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(57) Abstract

A non-return valve comprises a narrow annular valve seat which is disposed between an inlet port (10) and an outlet port
of the valve and has a dished configuration converging towards the inlet port (10). A resilient valve disc (21) is arranged to have
an annular peripheral zone engaged with the valve seat and a bridge piece (16) spanning the outlet port bears on a central zone of
the juxtaposed face of the valve disc (21) to depress the central zone and urge the valve disc into contact with the valve seat. The
bridge piece (16) restrains the peripheral zone of the valve disc from being flexed out of engagement with the valve seat, thereby
to permit fluid to flow through the valve, unless the differential fluid pressure between the inlet and outlet ports exceeds a desired

minimum pressure differential.
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NON-RETURN VALVE

The present invention relates to a non-return valve
for controlling fluid flow and, more particularly, although
not exclusively, to a miniature non-return valve for use in
controlling the flow of liquid reagents in assay procedures
and in other fluid flow applications where return or re-
verse flow is to be prevented.

In many applications, such as referred to above, it
is often desirable to be able to set or predict the minimum
fluid pressure or pressure differential at which a non-
return valve will open and to ensure that this minimum
opening pressure will remain substantially constant
throughout the life of the valve. Accordingly, it is an
object of the present invention to provide a non-return
valve which is adapted to open and permit fluid flow
through the valve only when the fluid pressure differential
between the inlet and outlet of the valve exceeds a prede-
termined minimum pressure differential.

The invention consists in a non-return valve com-
prising an annular valve seat disposed between inlet and
outlet ports of the valve, a resilient valve disc having
one face engageable with the valve seat, and a protuberance
bearing on a central zone of the opposite face of the valve
disc so as to depress the central zone and urge the valve
disc into contact with the valve seat.

With the present invention, the protuberance may be
arranged so as to prevent the peripheral zone of the valve
disc from being flexed out of engagement with the valve
seat, thereby to permit fluid flow through the valve,
unless the differential fluid pressure between the inlet
and outlet ports exceeds a desired minimum pressure differ-
ential, and the valve may be constructed so that this
minimum opening pressure differential remains substantially
constant and predictable throughout the life of the valve.

Preferably, the annular valve seat is inclined and
converges towards the inlet port. For example, it may have
a dished configuration which is conveniently of part-spher-
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ical shape. Alternatively, it may have a frusto-conical
configuration with a relatively shallow angle of convey-
ance. 1In either case, a shallow inclination enables the
amount of depression of the central zone of the valve disc,
required to achieve a desired opening pressure, to be
minimised. Preferably, the annular valve seat is connected
to the inlet port via a frusto-conical section having a
steeper angle of convergence than the average angle of
inclination of the valve seat, for example, having an
included angle of about 120°.

Conveniently, the protuberance comprises a bridge
piece spanning the outlet port and having a central portion
engaging the central zone of the valve disc to depress the
latter. When the inlet pressure exceeds the predetermined
minimum opening pressure with respect to the outlet pres-
sure, the portions of the valve disc on opposite sides of
the bridge piece flex away from the valve seat about an
axis parallel to the bridge piece to permit flow through
the valve.

The bridge piece may, for example, be of arcuate
shape having a convex surface adjacent the valve disc which
engages the central zone of the valve disc. The outlet
port may have a frusto-conical lead-in section adjacent the
valve disc and the bridge piece may extend substantially
across the full width of this frusto-conical section.

In a preferred embodiment of the invention, the
valve has a two-part body, one part containing the valve
seat and inlet port and the other part containing the
protuberance and outlet port. The valve seat is disposed at
the base of a recess in a face of its associated part
disposed adjacent the outlet port in the other part, the
arrangement being such that the valve disc is trapped in
the recess when the two body parts are assembled together.
The two parts may be assembled together by arranging one of
the parts to be an interference fit within a cavity formed

in the other part.
One or both ports may each be connected to a hollow

coupling spigot having internal and external tapers which

T



-

WO 92/12371 -3- PCT/GB92/60039

enable the valve to be connected to cooperating tubes or
other items of equipment.

The two parts of the valve body may be moulded from
plastics material, such as, polystyrene, polypropylene or
polycarbonate and the valve disc may be formed from sili-
cone rubber. Moulding the body parts of polycarbonate
material enables the valve to be sterilised in an auto-
clave.

In order that the present invention may be more
readily understood, reference will now be made by way of
example to the accompanying drawings, in which:-

Figure 1 is an exploded axial section of a minia-
ture valve embodying the invention,

Figure 2 is an axial section of the outlet body
part of the valve taken along line II-II of Figure 1,

Figure 3 is an axial section of the assembled
valve,

Figure 4 is a perspective view of the section shown
in Figure 2; and

Figure 5 is an end view of the outlet body part of
the valve taken in the direction of the arrow V in Figure
2. '

Referring to the drawings, the valve has a two-part
body 1 of generally cylindrical shape and comprising an
inlet body part 2 and an outlet body part 3. The outlet
body part 3 is formed with a cylindrical housing 4 defining
a cylindrical cavity 5 and the inlet body part 2 is of
cylindrical configuration and is an interference fit in the
cavity 5 in the outlet body part 3. When the two parts 2,3
are assembled, mutually adjacent end faces 6,7 at the inner
end of the inlet body part and at the bottom of the cavity
5 in the outlet body part are in abutting relation, as
shown in Figure 3. Each body part is a one-piece moulding
of plastics material, such as, polystyrene, polypropylene
or polycarbonate.

Moulded coaxially in the inner end face 6 of the
inlet body part 2 is a circular recess 8 which has a
slightly inclined annular valve seat 9 formed in its base



WO 92/12371 4=

PCT/GB92/00039

and conveying towards an inlet port 10. 1In fact, the valve
seat 9 has a shallow dished configuration of part spherical
shape and is connected with the inlet port 10 by a frusto-
conical passage 11 having a steeper angle than the average
angle of inclination of the valve seat 3. The inlet port
10 communicates with a flow passageway 12 in a tubular
coupling spigot 13 projecting coaxially from the inlet body
part. This spigot has internally and externally tapered
surfaces which permit the inlet side of the valve to be
connected to a cooperating tube or other part by means of
an internal or external interference fit. The inlet port
10 forms a constriction in the fluid flow passageway com-
prising the spigot passageway 12, the inlet port and the
frusto-conical passageway 11.

The outlet body part 3 has an outlet port 14 ar-
ranged coaxially with the inlet port 10 and having a frus-
to-conical lead-in section 15 connecting the outlet port to
the end face 7 at the bottom of the cavity 5. Spanning the
lead-in section 15 and the outlet port 14 is an arcuate
bridge piece 16 having a convex surface portion 17 project-
ing into the cavity 5. An opening 18 through the central
part of the bridge piece provides a fluid flow passageway
between the cavity 5 and the outlet port. The latter is
connected to the internal passageway 19 of a tubular cou-
pling spigot 20 projecting coaxially from the outlet body
part. Similarly to the spigot 13 on the inlet part, the
spigot 20 has internally and externally tapered surfaces to
permit the outlet side of the valve to be connected to a
cooperating part by means of an internal or external inter-
ference fit.

The valve includes a resilient valve disc 21, for
example, formed from silicone rubber, which is fitted
within the circular recess 8 in the inner end face 6 of the
inlet part so that one face of the valve disc is engageable
with the annular valve seat 9. When the body parts are
assembled with the valve disc 21 housed in the recess 8,
the bridge piece 16 serves as a protuberance and the
central part of its convex surface 17 bears on the central

-
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zone of the adjacent face of the valve disc 21 so as to de-
press this central zone and urge an annular peripheral zone
of the opposite face into contact with the annular valve
seat 9.

By way of example, in a miniature valve body 1 of
approximately 9mm diameter, the dished configuration of the
valve seat 9 may have a part-spherical shape of 9mm. radius
whilst the frusto-conical passage 11 has an included or
convergence angle of 120°. The dished or part-spherical
shape of the valve seat closely conforms to the convex
shape which is adopted by the juxtaposed surface of the
valve disc 21 when the latter is depressed by the bridge
piece 16 so that a narrow sealing zone is formed between
the valve seat and the peripheral zone of the wvalve disc.
Hence, the bridge piece positively urges the peripheral
zone of the valve disc 21 into contact with the annular
valve seat 9 and prevents this peripheral zone from being
flexed out of engagement with the valve seat, thereby to
permit fluid flow through the valve, unless the fluid
pressure applied to the inlet port 10 exceeds that neces-
sary to create a desired minimum pressure differential
with respect to the outlet port, which is determined by the
resiliency of the valve disc 21 and the degree to which the
bridge piece 16 depfesses the central zone of the latter.
For example, these parameters may be adjusted so as only to
permit the valve disc to open when the pressure differen-
tial exceeds a predetermined minimum pressure within the
range 0.06 to 0.07kg/sqg.cm (0.8 to 1lb/sg.in). When the
pressure differential exceeds the predetermined minimum,
the sectors of the valve disc on opposite sides of the
bridge piece 16 flex away from the valve seat 9 about an
axis parallel to the length of the bridge piece to permit
flow through the valve. When the inlet pressure decreases
so that the differential pressure is below the predeter-
mined minimum, the inherent resiliency of the valve disc 21
reengages the valve disc with the valve seat so as to close

the valve.
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CLAIMS
1. A non-return valve comprising an annular valve seat

(9) disposed between inlet and outlet ports (10,14) of the
valve, and a protuberance (16) bearing on a central zone of
the opposite face of the valve disc (21) so as to depress
the central zone and urge the valve disc into contact with
the valve seat (9).

2. A valve according to claim 1, wherein the annular
valve seat (9) is inclined and converges towards the inlet
port (10).

3. A valve according to claim 2, wherein the annular
valve seat (9) has a dished or frusto-conical configura-
tion.

4. A valve according to claim 2 or 3, wherein the
annular valve seat (9) is connected to the inlet port (10)
via frusto-conical section (11) having a steeper angle of
convergence than the general inclination of the valve seat.
5. A valve according to any preceding claim, wherein
the protuberance comprises a bridge piece (16) spanning the
outlet port (14) and having a central portion (17) engaging
the central zone of the valve disc (21) to depress the

latter.

6. A valve according to claim 5, wherein the bridge
piece (16) is of arcuate shape having a convex surface (17)
adjacent the valve disc (9) which engages the central zone
of the valve disc.

7. A valve according to any preceding claim, wherein
the outlet port (14) has a frusto-conical lead-in section
(15) adjacent the valve disc (21) and the bridge piece (16)
extends substantially across the full width of said
frusto-conical section.

8. A valve according to any preceding claim, compris-
ing a two-part body (1), one part (2) having the valve seat
(9) and inlet port (10) and the other part (3) having the
protuberance (16) and the outlet port (14).

9. A valve according to claim 8, wherein the valve

seat (9) is disposed at the base of a recess (8) in a face
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(6) of its associated part (2) which face is disposed
adjacent the outlet port (1l4) of the other part (3), the
arrangement being such that the valve disc (21) is trapped
in the recess (8) when the two body parts (2,3) are assem-
bled together.

10. A valve according to claim 8 or 9, wherein the body
parts (2,3) are assembled together by arranging one of the
parts (2) to be an interference fit within a cavity (5)
formed in the other part (3).

11. A valve according to any preceding claim, wherein
one or each of the inlet and outlet ports (10,14) is con-
nected to a hollow coupling spigot (13,20) having internal
and external tapers which enable the valve to be connected
to cooperating tubes or other items of equipment.

12, A valve according to any preceding claim, wherein
the body parts (2,3) are moulded from plastics material,
such as polystyrene, polypropylene or polycarbonate, and
the valve disc (21) is formed from silicon rubber.

13. A valve according to any preceding claim, wherein
the resiliency of the valve disc (21) and the degree to
which the protuberance (16) depresses the central zone of
the valve disc are selected to achieve the desired minimum
pressure differential at which the valve opens.
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