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(54) PNEUMATIC VALVE

(57) A pneumatic valve is disclosed comprising: an
outer housing (2) formed from a continuous single-piece
of material and defining a fluid inlet port (4) and a fluid
outlet port (14); a separate piston sleeve (32) housed
within the housing; and a piston (16) slidably mounted
within the piston sleeve. As the present invention com-
prises a continuous single-piece housing (2) and a sep-
arate piston sleeve (32), the geometry of the housing is
able to be optimized for its intended function and me-
chanical strength, whilst still providing the piston (16) with
a suitable piston receiving surface. The internal surface
of the housing need not be made to the high tolerances
and have the special surface coatings required in con-

ventional housings that act as the piston sleeve/cylinder,
because in the present invention the housing does not
act as the piston cylinder. The independent piston sleeve
(32) of the present invention may be made from a different
material to the housing and is able to be provided with
the required tolerances, so that the sleeve has the de-
sired properties. Also, as the sleeve is formed independ-
ently from the housing, it is able to have a simple geom-
etry and is readily accessible prior to installation in the
housing. As such, the piston sleeve (32) is able to be
accurately machined and, if required, may be accurately
coated on its internal piston-receiving surface prior to in-
stallation in the housing 2.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] None.

FIELD OF THE INVENTION

[0002] The present invention relates generally to
valves and in particular to valves comprising a piston
member that moves between a valve open position and
a valve closed position.

BACKGROUND

[0003] Axial type pneumatic valves are commonly
used in aerospace applications, for example, in en-
gine/nacelle anti-icing systems, engine bleed control,
etc. Such valves comprise an external housing that hous-
es a number of internal parts, including a piston, poppet,
seals and springs etc. The housing is formed from mul-
tiple component parts that are conventionally formed by
casting or from machined stock. The component parts
are then joined together during the assembly process,
e.g. using bolts or by welding, and the internal parts are
incorporated in the housing.
[0004] However, the construction of such conventional
valves imposes constraints on the geometries of the
housing components, which in turn limits the configura-
tion and performance the valve. For example, the internal
surface of the housing acts as a cylinder in which the
piston moves and this requires sophisticated and accu-
rate surface finishing processes that are often not suita-
ble to the housing geometry. Consequently, compromis-
es are made in the design and manufacturing of the
valves so as to accommodate the various requirements,
which leads to non-optimised performance of the valves
and complex manufacturing methods.

SUMMARY

[0005] Embodiments provide a pneumatic valve com-
prising: an outer housing formed from a continuous sin-
gle-piece of material and defining a fluid inlet port and a
fluid outlet port; a separate piston sleeve housed within
the housing; and a piston slidably mounted within the
piston sleeve.
[0006] The housing may be a monobloc housing.
[0007] The continuous single-piece of material may
surround the whole of the piston sleeve and the piston.
[0008] The continuous single-piece of material may
form substantially the entirety of the exterior surfaces of
the valve.
[0009] The housing may be formed by an additive man-
ufacturing or 3D printing technique. For example, the
housing may be formed by Direct Laser Metal Sintering
or Electron Beam Metal Sintering. Alternatively, the hous-
ing may be formed by other techniques, such as casting.

[0010] The valve may be an axial type valve, wherein
the axes through the inlet and outlet ports are parallel
and/or coaxial.
[0011] The piston may be slidably mounted in the pis-
ton sleeve so as to be movable to an open position in
which the inlet port and outlet port are in fluid communi-
cation, and a closed position in which the piston blocks
fluid communication between the inlet and outlet ports.
[0012] The piston may be a tubular member having a
conduit therein that is in fluid communication with the
outlet port, and one or more apertures in a circumferential
wall of the piston for allowing fluid communication with
the inlet port when the piston is in the open position.
[0013] When the piston is in the closed position, the
one or more apertures in the wall of the piston are located
such that fluid communication between the inlet and exit
ports is blocked.
[0014] The piston sleeve may have one or more aper-
tures through its circumferential wall for allowing fluid
communication between the inlet and outlet ports, via the
one or more apertures in the piston, when the piston is
arranged in the open position.
[0015] When the piston is in the closed position, the
one or more apertures in the piston sleeve are not aligned
with one or more apertures in the piston, thereby blocking
fluid flow between the inlet and outlet ports.
[0016] The housing may define a piston chamber and
the piston sleeve may be mounted against, or to, the
internal surface of the housing in the piston chamber.
[0017] The piston sleeve may be a substantially tubular
member, such as a substantially cylindrical member.
[0018] The piston sleeve may be rigid.
[0019] The inner surface of the piston sleeve may be
a friction reducing coating or layer, or the inner surface
of the piston sleeve may be a lower friction material than
the housing material. Alternatively, or additionally, the
inner surface of the piston sleeve may be a harder ma-
terial than the housing material.
[0020] The piston may comprise a seal at each end
thereof that contacts the inner surface of the piston sleeve
to form a seal between the piston and sleeve that is main-
tained as the piston is moved within the piston sleeve.
[0021] The piston sleeve and piston may be geomet-
rically configured to interact so as to limit the slidable
movement of the piston within the sleeve between an
open position and a closed position
[0022] The sleeve may comprise a radial detent ex-
tending along the sleeve and the piston may comprise a
radial projection that is received in the detent for limiting
the slidable movement of the piston within the sleeve in
a first and/or second direction (e.g. between the open
position and the closed position).
[0023] Alternatively, the piston may comprise a radial
detent extending along the piston and the sleeve may
comprise a projection that is received in the detent.
[0024] The piston sleeve may be formed from first and
second tubular portions that interconnect by having over-
lapping end portions, wherein the interconnecting end of
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the second tubular portion is recessed along a length
thereof on its radially inner side, and wherein the re-
cessed length only partially overlaps the first tubular por-
tion so that the remainder of the recessed length forms
said detent.
[0025] The interconnecting end of the first tubular por-
tion may be recessed along a length thereof on its radially
outer side, wherein this recessed length overlaps the re-
cessed length of the second tubular member.
[0026] The piston sleeve and/or first tubular member
and/or second tubular member and/or piston may be
sized and configured so as to be axially insertable into
the housing through the exit port.
[0027] An inner surface of the housing may be config-
ured to prevent axial movement of the piston sleeve in a
first direction and/or the valve may comprise one or more
securing member for preventing axial movement of the
piston sleeve relative to the housing in a second opposite
direction and out of the exit port. For example, the secur-
ing member may be a ferrule or other member that is
attachable to the housing to prevent the sleeve moving
out of the exit port.
[0028] The one or more securing member may be en-
gagable and disengagable with the housing, e.g. repeat-
edly engagable and disengagable with the housing. This
allows the piston and/or piston sleeve to be removed from
the housing, e.g. to replace or repair these elements.
[0029] The piston sleeve may engage the housing
and/or securing member with one or more mating profiles
that are configured so that the one or more mating profiles
ensure fluid tightness between the piston sleeve and the
housing and/or securing member so as to prevent fluids,
such as gases, from passing around the outside of the
piston sleeve.
[0030] The housing formed from the continuous single-
piece of material may further comprise one or more con-
duits through a wall thereof for connecting the inlet and/or
outlet port to pressure control devices and/or to other
pressure fittings. Accordingly, in addition to the main
valve conduit extending between the inlet and outlet
ports, the housing further defines at least one further port
and at least one further conduit extending between the
at least one further port and the main conduit. The at
least one further conduit may be used to convey pressure
from the inlet port and/or outlet port to a pressure control
device that controls the position of the piston. The pres-
sure control device may comprise, for example, a sole-
noid valve or a pressure regulating valve etc.
[0031] Embodiments also provide a method of manu-
facturing the valve described herein, comprising:

a) forming or providing said housing; b) inserting said
piston into at least a portion of said piston sleeve;
and then c) inserting the combination of the piston
and at least a portion of said piston sleeve together
into the housing through the exit port; or
d) forming or providing said housing; e) inserting at
least a portion of said piston sleeve into the housing

through the exit port; and then f) inserting the piston
through the exit port and into the piston sleeve.

[0032] The step of forming said housing may comprise
forming said housing using an additive manufacturing or
3D printing technique. For example, the housing may be
formed by Direct Laser Metal Sintering or Electron Beam
Metal Sintering. Alternatively, the housing may be formed
by other techniques, such as casting.
[0033] Step b) of the above method may comprise in-
serting one end of the piston into a first portion of the
piston sleeve and another end of the piston into a second
portion of the piston sleeve, and step c) may comprise
inserting the combination of the piston and both portions
of said piston sleeve together into the housing through
the exit port. Alternatively, steps e) and f) of the above
method may comprise: inserting a first portion of the pis-
ton sleeve into the housing through the exit port; inserting
the piston through the exit port and into the first portion
of the piston sleeve; and inserting a second portion of
the piston sleeve into the housing through the exit port
so as to surround the piston.
[0034] The method may comprise connecting one or
more securing member to the housing to prevent axial
movement of the piston sleeve relative to the housing.
[0035] The piston sleeve may engage the housing
and/or securing member with one or more mating profiles
that are configured so that the one or more mating profiles
ensure fluid tightness between the piston sleeve and the
housing and/or securing member so as to prevent fluids,
such as gases, from passing around the outside of the
piston sleeve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Various embodiments will now be described, by
way of example only, and with reference to the accom-
panying drawings in which:

Figs. 1A, 1 B and 1C show various views of a valve
according to the prior art;
Figs. 2A and 2B show perspective and cross-sec-
tional views of a valve according to a first embodi-
ment of the present invention;
Figs. 3A and 3B show perspective and cross-sec-
tional views of a valve sleeve according to an em-
bodiment of the present invention;
Fig. 4 shows a cross-sectional views of a valve ac-
cording to a second embodiment of the present in-
vention.

DETAILED DESCRIPTION

[0037] Fig. 1A shows a perspective view of a valve
according to the prior art. Figs. 1 B and 1C show cross-
sectional views of the valve in a closed position and an
open position, respectively. The valve comprises a hous-
ing 2 formed from a first portion 2a and a second portion
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2b that are secured together. The housing 2 defines an
inlet port 4, an annular fluid inlet conduit 6, a piston cham-
ber 8, an annular fluid entrance into the piston chamber
10, a valve control chamber 28, a control turret 3, and an
exit port 14. A longitudinally extended, tubular piston 16
having an axial conduit 18 therethrough is arranged in
the piston chamber 8. The piston 16 has apertures 20 in
its circumferential wall that allow fluid communication be-
tween the outside of the piston 16 and the conduit 18
therein. The piston 16 also a radial projection 22 extend-
ing outwardly from the circumferential surface and locat-
ed on a downstream side of the apertures 20. The piston
16 is arranged in the piston chamber 8 so as to be mov-
able along an axis that is coaxial with the axis through
the inlet and exit ports 4,14. A first piston seal 24 is ar-
ranged on a first end of the piston 16, upstream of the
apertures 20, so as to provide a fluid seal between the
first end of the piston 16 and housing 2. A second piston
seal 26 is arranged on a second end of the piston 16,
downstream of the radial projection 22, so as to provide
a fluid seal between the second end of the piston and
the housing 2.
[0038] The housing 2 and the head of the piston 16
define the valve control chamber 28, which can be used
in controlling the axial position of the piston 16. More
specifically, the control turret 3 comprises a control con-
duit 5 for fluidly connecting one or more control devices
to the chamber 28. The control device(s) may then be
used to vary the pressure of the fluid in the control cham-
ber 28, so as to change the position of the piston 16. In
the example shown, the control turret 3 comprises a con-
trol device in the form of a pressure limiting valve 7 con-
nected to the control conduit 5, and a fitting 9 for con-
necting another of said control devices to the control con-
duit 5. The control device may, for example, comprise a
solenoid valve, a pressure regulating valve etc. Each
control device may form part of the valve 2 or may be
connectable thereto.
[0039] The valve 2 may be moved between the closed
position shown in Fig. 1 B and the open position shown
in Fig. 1C depending on the pressure differential across
the piston head, i.e. the pressure differential between the
valve control chamber 28 and the conduit 18 of the piston
16. If the pressure differential is such that the pressure
in the valve control chamber 28 is lower than the pressure
inside the piston 16, then the piston 16 moves to the
closed position shown in Fig. 1 B. However, if the pres-
sure differential is such that the pressure in the valve
control chamber 28 is higher than the pressure inside the
piston 16, then the piston 16 moves to the open position
shown in Fig. 1C. These events may occur by selectively
decreasing or increasing the pressure in the valve control
chamber 28, i.e. by releasing or injecting a fluid into the
valve control chamber 28 through control conduit 5.
[0040] The operation of the valve will now be described
in the two modes. Fluid is received into the inlet port 4 of
the valve and passes through the annular inlet conduit 6
towards the piston chamber 8. When the pressure differ-

ential across the piston head is such that the pressure in
the valve control chamber 28 is lower than the pressure
in the piston conduit 18, the piston 16 moves in the up-
stream direction until the radial projection 22 on the cir-
cumferential surface of the piston 16 abuts against the
upstream edge of the annular fluid entrance 10 into the
piston chamber 8. The piston 16 therefore moves to the
closed position shown in Fig. 1 B. In this position, the
apertures 20 through the piston 16 are not aligned with
the annular fluid entrance 10 to the piston chamber 8,
but rather the solid portion of the piston 16 is aligned with
the annular fluid entrance 10. Also, as the radial projec-
tion 22 abuts against the upstream edge of the annular
fluid entrance 10 into the piston chamber 8, fluid is pre-
vented from passing in the upstream direction between
the piston 16 and the housing 2. The piston seal 26 on
the downstream end of the piston 16 prevents the fluid
from passing downstream of the piston 16 between the
piston 16 and the housing 2. As such, the fluid is pre-
vented from passing between the inlet port 4 and the
outlet port 14 and so is prevented from exiting the valve.
[0041] When the pressure differential across the piston
head is such that the pressure in the valve control cham-
ber 28 is higher than the pressure in the piston conduit
18, the piston 16 moves in the downstream direction until
the pressure across the piston head equalises (or the
radial projection 22 on the circumferential surface of the
piston 16 abuts against the downstream edge of the an-
nular fluid entrance 10 into the piston chamber 8). The
apertures 20 through the piston 16 are then aligned with
the annular fluid entrance 10 into the piston chamber 8
and as such the fluid enters into the piston 16 and passes
along the conduit 18 therein and out of the exit port 14.
Fluids are prevented from passing between the valve
control chamber 28 and the piston chamber 8 by the pis-
ton seal 24 on the upstream end of the piston 16.
[0042] In order to assemble the valve prior to use, the
first end of the piston 16 is inserted into the first portion
2a of the housing 2 and the second portion of the housing
2b is then arranged over the second end of the piston
16. The first and second portions of the housing 2a,2b
are then secured together, e.g. by bolts 30.
[0043] This construction of valve imposes constraints
on the geometries of the housing components, which in
turn limits the configuration and performance the valve.
For example, the internal surface of the housing 2 acts
as a cylinder in which the piston moves and so requires
sophisticated and accurate surface finishing processes
that are often not suitable to the housing geometry. Con-
sequently, compromises must be made in the design and
manufacturing of such valves so as to accommodate the
various requirements, which may lead to non-optimised
performance of the valves and complex manufacturing
methods.
[0044] Fig. 2A shows a perspective view of a valve
according an embodiment of the present invention. Fig.
2B shows a cross-sectional view of the valve of Fig. 2A,
when in a closed position. The valve is similar to that

5 6 



EP 3 333 466 A1

5

5

10

15

20

25

30

35

40

45

50

55

shown and described in Figs. 1A-1C, except that the
housing 2 is formed from a single piece of continuous
material that surrounds the piston 16 (rather than first
and second housing portions that are secured together
around the piston), and a piston sleeve 32 is arranged
between the housing 2 and the piston 16. The housing
2 may be formed by an additive manufacturing or 3D
printing technique such as Direct Laser Metal Sintering
or Electron Beam Metal Sintering. These techniques en-
able the housing 2 to be made with maximum perform-
ance-weight-cost-geometry and in a relatively simple
manner. However, it is contemplated that the housing
could be manufactured by other techniques, such as
casting. The construction and operation of the embodi-
ment will be described in more detail below.
[0045] The valve comprises an external housing 2
formed from a single piece of material (e.g. a monobloc
housing). The housing 2 defines an inlet port 4, an an-
nular fluid inlet conduit 6, a piston chamber 8, an annular
fluid entrance 10 into the piston chamber 8, a valve con-
trol chamber 28, a control turret 3, and an exit port 14. A
longitudinally extended, tubular piston 16 having an axial
conduit 18 therethrough is arranged in the piston cham-
ber 8. A cylindrical piston sleeve 32 is arranged around
the piston 16 so as to slidably mount the piston 16 to the
housing 2. The piston sleeve 32 has apertures 34 in its
circumferential wall that allow fluid to pass through the
piston sleeve 32. The piston 16 has apertures 20 in its
circumferential wall that allow fluid communication be-
tween the outside of the piston 16 and the conduit 18
therein. The piston 16 also has one or more radial pro-
jections 22 extending outwardly from the circumferential
surface and located on a downstream side of the aper-
tures 20. The one or more radial projections 22 extend
outwardly to interact with the piston sleeve 32, as will be
described in more detail below.
[0046] Figs. 3A and 3B show perspective and cross-
sectional views of the piston sleeve 32, respectively. The
piston sleeve 32 is formed from a first tubular portion 32a
and a second tubular portion 32b having the apertures
34 therethrough and that connects with the first tubular
portion 32a to form the piston sleeve 32. The first tubular
portion 32a has a first end region having a relatively thick
wall and a second end region that is recessed on the
outer surface such that the wall in the second end region
is thinner. The second tubular portion 32b also has a first
end region having a relatively thick wall and a second
end region that is recessed on the inner surface such
that the wall in the second end region is thinner. The
recessed second end region of the second tubular portion
32b includes the apertures 34. The tubular portions
32a,32b are sized and configured such that the recessed
second end portion of the second tubular portion 32b can
be partially slid over the recessed second end portion of
the first tubular 32a, e.g. to create a tight fit, precision fit,
or less desirably an interference fit. As the recessed por-
tions of the two tubulars 32a,32b only partially overlap
when connected together, the resulting piston sleeve 32

has a circumferential detent 36 on the inner surface of
the piston sleeve 32, with a first end of the detent defined
by the second end of the first tubular portion 32a and a
second end of the detent 36 defined by the transition
between the recessed and non-recessed portion of the
second tubular portion 32b.
[0047] Referring back to Fig. 2B, the one or more radial
projections 22 on the piston 16 extend outwardly into the
detent 36 in the piston sleeve 32, such that movement
of the piston 16 within the piston sleeve 32 is limited, as
described in more detail below.
[0048] The piston 16 is arranged in the piston sleeve
32 so as to be movable along an axis that is coaxial with
the axis through the inlet and exit ports 4,14. A first piston
seal 24 is arranged on a first end of the piston 16, up-
stream of the apertures 20, so as to provide a fluid seal
between the first end of the piston 16 and piston sleeve
32. A second piston seal 26 is arranged on a second end
of the piston 16, downstream of the radial projection 22,
so as to provide a fluid seal between the second end of
the piston 16 and the piston sleeve 32.
[0049] The housing 2 and the head of the piston 16
define the valve control chamber 28, which can be used
in controlling the axial position of the piston 16. More
specifically, the control turret 3 comprises a control con-
duit 5 for fluidly connecting one or more control devices
to the chamber 28. The control device(s) may then be
used to vary the pressure of the fluid in the control cham-
ber 28, so as to change the position of the piston 16. In
the example shown, the control turret 3 comprises a con-
trol device in the form of a pressure limiting valve 7 con-
nected to the control conduit 5, and a fitting 9 for con-
necting another of said control devices to the control con-
duit 5. The control device may, for example, comprise a
solenoid valve, a pressure regulating valve etc. Each
control device may form part of the valve 2 or may be
connectable thereto.
[0050] The valve 2 may be moved between the closed
position shown in Fig. 2B and an open position (not
shown) depending on the pressure differential across the
piston head, i.e. the pressure differential between the
valve control chamber 28 and the conduit 18 of the piston
16. If the pressure differential is such that the pressure
in the valve control chamber 28 is lower than the pressure
inside the piston 16, then the piston 16 moves to the
closed position shown in Fig. 2B. However, if the pressure
differential is such that the pressure in the valve control
chamber 28 is higher than the pressure inside the piston
16, then the piston 16 moves to the open position. These
events may occur by selectively decreasing or increasing
the pressure in the valve control chamber 28, i.e. by re-
leasing or injecting a fluid into the valve control chamber
28 through control conduit 5.
[0051] The operation of the valve will now be described
in the two modes. Fluid is received into the inlet port 4 of
the valve and passes through the annular inlet conduit 6
towards the piston chamber 8. When the pressure differ-
ential across the piston head is such that the pressure in
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the valve control chamber 28 is lower than the pressure
in the piston conduit 18, the piston 16 moves in the up-
stream direction. The at least one radial projection 22 on
the circumferential surface of the piston 16 travels within
the detent 36 of the piston sleeve 32 until it abuts against
the upstream edge of the detent 36. In this position, the
apertures 20 through the piston 16 are not aligned with
the apertures 34 through the piston sleeve 32 or the an-
nular fluid entrance 10 to the piston chamber 8. Rather,
the solid portion of the piston 16 is aligned with the ap-
ertures 34 in the piston sleeve 32 and the annular fluid
entrance 10. Also, as the at least one radial projection
22 abuts against the upstream edge of the detent 36 in
the piston sleeve 32, fluid is prevented from passing in
the upstream direction between the piston 16 and the
piston sleeve 32. The piston seal 26 on the downstream
end of the piston 16 prevents the fluid from passing down-
stream of the piston 16 between the piston 16 and the
piston sleeve 32. As such, the fluid is prevented from
passing between the inlet port 4 and the outlet port 14
and so is prevented from exiting the valve.
[0052] When the pressure differential across the piston
head is such that the pressure in the valve control cham-
ber 28 is higher than the pressure in the piston conduit
18, the piston 16 moves in the downstream direction. The
piston 16 travels until the pressure across the piston head
equalises (or the at least one radial projection 22 on the
circumferential surface of the piston 16 abuts against the
downstream edge of the detent 36 in the piston sleeve
32). The apertures 20 through the piston 16 are then
aligned with the one or more apertures 34 in the piston
sleeve 32 and the annular fluid entrance 10 into the piston
chamber 8. As such, the fluid enters into the piston 16
and passes along the conduit 18 therein and out of the
exit port 14. Fluids are prevented from passing between
the valve control chamber 28 and the piston chamber 18
by the piston seal 24 on the upstream end of the piston 16.
[0053] In order to assemble the valve prior to use, the
first tubular portion 32a of the piston sleeve 32 is inserted
through the outlet port 14 of the housing 2 into the piston
chamber 8, with the recessed end of the first tubular por-
tion 32a directed towards the outlet port 14. The piston
16 is then inserted through the outlet port 14 of the hous-
ing 2 such that the piston head enters the first tubular
portion 32a of the piston sleeve 32. The seal 24 on the
piston head engages the inner surface of the first tubular
portion 32a and the piston 16 is continued to be urged
into the first tubular portion 32a of the piston sleeve 32
until the one or more radial projection 22 on the piston
16 abuts the second end of the first tubular portion 32a
of the piston sleeve 32. The second tubular portion 32b
of the piston sleeve 32 is then inserted through the outlet
port 14 of the housing 2, with the recessed second end
portion being inserted first. The recessed portion of the
second tubular portion 32b slides over the recessed por-
tion of the first tubular portion 32a until the end of the
second tubular portion 32b abuts against the shoulder
that forms the transition between the thick portion and

the recessed portion of the first tubular portion 32a. As
the recessed portions of the two tubulars 32a,32b only
partially overlap when connected together, the resulting
piston sleeve 32 has the circumferential detent 36 on the
inner surface of the piston sleeve 32. A retaining ferrule
38 is then inserted into the outlet port 14 behind the sec-
ond tubular portion 32b of the sleeve 32 so as to retain
the piston sleeve 32 in the housing 2. The ferrule 38 and
housing 2 may have cooperating screw threads such that
the ferrule 38 may be screwed in place into the housing
2. The tightness of the piston sleeve 32 to the housing 2
that is required may be achieved by suitable profiles at
the two ends of the sleeve 32, and mating profiles in the
housing 2.
[0054] Fig. 4 shows a schematic view of another em-
bodiment that is the same as that shown in Figs. 2A-2B,
except that the monobloc housing 2 has a further channel
40 therethrough (and the control turret 3 is not shown).
This channel 40 leads from the conduit 6, through the
wall of the housing 2, to a second outlet 42. This channel
40 may be used, for example, to supply pressure at the
inlet port 4 to the one or more control devices attached
to the control tower 3. This pressure feedback may be
used by the one or more control devices to control the
pressure in chamber 28 and hence the position of the
piston. The provision of a channel 40 through the mono-
bloc housing 2, enables external pipework to be elimi-
nated, thus leading to lower parts count, lower weight, a
smaller envelope, and increased reliability. It will be ap-
preciated that additionally, or alternatively, a correspond-
ing channel (not shown) may extend through the wall of
the housing 2 to supply pressure at the outlet port 14 to
the one or more control devices attached to the control
tower 3. This pressure feedback may be used by the one
or more control devices to control the pressure in cham-
ber 28 and hence the position of the piston.
[0055] The use of a housing 2 and an independent pis-
ton sleeve 32 enables the geometry of the housing 2 to
be optimized for its function (dictated by fluid dynamics)
and for mechanical strength, since it is not required to
provide the function of the piston sleeve 32. As such, the
internal surface of the housing 2 (i.e. the surface of the
piston cavity) need not be made to the high tolerances
and have the special surface coatings required in con-
ventional housings that act as the piston cylinder. Rather,
the independent piston sleeve 32 is able to me made with
the tolerances required and from a different material to
the housing 2 that is more suitable for the function as a
piston sleeve 32 (e.g. high hardness, low friction, etc.).
Due to its simple geometry, the independent sleeve 32
will allow very accurate machining and, if required, ac-
curate coating on its internal surface with limited costs.
Also the servicing/overhauling costs of the valve will be
reduced, since the piston 16 and/or piston sleeve 32 may
be replaced without replacing the housing 2 (the housing
not being a wear-part in the embodiments of the inven-
tion, unlike the prior art).
[0056] The valve described herein may be a valve for
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aerospace applications, for example, for engine/nacelle
anti-icing systems, engine bleed control, etc.
[0057] As various embodiments described herein com-
prise a continuous single-piece housing and a separate
piston sleeve, the geometry of the housing may be opti-
mized for its intended function and mechanical strength,
whilst still providing the piston with a suitable piston re-
ceiving surface. The internal surface of the housing need
not be made to the high tolerances and have the special
surface coatings required in conventional housings that
act as the piston sleeve/cylinder, because in various em-
bodiments the housing need not act as the piston cylin-
der. The independent piston sleeve of the various em-
bodiments may be made from a different material to the
housing and is able to be provided with the required tol-
erances, so that the sleeve has the desired properties.
Also, as the sleeve may be formed independently from
the housing, it may have a simple geometry and is readily
accessible prior to installation in the housing. As such,
the piston sleeve may be accurately machined and, if
required, may be accurately coated on its internal piston-
receiving surface prior to installation in the housing.
[0058] Although the present invention has been de-
scribed with reference to various embodiments, it will be
understood by those skilled in the art that various chang-
es in form and detail may be made without departing from
the scope of the invention as set forth in the accompa-
nying claims.
[0059] For example, although illustrative embodiments
have been described in relation to one type of valve, it
will be appreciated that the present invention and teach-
ings herein also relate to many other types of valves. For
example, the valve may be a normally open valve, a nor-
mally closed valve, a regulating valve, a shut-off valve,
single piston valve, a dual piston valve, etc. According
to the broadest aspect of the invention, the specific type
of valve is not essential. Rather, an important aspect is
that the valve housing is formed from a continuous single-
piece of material and that one or more independent piston
sleeve is provided for one or more respective pistons.

Claims

1. A pneumatic valve comprising:

an outer housing formed from a continuous sin-
gle-piece of material and defining a fluid inlet
port and a fluid outlet port;
a separate piston sleeve housed within the
housing; and
a piston slidably mounted within the piston
sleeve.

2. The valve of claim 1, wherein the housing is formed
by an additive manufacturing or 3D printing tech-
nique.

3. The valve of claim 1 or 2, wherein the inner surface
of the piston sleeve is a friction reducing coating or
layer, or the inner surface of the piston sleeve is a
lower friction material than the housing material;
and/or
wherein the inner surface of the piston sleeve is a
harder material than the housing material.

4. The valve of any preceding claim, wherein the piston
sleeve and piston are geometrically configured to
interact so as to limit the slidable movement of the
piston within the sleeve between an open position
and a closed position.

5. The valve of claim 4, wherein the sleeve comprises
a radial detent extending along the sleeve and the
piston comprises a radial projection that is received
in the detent for limiting the slidable movement of
the piston within the sleeve in a first and/or second
direction.

6. The valve of claim 5, wherein the piston sleeve is
formed from first and second tubular portions that
interconnect by having overlapping end portions,
wherein the interconnecting end of the second tubu-
lar portion is recessed along a length thereof on its
radially inner side, and wherein the recessed length
only partially overlaps the first tubular portion so that
the remainder of the recessed length forms said de-
tent.

7. The valve of any preceding claim, wherein the piston
sleeve and/or first tubular member and/or second
tubular member and/or piston are sized and config-
ured so as to be axially insertable into the housing
through the exit port.

8. The valve of claim 7, wherein an inner surface of the
housing is configured to prevent axial movement of
the piston sleeve in a first direction and/or the valve
comprises one or more securing member for pre-
venting axial movement of the piston sleeve relative
to the housing in a second opposite direction and
out of the exit port.

9. The valve of any preceding claim, wherein the piston
sleeve engages the housing and/or securing mem-
ber with one or more mating profiles that are config-
ured so that the one or more mating profiles ensure
fluid tightness between the piston sleeve and the
housing and/or securing member so as to prevent
fluids, such as gases, from passing around the out-
side of the piston sleeve.

10. The valve of any preceding claim, wherein the hous-
ing formed from the continuous single-piece of ma-
terial further comprises one or more conduits through
a wall thereof for connecting the inlet and/or outlet
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port to pressure control devices and/or to other pres-
sure fittings.

11. A method of manufacturing the valve of any preced-
ing claim, comprising:

a) forming or providing said housing; b) inserting
said piston into at least a portion of said piston
sleeve; and then c) inserting the combination of
the piston and at least a portion of said piston
sleeve together into the housing through the exit
port; or
d) forming or providing said housing; e) inserting
at least a portion of said piston sleeve into the
housing through the exit port; and then f) insert-
ing the piston through the exit port and into the
piston sleeve.

12. The method of claim 11, wherein said step of forming
said housing comprises forming said housing using
an additive manufacturing or 3D printing technique.

13. The method of claim 11 or 12,
wherein step b) comprises inserting one end of the
piston into a first portion of the piston sleeve and
another end of the piston into a second portion of
the piston sleeve, and step c) comprises inserting
the combination of the piston and both portions of
said piston sleeve together into the housing through
the exit port; or
wherein steps e) and f) comprise: inserting a first
portion of the piston sleeve into the housing through
the exit port; inserting the piston through the exit port
and into the first portion of the piston sleeve; and
inserting a second portion of the piston sleeve into
the housing through the exit port so as to surround
the piston.

14. The method of any one of claims 11-13, comprising
connecting one or more securing member to the
housing to prevent axial movement of the piston
sleeve relative to the housing.

15. The method of any one of claims 11-14, wherein the
piston sleeve engages the housing and/or securing
member with one or more mating profiles that are
configured so that the one or more mating profiles
ensure fluid tightness between the piston sleeve and
the housing and/or securing member so as to pre-
vent fluids, such as gases, from passing around the
outside of the piston sleeve.
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