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TITLE — An Adjustable Valve

The present invention relates to adjustable flow control valves, for example to an

Adjustable Pressure Limiting (APL) valve.

An APL valve (sometimes referred to as an expiratory valve, relief valve or spill
valve) is a type of flow control valve used in anaesthesiology as part of a breathing
system. It allows excess fresh gas flow and exhaled gases to leave the system

while preventing ambient air from entering.

APL valves comprise a thin disc shaped sealing member, held in place against a
valve seat by a spring. Very light springs are typically used, to ensure that the
valve can be opened just by a patient's breathing at low pressures. However, the
opening pressure of the spring-loaded valve member can be increased by rotating
a part of the valve top to compress the spring. The APL valve thus provides an
adjustable limit pressure at which the valve member will open. In some instances,
the valve can be configured so that rotating the same part of the valve top in an
opposite direction can entirely remove the spring force from the valve member so

that the valve has an open configuration.

It is important to the intended operation of APL valves that their maximum limit
pressure is accurate and known. When manufacturing an APL valve, the target for
maximum limit pressure may be 60 cmH20, for example. However, this can be
difficult to achieve reliably/repeatably. The spring force provided by springs, in
particular light springs, can vary. This, together with other manufacturing
tolerances, often means that some springs will need compressing more than

others to achieve a setting as close to 60 cmH20 as possible.

It may be tempting to use a slightly stronger spring than necessary in order to
ensure that all valves are capable of achieving the target. However, this would
undesirably increase the pressure needed to open the APL valve at the low end of
its operating range, and if the maximum limit pressure of a valve is higher than

indicated a valve may not open at all.
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A need existed, therefore, for an improved APL valve allow greater accuracy in the

setting of the maximum pressure the valve allows.

According to the present invention, there is provided an adjustable valve as
defined in the appended claim 1.

In summary, the valve of the invention comprises a first valve cap that can be used
to adjust the force applied to a valve member by a biasing element, and a second
valve cap that can be engaged with the first valve cap to prevent further
adjustment beyond a predetermined maximum desired limit. For example, the
valve may comprise a first or inner cap that can be rotated to move down a thread
on the valve body, increasing the force applied by a spring to a valve member.
When the pressure is as close to a target value (for example 60 cmH20) as
possible a second, outer, valve cap then fits over the first/inner valve cap. The
valve caps engage so that they cannot be rotated relative to one another, and
corresponding abutment features on the second/outer valve cap and valve body
are aligned to abut one another and prevent any further rotation to further

compress the spring and thus prevent the pressure being set any higher.

Valves are known where an inner cap can be rotated to adjust a threshold
pressure as described and then locked in place by an outer cap fixed or locked
onto the valve body. However, in these valves, once the threshold pressure is set
at a predetermined level (for example at 60 cmH20) it cannot be changed/adjusted

at all.

By instead fixing the second/outer cap to the first/inner cap rather than the valve
body, the valve of the present invention allows the maximum pressure to be
adjusted as necessary and fixed, for example by a stop or abutment member,
while still allowing adjustment of the valve during use so that a lower pressure can
be delivered when needed. The first/inner cap can still be turned away from the
stop to reduce pressure down towards 0.
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Typically, where a valve provides an adjustable operating pressure with a
maximum pressure threshold, the maximum pressure threshold is fixed during
manufacture of the device (eg through the positioning of a stop on the screw
fitting). However, this does not allow for any adjustment or ‘fine tuning’ of the
valve, and therefore relies on very high consistency of springs and other valve
components to achieve a reliable and consistent threshold across a number of
individual valves or batches.

By providing a valve where the maximum pressure is finally set post-manufacture,
by including a second cap as discussed, differences in springs or slight variations
in manufacturing tolerances can be accommodated and corrected so that a quoted
threshold pressure can be ensured.

According to the present invention there is provided an adjustable valve as defined
in the appended claim 1. Further optional features are recited in the associated
dependent claims.

The adjustable valve comprises a valve body comprising a valve seat, a valve
member movable relative to the valve seat, a first valve cap, a second valve cap,
and a biasing element provided between the first valve cap and the valve member
such that the first valve member is biased away from the first valve cap by a
biasing force from the biasing element. The first valve cap is movable within a
defined range of motion relative to the valve body such that movement of the first
cap in a first direction increases the biasing force applied by the biasing element
and the second valve cap is engageable with the first valve cap at a plurality of
positions of the first valve cap within its defined range of motion to prevent
movement of the first valve cap in said first direction beyond a selected one of said
plurality of positions but to allow movement of the valve cap in a second direction,

opposite to said first direction, within said defined range of motion.

The adjustable valve allows the final setting of a maximum, or minimum, limit

pressure during assembly, while still providing pressure adjustment during use.
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The second valve cap may comprise a first abutment stop and the valve body may
comprise a second abutment stop. Abutment of the first and second abutment
stops may prevent movement of the first valve cap in said first direction.

The first abutment stop and/or the second abutment stop may comprise a
projection of material, for example from valve body and/or from the second valve
cap.

The first and second abutment stops may be moved into contact during
engagement of the second valve cap with the first valve cap. The contact may
comprise side-by-side abutment of the first and second abutment stops.

The valve body may comprise a screw thread to provide the defined range of
motion for the first valve cap, and the first direction of movement of the first valve
cap may comprise clockwise rotation relative to the valve body.

The first valve cap and/or second valve may be configured to resist relative
movement of the second valve cap relative to the first valve cap once the second
valve cap is engaged with the first valve cap. For example, the first valve cap and
second valve cap may be sized to engage with an interference fit and/or at least
one of the first valve cap and second valve cap may comprise one or more
engagement features, such as clips, to resist disengagement of the second valve
cap from the first valve cap. The outer cap may, for example, clip onto the inner
cap to prevent removal of the outer cap after assembly.

The first valve cap and second valve cap may comprise corresponding
engagement features, for example ridges and groves or keys and splines, to
prevent rotation of the second valve cap relative to the first valve cap.

The valve body or the first valve cap may comprise a plurality of detents to define
the plurality of positions of the first valve cap as a series of defined adjustment
steps. The plurality of detents may be provided by a textured or ridged surface on

the valve body, for example on an interior surface of the valve body, to engage
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with a feature on the interior of the first valve cap. The plurality of detents may be
evenly spaced.

Alternatively, stepless adjustment may be provided between the first valve cap and
the valve body.

The biasing element of the valve may comprise a compression spring.

A breathing system is also provided comprising a fresh gas inlet, a first outlet
connectable to a user interface, and an adjustable valve as defined above
provided at a second outlet located between the fresh gas inlet and the first outlet.

The breathing system may further comprise a reservoir bag.

The invention also provides a method of setting an adjustable valve as defined in
the appended claim 16. Further optional features are recited in the associated
dependent claims.

The method comprises the steps of rotating a threaded adjuster relative to a valve
housing to set a desired valve opening pressure and subsequently engaging a
locking cap with the threaded adjuster such that a part of the locking cap abuts a
part of the valve housing to prevent rotation of the threaded adjuster in a first
direction but to permit rotation of the threaded adjuster in a second, opposite,

direction.

The first direction may be a clockwise direction and the second direction may be

an anticlockwise direction.

Engaging the locking cap with the threaded adjuster may permanently secure the
locking cap to the threaded adjuster.

The method may be applied to the adjustable valve as previously described.
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Wherever practicable, any of the essential or preferable features defined in
relation to any one aspect of the invention may be applied to any further aspect.
Accordingly, the invention may comprise various alternative configurations of the

features defined above.

Practicable embodiments of the present will now be described with reference to

the accompanying drawings, of which:

Figure 1 is a cross-sectional perspective view of an incomplete APL valve

according to the present invention;

Figure 2 is a perspective view of a first rotatable cap of the APL valve of

Figure 1;

Figure 3 is a cross-sectional view showing the internal components of the

APL valve of Figure 1;

Figures 4A and 4B are perspective views showing adjustment of the APL

valve of Figure 1;

Figures 5A and 5B are perspective views showing the APL valve of Figure

1 with a second rotatable cap for setting a threshold pressure;

Figure 6 is a cross-sectional view of the top of a complete APL valve as

shown in Figure 5B; and

Figure 7 is a schematic view of a breathing system incorporating an APL

valve according to the present invention.

A part assembled APL valve 2 is shown in Figure 1. The valve 2 comprises a
valve body 4 with an internally provided valve seat 6. The valve seat 6 is a
generally cylindrical opening which can be closed by a generally circular disc

shaped resilient element 8 on the lower side of a valve member 10. A generally
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tubular stem 12 extends from an upper side of the valve member 10 and is slidably
received in a tubular opening 22 in a first valve cap 20. The movement of the
valve member 10 is thus constrained by the cap 20 to vertical movement towards

and away from the valve seat 6.

A coil spring 30 is provided between the cap 20 and valve member 10 to bias the
valve member away from the cap 20. The cap 20 engages with a screw thread 32
on the exterior of the valve body 4, such that rotation of the cap 20 adjusts the
vertical position of the cap 20 and valve member 10 relative to the valve seat 6.

As illustrated in Figure 1, the resilient element 8 of the valve member 10 is spaced
from the valve seat 6 and the coil spring 30 is fully extended. It will be understood,
however, that further movement of the cap 20 towards the valve seat once the
resilient element 8 engages with the valve seat 6 will compress the coil spring 30
and thus increase the spring force applied to the valve member 10. This in turn
allows a variation in the amount of pressure required to open the valve member 10

and allow gas flow from an inlet 34 to an outlet 36.

The interior of the first valve cap 20 can be seen in Figure 2. A set of support
ridges 24 are provided within the tubular opening 22, and a set of external ridges
26 are provided around the exterior of the cap 20. Circumferential teeth or lugs
28, for engaging with the screw thread 32 on the valve body 4, can also be seen
on an internal circumferential face of the cap 20. The lugs 26 clip into the screw
thread 32 to hold the cap 20 on the valve body 4 and constrain rotation of the cap
20 within the screw thread 32 provided. A resiliently flexible ratchet tooth 38 is

also shown facing radially outward towards this circumferential face.

The cross-sectional view of Figure 3 shows the engagement of the circumferential
teeth 28 of the cap 20 with the screw thread 32 on the valve body 4. An enlarged
diameter portion 14 at a free end of the stem 12 of the valve member 10 is
supported on the support ridges 24 of the cap 20. This helps to hold the valve
member 10 against the biasing force of the coil spring 30, which is lightly
compressed to ensure that it is seated and retained between the cap 20 and an

annular rebate/stepped area 16 at the peripheral edge of the valve member 10. A
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textured/ridged surface 40 is also visible on the interior of the valve body. The
radial tooth 38 of the cap 20 engages with this surface 40 to provide a stepped
adjustment during rotation of the cap 20 relative to the valve body 4. This provides
feedback during rotation and helps to maintain the cap 20 in a desired position, but
the ridged surface 40 and/or radial tooth 38 could be omitted if finer, or stepless,

adjustment is more desirable.

Figures 4A and 4B show the adjustment of the first valve cap 20 to set a desired
threshold pressure for the valve 2. In Figure 4A the first valve cap 20 is in a
similar position to that shown in Figures 1 and 3. The majority of the screw thread
32 is visible, and inside the valve body 4 the resilient element 8 of the valve
member 10 is spaced from the valve seat 6. Clockwise rotation 42 of the first cap
20 will first move the valve member 10 towards the valve seat, and subsequently
compress the coil spring 30 to increase the spring force provided to the valve
member. During this adjustment, the valve 2 can be repeatably tested by applying
a known gas pressure at the inlet 34 and monitoring gas flow at the outlet 36 of the

valve 2.

Figure 4B shows the same valve 2 adjusted to provide a threshold pressure set as
close to 60 cmH20 as possible. The cap has been rotated clockwise 42 from the
position shown in Figure 4A to screw the cap 20 down onto the valve body 4. The
top of the stem 12 of the valve member 10 can be seen through the tubular
opening 22 in the top of the first valve cap 20, forced upwards by the resilient
element 8 of the valve member 10 engaging the valve seat 6 and compressing the

spring 30 between the cap 20 and the valve member 10.

In an ideal world, the strength of the spring 30 and the area of the valve seat 6 in
the illustrated example could simply be selected to provide a maximum threshold
pressure of, for example, 60cmH20 for the valve 2 when the cap 20 is fully
tightened. However, in practice manufacturing tolerances in both the spring 30
and in the moulding of the valve seat 6 would lead to undesirable variations in
threshold pressure between different valves 2, for example creating a threshold

pressure of anywhere between 50 and 60 cmH:20.
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To help avoid producing a valve that provides too low a threshold pressure,
elements of the valve 2 can be designed to provide a higher threshold pressure
than required, for example 70 cmH20 when fully tightened, so that natural
manufacturing variations should provide a threshold pressure of 60 to 70 cmH20.
The higher threshold pressure can then be reduced, if necessary, during final
assembly of the valve 2 by simply not fully tightening the first valve cap 20. For
example, the valve shown in Figure 4B has been adjusted so that the cap 20 is
approximately 45 degrees 44 from being fully tightened, which equates to about 8
cmH20. This position has been determined to provide a threshold pressure as
close as possible to 60 cmH20 for the particular combination of components in the

valve 2.

Once a desired threshold pressure is set, it is clearly important to prevent further
rotation of the first valve cap 20 in the clockwise direction 42. This is achieved
through the engagement of a second valve cap, designed to fit over the first valve

cap 20 and engage with a first abutment stop 46 provided on the valve body 4.

Figures 5A and 5B shown the fitting of the second valve cap 50. A projection 48
on the second valve cap 50 provides a second abutment stop 48 for engagement
with the first abutment stop 46 on the valve body 4. Recesses (not shown) are
provided on the interior of the second cap 50 to engage with the ridges 26 on the
exterior surface first valve cap 20 as the second valve cap 50 is pushed down 52
into place. This provides a key and spline engagement to prevent relative rotation

of the first and second valve caps 20,50.

The second valve cap 50 is assembled onto the first valve cap 20 such that the
second abutment stop 48 on the second valve cap 50 abuts the first abutment stop
46 on the valve body, as shown in Figure 5B. The ridges provided on the textured
interior surface 40 of the valve body 4 correspond with the external ridges 26 on
the outer periphery of the cap 20. The predefined adjustment steps provided by
the ratchet tooth 38 engaging with the textured surface 40 therefore ensure that

the second, or outer, valve cap 50 can be fitted in position with the first and
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second abutment stops 46,48 in contact without changing the rotational position of
the first valve cap 20.

Once assembled as shown in Figure 5B, the first and second valve caps 20,50 are
prevented from rotating relative to one another, and the engagement of the first
and second abutment stops 46,48 prevents rotation of the second valve cap 50 in
the clockwise direction 42. The valve 2 therefore prevents an increase of
threshold pressure beyond the desired level, such as 60 cmH20. The
engagement of the first and second abutment stops 46,48 does not impede
rotation of the first and second valve caps 20,50 in the anticlockwise direction 54,
so the threshold pressure of the valve 2 can be adjusted to lower than 60 cmH20 if
required. Once the valve caps 20,50 are rotated anticlockwise 54 to the end of the
screw thread 32, the valve member 10 will still be clear of the valve seat 6, as
shown in Figures 1 and 3, so the valve 2 can still be set to a minimum threshold
pressure of 0 cmH20 if required. The threshold pressure at the fully open position
of the valve 2 will thus always be 0 cmH20, regardless of the spring strength

selected.

The outer/second valve cap 50 clips over the first valve cap 20 and locks these
together so that once pushed down 52 into place during assembly, the second
valve cap 50 cannot be readily removed from the first valve cap 20. Figure 6
shows a cross-section of the arrangement. One or more clips 56 are provided
around the periphery on the interior surface of the second valve cap 50, and
engage underneath the ridges 26 on the outer surface of the first valve cap 20 to
secure the caps 20,50 together. The valve member 10 can be seen within the
valve body 4 in Figure 6, with the resilient element 8 engaged with the valve seat
6. The coil spring 30 is omitted, and the second abutment stop 48 of the second
valve cap 50 is obscured behind the first abutment stop 46 on the valve body 4.

The breathing system of Figure 7 includes a pair of T shaped connectors 58
providing a flow passageway with first and second ends 60,62 and first and
second side connectors 64,66. It will be appreciated that a similar arrangement

could be provided in a single, more complex, connecter piece if desired. The first
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end 60 is connected to a reservoir bag 68, while the second end 62 is connectable
to a patient/user interface device 70, for example a breathing mask. The fist side
connector 64 is connected to a tube 72, which is in fluid connection with a fresh
gas supply, for example an oxygen concentrator or other compressed gas source
74, a ventilator or an anaesthetic/anaesthesia machine.

The inlet 34 of the APL valve 2 of the invention is connected to the second side
connector 66 to provide a pressure release valve. In the event that pressure
within the system, for example on exhalation by a user, exceeds the pre-set valve
for the APL valve 2, the valve member 10 will open and allow excess gas flow to
pass through the valve 10 and out of the outlet 36.

Although described with reference to an APL valve, it should be noted that the
design considerations and features described above could also be applied to
similar valves which are capable of adjustment during use, for example adjustable
Positive End Expiratory Pressure (PEEP) valves etc. It should also be understood
that the threshold pressures discussed are included merely by way of example,
and that appropriate design and selection of valve components could provide

different maximum threshold pressures as required for a particular implementation.
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Claims:

1. An adjustable valve comprising:

a valve body comprising a valve seat;

a valve member movable relative to the valve seat;

a first valve cap;

a second valve cap; and

a biasing element provided between the first valve cap and the valve
member such that the valve member is biased away from the first valve cap by a
biasing force from the biasing element;

wherein the first valve cap is movable within a defined range of motion
relative to the valve body such that movement of the first valve cap in a first
direction increases the biasing force applied by the biasing element;

and wherein the second valve cap is engageable with the first valve cap at
a plurality of positions of the first valve cap within its defined range of motion to
prevent movement of the first valve cap in said first direction beyond a selected
one of said plurality of positions but to allow movement of the first valve cap in a
second direction, opposite to said first direction, within said defined range of

motion.

2. An adjustable valve according to claim 1, wherein the second valve cap
comprises a first abutment stop and the valve body comprises a second abutment
stop, and wherein abutment of the first and second abutment stops prevents

movement of the first valve cap in said first direction.

3. An adjustable valve according to claim 2, wherein the first abutment stop

and/or the second abutment stop comprises a projection of material.

4. An adjustable valve according to claim 2 or 3, wherein the first and second
abutment stops are moved into contact during engagement of the second valve

cap with the first valve cap.
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5. An adjustable valve according to any preceding claim, wherein the valve
body comprises a screw thread to provide the defined range of motion for the first

valve cap.

6. An adjustable valve according to claim 5, wherein said first direction of
movement of the first valve cap comprises clockwise rotation relative to the valve
body.

7. An adjustable valve according to any preceding claim, wherein the first
valve cap and/or second valve cap are configured to resist relative movement of
the second valve cap relative to the first valve cap once the second valve cap is
engaged with the first valve cap.

8. An adjustable valve according to claim 7, wherein the first valve cap and
second valve cap are sized to engage with an interference fit.

9. An adjustable valve according to claim 7 or 8, wherein at least one of the
first valve cap and second valve cap comprises one or more engagement features

to resist disengagement of the second valve cap from the first valve cap.

10.  An adjustable valve according to any of claims 7 to 9, wherein the first valve
cap and second valve cap comprise corresponding engagement features to
prevent rotation of the second valve cap relative to the first valve cap.

11.  An adjustable valve according to any preceding claim, wherein the valve
body or the first valve cap comprises a plurality of detents to define the plurality of
positions of the first valve cap.

12.  An adjustable valve according to claim 11, wherein the plurality of detents
are provided by a textured or ridged surface on the valve body.

13.  An adjustable valve according to any preceding claim, wherein the biasing

element comprises a compression spring.
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14. A breathing system comprising a fresh gas inlet, a first outlet connectable to
a user interface, and an adjustable valve according to any preceding claim,
wherein the adjustable valve is provided at a second outlet located between the
fresh gas inlet and the first outlet.

15. A breathing system according to claim 14, further comprising a reservoir

bag.

16. A method of setting an adjustable valve, comprising the steps of rotating a
threaded adjuster relative to a valve housing to set a desired valve opening
pressure and subsequently engaging a locking cap with the threaded adjuster
such that a part of the locking cap abuts a part of the valve housing to prevent
rotation of the threaded adjuster in a first direction beyond a point corresponding to
the desired valve opening pressure but to permit rotation of the threaded adjuster
in a second, opposite, direction.

17. A method according to claim 16, wherein the first direction is a clockwise

direction and the second direction is an anticlockwise direction.

18. A method according to claim 16 or 17, wherein engaging the locking cap
with the threaded adjuster permanently secures the locking cap to the threaded

adjuster.

19. A method according to any of claims 16 to 18, wherein the adjustable valve

is as claimed in any of claims 1 to 13.
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