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(57) Abstract: A valve assembly (6) comprises a valve stem

~(21) with a resilient proximal seal member (25) and a distal
seal member (28) disposed around the stem. The proximal

and distal seal members are axially separated from one anoth-
er along the valve stem. A housing defines a valve chamber

in which the valve stem is confined so as to be axially dis-

placeable within the valve chamber. The housing defines a
first portion (41) of the valve chamber in which the proximal

-seal member resides and a second portion (42) of the valve

chamber in which the distal seal member resides. The hous-

- ing further defines a cross-bore chamber(12) which opens

into the valve chamber in a third portion (43) between the

¢ first and second portions. The third portion has a minimum

cross-sectional diameter greater than the cross- sectional dia-

meter of the first portion, and preferably larger than the un-

compressed diameter of the proximal seal member. During
assembly, as the proximal seal on the valve stem passes the
cross- bore, risk of damage to the proximal seal by machined
edges of the cross-bore / valve chamber is reduced or
avoided.
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VALVE ASSEMBLY

The present invention relates to valve assemblies and in particular, though not exclusively,

to poppet valves useful for the control of fluids passing through a valve chamber.

In some types of valve assemblies, such as poppet valve assemblies, a valve stem may
be axially displaceable within a valve chamber in order to open and close the valve. A
particular valve assembly may also be configured to have a cross-bore traversing the valve
chamber. At the point where the cross-bore breaks through or opens into the valve
chamber, it may be found that sharp edges, burrs or other unwanted cutting / drilling /
machining artefacts may remain present at the interface between the valve chamber and
the cross-bore. Such artefacts (hereinafter generally referred to as "sharp edges") can be
problematic, particularly during assembly of a valve. They may cause damage to softer
parts of the valve assembly such as resilient (e.g. elastomeric) seals which traverse the
cross-bore chamber during assembly or more generally during use. Such damage can be
responsible for subsequent leaks in the valves, high re-work rates in assembly, or

premature failure of the valve seals.

It is an object of the present invention to provide an improved valve design which reduces

or eliminates risk of damage to softer components such as sealing elastomeric O-rings.

According to one aspect, the invention provides a valve assembly comprising:

a valve stem having a resilient proximal seal member disposed around the stem
and a distal seal member disposed around the stem, the proximal and distal seal members
being axially separated from one another along the valve stem;

a housing defining a valve chamber in which the valve stem is confined so as to be
axially displaceable within the valve chamber, the housing defining a first portion of the
valve chamber in which the proximal seal member resides and a second portion of the
valve chamber in which the distal seal member resides and further defining a cross-bore
chamber which opens into the valve chamber in a third portion between the first and
second portions;

wherein the third portion has a minimum cross-sectional diameter greater than the

cross-sectional diameter of the first portion.
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The third portion of the valve chamber may have a minimum diameter equal to or larger
than the uncompressed diameter of the proximal seal member. The first portion of the
valve chamber may have a diameter smaller than an uncompressed diameter of the
proximal seal member. The third portion of the valve chamber may entirely encompass
the opening of the cross-bore chamber into the valve chamber. The second portion may
define a valve seat for the distal seal member. The valve assembly may include a tapered
edge between the first portion of the valve chamber and the third portion of the valve
chamber. The valve assembly may include a transition portion of the valve chamber
extending between the first portion and the third portion, the transition portion comprising
a portion of decreasing diameter from the diameter of the third portion down to the diameter
of the first portion. The proximal seal member may comprise an O-ring disposed around
the valve stem. The proximal seal member may comprise two O-rings disposed around
the valve stem, the O-rings being separated from one another along the valve stem. The
valve stem may have a circumferential recess in which an O-ring is confined, the O-ring
having an uncompressed outside diameter equal to or less than the diameter of the third
portion of the valve chamber during installation of the valve stem into the valve chamber,
the O-ring being compressed into the first portion of the valve chamber by the transition
portion as the valve stem moves towards the first portion of the valve chamber. The valve
seat may comprise a tapered section of the second portion of the valve chamber. The
distal seal member may comprise an O-ring disposed around the valve stem and
configured to seal against the tapered portion of the valve chamber when the valve stem
is biased towards a proximal position. The valve seat may comprise a resilient seal
member and the distal seal member of the valve stem may comprise a radially extending
surface configured to engage with the resilient seal. The cross-bore chamber may traverse
the valve chamber in the third portion.

According to another aspect, the invention provides a fuel cartridge comprising: a fuel
chamber; an outlet; a valve assembly as described above disposed between the fuel
chamber and the outlet, the valve assembly configured to enable release of fluid from the

fuel chamber towards the outlet upon actuation of the valve stem..

Embodiments of the present invention will now be described by way of example and with
reference to the accompanying drawings in which:
Figure 1 shows a cross-sectional side view of a fuel cartridge, suitable for use as

a hydrogen source for electrochemical fuel cells, incorporating a poppet valve assembly;

2
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Figure 2 shows a more detailed cross-sectional side view of the poppet valve
assembly of figure 1;

Figure 3 shows a schematic cross-sectional side view of a valve chamber and valve
stem prior o assembly; and

Figure 4 shows a schematic cross-sectional side view of the valve chamber of

figure 3 with the valve stem installed.

With reference to figure 1, a fuel cartridge 1 has a canister 2 defining a fuel reservoir 3
which is coupled to a head assembly 4. The head assembly 4 includes a fuel outlet 5 and
a pair of valve assemblies 6, 7 disposed within a fluid path 8a, 8b, 8c extending from the
reservoir 3 to the outlet 5.

Figure 2 shows the head assembly 4 in greater detail. First valve assembly 6 comprises
avalve stem 21 which extends from an actuation end 22 to a head end 23. In this example,
the actuation end 22 may be regarded as a proximal end and the head end 23 may be
regarded as a distal end, but this nomenclature is used for convenience and could be

reversed.

The valve stem 21 includes a proximal portion 24 towards the proximal end 22, the
proximal portion 24 having a resilient proximal seal 25. The proximal seal 25 may include
one or more O-rings 25a, 25b each residing in a respective recess 26a, 26b. The
recess(es) 26a, 26b may comprise any suitable retention feature such as a circumferential
groove or channel in the valve stem 21, or spaces between upstanding features on the
valve stem, which is / are capable of resisting displacement of the O-ring(s) axially along
the valve stem.

The valve stem 21 further includes a distal portion 27 towards the distal (head) end 23, the
distal portion having a distal seal member 28. The distal seal may include an O-ring around
the valve stem which resides against a shoulder 29 to prevent axial displacement of the
O-ring in the distal direction. It can be seen that the proximal and distal seals 25, 28 are
axially separated from one another along the valve stem. The valve stem 21 is biased
towards the proximal end 22 by a spring 30 held in place by a retaining head 31. The
valve stem 21 can be axially displaced, against the spring bias, towards the distal end 23
by pressing downwards on the actuation end 22 where it emerges from the housing 10 of
the head assembily 4.
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The valve stem 21 resides in, and is axially displaceable within, the housing 10 which
defines a valve chamber 11. The valve chamber 11 includes a radially-extending sealing
surface 14 against which the distal seal member 28 can be biased. In the example shown,
the radially-extending sealing surface 14 is oblique to the valve axis, e.g. provided as a
tapered portion of the valve chamber 11. However, the radially extending sealing surface
could also or alternatively comprise a step, e.g. a sealing surface orthogonal to the valve

axis in the valve chamber wall. Either arrangement can serve as a valve seat.

The housing 10 also defines a cross-bore chamber 12 which traverses the valve chamber
11 at a position which is intermediate to the proximal and distal seals 25, 28. The cross-
bore chamber 12 thereby defines two galleries communicating with and extending laterally

from the valve chamber.

Further features of the valve assembly 6 will be discussed in connection with figures 3 and
4. It will be evident from a study of the second valve assembly 7 also shown in figures 1
and 2 that the second valve assembly 7 has very similar corresponding functional features
to those described in connection with valve assembly 6 and is disposed longitudinally
offset from the valve assembly 6 (e.g. higher, in figures 1 and 2) so that it can serve as a
second valve assembly in series with the first valve assembly by way of the cross-bore
chamber 12 (flow path 8b). For this purpose, valve assembly 7 includes an extended
retaining head 31a. Valve assembly 7 has its own cross-bore chamber 15 forming flow
path section 8a. The valve arrangement of figures 3 and 4 is relevant to the layout of both
valve assembly 6 and valve assembly 7 but with corresponding features described in

connection with the valve assembly 6.

With reference to figure 3, the valve chamber 11 in the housing 10 of head assembly 4 is
shown schematically in greater detail. The valve chamber 11 has a first portion 41 in which
the proximal seal 25 will reside when the valve stem 21 is inserted and a second portion
42 in which the distal seal 28 will reside when the valve stem 21 is inserted. The cross-
bore 12 traverses the valve chamber 11 in a third portion 43 between the first portion 41
and the second portion 42.

The cross-sectional diameter d; of the first portion 41 is sized to provide a sliding seal

during axial motion of the valve stem 21 within the valve chamber 11 by sufficient

4
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compression of the proximal O-ring 25 to create the seal. Thus, the uncompressed
resilient O-ring 25 extends radially outward from the circumferential surface of the valve
stem 21 by a small amount d., giving a total uncompressed diameter of the O-ring 25 of d1
+dc. The minimum cross-sectional diameter d, of the second portion 42 is sized to provide
a sealing surface 14 for the distal O-ring 28 when it is biased in the axial direction towards
the proximal end 22. The remaining parts of the second portion 42 may have a cross-
sectional diameter ds at least large enough to receive the distal O-ring seal 28 but without
effecting a full sealing engagement therewith. In other words, diameter ds is preferably

larger than the uncompressed diameter of the distal O-ring seal 28.

An important aspect of the design shown in figure 3 is that the cross-sectional diameter of
the valve chamber 11 at the third portion 43, where the cross-bore 12 intersects the valve
chamber 11, should have a minimum cross-sectional diameter d. which is greater than the
cross-sectional diameter d, of the first portion, and most preferably equal to or larger than
the cross-sectional diameter of the uncompressed O-ring 25, i.e. greater than or equal to
di+de.

Also as shown in figure 3, there may be a short transition region 48 between the first portion
41 of diameter ds and the third portion 43 of diameter dz. This transition region 48 may be
a simple bevel, chamfer or countersink, all of which may generally be encompassed by
the expression a "tapered profile". These may be effected by the end profile of the drill bit
which drills the third portion of the valve chamber 11 during manufacture of the head
assembly 4. The tapered profile more generally provides an axial portion of the valve
chamber 11 which has decreasing diameter from the diameter d: of the third portion 43
down to the diameter dy of the first portion, preferably with a smooth transition.

It has been found that during assembly of the valve by insertion of the valve stem 21 into
the valve chamber 11, if both the first portion 41 and the third portion 43 of the valve
chamber have equal cross-sectional diameter, although the valve stem 21 can be properly
inserted into the chamber 11 under compression, there can be a tendency for the edges
or corners 45 where the cross-bore 12 intersects through, or breaks into, the valve
chamber 11 to cause scratches, striations, cuts or other damage to the O-rings 25. These
sharp edges can cause sufficient damage to the O-rings 25 to result in undesirably high
leak rates when the valve is in operation. This is particularly true where the contained fiuid

on reservoir 3 comprises small molecules such as hydrogen gas. Even where leak rates
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may be within acceptable limits (e.g. for safety), the improvement in performance of the O-
ring seals 25 when they are not slid past the cross-bore 11 while under compression can
generally improve the performance of a hydrogen fuel cartridge 1. This is particularly the
case since such cartridges 1 are preferably required to be as small as possible with limited
capacity and maximising hydrogen storage in the smallest possible volume for portability

is important.

Figure 4 shows the valve assembly 6, 7 with the valve stem 21 inserted in position within
the valve chamber 11. The O-ring seal 25 has been compressed to diameter d; by
passage through the transition region 48 and has had no, or negligible, contact with sharp
edges 45 where the cross-bore 12 opens into the valve chamber 11. In this respect, it is
optimal if the increased diameter d. of the third portion 43 extends at least as far as the
extremes of the opening or openings of the cross-bore 12 into the valve chamber 11, along
the valve axis. In other words, preferably the third portion of the valve chamber entirely

encompasses the opening of the cross-bore chamber into the valve chamber.

Although the arrangement of figures 1 to 4 shows the cross-bore chamber 12 as traversing
the valve chamber 11, this may be for manufacturing convenience (e.g. so that the fluid
path 8b or 8a can be drilled from an external surface of the head assembly, and plugged
at the outside ends with seals 49, 50 (figures 1 and 2). The cross-bore chamber 12 need
not traverse the valve chamber — it may merely open into one side of the valve chamber
11, i.e. defining only a single gallery communicating with and extending laterally from the
valve chamber 11. The described advantages of the increased diameter of the third
portion 43 still apply. Although the cross-bore 12 is shown as orthogonal to the valve
chamber 11, the cross-bore could more generally be oblique or transverse to the valve

chamber, and benefits of the increased diameter of the third portion 43 can still be realised.

The valve assembly 6, 7 of figures 1 to 4 provides the distal seal 28 by way of an O-ring
28 mounted on the valve stem 21 which compresses against the radial sealing surface 14.
However, it will be understood that this arrangement can effectively be reversed, in which
the valve stem 21 carries a non-compressible, radially-extending sealing surface (e.g.
bevelled surface 51) and a compressible sealing surface (such as an O-ring) can be
provided within the valve chamber 11. Thus, in a general aspect, the valve seat may
comprise a resilient seal member and the distal seal member of the valve stem 21 may

comprise a radially-extending surface which is configured to engage with the resilient seal.

6
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In use, the fuel cartridge 1 provides a multi-valve arrangement for safe operation.
Hydrogen gas can be released from the reservoir 3 by actuation of the valve stems 21 on
both valve assemblies 6 and 7.

When valve stem 21 of valve assembly 6 is actuated by pressing on the actuation end 22
against the bias of spring 30, the O-ring 28 is displaced downward away from the radial
sealing surface 14 thereby allowing fluid to flow from the valve cavity 19a and into the
cross-bore 12. Fluid flows to the second valve assembly 7 via the cross-bore 12 / flow
path 8b to valve cavity 19b. Valve assembly 7 operates in a similar way by actuation of
the valve stem 21 from the actuation end 22, allowing fluid to pass the distal seal and into
cross-bore 15 / fluid path 8a, and from there to outlet 5.

The valve assemblies 6, 7 have been described in relation to cross-sectional diameters of
the first and third portions 41, 43 of the valve chamber 11. The cross-sectional diameter
of the third portion 43 will be understood to refer to the diameter of the valve chamber as
defined at positions other than the exact locations where the cross-bore 12 opens into the
valve chamber 11, i.e. where the wall of the valve chamber is locally removed by the
presence of the cross-bore. The opening of the cross-bore 12 into the valve chamber 11
will generally describe a somewhat elliptical aperture, i.e. a circular aperture that is curved
out of the plane of the circle by intersection of the circular chamber of cross-bore 12 with
a wall of chamber 11 that is itself curved.

In a general aspect, the third portion 43 of the valve chamber 11 provides a stepped bore
for the valve chamber at the point of cross-drilling of the cross-bore 12 through the valve
chamber, to provide a clearance fit for passage of the proximal valve seal 25 along the

valve chamber 11 past the cross-bore.
Although the valve assembly has been described above specifically in the context of a fuel
cartridge, the valve assembly described and claimed can be deployed in many other

applications other than as a control valve in a fuel cartridge.

Other embodiments are intentionally within the scope of the accompanying claims.
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CLAIMS

1. A valve assembly comprising:

a valve stem having a resilient proximal seal member disposed around the stem
and a distal seal member disposed around the stem, the proximal and distal seal members
being axially separated from one another along the valve stem:

a housing defining a valve chamber in which the valve stem is confined so as to be
axially displaceable within the valve chamber, the housing defining a first portion of the
valve chamber in which the proximal seal member resides and a second portion of the
valve chamber in which the distal seal member resides and further defining a cross-bore
chamber which opens into the valve chamber in a third portion between the first and
second portions;

wherein the third portion has a minimum cross-sectional diameter greater than the
cross-sectional diameter of the first portion.

2. The valve assembly of claim 1 in which the third portion of the valve chamber has
a minimum diameter equal to or larger than the uncompressed diameter of the proximal

seal member.

3. The valve assembly of claim 1 in which the first portion of the valve chamber has a

diameter smaller than an uncompressed diameter of the proximal seal member.

4, The valve assembly of claim 1 in which the third portion of the valve chamber
entirely encompasses the opening of the cross-bore chamber into the valve chamber.

5. The valve assembly of claim 1 in which the second portion defines a valve seat for

the distal seal member.

6. The valve assembly of claim 1 further including a tapered edge between the first
portion of the valve chamber and the third portion of the valve chamber.

7. The valve assembly of claim 1 further including a transition portion of the valve
chamber extending between the first portion and the third portion, the transition portion
comprising a portion of decreasing diameter from the diameter of the third portion down to

the diameter of the first portion.
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8. The valve assembly of claim 1 in which the proximal seal member comprises an O-

ring disposed around the valve stem.

9. The valve assembly of claim 8 in which the proximal seal member comprises two
O-rings disposed around the valve stem, the O-rings being separated from one another

along the valve stem.

10. The valve assembly of claim 7 in which the valve stem has a circumferential recess
in which an O-ring is confined, the O-ring having an uncompressed outside diameter equal
to or less than the diameter of the third portion of the valve chamber during installation of
the valve stem into the valve chamber, the O-ring being compressed into the first portion
of the valve chamber by the transition portion as the valve stem moves towards the first

portion of the valve chamber.

11. The valve assembly of claim 5 in which the valve seat comprises a tapered section
of the second portion of the valve chamber.

12. The valve assembly of claim 11 in which the distal seal member comprises an O-
ring disposed around the valve stem and configured to seal against the tapered portion of

the valve chamber when the valve stem is biased towards a proximal position.

13. The valve assembly of claim 5 in which the valve seat comprises a resilient seal
member and the distal seal member of the valve stem comprises a radially extending
surface configured to engage with the resilient seal.

14. The valve assembly of claim 1 in which the cross-bore chamber traverses the valve
chamber in the third portion.

15. A fuel cartridge comprising:

a fuel chamber;

an outlet;

a valve assembly according to any preceding claim disposed between the fuel
chamber and the outlet, the valve assembly configured to enable release of fluid from the

fuel chamber towards the outlet upon actuation of the valve stem.

9
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