure 1,

- Figure B is a sectioned view along line VI-V| of Fig-
ure 5,

- Figure 7 shows, in a reduced scale.a third variant
of Figure 1, and

- Figure 8 is a sectioned view along line VIH-VIIl of
Figure 7.

[0010] Referring initially to Figures 1-3,, refernce nu-
meral 1 gensrally designates an axial fitting for tube-to-
tube connection in medical infusion lines and simifar. It
should be immediately noted that it could also be set up
for Luar-tube, tube-Luet or Luer-Luer connections.
[0011] 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 pol-
ymers, ABS and the like, and are coaxially joined togeth-
ef in a permanent way, for instance by ultrasound weld-
ing or honding or equivalent systems.

[0012]) The first and the second tubular connectors 2,
3 define an upstream passageway, or inlet passageway
4, and a downstream passageway, or outlet passage-
way 5, respectively, which are designed to be connected
to respective tubing sections of the medical line.
{0013] A check valve, generically indicated as 6 and
specifically embodying the present invention, is ar-
ranged between the upstream passageway 4 and the
downstream gassageway 5.

[0014] The check valve 6 essentially comprises an
elastic obturator consisting of & dome portion 8 project-
ing axially from the central part of the bottom wall 9 of a
reversed cup-shaped element 7 which, in Figures 1 and
2, is depicted in a condition corresponding to the closed
position of the valve

[0015] The cup element 7 comprises a shell lateral
wall 10 having a cylindrical design, more suitably with a
conical surface diverging towards the side opposite fo
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the dome portion 8.

[0016] The cup-shaped element 7 is normally made
in one piece of soft elastomeric material, particularly lig-
uid silicone or even thermoplastic rubber, that is injec-
tion maulded using a central injection point.

[0617] The cup-shaped element 7 can be of even
thickness or, more suitably, can have a variable thick-
ness namely greater in correspondence of the dome
partion 8, smaller in correspondence of the annular bot-
tom wall 9 and the again greater in correspondence of
the lateral wall 10. Actually, the thickness of the side wall
10 may be more conveniently greater towards its free
edge 11,

[0018] The dome portion § of the cup-shaped slemant
is preferably fiat, but may also formed at its outer cir-
cumferential edge with an annular rib defining a sealing
lip 12,

[0018] The cup-shaped element 7 is fitted within a
chamber 13 defined betwean the first tubular member
2 and the second tupbular member 3, coaxially therewith.
The chamber 13 is delimited at one side by a planar ra-
dial front wall 14 of the first tubular member 2, which
defines in correspondence of the axially inner end of the
inlet passageway 4 an annular valve seat with which the
dome portion 8 (or the sealing lip 12 theraof) of the cup-
shaped element 7 is cooperating.

[0020] On the other side, the chamber 13 is delimited
by a channelled surface 17, coaxial to the outiet pas-
sageway 5, formed by a halo of radial channels 15 com-
municating with the outlet passageway 5. The radially
outer end of each radial channel 15 merges into a re-
spective axial channels 16 formed in the wall of the sec-
ond tubular element 3 that laterally delimits the chamber
13.

[0021] As already mentioned, the cup-shaped ele-
ment 7 is coaxially housed inside the chamber 13 with
its dome portion 8 facing the inlet passageway 4 like a
transversal diaphragm, and with its side wall 10 facing
the axial channels 15. The free edge 11 of the |ateral
wall 10 rest upon the channellad surface 17 of the sec-
ond tubular element 3.

[0022] The dome portion 8 {or the annularlip 12 there-
of} 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 con-
dition the cup-shaped element 7 is subjected to & pre-
determined 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 8. As pointed out, this condition cor-
responds to the normally closed position of the check
valve § according to the invention, in which flow from
the upstream passageway 4 o the downstream pas-
sageway 5 is prevented in an effective and safe manner.
{0023] Whenever an overpressure exceeding a pre-
determined threshold, for instance in the range of
0.005-0.02 bar, develops in the upstream passageway
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4, the anti-siphon check valve 6 automatically and
promptly switches from the closed state to the open
state, due to deflaxion of the annular bottom wall 8 of
the cup-shaped element 7, possibly combined with a
partial, axial, elastic yialding of its side wall 10. This de-
flexion causes the surface of the dome portion 8 (or the
annutar lip 12 thereof) to move away from the annular
valve seat 14. The upstream passageway 4 is thus put
in connection with the downstream passageway 5 via
the axial channels 16 facing the side wall 10 of the cup-
shaped element 7 and the radial channels 15 located
beneath the free edge 11 of the lateral wall 10.

[0024] Inthe open state of the valve §, as the fluid flow
increases, the annular hottom wall 9, and possibly also
the dome portion 8 becotne proportionally more and
more deformed and, as a conseguence, the size of the
flow path is proportionally increased.

[0025]) The check valve 6 immediately returns to the
closed position when the pressure balance between the
upstream passageway 4 and the downstream passage-
way 5 is re-established, or in the case of overpressure
in the downstream passageway 5, due to the annular
bottom wall 9 returning to the non-defiected configura-
tion and the dome portion 8 consequently returning to
the contact position of its surface (or the annular lip 12
thereof) against the valve seat 14.

[0026] Calibration of the chack 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 thareof within the
chamber 13.

[0027) The dome portion 8 is not strictly necessary,
and in fact the three preferred alternative ambodiments
which shall be disclosed herebelow with reference to
Figures § through 8 (wherein parts which are identical
or similar to those already disclosed are indicated by the
same reference numerais) havo no such dome portion.
In these alternative embodiments the bottom wall 9 of
the cup element 7 itself defines the diaphragm normaily
urged into seal contact against said annular valve seat
14 under the axial thrust provided by the lateral wall 10.
[0028] In ali three alternative embodiments the side
wall 10 of the cup-shaped element 7 has a cylindrical or
conhical surface diverging towards said channelied sur-
face 17 and an increasing thickness from the bottom
wall 8 towards its free edge 11. Moreover, in all three
alternative embodiments the sealing lip 12 facing to-
wards the valve seat 14 is provided at a distance from
the lateral wall 10.

[0029] In the embodiment shown in Figure 4 the bot-
tom wall 8 is slightly convex towards the valve seat 14,
and the thickness of the area of the botiom wall 9 cor-
responding to the sealing lip 12 is reduced. The front
surface defining the annular valve seat 14 is oriented
witfi ah angle different than 90° relative to the axis of
said first tubular element 2. For instance, the angle be-
tween the plane of the front surface 14 and the general
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plane of the channelled surface 17 of the second tubular
element 3 may be comprised between 1° and 10°,
[0030] In the embodiment of Figures § and € the bot-
tom wall 9is also slightly convex towards the valve seat
14, by while beeng provided of a substantially even thick-
ness. The front surface defining the annular valve seat
14 is in this case perfectly radially oriented, i.e. is par-
pendicular to the axis of the firts tubular element 2.
[0031] 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 cenfer along a first diametra! direction but
with an elongated recess 18 formed in the inner surface
of the bottom wall 9 along a second diametral direction
perpendicular to the first diametral direction. The design
of the recess 18 may be different than the one depicted
in the drawings.

[0032] Naturally, the constructional details and the
embodiments could be extensively changed with re-
spect to that described and illustrated without departing
from the scope of this invention, as defined in the ap-
pended Claims. |n addition, although the valve has been
described with express reference as a check valve, it
could easily be adapted for use as an anti-siphon valve.

Claims

1. Acheck valve (8) for medical infusion lines and the
like, including a first and a second tubular element
(2, 3} that respectively define an upstream (4} and
a downstream passageway (5), mutually coaxial to
each other and between which a diaphragm (7) of
elastically deformable material is transversely posi-
tioned, sealingly cooperating with an annular valve
seat (14) of the sald first tubular element (2) to form
a fluid seal that maintains satd check valve (6) in a
normally closed position, and in which a predeter-
mined fluid pressure in the said upstream passage-
way (4) causes a deflection of said diaphragm (7)
and consequent opening of said check valve (6),
characterised in that:

- said annularvalve seatis defined by a front sur-
face (14) of said first tubular element (2),

- said diaphragm consists of the bottom wall (9)
of a cup-shaped element (7} coaxial with said
upstream and downstream passageways (4,
5), said bottom wall (9) being normally urged
into seal contact against said annutar valve
seat (14) under an axial thrust provided by the
laterai wall {10} of said cup-shaped element (7);
deflexion of said bottom wall (8) of said cup-
shaped element {7} preduced in use by said
predetermined fluid pressure causing axial
separation thereof relative to said annular valve
seat (14).
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2.

10.

11.

12

13.

A valve according to Claim 1, characterized in that
the said side wall (10) of said cup-shaped element
(7) has a free sdge {11) resting upon a channelied
surface (17) of the said second tubular element (3},
said channelied surface (17) communicating with
said downstream passageway (5).

A valve according to Claim 2, characterized in that
the said side wall {10} of the cup-shaped element
(7) has a cylindrical surface.

A valve according to Claim 2, characterized in that
the said side wall {10} of the cup-shaped element
{7) has a conical surface diverging towards said
channelled surface (17).

A valve according to Claim 2, characterized in that
the said channelled surface (17) has a halo of radial
channels (15), each merging into a respective axia!
channs| {16) formed in s5aid second hubular element
(3) and facing said side wall {10) of the cup-shaped
element (7).

A valve according to Claim 1, characterized in that
sald front surface defining said annular valve seat
(14) is oriented perpendicularty to the axis of said
first tubular element (2).

A valve according to Claim 1, characterized in that
said front surface defining said annular valve seat
(14) is oriented with an angle different than 90° rel-
ative to the axis of sald first tubuiar element (2).

A vatve according to Claim 1, characterized in that
said bottom wal! (9) of said cup-shaped element (7)
is formed with an annutar rib defining a sealing lip
facing (12) towards said valve seat (14)..

A valve according to Claim 1, characterized in that
said bottormn wall {8) of said cup-shaped element (7)
has a variable thickness.

A valve according to Claim 9, characterized in that
said bottorn wall (9) of said cup-shaped element (7)
has a central portich having a reduced thickness.

A valve according to Claim 10, characterized in that
said central portion of the bottom wall (3) of said
cup-shaped element (7) is formed with a recess
(18).

A valve according to Claim 11, characterized in that
said recess (18) is diametrally oriented.

A valve according fo Claim 1, characterized in that
sald bottom wall (9) of said cup-shaped element (7)
is slightly convex towards said valve seat (14).



14.

18,

16.

17.
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A valve according to Claim 3 or 4, charactarized in
that said iaterai wall (10} of said cup-shaped sie-
ment (7} has an increasing thickness from said bot-
tom wall (8) towards said free edge (11).

A valve according to any of the preceding Claims,
characterized in that said bottom wall (9) of said
cup-shaped element (7) has an axially projecting
dome portion (8) defining said diaphragm.

A valve according to any of the preceding Claims,
characterized in that the said cup-shaped element
{17) is formed from a single piece of soft elastomeric
material, namely liquid silicone or thermoplasiic
rubber, that is injection moulded using a central in-
jection point.

A valve according to any of the preceding Claims,
characterized in that the said first and second tubu-
lar elements (2, 3) are set up for tube-tube, Luer-
tube, tube-Luer or Luer-Luer connections on the
said medical line.
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