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GAS PRESSURE REDUCER WITH CAM COMMANDED SHUT-OFF VALVE.

The invention is directed to a device (2) for regulating the
pressure of a compressed gas, comprising a body (4) with a
gas inlet (6), a gas outlet (8) and a gas passage (10) fluidly
interconnecting said inlet and outlet; a mobile element
(26) carrying a shutter (30) cooperating with a seat {16.2)
in the gas passage (10), said shutter and said seat forming
a regulating valve {16.2, 30); a hand-wheel operatively
linked to a spindle {46) rotatably mounted on the body
{4.1); wherein the spindle {46) is hollow and houses a
spigot (48) with a cam, said spigot being linked in rotation
with said spindle and cooperating with a counter-cam
spigot (50) movable in translation but not in rotation
relative to the body, and acting on the mobile element (26)
or on a shut-off valve (12) for selectively shutting-off and
opening the gas passage (10).
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Description

GAS PRESSURE REDUCER WITH CAM COMMANDED SHUT-OFF VALVE

Technical field

[0001] The invention is directed to the field of taps for compressed gas, more

particularly to devices for regulating the pressure of compressed gas. Such

devices are usually mounted on gas cylinders.

Background art

[0002] Prior art patent document published EP 1 327 804 A discloses a tap for

[0003]

compressed gas comprising a shut-off valve, a pressure reducer and a flow
selector. The shut-off valve and the flow selector are both operated by a
single hand-wheel carried by a rotatable spindle. The latter comprises a disk
with calibrated holes for being selectively positioned in front of a gas
passage in order to select a flow rate. The spindle cooperates also with a
system that converts a rotation of said spindle into a translation for operating
a shut-off valve. The conversion is based on a threaded engagement of an
element with the body, the element being driven in rotation by the spindle
while being able to translate relative to said spindle. The device can
therefore be operated for opening the gas passage and also selecting an
appropriate flow rate by rotating the hand-wheel. The inherently low pitch of
the threaded engagement implies that the shutter of the shut-off valve is
moved over a limited stroke when rotating the hand-wheel over a fraction of
a turn. Also the shutter is downstream of the seat, meaning that a minimum
force must be exerted thereon for achieving a proper shut-off of the
passage. This requires a very accurate machining and mounting of the
many elements thereof. Also, the pressure reducer is arranged laterally, i.e.
perpendicularly to the longitudinal axis of the device, rendering thereby the
device particularly bulky.

Prior art patent document published WO 96/07843 A1 discloses a device
for regulating the pressure of compressed gas, comprising a pressure
reducer and a flow selector. A rotatable spindle carried a hand-wheel and a
disk with calibrated holes for being selectively positioned in front of a gas
passage in order to select a flow rate, similarly to the preceding document.

The disk comprises also a cam for pressing the piston of the pressure
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reducer and thereby urging the shutter thereof against the seat. This
teaching is interesting in that it is more compact than the preceding one
while providing a proper shut-off function. However in case of damage to
the shutter or the seat of the pressure reducer, the shut-off function might

be impaired.

Summary of invention

Technical Problem

[0004]

The invention has for technical problem to alleviate at least one drawback
of the above cited prior art. More particularly, the invention has for technical

problem to provide

Technical solution

[0005]

[0006]

[0007]

[0008]

The invention is directed to a device for regulating the pressure of a
compressed gas, comprising: a body with a gas inlet, a gas outlet and a gas
passage fluidly interconnecting said inlet and outlet; a mobile element
carrying a shutter cooperating with a seat in the gas passage, said shutter
and said seat forming a regulating valve, said element delimiting with the
body a regulating chamber downstream of said valve and being configured
to regulate the gas pressure in said chamber by varying a flow section in
said valve dependent on said pressure; a hand-wheel operatively linked to
a spindle rotatably mounted on the body and carrying a cam for selectively
shutting-off and opening the gas passage; wherein the spindle is hollow and
houses a spigot with the cam, said spigot being linked in rotation with said
spindle and cooperating with a counter-cam spigot movable in translation
but not in rotation relative to the body, and acting on the mobile element or
on a shut-off valve for selectively shutting-off and opening the gas passage.
According to a preferred embodiment, the cam spigot is movable in
translation relative to the spindle so as to allow an adjustment thereof.
According to a preferred embodiment, the device further comprises an
adjustment screw engaged in the spindle and supporting the cam spigot,
opposite to the cam.

According to a preferred embodiment, the cam spigot shows a cross-section
with an outer polygonal profile engaging a corresponding inner polygonal

profile of the spindle, so as to provide the rotational link with said spindle.
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According to a preferred embodiment, the spindle is operatively linked to a
flow selector disk with calibrated holes selectively forming the gas passage
downstream of the shut-off valve.

According to a preferred embodiment, the device is designed and
configured such that a rotation on a half turn, preferably quart turn, or less
of the hand-wheel and spindle fully opens the gas passage and the rest of
the turn operates the flow selection.

According to a preferred embodiment, the counter-cam spigot shows a
cross-section with an outer polygonal profile engaging a corresponding
inner polygonal profile of a support element rigidly mounted on the body.
According to a preferred embodiment, the support element comprises a
portion protruding into and bearing the spindle, said portion showing the
corresponding inner polygonal profile.

According to a preferred embodiment, a gasket is provided between the
support element and the spindle, around the protruding portion of said
element.

According to a preferred embodiment, the support element is a plate with a
face delimiting the regulating chamber, said plate and the mobile element
being configured for cooperating in a gas tight fashion when the pressure at
the gas inlet falls under a predetermined pressure, so as to form a residual
pressure valve.

According to a preferred embodiment, the device comprises a spring urging
the mobile element towards the support plate and the shutter carried by said
element away from the corresponding seat, at least one of the mobile
element and the support plate comprising a gasket for contacting the other
one of said mobile element and support plate for providing the cooperation
in gas tight fashion.

According to a preferred embodiment, the cam on the cam spigot comprises
at least one ramp arranged around a rotation axis of said spigot and the
counter-cam spigot comprises corresponding ramp(s).

According to a preferred embodiment, each of the ramps on the cam spigot
and on the counter-cam spigot ends with a flat portion perpendicular to the
rotation axis so that relative rotation between said spigots, when said flat

portions are in contact, causes no axis translation.
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[0018] According to a preferred embodiment, the cam and counter-cam spigots are

configured such that the translational movement is achieved by a rotation of
the cam spigot which is less than 180°, preferably less than 140°, more
preferably less than 100°.

[0019] According to a preferred embodiment, the counter-cam spigot is rigidly
linked to the mobile element or configured for acting on said mobile element
by pressing the shutter carried by said element against the corresponding
seat when closing the gas passage.

[0020] According to a preferred embodiment, the shut-off valve comprises a shutter
and a seat arranged upstream of the shutter carried by the mobile element
and the seat cooperating with said shutter, the shutter of the shut-off valve
comprising an operative portion upstream of the corresponding seat and a
stem extending through said seat and the mobile element for interacting with
the counter-cam spigot.

[0021] According to a preferred embodiment, the seat of the shut-off valve and the
seat of the regulating valve are formed on opposite sides of a seat element
with a through-hole forming the gas passage and through which the stem of
the shutter of the shut-off valve extends.

[0022] According to a preferred embodiment, the shutter carried by the mobile
element is annular with a wedged longitudinal profile.

[0023] According to a preferred embodiment, the mobile element is a piston with a
protruding portion carrying the shutter, the stem of the shutter of the shut-
off valve extending through said protruding portion in a gas tight fashion by
means of a gasket between an outer cylindrical surface of said stem and an
inner surface of said protruding portion. Advantageously, the diameter of
the contact between the gasket and the stem is equal, at least with a
tolerance of 10%, to the diameter of the contact area between the shutter
and the seat of the regulating valve.

[0024] According to a preferred embodiment, the shutter of the shut-off valve
comprises a stem opposite to the stem extending through the mobile
element, said opposite stem being slidable in a gas tight fashion with the
body so as to end in a cavity at the ambient pressure and to compensate at

least partially an effect of the inlet pressure on said shutter when in a shut-
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off position against the corresponding seat tending to press said shutter

against said seat.

Advantages of the invention

[0025]

[0026]

The invention is particularly interesting in that it provides an efficient
command or actuation assembly for selectively shutting-off and opening the
gas passage. The cam mechanism according to the invention is particularly
efficient in that it is compact, easy to manufacture, reliable and provides an
improved command, essentially in that the gas passage can be fully opened
by rotating the hand-wheel over a fraction of turn, e.g. less than a half turn,
the rest of a turn being available for the flow selection, if any.

The invention is also interesting in that it provides a very compact design
while providing many useful functions, i.e. at least a specific shut-off valve
and a pressure reducer. Also, the different elements, e.g. the pressure
reducer, are all in-line, i.e. centred on the longitudinal axis of the device.
This renders the machining and assembling operations easier and therefore
cheaper. Additional functions such as a pressure relief valve, a residual
pressure and/or a flow selector can be easily integrated. Also the pressure
reducer can be adjusted while still providing a separate actuation of the
shut-off valve. This is particularly useful in that once the outlet pressure has
been adjusted, the device can be shut-off and reopened without any change

to the setting.

Brief description of the drawings

[0027]

[0028]

[0029]

[0030]

[0031]

Figure 1 is sectional view of a device for regulating the pressure of a
compressed gas, in a shut-off position, according to ant embodiment of the
invention.

Figure 2 corresponds to figure 1 where the device in an open position.
Figure 3 is a perspective view of the cam system of the device of figure 1,
in the shut-off position.

Figure 4 corresponds to figure 3, the cam system being rotated as in the
open position of figure 2.

Figure 5 is sectional view of an example of a device for regulating the

pressure of a compressed gas.

LU100957




[0032]

6/19

Figure 6 is sectional view of another example of a device for regulating the

pressure of a compressed gas.

Description of an embodiment

[0033]

[0034]

[0035]

Figures 1 to 4 illustrate a device for regulating the pressure of a compressed
gas according to an embodiment of the invention. Figures 1 and 2 are
sectional views of the device in the shut-off and open positions, respectively,
and figures 3 and 4 illustrate the cam system of the device, in the shut-off
and open positions, respectively.

With reference to figures 1 and 2, the device 2 comprises a body 4 with a
gas inlet 6, a gas outlet 8 and a gas passage 10 interconnecting said inlet
and outlet. The body 4 comprises a main portion 4.1 forming a generally
cylindrical cavity, and a cover element 4.2 mounted on the opening of the
cavity and secured to the main portion by a fastening ring 4.3. The latter is
for instance with a female thread engaging a male thread on the main body
4.1 and with a collar resting on a shoulder portion of the cover element 4.2.
The latter is received in a gas tight fashion by the main body 4.1 in order to
delimit the gas passage 10 in the cavity.

The device 2 comprises a shut-off valve 12 consisting essentially of a
shutter 14 and a seat 16.1. More specifically, the shutter 14 comprises an
operative and poppet-shaped operative portion 14.1 configured for
cooperating, i.e. by contacting, with the seat 16.1. As this is apparent, this
portion 14.1 is located upstream of the seat 16.1. For instance, this portion
14.1 shows a flared profile 14.2 contacting, when in the closed or shut-off
position as in figure 1, a corresponding flared profile of the seat 16.1. A
spring 18 is arranged around the shutter 14 in order to urge it against the
seat 16.1. As this is apparent, the shutter 14 comprises also a stem 14.3
that extends longitudinally downstream through the seat 16.1. The shutter
14 also comprise an opposite stem 14.4 extending also longitudinally but in
the opposite direction. The opposite stem 14.4 is slidably received in a gas
tight fashion by means of the gasket 20, in a bore such as to form an
auxiliary cavity 22 which can be at the ambient pressure in order to at least
partially compensate the resulting force of the gas pressure at the inlet 6
acting on the shutter 14 towards the seat 16.1. The diameter of the opposite
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stem 14.4 in sliding contact with the gasket 20 is advantageously equal to,
or less than the diameter of the contact area between the shutter 14 and the
seat 16.1.

Downstream of the shut-off valve 14, the device 2 comprises a pressure
reducer 24 consisting essentially of a mobile element 26 urged by a main
spring 28 and actuating a regulating vaive comprised of the shutter 30 and
the seat 16.2. The shutter 30 is carried by the mobile element 26 and the
seat 16.2 is in the gas passage downstream of the seat 16.1 of the shut-off
valve 12.

For instance, both seats 16.1 and 16.2 are formed on opposed faces of a
same seat element 16. The latter can be made of a material that is softer
than the material of the shutters 14 and 30, e.g. non-metallic material such
as hard plastic. The seat element 16 is trapped between a bottom surface
of the cavity and the disk element 32. The latter is attached to the main
portion 4.1 of the body, inside the cavity, by an external threaded
engagement inside the cavity. The bottom surface of the cavity, supporting
the seat element 16 is formed for instance by the element 34 inserted in a
corresponding bore formed in the main portion 4.1 of the body. The bottom
surface could be alternatively formed directed by the main portion of the
body. The mounted element 34 is advantageous for it alleviates the need to
provide an access on the opposite side of the body, i.e. for mounting the
shutter 14, the spring 18, the gasket 20 and the related parts not specifically
described but visible and customary as such to the skilled person.

Back to the pressure reducer 24, the mobile element 26 is in the present
example a piston with a disk portion 26.1, an outer cylindrical portion 26.2
slidable in the cavity, and a portion 26.3 protruding centrally from the disk
portion 26.1. The protruding portion 26.3 carries the shutter 30. The
protruding portion 26.3 comprises also through-holes 26.4 forming gas
passage between both sides of the piston 26, i.e. between the chambers 38
and 40. In the present example, the shutter 30 is formed on a generally rod-
shaped element that is mounted on the protruding portion 26.3 by screwing.
This construction is advantageous for it allows the mounting of the gasket
36 inside the shutter element 30, said gasket cooperating in gas tight
fashion with the stem 14.3 of the shutter 14 of the shut-off valve 12.

LU100957




[0039]

[0040]

[0041]

[0042]

[0043]

8/19

The outer circular surface of the rod can be threaded and flatted so as to
form two opposed parallel outer flat faces extending along the longitudinal
axis. These two flat faces have a double function; allowing engagement with
a tool for screwing and tightening the shutter in the protruding portion 26.3
of the piston 26, and forming in the protruding portion 26.3 two passages for
the gas, in fluid connection with the through-holes 26.4.

As this is apparent, the shutter 30 comprises an end annular surface
cooperating with the seat 16.2. That surface surrounds the stem 14.3. The
latter shows a reduced diameter in the seat element 16 and in the end
portion of the shutter 30, in order to provide some space for the gas to flow.
Advantageously, the diameter of the contact between the gasket 36 and the
stem 14.3 is equal, at least with a tolerance of 10%, to the diameter of the
contact area between the shutter 30 and the seat 16.2. This compensates
the negative effect of the inlet pressure on the shutter which otherwise
results in a force on the piston that varies with the inlet pressure.

The low pressure chamber 38, directly downstream of the regulating valve
16.2/30, can be delimited by the circular element 42 showing a cylindrical
portion with an inner surface 42.1 guided in translation in a gas tight fashion
by the protruding portion 26.3 of the piston 26 and with a radial annular
portion with a front surface 42.2 biased in a gas tight fashion by the main
spring 28 against a seat surface 32.1 on the body, so as to form a pressure
relief valve. The seat surface 32.1 is formed on the disk element 32, i.e. on
an outer surface thereof. The seat surface 32.1 comprises a circular groove
44 for receiving a gasket. In case the low pressure in the chamber 38
exceeds a predetermined threshold, the circular element 42 will slightly lift
away from the seat surface 32.1, thereby opening the gas tight barrier
formed with the gasket in the groove 44 and allow gas to escape.

In the upper part of the device 2, the cover element 4.2 of the body 4
rotatably bears a spindle 46 carrying a hand-wheel (not completely
represented). The spindle 46 comprises a hollow cylindrical portion 46.1 and
a collar-shaped disk portion 46.2. The disk 46.2 features a series of
calibrated holes arranged circumferentially and moving in rotation when the

disk is rotated by rotation of the hand-wheel. The principle of such a disk
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with calibrated holes for selecting a flow rate is well known as such from the
skilled person.

The hollow cylindrical portion 46.1 of the spindle 46 houses a cam spigot 48
and a counter-cam spigot 50. The cam spigot 48 shows a non-circular outer
surface that rotatably engages with the inner surface of the hollow cylindrical
portion 46.1 in order to be able to slide longitudinally in said spindle but not
to rotate relative thereto. These surfaces can be polygonal, for instance
hexagonal. The cam spigot 48 shows also a front face, i.e. a lower face
according to the orientation in figures 1 and 2, with at least one ramp. The
cam spigot 48 abuts longitudinally against a screw 52 engaged in the
spindle 46 and providing an adjustment means of the longitudinal position
of the cam spigot 48. The counter-cam spigot 50 shows an outer upper
(according to the orientation in figures 1 and 2) surface, proximal to the cam
spigot 48, that is circular or at least that does not engage in rotation with
hollow cylindrical portion 46.1 of the spindle 46. It shows however a lower
outer surface that is non-circular for rotatably engaging with the support
element 54, for instance with the hollow protruding portion 54.1 thereof. The
support element 54 is held in position between the main portion 4.1 and the
cover element 4.2 of the body 4. The support element 54 comprises a
central opening in which each of the counter-cam spigot 50 and the stem
14.3 of the shutter 14 of the shut-off valve extends and contact each other.
A rotatable gas tight barrier, formed by the gasket 56, is present between
the support element 54 and the disk portion 46.2 of the spindle 46. Also a
gasket (not represented) is provided between the cam spigot 48 or the
adjustment screw 52 and the hollow cylindrical portion 46.1 of the spindle
46. The gas flowing from the regulating valve 16.2/30 to the regulating
chamber 40 flows then laterally and longitudinally through the passage 54.2
towards the disk portion 46.2 of the spindle 46. As this is apparent, the
support element 54, or the piston 26, can show a gasket 58 configured such
that when the pressure in the regulating chamber 40 drops down below a
predetermined threshold, the piston 26 is urged by the main spring 28
towards the support element 54 so as to contact the gasket 58 and thereby

close the gas passage, achieving then a residual pressure function.
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The cavity housing the pressure reducer is formed by a generally circular
wall of the main portion 4.1 of the body 4. That wall at its distal end
cooperating with the support element 54 can be radially enlarged and the
support element 54 can be shaped for providing in the regulating chamber
40 a radial passage towards that enlargement for directly fluidly connecting
the chamber with a medical outlet, i.e. not passing by the flow selector. To
that end, the wall can show a longitudinally raised portion with a longitudinal
through-hole in order to fluidly connect the chamber 40 with such an outlet.
Such an arrangement is illustrated in figure 5. It provides an interesting
solution optimising the material use and the machining operations.

Still with reference to figures 1 and 2, the functioning of the device is the
following. In the shut-off or closed position, as illustrated in figure 1, the
angular position of the hand-wheel is such that the cam system 48/50 is in
the contracted state, as illustrated in figure 3. In other words, the counter-
cam spigot 50 is in a retracted position, i.e. a position where it does not exert
a compression force on the stem of the shutter 14 of the shut-off valve 12
and therefor allows said valve to be closed. The resilient force of the spring
18 urges the shutter 14 against the seat 16.1 and maintains the valve
closed. The possible slight excess in diameter of the contact area between
shutter 14 and seat 16.1 over the diameter of the opposite stem at the
gasket 20 can have for effect that the inlet pressure generates an urging
force in addition to the force of the spring 18. In the closed or shut-off
position as in figure 1, there is no pressure in the regulating chamber,
meaning that the piston 26 is urged by the main spring 28 against the gasket
58 and closes the integrated residual pressure valve.

After having rotated the hand-wheel, the cam system is in the expanded
configuration as visible in figure 2 and better illustrated in figure 4. In that
position, the counter-cam spigot 50 moves the stem 14.3 downwardly
(according to the orientation in figures 1 and 2) and thereby opens the shut-
off valve 12. The gas under pressure at the inlet 6 can then flow through the
seat element 16 and through the regulating valve 16.2/30 which is fully
open. The gas flows into the low-pressure chamber 38 and through the
passages 26.4 until the regulating chamber 40. A low-pressure builds up in

the low-pressure chamber 38 and in the regulating chamber 40 (which is in
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fluid communication with the low-pressure chamber 38). The positive
section difference between the regulating chamber 40 and the low-pressure
chamber 38 has for effect that the pressure in these chambers results in a
force biasing the piston 26 against the resilient force of the main spring 28,
i.e. downwardly (according to the orientation in figures 1 and 2). This
movement opens a gas passage between the gasket 58 and the piston 26,
i.e. opens the residual pressure valve, and allows gas to flow through the
passage 54.2 towards the disk portion 46.2 of the spindle 46 and the outlet
8. The resulting force on the piston of the pressure that builds up of the low-
pressure chamber 38 and the regulating chamber 40 reguiates the position
of the piston and thereby the opening state of the regulating valve 16.2/30.
The greater the pressure is, the higher is the resulting force and the lower
is the passage in the regulating chamber, and vice versa. This regulation
principle is as such well known to the skilled person.

Figures 3 and 4 illustrate the cam system of the device of figures 1 and 2,
in the collapsed state in figure 3 and in the expanded stage in figure 4. The
collapsed state of figure 3 corresponds to the closed or shut-off position of
the device in figure 1 and the expanded state of figure 4 corresponds to the
open position of the device in figure 2.

As this is apparent in figures 3 and 4, the cam spigot 48 comprises, along
the longitudinal axis, a first portion 48.1 with a polygonal outer surface for
engaging with a corresponding inner surface of the hollow cylindrical portion
of the spindle. It comprises also a second portion 48.2 with an outer surface
of a reduced diameter and with at least one ramp 48.2.1 arranged on a
circumference around the longitudinal axis. The at least one ramp 48.2.1
ends, preferably at each circumferential end, with a flat portion 48.2.2 and
48.2.3, i.e. portions that show no height variation.

As this is apparent in figures 3 and 4, the counter-cam spigot 50 comprises,
along the longitudinal axis, a first portion 50.1 that mates with the second
portion 48.2 of the cam spigot 48. Similarly, the first portion 50.1 comprises
at least one ramp 50.1.1 being a counter-ramp of the at least one ramp
48.2.1 of the cam spigot 48. Similarly, the at least one ramp 50.1.1 ends,
preferably at each circumferential end, with a flat portion 50.1.2 and 50.1.3,

i.e. portions that show no height variation. In the collapsed configuration in
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figure 3, the flat portions 48.2.2 and 48.2.3 contact the flat portions 50.1.2
and 50.1.3, respectively. The ramps 48.2.1 and 50.1.1 are in vis-a-vis. In
the expanded configuration in figure 4, the ramp 48.2.1 has slid along the
ramp 50.1.1 and the flat portion 48.2.2 rests on the other flat portion 50.1.3.
This means that once that state is reached, further rotation does not cause
any further change in the distance between the spigots 48 and 50.

The ramps are configured such that the expanded state is achieved upon
rotation over a fraction of a turn, preferably less than a half turn, more
preferably about or less than a quarter turn. This provides a substantially
advantage, i.e. that the shut-off valve can be fully opened by rotating the
hand-wheel over a limited sector, the remaining rotation until a full turn is
attainted being available for providing a large number of positions for
selecting the flow rate.

Still with reference to figures 3 and 4, the counter-cam spigot 50 further
comprises, along the longitudinal axis, a second portion 50.2 with a non-
circular, preferably polygonal, outer surface for engaging with the inner
surface of the hollow portion of the support element 54 (figures 1 and 2).
The counter-cam spigot 50 further comprises, along the longitudinal axis, a
third portion 50.2 with a circular outer surface and a front face for contacting
the stem of the shutter of the shut-off valve.

Still with reference to figures 3 and 4, the adjustment screw 52 comprises,
along the longitudinal axis, a first portion 52.1 with an outer thread and an
outer axial face with an inner hexagon 52.2 for engaging with a
corresponding tool. The adjustment screw 52 further comprises, along the
longitudinal axis, a second portion 52.3 of a reduced outer diameter and
with a front face contacting the cam spigot 48.

Figure 5 is a sectional view of an example of a device for regulating the
pressure of a compressed gas. The reference numbers of the embodiment
are used for designating the same or corresponding elements, these
numbers being however incremented by 100. It is also referred to the
description of these elements in relation with the embodiment. Specific
numbers comprises between 100 and 200 are used for designating specific

elements.
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[0055] The device 102 in figure 5 differs from the device in figures 1 to 4 essentially

with regard to two aspects.

[0056] The first one is that the actuation assembly of the shut-off valve 112 does
not comprise a hand-wheel but rather a pivoting lever 148 which cooperates
with a rod 150. Rotation of the lever 148 around its pivoting axis causes a
translational movement of the rod 150, similarly to the cam system in the
first embodiment.

[0057] The second aspect is that the device 102 further comprises means for
adjusting the outlet pressure of the pressure reducer 124. These means
comprise a counter-spring 129 acting on a face of the piston 126 that is
opposite to the main spring 128. For instance, the counter-spring 129 is
composed of a stack of Belleville washers being however understood that
other spring configurations can be considered. The compression of the
counter-spring 129 is adjustable by means of an adjustment assembly
146/147 surrounding the actuation assembly 148/150. The adjustment
assembly comprises an element 146 rotatably mounted on the body 104,
for instance on the cover element 104.2 of the body 104. This rotatable
element 146 comprises a shoulder portion 146.2 rotatably resting on a
corresponding shoulder portion of the cover element 104.2. It comprises
also an elongate portion 146.2, preferably of a reduced cross-section, in
threaded engagement with a counter-element 147 that is slidable but not
rotatable in the body 104. The counter-element 147 shows a non-circular,
e.g. polygonal, outer surface that rotatably engages with a corresponding
inner surface of the cover element 104.2. The counter-spring 129 rests on
the counter-element 147. Upon rotation of the rotatable element 146, the
counter-element 147 is progressively translated longitudinally and varies the
compression of the counter-spring 129. This variation varies the resulting
elastic forces mechanically exerted on the piston 126, i.e. by the main spring
128 and also by the counter-spring 129. This varies then the outlet reduced
pressure of the pressure reducer 124.

[0058] As this is apparent in figure 5, the pivoting lever 148 is carried by the
rotatable element 146 via a clevis fastener 146.3. This means that the lever
148 can be operated in two manner, i.e. a first one by pivoting the lever for

opening or closing the shut-off valve, and a second one by rotating the lever
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148 and the rotatable element 146 around the longitudinal axis thereof for
adjusting the outlet pressure. This is particularly advantageous in that once
a proper outlet pressure is obtained further to adjusting the rotational
position of the lever 148 and the rotatable element 146, the device can be
shut-off and thereafter reopened without altering the pressure adjustment.
Indicia can be provided on the outer faces of the rotatable element 146 and
the cover element 104.2 in order to register various angular positions of the
rotatable element, where these positions can be associated with specific
outlet pressures.

Figure 6 is a sectional view of another example of a device for regulating
the pressure of a compressed gas. The reference numbers of the
embodiment and the example are used for designating the same or
corresponding elements, these numbers being however incremented by
100 and 200, respectively. It is also referred to the description of these
elements in relation with the embodiment and example. Specific numbers
comprised between 200 and 300 are used for designating specific elements.
The device 202 in figure 6 differs from the device in figure 5 essentially in
that the pressure reducer 224 is adjusted by varying the compression of the
main spring 228 instead of providing a counter-spring and varying the
compression thereof. To that end, the rotatable element 246 comprises a
cylindrical wall 246.1 with an inner surface slidably receiving the piston 226.
Similarly to the second embodiment in figure 5, the shoulder portion 246.2
rotatably rests on a corresponding shoulder portion of the cover element
204.2. The cylindrical wall 246.1 comprises an outer thread that engages
an inner thread of the counter-element 247. The latter is slidable but not
rotatable in the body 204. To that end, the outer surface thereof can be
polygonal and slidingly engage a corresponding inner surface of the cover
element 204.2. The counter-element 247 also forms the bottom of the cavity
on which the main spring 228 rests. More specifically, in the present
example comprising a pressure relief valve, the circular element 242 radially
delimiting the low-pressure chamber 238 rests on the counter-element 247.
In the present example, the front face of the circular element 242 shows a
circular groove or a circular shoulder 244 receiving a gasket for providing a

gas tight contact with the bottom surface of the cavity formed by the counter-
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element 247. The latter shows a gasket 249 on an outer surface for forming
a gas tight barrier with the cavity formed in the main body 204.1.
Advantageously, the cover element 204.2 is secured to the main body 204.1
by means of the lock ring 204.3, thereby enabling a fine adjustment when
assembling the device.

The arrangement of this second example is advantageous over the first one
essentially in that is more compact in the longitudinal direction.

It is to be noted that the actuating mechanisms of the shut-off valve
described in figures 5 and 6, i.e. with the pivoting lever, can be applied
without the adjustment assembly for the pressure reducer. Similarly, the
adjustment assemblies for the pressure reducer described in figures 5 and
6, i.e. with the adjustable counter-spring or with the adjustable main spring,
can be applied without the actuating mechanisms of the shut-off valve.
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. LU100957
Claims

1. Device (2) for regulating the pressure of a compressed gas, comprising:

- abody (4) with a gas inlet (6), a gas outlet (8) and a gas passage (10) fluidly
interconnecting said inlet and outlet;

- a mobile element (26) carrying a shutter (30) cooperating with a seat (16.2)
in the gas passage (10), said shutter and said seat forming a regulating valve
(16.2, 30), said element delimiting with the body a regulating chamber (40)
downstream of said valve and being configured to regulate the gas pressure
in said chamber by varying a flow section in said valve dependent on said

pressure,

- a hand-wheel operatively linked to a spindle (46) rotatably mounted on the
body (4.1) and carrying a cam for selectively shutting-off and opening the
gas passage,

characterized in that

the spindle (46) is hollow and houses a spigot (48) with the cam, said spigot

being linked in rotation with said spindle and cooperating with a counter-cam

spigot (50) movable in translation but not in rotation relative to the body, and
acting on the mobile element (26) or on a shut-off valve (12) for selectively

shutting-off and opening the gas passage (10).

2. Device (2) according to claim 1, wherein the cam spigot (48) is movable in

translation relative to the spindle (46) so as to allow an adjustment thereof.

3. Device (2) according to claim 2, wherein said device further comprises an
adjustment screw (52) engaged in the spindle (46) and supporting the cam
spigot (48), opposite to the cam.

4. Device (2) according to any one of claims 1 to 3, wherein the cam spigot (48)
shows a cross-section with an outer polygonal profile (48.1) engaging a
corresponding inner polygonal profile of the spindle (46), so as to provide the

rotational link with said spindle.

5. Device (2) according to any one of claims 1 to 4, wherein the spindle (46) is
operatively linked to a flow selector disk (46.2) with calibrated holes selectively

forming the gas passage downstream of the regulating valve (16.2, 30).
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11.

12.
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Device (2) according to claim 6, wherein said device is designed and configured
such that a rotation on a half turn, preferably quart turn, or less of the hand-
wheel and spindie (46) fully opens the gas passage (10) and the rest of the turn

operates the flow selection.

Device (2) according to any one of claims 1 to 6, wherein the counter-cam spigot
(50) shows a cross-section with an outer polygonal profile (50.2) engaging a
corresponding inner polygonal profile of a support element (54) rigidly mounted
on the body (4).

Device (2) according to claim 7, wherein the support element (54) comprises a
portion (54.1) protruding into and bearing the spindle (46), said portion showing

the corresponding inner polygonal profile.

Device (2) according to claim 8, wherein a gasket (56) is provided between the
support element (54) and the spindle (46), around the protruding portion (54.1)

of said element.

Device (2) according to any one of claims 7 to 9, wherein the support element
(54) is a plate with a face delimiting the regulating chamber (40), said plate and
the mobile element (26) being configured for cooperating in a gas tight fashion
when the pressure at the gas inlet (6) falls under a predetermined pressure, so

as to form a residual pressure valve.

Device (2) according to claim 10, wherein said device comprises a spring (28)
urging the mobile element (26) towards the support plate (54) and the shutter
(30) away from the seat (16.2), at least one of the mobile element (26) and the
support plate (54) comprising a gasket (58) for contacting the other one of said
mobile element and support plate for providing the cooperation in gas tight

fashion.

Device (2) according to any one of claims 1 to 11, wherein the cam on the cam
spigot (48) comprises at least one ramp (48.2.1) arranged around a rotation axis
of said spigot and the counter-cam spigot (50) comprises corresponding ramp(s)
(50.1.1).
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Device (2) according to claim 12, wherein each of the ramps (48.2.1, 50.1.1)) on
the cam spigot (48) and on the counter-cam spigot (50) ends with a flat portion
(48.2.2, 48.2.3, 50.1.2, 50.1.3) perpendicular to the rotation axis so that relative
rotation between said spigots (48, 50), when said flat portions are in contact,

causes no axis translation.

Device (2) according to one of claims 12 and 13, wherein the cam and counter-
cam spigots (48, 50) are configured such that the translational movement is
achieved by a rotation of the cam spigot which is less than 180°, preferably less
than 140°, more preferably less than 100°.

Device (2) according to any one of claims 1 to 14, wherein the counter-cam
spigot (50) is rigidly linked to the mobile element (26) or configured for acting on
said mobile element (26) by pressing the shutter (30) carried by said element
against the corresponding seat (16.2) when closing the gas passage.

Device (2) according to any one of claims 1 to 14, wherein the shut-off valve
(12) comprises a shutter (14) and a seat (16.1) arranged upstream of the shutter
(30) carried by the mobile element (26) and the seat (16.2) cooperating with said
shutter, the shutter (14) of the shut-off valve (12) comprising an operative portion
(14.1) upstream of the corresponding seat (16.1) and a stem (14.3) extending
through said seat and the mobile element (26) for interacting with the counter-

cam spigot (50).

Device (2) according to claim 16, wherein the seat (16.1) of the shut-off valve
(12) and the seat (16.2) of the regulating valve (16.2, 30) are formed on opposite
sides of a seat element (16) with a through-hole forming the gas passage (10)
and through which the stem (14.3) of the shutter (14) of the shut-off valve (12)

extends.

Device (2) according to one of claims 16 and 17, wherein the shutter (30) carried

by the mobile element (26) is annular with a wedged longitudinal profile.

Device (2) according to any one of claims 16 to 18, wherein the mobile element
(269 is a piston with a protruding portion (26.3) carrying the shutter (30), the
stem (14.3) of the shutter (14) of the shut-off valve (12) extending through said
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protruding portion in a gas tight fashion by means of a gasket (36) between an
outer cylindrical surface of said stem and an inner surface of said protruding

portion.

Device (2) according to claim 19, wherein the shutter (14) of the shut-off valve
(12) comprises a stem (14.4) opposite to the stem (14.3) extending through the
mobile element (26), said opposite stem being slidable in a gas tight fashion with
the body so as to end in a cavity (22) at the ambient pressure and to compensate
at least partially an effect of the inlet pressure on said shutter when in a shut-off
position against the corresponding seat tending to press said shutter against

said seat.

LU100957




Revendications LU100957

1. Dispositif (2) de régulation de la pression d'un gaz comprimé, comprenant:

- uncorps (4) avec une entrée de gaz (6), une sortie de gaz (8) et un passage
de gaz (10) interconnectant de maniére fluidique lesdites entrée et sortie;

- un élement mobile (26) portant un obturateur (30) coopérant avec un siége
(16.2) dans le passage de gaz (10), ledit obturateur et ledit siége formant
une vanne de régulation (16.2, 30), ledit élément délifnitant avec le corps
une chambre de régulation (40) en aval de ladite vanne et étant configuré
pour réguler la pression de gaz dans ladite chambre en faisant varier une
section d'écoulement dans ladite vanne en fonction de ladite pression;

- un volant lié de maniére opérationnelle a une broche (46) montée de
maniere rotative sur le corps (4.1) et portant une came pour fermer et ouvrir
selectivement le passage de gaz;

caractérisé en ce que

la broche (46) est creuse et loge un tourillon (48) avec la came, ladite piéce

étant reliée en rotation a ladite broche et coopérant avec un tourillon de contre-

came (50) mobile en translation mais pas en rotation par rapport au corps, et
agissant sur I'¢lément mobile (26) ou sur une vanne d'arrét (12) pour fermer et

ouvrir sélectivement le passage de gaz (10).

2. Dispositif (2) selon la revendication 1, dans lequel le tourillon de came (48) est
mobile en translation par rapport a la broche (46) de maniére a permettre son
réglage.

3. Dispositif (2) selon la revendication 2, dans lequel ledit dispositif comprend en
outre une vis de réglage (52) engagée dans la broche (46) et supportant le
tourillon de came (48), opposé a la came.

4. Dispositif selon la revendication 1, dans lequel le tourillon de came (48)
présente une section transversale avec un profil polygonal externe (48.1) en
prise avec un profil polygonal correspondant de la broche (46). pour assurer le
lien en rotation avec ladite broche.

5. Dispositif (2) selon l'une quelconque des revendications 1 a 4, dans lequel la
broche (46) est liée de maniére opérationnelle a un disque sélecteur de débit
(46.2) avec des trous calibrés formant sélectivement le passage de gaz en aval
de la vanne de régulation (16.2, 30).




6. Dispositif (2) selon la revendication 6, dans lequel ledit dispositif est congu et LU100957
configuré de sorte qu'une rotation sur un demi-tour, de préférence un quart de
tour, ou moins du volant et de la broche (46) ouvre completement le passage
de gaz (10) et le reste du tour opérant la sélection du flux.

7. Dispositif (2) selon I'une quelconque des revendications 1 a 6, dans lequel le
tourillon de contre-came (50) présente une section transversale avec un profil
polygonal externe (50.2) engageant le profil polygonal interne correspondant
d'un élément de support (54). ) monté rigidement sur le corps (4).

8. Dispositif (2) selon la revendication 7, dans lequel I'élément de support (54)
comprend une partie (54.1) faisant saillie dans et portant la broche (46), ladite
partie montrant le profil polygonal interne correspondant.

9. Dispositif (2) selon la revendication 8, dans lequel un joint (56) est prévu entre
I'élément de support (54) et la broche (46), autour de la partie en saillie (54.1)
dudit élément.

10. Dispositif (2) selon I'une quelconque des revendications 7 a 9, dans lequel
I'élément de support (54) est une plaque avec une face délimitant la chambre
de régulation (40), ladite plaque et I'¢lément mobile (26) etant configurés pour
coopérer de maniéere étanche au gaz lorsque la pression a I'entrée de gaz (6)
tombe sous une pression prédéterminée, de maniére a former une soupape de
pression résiduelle.

11. Dispositif (2) selon la revendication 10, dans lequel ledit dispositif comprend un
ressort (28) poussant I'élément mobile (26) vers la plaque de support (54) et
I'obturateur (30) & l'opposé du siége (16.2), au moins I'un parmi I'élément
mobile (26) et la plaque de support (54) comprenant un joint d'étanchéité (58)
destiné a étre en contact avec l'autre élément mobile et la plaque de support
permettant d'assurer la coopération de maniére étanche aux gaz.

12. Dispositif (2) selon I'une quelconque des revendications 1 a 11, dans lequel la
came sur le tourillon de came (48) comprend au moins une rampe (48.2.1)
agenceée autour d'un axe de rotation dudit tourillon et le tourillon de contre-came
(50) comprend une ou des rampes correspondantes (50.1.1).

13. Dispositif (2) selon la revendication 12, dans lequel chacune des rampes
(48.2.1, 50.1.1) sur le tourillon de came (48) et sur le tourillon de contre-came
(50) se termine par une partie plate (48.2 .2, 48.2.3, 50.1.2, 50.1.3)

erpendiculaire a I'axe de rotation, de sorte qu'une rotation relative entre lesdits
perp




tourilions (48, 50), lorsque lesdites parties plates sont en contact, ne provoque LU100957
aucune translation de l'axe.

14. Dispositif (2) selon I'une des revendications 12 et 13, dans lequel les tourillons
de came et de contre-came (48, 50) sont configurés de telle sorte que le
mouvement de transiation est obtenu par une rotation du tourillon de came
inférieure a 180°, de préférence inférieure a 140°, plus préférablement
inférieure a 100°.

15. Dispositif (2) selon I'une quelconque des revendications 1 a 14, dans lequel 1&
tourillon de contre-came (50) est li¢ rigidement a I'élément mobile (26) ou
configuré pour agir sur ledit élément mobile (26) en appuyant sur 'obturateur
(30) porté par ledit élément, contre le siége correspondant (16.2) lors de la
fermeture du passage de gaz.

16. Dispositif (2) selon I'une quelconque des revendications 1 a 14, dans lequel la
vanne d'arrét (12) comprend un obturateur (14) et un siége (16.1) disposés en
amont de I'obturateur (30) porté par I'élément mobile (26) et le siege (16.2)
coopérant avec ledit obturateur, I'obturateur (14) de la vanne d'arrét (12)
comprenant une partie active (14.1) en amont du siége (16.1) correspondant et
une tige (14.3) s'étendant a travers ledit siége et I'élément mobile (26) pour
interagir avec le tourillon de contre-came (50).

17 . Dispositif (2) selon la revendication 16, dans lequel le siége (16.1) de la vanne
d'arrét (12) et le siége (16.2) de la vanne de régulation (16.2, 30) sont formés
sur les cotés opposés d'un élément de siége (16) avec un trou traversant
formant le passage de gaz (10) et a travers lequel s'étend la tige (14.3) de
I'obturateur (14) de la vanne d'arrét (12).

18. Dispositif (2) selon I'une des revendications 16 et 17, dans lequel I'obturateur
(30) porté par I'élément mobile (26) est annulaire avec un profil longitudinal
cale.

19. Dispositif (2) selon I'une quelconque des revendications 16 a 18, dans lequel
I'élement mobile (26) est un piston avec une partie en saillie (26.3) portant
I'obturateur (30), la tige (14.3) de l'obturateur (14) de la vanne d'arrét (12)
s'étendant de maniére étanche au gaz a travers ladite partie en saillie au moyen
d'un joint d'étanchéité (36) entre une surface cylindrique extérieure de ladite

tige et une surface intérieure de ladite partie en saillie.




20. Dispositif (2) selon la revendication 19, dans lequel l'obturateur (14) de la vanne LY100957
d'arrét (12) comprend une tige (14.4) opposée a la tige (14.3) s'étendant a
travers I'¢lément mobile (26), ladite la tige opposée pouvant coulisser de
maniere étanche au gaz avec le corps de maniére a se terminer dans une cavité
(22) a la pression ambiante et & compenser au moins partiellement un effet de
la pression d'entrée sur ledit obturateur lorsqu'il se trouve dans une position

d'arrét contre le siége tendant a appuyer ledit obturateur contre ledit siege.
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