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(54) A ONE-WAY VALVE FOR A FACE MASK

(57) A one-way valve for a face mask comprises a
base and a flexible membrane structure mounted over
the base. The flexible membrane structure has a plurality
of valve flaps, each having a fixed portion and a free
portion which can open and close. At least one of the

valve flaps has a first edge positioned adjacent a second
edge of an adjacent valve flap such that a flow through
said one of the valve flaps is directed at least in part
across the upper surface of said adjacent valve flap, to
assist in the opening of said adjacent valve flap.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to face masks, for provid-
ing filtering of pollutants, and in particular relates to a
one-way valve for use in such face masks.

BACKGROUND OF THE INVENTION

[0002] Air pollution is a worldwide concern. The World
Health Organization (WHO) estimates that 4 million peo-
ple die from air pollution every year. Part of this problem
is the outdoor air quality in cities. Nearly 300 smog-hit
cities fail to meet national air quality standards.
[0003] Official outdoor air quality standards define par-
ticle matter concentration as mass per unit volume (e.g.
mg/m3). A particular concern is pollution with particles
having a diameter less than 2.5 mm (termed "PM2.5") as
they are able to penetrate into the gas exchange regions
of the lung (alveoli), and very small particles (<100 nm)
may pass through the lungs to affect other organs.
[0004] Since this problem will not improve significantly
on a short time scale, a common way to deal with this
problem is to wear a mask which provides cleaner air by
filtration and the market for masks in China and else-
where has seen a great surge in recent years.
[0005] Such masks may be made of material that acts
as a filter of pollutant particles, or may have a filter for
only part of the mask surface, and this filter may be re-
placeable when it becomes clogged.
[0006] However, during use, the temperature and rel-
ative humidity inside the mask increases and, combined
with the pressure difference inside the mask relative to
the outside, this makes breathing uncomfortable.
[0007] This can be mitigated in part by providing an
outlet valve or check valve which allows exhaled air to
escape the mask with little resistance, but which requires
inhaled air to be drawn through the filter. This also im-
proves the comfort for the facial skin within the mask
cavity.
[0008] To improve comfort further, a fan can be added
to the mask, drawing in air through the filter and/or pro-
viding assistance when breathing out. One possible ben-
efit to the wearer of using a fan-powered mask is that the
lungs are relieved of the slight strain caused by inhalation
and exhalation against the resistance of the filters in a
conventional non-powered mask. Furthermore, the fan
also prevents re-inhalation of exhaled air which would
also negatively impact the heat and moisture in the mask
cavity, as well as affecting the oxygen and carbon dioxide
exchange of the respiratory system, resulting in breathing
discomfort. Fan-assisted masks thus may improve the
wearing and breathing comfort by reducing the temper-
ature, humidity and breathing resistance.
[0009] In one arrangement, an inlet (i.e. inhale) fan
may be used to provide a continuous intake of air. In
another arrangement, an exhaust (i.e. exhale) fan may

be used to provide a continuous release of air. This pro-
vides breathing assistance when exhaling. An exhale fan
may be combined with a series check valve so that no
flow can enter the mask through the fan.
[0010] Thus, several types of mask for preventing daily
exposure to air pollutants are available, including passive
masks with an exhale valve, and masks with at least one
active fan. In many cases a one-way valve is part of the
mask design. The one-way valve is typically used to allow
exhaled air to pass through an opened small round or
square membrane to the ambient surroundings, and the
valve results in reduced resistance compared to the mask
filter material.
[0011] The one-way valve typically includes an open-
ing sealed by a flexible membrane. The membrane forms
a seal or opening in dependence on the airflow direction
or pressure difference between the mask cavity and the
ambient surroundings, caused by the inhalation and ex-
halation of the user of the mask.
[0012] Taking an exhalation valve as an example,
when the wearer breathes in, the valve membrane will
cling closely to a valve casing due to the inward airflow
(i.e., negative pressure in the mask cavity). The valve is
closed, and all inhaled air will pass the filter material to
be filtered. When the wearer breathes out, at least part
of the membrane will peel off the valve casing under the
pushing force of the airflow, so that a gap or channel is
generated in the valve. The valve is open so that part of
the exhaled air will pass through the valve to the ambient
surroundings due to the lower resistance compared with
filter material.
[0013] A problem is that the one-way valve inherently
presents an airflow resistance. Air pressure is needed to
open the valve. Thus, the valve will open only when a
pressure, e.g. the exhaled air pressure, exceeds an
opening pressure of the valve (or equivalently an opening
force). After the valve is open, the valve and mask filter
material function as two resistance elements in parallel.
The ratio of air passing through these two parts depends
on the resistance of the opened valve and the resistance
of the mask filter material.
[0014] Therefore, for improving the performance of
one-way valve, it is desired to lower the air pressure nec-
essary to open the valve, and to lower the resistance of
the opened valve for the airflow as well. Meanwhile, a
firm seal is needed when the valve is closed to block the
reverse airflow.
[0015] Conventionally, the flexible membrane of the
valve comprises a single valve flap, which may have var-
ious shapes (e.g., round, rectangle, butterfly etc.) and
the center or an edge of the membrane is fixed to a base
of the valve. The internal tension force inside the valve
flap material means it is difficult to fully open the valve
flap meaning the open valve flap still presents a signifi-
cant flow resistance.
[0016] It has been proposed to provide a one-way
valve as an array of valve flaps. Each individual valve
flap can then be designed to open with a lower pressure,
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but the combined opening area created by the multiple
valve flaps enables the desired airflow to pass through
the valve. Although the multi-flap structure lowers the
airflow resistance of the one-way valve, it is still hard to
open all the flaps fully in use, because of an uneven dis-
tribution of the airflow and the different properties of the
valve flaps (e.g. uneven material hardness). The valve
flaps move independently.
[0017] There remains a need for an improved one-way
valve design for a face mask.

SUMMARY OF THE INVENTION

[0018] The invention is defined by the claims.
[0019] According to examples in accordance with an
aspect of the invention, there is provided a one-way valve
for a face mask, comprising:

a base; and
a flexible membrane structure mounted over the
base,
wherein the flexible membrane structure comprises:

a support region; and
a plurality of valve flaps, each having a fixed
portion connected to the support region and
each extending from the support region to define
a free portion which can open and close, the free
portion have first and second edges,

wherein each valve flap has an upper surface facing
away from the base and a lower surface facing the
base,
wherein at least one of the valve flaps has the first
edge positioned adjacent a second edge of an ad-
jacent valve flap such that a flow through said one
of the valve flaps is directed at least in part across
the upper surface of said adjacent valve flap, to assist
in the opening of said adjacent valve flap.

[0020] This valve design has multiple valve flaps. This
enables each valve flap to be designed to open at a de-
sired (low) pressure difference while providing a desired
size of air flow passageway. The flow through one valve
flap assists the opening of an adjacent valve flap using
the flow through that one valve flap over the top of the
adjacent valve flap.
[0021] The surface area of the upper surface of each
valve flap is for example greater than the surface area
of the lower surface, such that an airflow over the upper
and lower surfaces of the valve flaps generates a lifting
force to further open the valve flaps.
[0022] The difference in surface area means that a flow
over the upper and lower surfaces of a valve flap (when
the valve flap is open) creates a lifting force by Bernoulli’s
principle. In this way, the air flow over a valve when the
valve starts to open assists further in the complete open-
ing of the valve, and hence a reduced airflow resistance

of the valve is enabled.
[0023] Similarly, an air flow over one valve flap when
it is initially closed (e.g. from an adjacent valve flap which
is already open) assists the initial opening of the valve
flap.
[0024] Each flap for example has the shape of an aer-
ofoil. This provides an optimum lifting force.
[0025] At least one valve flap may be configured to
open before the other valve flaps. This accelerates the
valve opening process in that a first valve flap opens ear-
ly, and it assists the opening of the other valve flaps.
[0026] A valve flap may have a lower opening force
than said other valve flaps and/or a valve flap may be
configured to be exposed to a greater opening force, in
use, than said other valve flaps as a result of the flow
conditions through the valve.
[0027] The valve flap that opens first thus may have a
lower opening force, or it may be subjected to a greater
force during initial opening than the other valve flaps. The
flap with the lower opening force opens first, and then
creates a flow which assists the opening of the other valve
flaps.
[0028] The lower opening force may be achieved
based on the shape or size of one valve flap being dif-
ferent to the others. Alternatively, or additionally, the flow
conditions (e.g. a fan outlet design) may be such that one
valve flap is exposed to a greater force.
[0029] The free portion of each valve flap may have a
first edge and a second edge, and wherein, in the closed
state of each valve flap, the upper surface of the valve
flap at the first edge is higher than the upper surface of
the valve flap at the second edge.
[0030] An airflow through an open valve flap flows to-
wards the higher part of the valve flap, at the first edge.
This first edge is higher than the second edge (even when
closed), and is hence higher than an adjacent second
edge of an adjacent valve flap. As a result, the airflow
through one valve flap is directed over the top of an ad-
jacent valve flap. In this way, a side flow is generated by
one valve flap which assists the opening of an adjacent
valve flap. The air flow through at one of the valve flaps
is directed to an adjacent valve flap, to provide a lifting
force to that adjacent valve flaps. The multiple flaps may
be arranged in a line, or in a ring, or in a grid.
[0031] The lower surface of each valve flap at the first
edge is for example higher than the upper surface of the
flap at the second edge. Thus, the flow coming from the
second edge of the valve flap is directly over the adjacent
next valve flap.
[0032] The valve flaps are for example arranged along
a closed path such that a flow through each valve flap is
directed to a respective adjacent valve flap around the
closed path.
[0033] In this design, each valve flap is adjacent to an-
other valve flap around the closed path. The first edge
and the second edge of each valve flap are preferably
positioned circumferentially around the ring. Thus, the
flow through the valve flaps follows a direction around
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the closed path. The closed path for example is a ring.
[0034] In one design, the support region comprises a
central hub, and each valve flap extends radially outward-
ly from the central hub, arranged in a ring around the
central hub. This is a first possible design, with the valve
flaps extending radially outwardly from a central hub, with
a design similar to a propeller. The hub may be circular
but it may oval or polygonal (e.g. square or rectangular).
[0035] In another design, the support region comprises
an annular outer support and each valve flap extends
radially inwardly from the annular outer support, arranged
in a ring within the annular outer support. This is a second
possible design, with the valve flaps extending radially
inwardly from an outer annular support. Again, each
valve flap is adjacent to another valve flap and the annular
support may again be circular but it may oval or polygonal
(e.g. square or rectangular).
[0036] The valve flaps are for example spaced apart
around the ring. This prevents the valve flaps hitting each
other when they open and close. There may for example
be 3, 4 or 5 valve flaps arranged around a ring.
[0037] The base for example comprises a mounting
area to which the support region is mounted, and an
opening for each flap. The base thus defines a valve seat
for each valve flap. The base preferably also comprises
a sealing area around each opening. The sealing area
cooperates with the valve flap when in the closed state,
to ensure a desired seal to prevent flow through the valve
in the unwanted flow direction.
[0038] The valve may further comprise a top cover for
fixing the support region to the mounting area of the base.
This provides an easy-to-assemble design, with the valve
flaps (preferably formed as a single integrated compo-
nent) clamped between the base and the top cover. The
top cover is for example a snap fit to the base.
[0039] The flexible membrane structure for example
comprises a single injection molded component, wherein
the single injection molded component is manufactured
by a mold with a first valve flap mold portion and a second
valve flap mold portion, different from the first valve flap
mold portion.
[0040] The valve flaps are defined by the outer shape
of the molded component rather than being defined by
cuts in a sheet. This makes it easier to control the per-
formance of the valve flaps. The mold used to form the
valve flaps creates valve flaps of different designs, e.g.
different opening forces.
[0041] The invention also provides a face mask com-
prising:
a mask body defining a mask cavity inside the mask body
when the mask is worn by a user, wherein the mask body
includes the valve as defined above. A fan assembly is
for example received in an opening in the mask body.
[0042] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] For a better understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Fig. 1 shows one example of a mask design to which
the invention may be applied;
Fig. 2 shows another example of a mask design to
which the invention may be applied;
Fig. 3 shows the flexible membrane structure for a
first example of the one-way valve;
Fig. 4 shows the base for receiving the membrane
of Fig. 3;
Fig. 5 shows the flexible membrane structure for a
second example of the one-way valve;
Fig. 6 shows the base as well as the membrane of
Fig. 5;
Fig. 7 shows the closed path for the membrane de-
sign of Fig. 3 and shows a cross section around that
path;
Fig. 8 shows examples with three, four and five valve
flaps around a ring;
Fig. 9 shows that instead of a ring, a grid of valve
flaps may be used;
Fig. 10 shows a cross section through the base of
Fig. 4; and
Fig. 11 shows a cross section with a cover in place
for the design of Figs. 3 and 4.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0044] The invention will be described with reference
to the Figures.
[0045] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.
[0046] The invention provides a one-way valve for a
face mask, comprising a base and a flexible membrane
structure mounted over the base. The flexible membrane
structure has a plurality of valve flaps, each having a fixed
portion and a free portion which can open and close. At
least one of the valve flaps has a first edge positioned
adjacent a second edge of an adjacent valve flap such
that a flow through said one of the valve flaps is directed
at least in part across the upper surface of said adjacent
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valve flap, to assist in the opening of said adjacent valve
flap.
[0047] Fig. 1 shows one example of a mask design to
which the invention may be applied.
[0048] The mask 10 is a passive mask, comprising a
mask body 12 formed of a filter material. The mask body
is held in place by ear straps 14. The mask body includes
a one-way valve 20.
[0049] Fig. 2 shows another example of a mask design
to which the invention may be applied. The mask 10 is
an active mask, again comprising a mask body 12 held
in place by ear straps 14.
[0050] The mask body in this example includes a rigid
or semi-rigid outer casing and the filter member is re-
tained inside (behind) the outer casing. The outer casing
is porous so that air can flow through the outer casing to
the filter member.
[0051] A fan and valve module 22 combines a fan, such
as a centrifugal fan, and a passive one-way valve. The
fan is for example for delivering a flow out of the cavity
formed by the mask body through the one-way valve.
[0052] The invention relates in particular to the design
of the one-way valve. It may be applied to passive or
active masks. The valve comprises a base and a flexible
membrane structure mounted over the base.
[0053] Fig. 3 shows the flexible membrane structure
30 for a first example of the one-way valve.
[0054] The flexible membrane structure 30 comprises
a support region 32, which in this example comprises a
central hub. Valve flaps 34 extends radially outwardly
from the central hub 32, arranged in a closed path around
the central hub. The hub in this example is circular but it
may oval or polygonal (e.g. square or rectangular). The
closed path is thus a circular ring in this case, but other
closed paths may be formed.
[0055] The flexible membrane structure is a thin, flex-
ible, airtight sheet which may be made of rubber, silicone,
plastic, or any other type of elastomer.
[0056] Each valve flap 34 of the membrane structure
comprises a free end 36 and a fixed end 38. The fixed
end 38 connects to the central hub 32 and is connected
to a mounting area of the base. Each valve flap 34 has
an upper surface facing away from the base (this is the
surfaces shown in Fig. 3) and a lower surface facing the
base.
[0057] The free end 36 has a first edge 40 and a second
edge 42, positioned at different circumferential positions
around the ring. The first edge 40 of each valve flap is
positioned adjacent a second edge 42 of an adjacent
valve flap such that a flow through said one of the valve
flaps is directed at least in part across the upper surface
of said adjacent valve flap, to assist in the opening of
said adjacent valve flap.
[0058] The free end 36 seats against a sealing area of
the base and covers a respective opening area in the
base to form a tight valve seal when the valve flap is
closed. The free end 36 flexes away from the sealing
area to create an air path between the valve flap and the

opening area in the base when the valve flap is open.
The valve flap opens and closes depending on the pres-
sure differential between cavity formed by the mask and
the ambient surroundings.
[0059] In this particular design, each valve flap 34 of
the membrane structure is not a flat sheet as in a con-
ventional valve membrane, but has a streamlined shape
that is designed to generate a lift force to facilitate the
opening of its adjacent flap. The two-dimensional cross-
sectional shape of the valve flap has an aerofoil shape.
[0060] The closed path, i.e. the ring in this example,
means that each valve flap is adjacent to two other valve
flaps around the ring. The flow through one valve flap
when the valve is open is directed to a respective adja-
cent valve flap around the ring to provide this lift force to
the adjacent valve flap.
[0061] The use of multiple valve flaps means each
valve flap can open at a desired (low) pressure difference
while providing a desired combined size of air flow pas-
sageway.
[0062] The aerofoil design is implemented by design-
ing the surface area of the upper surface of each valve
flap to be greater than the surface area of the lower sur-
face. An airflow over the upper and lower surfaces of the
valve flaps generates a lifting force to further open the
valve flaps. In this way, the air flow when the valve starts
to open assists further in the complete opening of the
valve, and hence a reduced airflow resistance of the valve
is enabled. An air flow over one valve flap when it is ini-
tially closed (e.g. from an adjacent valve flap which is
already opening) also assists the opening of the valve
flap.
[0063] This particular example has a round membrane
structure with five equally distributed valve flaps. There
are three holes in the central hub to fix the membrane
structure to the base. There is a gap between each ad-
jacent pair of valve flaps to prevent the interference or
collision between two valve flaps.
[0064] Fig. 4 shows the base for receiving the mem-
brane structure of Fig. 3. The base 50 forms a rigid, light,
airtight frame and is made of plastic, metal, or any other
suitable material.
[0065] The base 50 defines opening areas 52 and a
central mounting area 54 to which the central hub 32 is
fixed. Sealing areas 56 are formed around the opening
areas 52. The shape and configuration of the base is
designed according to the shape of the valve flaps so
that each valve flap of the membrane is able to form a
seal over the corresponding opening area 52 along the
sealing area 56.
[0066] A top cover (not shown) may be provided over
the membrane, for example a cap made of a rigid, light,
and airtight material, such as plastic or metal. The top
cover for example is a snap-fit to the mounting area 54
of the base such that the membrane structure 30 is
clamped between the base 50 and the top cover. This
mounting function also could be realized by the base it-
self, so that the top cover is optional.
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[0067] The top cover may be part of a frame. The frame
may for example limit the opening range of the valve flaps
and prevent them colliding with fan blades for examples
where the valve is part of a fan module.
[0068] Fig. 5 shows the flexible membrane structure
60 for a second example of the one-way valve. In this
design, the support region of the membrane comprises
an annular outer support 62 and each valve flap 64 ex-
tends radially inwardly from the annular outer support 62,
arranged in a ring within the annular outer support. There
are three valve flaps in this design. Again, each valve
flap is adjacent to another valve flap. In the same way
as for Fig. 3, each valve flap 64 of the membrane com-
prises a free end 66 and a fixed end 68. The fixed end
68 connects to the outer annular support 62 and is con-
nected to the mounting area of the base. Each valve flap
has an upper surface facing away from the base and a
lower surface facing the base.
[0069] The free end 66 has a first edge 70 and a second
edge 72, positioned at different circumferential positions
around the ring. The first edge of each valve flap is po-
sitioned adjacent a second edge of an adjacent valve
flap such that a flow through said one of the valve flaps
is directed at least in part across the upper surface of
said adjacent valve flap, to assist in the opening of said
adjacent valve flap.
[0070] Fig. 6 shows the base 80 as well as the mem-
brane 60. The base 80 again defines opening areas 82
and an outer mounting area 84 to which the annular outer
support is fixed. Sealing areas are also formed around
the opening areas.
[0071] As mentioned above, the valve flaps are not flat,
but have a streamlined shape designed to generate a lift
force.
[0072] Fig. 7 shows the closed path 100 of the mem-
brane structure design of Fig. 3, and also shows a cross
section around that path. It shows that each valve flap
34 has an aerofoil shape in cross section to generate an
upward lift, i.e. away from the base. The path 100 repre-
sents the flow direction of air which passes through the
valve flaps. Thus, they aim to direct the flow to a circum-
ferential direction to pass over adjacent valve flaps.
[0073] A flow through one open valve flap 34, as shown
by arrow 102, passes over an adjacent valve flap to in-
duce a lifting force to that adjacent valve flap.
[0074] Fig. 7 also shows that, at the free portion of each
valve flap (through which the cross section is taken), the
upper surface of the valve flap at the first edge 40 is
higher than the upper surface of the valve flap at the
second edge 42. The airflow through an open valve flap
flows towards the highest part of the valve flap, at the
first edge 40.
[0075] This first edge is higher than the second edge
(even when closed), and is hence higher than the adja-
cent second edge an adjacent valve flap. As a result, the
airflow 102 through one valve flap is directed over the
top of an adjacent valve flap as shown in Fig. 7. In this
way, a side flow is generated by one valve flap which

assists the opening of an adjacent valve flap.
[0076] The lower surface of each valve flap at the first
edge 40 is for example also higher than the upper surface
of the flap at the second edge.
[0077] As explained above, when a valve flap is open,
so that a flow can pass over and under the valve flap, a
lifting force is generated. A lifting force is also generated
when there is a flow over the upper surface and static
pressure (with not flow) at the bottom surface. Thus, as
soon as one valve flap is open, and directs a flow over
the other valve flaps (around the closed path), a lifting
force will be provided to assist the opening of those other
valve flaps.
[0078] Thus, by ensuring fast opening of one valve flap,
assistance can be provided to the opening of the other
valve flaps. For this purpose, at least one valve flap may
be configured to open before the other valve flaps. This
accelerates the valve opening process in that a first valve
flap opens early, and it assists the opening of the other
valve flaps.
[0079] To provide early opening of one valve flap, it
may have a lower opening force than the other valve
flaps. This can be achieved by a shape design - for ex-
ample that valve flap may be smaller in area or thinner.
It may instead by provided by design of the flow through
the membrane. For example, a fan module may have an
outlet air flow which is directed towards a particular valve
flap, which will therefore open first.
[0080] The valve flap that opens first thus may have a
lower opening force, or it may be subjected to a greater
force during initial opening than the other valve flaps.
[0081] The flexible membrane structure for example
comprises a single injection molded component.
[0082] The valve flaps are thus defined by the outer
shape of the molded component rather than being de-
fined by cuts in a sheet. This makes it easier to control
the performance of the valve flaps.
[0083] To create valve flaps of different designs, the
single injection molded component may be manufac-
tured by a mold with a first valve flap mold portion and a
second valve flap mold portion, different from the first
valve flap mold portion. The differences may be in thick-
ness, size or shape.
[0084] The examples above make use of a closed line
of valve flaps (e.g. a ring).
[0085] Fig. 8 shows examples with three, four and five
valve flaps around the ring. The separating lines are for
example linear gaps.
[0086] Fig. 9 shows that instead of a ring, a grid of valve
flaps may be used, such as a two-dimensional grid (left
image) or a one dimensional grid (right image). The free
ends could be in the internal lines or at the outer bound-
aries. Thus, a closed path is an optional design feature.
[0087] The shape of the mounting area and sealing
area of the base is designed to match the 3D shape of
the valve flaps to form a good seal at the contact areas
between the membrane and the base (i.e., a good seal
over the opening area in the valve).

9 10 



EP 4 299 140 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0088] Fig. 10 shows a cross section through the base
of Fig. 4 with the membrane structure 30 in place. To
obtain an optimal seal, it is preferred to raise the height
of the sealing area compared with the mounting area
along the perpendicular direction of membrane (i.e. the
y-axis direction shown, which is the height direction).
Thus, the free end of the valve flap seals at a higher
position than the fixed end. This slant between the free
and fixed parts can be seen in the regions 110 shown in
Fig. 10.
[0089] This creates a curved shape for each valve flap
when the membrane is closed and seated located on the
base. This curved shape in combination with the resil-
ience of the flap material further ensures a firm seal of
valve.
[0090] Fig. 11 shows a cross section with a cover 120
in place for the design of Figs. 3 and 4. The cover 120
has a central bush 122 which pushes down on the central
hub part of the membrane and pushed it against the base.
The central bush 122 of the top cover has a snap-fit re-
lationship with the mounting area of the base to clamp
the membrane structure 30 in the middle. The outer cir-
cumferential areas of the top cover and base also have
a snap-fit relationship. Beams 124 on the top cover are
used to limit the opening range of the valve flaps and
prevent them colliding with the fan blades when the one-
way valve is combined with an electric fan.
[0091] It will be understood by those skilled in the art
that there are various design features which assist the
valve in achieving the function using the flow through one
valve flap to assist in the opening of said adjacent valve
flap.
[0092] These design features may be summarized as:

(i) an aerofoil shape of the valve flaps;
(ii) the opening of one flap first to provide a flow to
assist the initial opening of the other valve flaps;
(iii) a slanted (rather than planar) arrangement of the
valve flaps when closed
(iv) a closed path e.g. ring of valve flaps.

[0093] These design features may be used alone or in
any combination. Each may be considered as a separate
independent design concept. Thus, concepts (ii) to (iv)
may for example each be implemented with a planar
membrane design.
[0094] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality.
[0095] The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage.
[0096] If the term "adapted to" is used in the claims or

description, it is noted the term "adapted to" is intended
to be equivalent to the term "configured to". If the term
"arrangement" is used in the claims or description, it is
noted the term "arrangement" is intended to be equiva-
lent to the term "system", and vice versa.
[0097] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. A one-way valve for a face mask, comprising:

abase (50); and
a flexible membrane structure (30) mounted
over the base,
wherein the flexible membrane structure com-
prises:

a support region (32); and
a plurality of valve flaps (34), each having
a fixed portion connected to the support re-
gion and each extending from the support
region to define a free portion which can
open and close,

wherein each valve flap has an upper surface
facing away from the base and a lower surface
facing the base, the free portion have first and
second edges (40,42),
wherein at least one of the valve flaps has its
first edge (40) positioned adjacent a second
edge of an adjacent valve flap such that a flow
(102) through said one of the valve flaps is di-
rected at least in part across the upper surface
of said adjacent valve flap, to assist in the open-
ing of said adjacent valve flap.

2. The valve of claim 1, wherein the surface area of the
upper surface of each valve flap is greater than the
surface area of the lower surface, such that an airflow
over the upper and lower surfaces of the valve flaps
generates a lifting force to further open the valve
flaps.

3. The valve of claim 2, wherein each flap has the shape
of an aerofoil.

4. The valve of any one of claims 1 to 3, wherein at
least one valve flap is configured to open before the
other valve flap(s).

5. The valve of claims 1 to 3, wherein:

said at least one valve flap has a lower opening
force than the other valve flap or flaps; and/or
said at least one valve flap is configured to be
exposed to a greater opening force, in use, than
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the other valve flap or flaps as a result of the
flow conditions through the valve.

6. The valve of any one of claims 1 to 5, wherein, in the
closed state of each valve flap, the upper surface of
the valve flap at the first edge is higher than the upper
surface of the valve flap at the second edge.

7. The valve of claim 6, wherein the lower surface of
each valve flap at the first edge is higher than the
upper surface of the flap at the second edge.

8. The valve of any one of claims 1 to 6, wherein the
valve flaps are arranged along a closed path (100)
such that a flow through each valve flap is directed
to a respective adjacent valve flap around the closed
path.

9. The valve of claim 8, wherein the support region com-
prises a central hub (32), and each valve flap extends
radially outwardly from the central hub, arranged in
a ring around the central hub.

10. The valve of claim 8, wherein the support region com-
prises an annular outer support (62) and each valve
flap extends radially inwardly from the annular outer
support, arranged in a ring within the annular outer
support.

11. The valve of any one of claims 9 to 10, wherein the
valve flaps are spaced apart around the ring.

12. The valve of any one of claims 1 to 11, wherein the
base comprises a mounting area (54) to which the
support region is mounted, and an opening for each
flap.

13. The valve of any one of claims 1 to 12, further com-
prising a top cover (120) for fixing the support region
to the base.

14. The valve of any one of claims 1 to 13, wherein the
flexible membrane structure comprises a single in-
jection molded component, wherein the single injec-
tion molded component is manufactured by a mold
with a first valve flap mold portion and a second valve
flap mold portion, different from the first valve flap
mold portion.

15. A face mask comprising:
a mask body defining a mask cavity inside the mask
body when the mask is worn by a user, wherein the
mask body includes the valve of any one of claims
1 to 14.
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