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is solved by cylinder valve B, which is designed
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where the valve attaches to the cylinder, and
an integrated pressure reducing valve B on the
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the shut-off valve A describe above bifurcates
the flow channel from where the cylinder valve
attaches to the gas cylinder, and the shut- off
component 2 which controls the opening and
closing of the flow channel, as well as the filling
port and sealing valve used when filling the
cylinder, and the safety valve which prevents the
pressure within the cylinder from exceeding the
pressure resistance capacity are installed along
the branches of this bifurcated flow channel.



WO 2006/015953 A1 1IN H10 08000 00 00O 00

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2006/015953 PCT/EP2005/053700

CYLINDER VALVE

The present invention pertains to cylinder valves for use primarily with
small-sized gas cylinders of 1L or 3.4L capacity filled with high-purity gases or with
standard gases for analytical use.

Conventionally, high-pressure gas cylinders have been equipped with
cylinder valves consisting of an integrated shut-off valve and safety valve, and also
with a separate independent pressure-reducing valve. Recently, however, in the
medical and industrial fields, space restrictions have stimulated the development
of more compact devices, and cylinder valves that incorporate pressure reducing
valve functions have now come into use. Fully integrated cylinder valves
incorporating pressure reducing valve functions are now available for use with
small-sized gas cylinders, particularly in the medical field, and the fill port of these
valves generally consists of a check valve with an O-ring seal (for example, see
cited patent documents 1 and 2).

However, it has also been proposed to use an ordinary valve rather than a
check valve as the fill valve (for example see cited patent documents 3 and 4).

[Patent document 1] Published unexamined patent application H5-39898

[Patent document 2] Published unexamined patent application 2003-166700
[Patent document 3] Published unexamined patent application 2000-257797
[Patent document 4] Published unexamined patent application 2003-316447

However, most small-sized cylinder valves with integrated pressure
reducing valve functions use a check valve mechanism with an O ring at the gas
fill port. Although this does not present a problem under ordinary conditions, leaks
may occur when filling cylinders with various types of highly permeating gases for
analytical use such as He or H2.

On the other hand, if an ordinary valve is used as the filling valve in place of
a check valve mechanism, there is a danger that the gas supply valve may be
operated by mistake, releasing highly pressurized gas while the gas is in use,
without any reduction in pressure. Moreover, as this method requires the use of a
handle for opening and closing, it was difficult to achieve reductions in overall size.

The purpose of the present invention is to provide a cylinder valve which
has the following characteristics: it includes an integrated pressure reducing valve
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for use with small gas cylinders of 1L or 3.4L capacity filled primarily with standard
gas or highly purified gases for analytical uses; it is capable of maintaining gas
quality during filling; and it is compact and lightweight enough to enable the gas
cylinder to remain balanced and upright when the valve is attached.

The inventors dedicated themselves to research aimed at solving the
problems referenced above, and as a result they were able to invent and perfect a
cylinder valve as described below that has succeeded in fulfilling the objectives
described.

The present invention is a cylinder valve that is designed to be attached to a
gas cylinder. Its distinguishing characteristic is that it is an integrated valve
consisting of a shut off valve on the upstream side where the cylinder valve
attaches to the gas cylinder, as well as a pressure reducing valve placed on the
downstream side. When this valve mechanism is attached to a high-pressure gas
cylinder, the high-pressure gas in the cylinder can be supplied at the appropriate
reduced pressure by means of operating the cylinder valve. Another special
feature of the invention is that its integrated structure allows the size and weight of
cylinder valve as a whole to be reduced significantly, thus facilitating the
autonomous use of the valve. This is especially true in cases where the pressure
is reduced to a fixed level because with this valve there is no need for a secondary
pressure regulating mechanism. As a result so this invention makes it possible to
supply a highly autonomous cylinder valve.

As regards the cylinder valve described above, the shut-off valve mentioned
previously bifurcates the flow channel at the upstream side of the cylinder valve,
where it attaches to the cylinder, and a characteristic feature of this cylinder valve
is that the shut-off component that controls the opening and closing of the flow
channels, the filling port and sealing valve for filling the gas cylinder, and the
safety valve for preventing the pressure from exceeding the pressure resistance
capacity of the cylinder are all installed along the bifurcated channel. This
construction reduces dead space to a minimum and allows for smaller flow
channels, and therefore the cylinder valve as a whole can be made more compact
and lighter than conventional valves. As a result, even when the cylinder valve is

attached to a gas cylinder the valve remains balanced and autonomous.
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A characteristic of the cylinder valve described above is that the sealing
valve mentioned earlier opens and closes by means of a nut, and may be a
packing type valve, a keyplate valve, or a diaphragm type valve. The use of these
types of valve structures makes it possible to maintain gas purity when filling the
cylinder through the filling port with highly purified or standard gases, and once the
filling is completed the valve mechanism can be shut off without leaks. Further,
because the sealing valve is operated by means of a nut rather than by a handle, it
cannot be operated except when filling the cylinder, and when the cylinder is in
use there are no protruding parts, thus achieving a safer and more compact valve
design.

As described above, this invention consists of a cylinder valve that includes
an integrated pressure reducing valve, and which, when attached to small 1L or
3.4L gas cylinders filled with highly purified or standard gases primarily for
analytical uses, creates a high-pressure gas cylinder that is highly portable and
very suitable for uses such as on-site analysis. Further, with this invention it is
possible to fill the cylinder with no loss in gas purity, and because this device
makes it possible to avoid leaks and emissions from the filling port, it allows gas to
be supplied safely.

We will explain below the mode for carrying out the claims of the invention,
using several Figures as reference materials.

Figure 1 is a schematic drawing illustrating the cylinder valve V pertinent to
the invention described herein when attached to gas cylinder ‘G’. The high-
pressure gas in gas cylinder G passes through outlet port 1, shut-off component 2,
connector 3, primary decompression component 4, and secondary decompression
component 5, and is supplied via the supply port 6. In addition, the cylinder can be
filled by passing the gas through the filling port 7, sealing valve 8, and outlet port
1.

As illustrated more concretely in Figure 2, the cylinder valve in question
consists of a shut-off valve A and pressure-reducing valve B. The cylinder valve is
attached to a gas cylinder (G) and fixed in place by pressing and turning it into the
threaded socket on the gas cylinder (not shown). At this time the pressure-
reducing valve B will have already been set to the specified pressure, but because

the shut off valve A and the pressure-reducing valve B are integrated, the
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connectors or related components that need to be attached to each of these
valves in conventional designs are no longer necessary, and the cylinder valve V
as a whole may be reduced in size and weight. Gas cylinder G can be filled
through shut-off valve A with a wide variety of different types of gases, including
liquefied gases, low pressure filler gases, or gases with high permeability,
corrosive gases, or toxic gases. To use the high-pressure gas, shut-off valve A is
opened, the high-pressure gas passes through shut-off valve A to pressure-
reducing valve B, where the pressure is reduced to the appropriate level, and is
then supplied from cylinder valve V.

It is preferable here that the cylinder valve V should be made of stainless
steel because of its superior ability to maintain the purity of the filled gas, and its
compatibility for use with standard gases, including reactive gases, but depending
on the type of gas used, in order to fulfill the above conditions it is also possible to
use aluminum alloy or brass.

The shut-off valve A consists of the following major components: cylinder
attachment member (9) with external threaded piece that fits by insertion into the
threaded connector socket on the cylinder, handle (10) to turn the gas on and off,
component to shut off the flow channel (2), the filling port (7) where gas is
introduced into the gas cylinder (G), and its sealing valve (8), and a safety valve
(11) to prevent pressure from exceeding the pressure resistance capacity. The
flow channel from the gas cylinder (G) is bifurcated, and the shut-off component
(2), the sealing valve (8), and safety valve (11) are installed on one branch of the
bifurcated flow channel.

In other words, when filling gas cylinder (G) with high-pressure gas, the gas
passes through the filling port (7) and the gas outlet (1) that is provided within the
cylinder attachment component (9), and when the filling is completed, the sealing
valve (8) is forced shut, closing off the flow channel from the filling port (7) and
maintaining an airtight seal. Sheet 8a is installed at the tip of sealing valve (8) and
the force imparted by the bifurcated flow channel on this sheet helps to improve
the quality of the flow channel seal. The strength of the seal can be further
improved by installing an O-ring or packing in the channel between 8a and the
filling port (7), or the inlet for sealing valve (8).
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As described above, a characteristic feature of the present invention is that
this cylinder valve (V) includes a shut-off valve (A) that features superior gas
tightness when filling gas cylinder (G). As illustrated more concretely in Figure 2, it
consists of the following components:

(1) With regard to sealing valve (8) that controls the opening and closing of
the filling port (7), the illustration in Figure 2 shows the case of a packing-type
valve. Sealing valve (8) is opened and closed by means of a hexagonal wrench.
This makes it the valve more streamlined and eliminates the possibility that the
valve could be operated at any time other than during filling, thus increasing the
safety of the valve.

(2) The shut-off component (2) uses a diaphragm-type construction (2a),
which is less prone to leakage than an O-ring type seal.

(3) To prevent outgassing or accidental operation once the cylinder is filled
it is desirable that nut 8b be installed at the tip of sealing valve (8). This is to make
it more difficult to operate the valve except when filling the cylinder, and to reduce
the possibility of an accident caused by opening the filling port (7) while gas was in
use, causing a release of highly pressurized gas. In particular, we have adopted a
distinctive shape for nut 8b to further strengthen control over operation of filling
port (7).

Figure 3 shows the time-related changes in gas pressure for different types
of filling ports when the original pressure after filling was 100. There is a significant
difference in the time-related decline in gas pressure between the present
invention using a diaphragm-type construction, and conventional products using
O-ring-type check valves. This demonstrates that the present cylinder valve (V) is
not only lighter in weight and more compact in size, it is also capable of
maintaining a gas tight seal at the filling port (7).

With regard to sealing valve (8), the packing-type described above is very
appropriate, but a keyplate or diaphragm-type may also be used.

Further, once the cylinder is filled, should an emergency situation arise in
which the pressure in the cylinder increases beyond its pressure rating, as a safety
measure the safety valve (11) will open to release the pressure. Considering the
times when the cylinder is not in use, the safety valve (11) has been installed

between the shut-off component (2) and the gas outlet (1). It is desirable to install
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it on the branch of the flow channel opposite that which leads to the filling port (7)
(sealing valve 8), and the shut-off component (2), sealing valve (8) and safety
valve (11) should be installed along the flow channel from gas outlet (1).

The pressure reducing valve B consists mainly of the following components:
connector 3, which links it to shut-off valve A, primary pressure reduction
component 4, secondary pressure reduction component 5, and supply port 6. It
maintains the specified pressure by means of diaphragm 5a, which is connected to
secondary pressure reduction member 5. By using primary pressure reduction
member 4 to initially reduce the pressure, it is possible to maintain a higher level of
control accuracy at the secondary pressure reduction stage. In other words, this
design reduces the influence of declines in supply pressure as the fill volume in
the cylinder decreases, and the influence of decreases in the gas temperature as
gas is supplied. The secondary pressure reducing component 5 can be
constructed so that it is virtually unaffected by changes in fill volume. The
reduction in pressure after the gas passes through the primary pressure reducing
component 4, and the regulated pressure controlled by means of secondary
pressure reducing component 5 can be monitored by placing a pressure gauge
(not shown) at location C in Figure 2 to measure the pressure in the flow channel.

At such times it is preferable that a structure be used that allows the
pressure reducing valve B to be removed from the cylinder valve V. Vessels
containing fluids may be filled with fluids in various states ranging from liquefied
gases to low-pressure gases, and may also contain gases with diverse
characteristics as regards permeability, corrosiveness, and toxicity. As a result it
may be necessary to change the pressure reducing valve to one that better
matches the optimal pressure setting, or it may be necessary to use gas
connectors made from different materials. In consideration of such cases, by
making it possible to remove the pressure reducing valve from the cylinder valve it
is possible to construct a cylinder valve that can be used in a wider range of
applications. In particular, this type of construction can easily be adopted in the
case of the present invention because the pressure-reducing valve is located
downstream from the shut-off valve. Moreover, because the present cylinder valve

is lighter and more compact than conventional valves the pressure-reducing
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portion can use a diaphragm-type construction preset to the desired pressure, thus
reducing to a minimum the amount of dead space when the gas is in use.

In other words, materials or components can easily be removed, added or
changed according to the characteristics of the fill gas, as described above, and in
addition this type of design makes it possible to clean or purify the flow channel. In
order to maintain a wide range of possible applications it is not desirable to have to
change the entire cylinder valve, which includes a sealing valve and safety valve
and other components that basically do not need to be changed. Therefore, by
placing the shut-off valve A on the upstream side where the cylinder valve
attaches to the cylinder, and placing the sealing valve (8) and safety valve (11)
along the flow channel downstream from shut-off valve A, the above described
replacements or maintenance can be performed smoothly even when the cylinder
valve is attached to the gas cylinder G.

As described above, the shut-off valve and the pressure-reducing valve in
the present invention are of a diaphragm-type construction that achieves superior
gas tightness and reduces dead space to a minimum when the gas is in use.

With regard to the types of gases that may be used in a gas cylinder G
equipped with this type of cylinder valve, highly purified gases such as He, H2, 02,
Ar, N2 Xe, Ne, Kr, etc., as well as standard gases and mixed gases containing
trace amounts of 02, H2, CO, CO2, CH4, SO2, NH3, NO, NO2, H2S, C2H4,
C3H8, C4H10, or other volatile organic compounds may all be used.

We have to this point focused on valves for use with vessels containing
gases, but it is clear that the present technology is not limited to this type of
application. For example, it is also suitable for application with fluids in general,
such as liquefied gases or other liquids.

[Figure 11  Schematic Drawing of the cylinder valve pertaining to the
present invention when attached to a gas cylinder

[Figure 2] Explanatory Drawing of the specific form of the cylinder
valve pertaining to the present invention

[Figure 3] Explanatory Drawing of the sealing characteristics of the

cylinder valve pertaining to the present invention
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CLAIMS

1. The claim is for a cylinder valve to be attached to a gas cylinder. The
distinctive characteristic of this cylinder valve is that it consists of a shut-off on the
upstream side where it attaches to the cylinder, and a pressure-reducing valve on
the downstream side.

2. The shut-off valve mentioned above bifurcates the flow channel from the
upstream side where the cylinder valve described in Claim 1 attaches to the
cylinder, and a characteristic feature of the cylinder valve referred to in Claim 1 is
that the shut-off component that controls the opening and closing of the flow
channel, the filling port and sealing valve used when filling the gas cylinder, and
the safety valve for preventing the cylinder pressure from exceeding the rated
capacity of the cylinder are all installed along the bifurcated channel.

3. The cylinder valve described in Claim 1 and Claim 2 has the
characteristic that the sealing valve mentioned above is opened and closed by
means of a nut and may be either a packing-type valve, a keyplate type valve, or a
diaphragm type valve construction.
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