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The following statement is a full description of this invention, including the best method of 
performing it known to me/us:-
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ABSTRACT
A gas container filling system initially fills a 1 litre volume, extremely accurately via a 

pressure controller (16). This pressure controller (16) remains in control, due to a 

thermal mass flow controller (26) down stream, providing a constant 50cc/min leak.

5 This matches the minimum turndown of the pressure controller ensuring the valve never 

closes completely and the controller does not saturate. A fill is initiated from a touch 

screen, which opens the fill valve and decants from the fixed volume (which is 

accurately held at the set pressure) to the micro-cylinder cylinder. This results in 

consistent fill times of less than .15 seconds and consistent accuracy of +/- 0.35% at 40

10 barg (i.e. 39.9 - 40.1 barg).

• · · ·• ·• · ·

• « · ·• · «• · ·
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The present invention relates to methods of and apparatus for filling containers 

with a gas or a mixture of gases under pressure.

For the avoidance of doubt, throughout this specification the term “gas” is 

intended not only to embrace a single gas but also a mixture of gases.

Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.

Gases have many applications throughout industry and in healthcare. Where very 

large quantities of gases are required, for example, oxygen in the manufacture of steel, 

the oxygen can be supplied directly from an air separation unit along dedicated pipe 

work to a furnace. However, in very many applications gases are delivered to an end 

user in cylinders. For example, medical gas is often delivered in cylinders to hospitals, 

pharmacies or the domicile of an end user.

Welding gas mixtures are invariably transported in special gas cylinders between a 

first location at which the cylinders are filled with the various constituents of the gas 

mixture and a location at which the welding operation is to take place.

According to the type of gas and its application, the cylinder material and its 

construction and design, the pressure of gas in the cylinder will vary accordingly.

In some applications, for example, the needleless injection of drugs through the 

skin of a patient as described in PCT Published Application WO94/24263, the propelling 

force is provided by helium which is held in a gas capsule at high pressures for example 

up to 80 barg. It is important in such a medical application that the pressure of the 

helium is known to very close tolerances. Further, when many thousands if not millions 

of gas capsules are filled it is important commercially for the filling operation to be 

reduced in time to an absolute minimum.

It is an object of the present invention to overcome or ameliorate at least one of the 

disadvantages of the prior art, or to provide a useful alternative.

According to one aspect of the present invention, there is provided an apparatus 

for filling at least one container with a gas at a pre-selected pressure comprising a fixed 

volume vessel for containing the gas at a pressure Pi, a line extending from the fixed 

volume vessel to a buffer volume vessel, a pressure controller for monitoring and
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controlling the pressure of gas in said line so that said gas reaches the buffer volume 

vessel at a pressure P2 where P2 is less than Pi, a further line extending from the buffer 

volume vessel to at least one filling nozzle, a valve located in the further line for 

controlling the flow of gas from the buffer volume vessel to the or each gas capsule to be

5 filled, and wherein the buffer volume vessel has a capacity which is greater than the 

volume or the sum of the volumes of the containers to be filled.

In a preferred embodiment, a mass flow controller is provided downstream of the 

pressure controller to effect a constant leak which matches the minimum turndown of 

the pressure controller. This ensures that the pressure controller never closes completely

10 or enters its deadband.

According to a further aspect of the present invention, a method of filling at least 

one container with a gas at a pre-selected pressure comprising the steps of initially 

holding the gas at a pressure Pi in a fixed volume vessel; monitoring and controlling the 

flow of the gas from the fixed volume vessel to a buffer volume vessel such that the

15 pressure of the gas in the buffer volume vessel is P2 where P2 is less than Pi; and passing 

the gas at the pressure P2 from the buffer volume vessel to at least one nozzle for filling 

the container(s).

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an

20 inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 

sense of “including, but not limited to”.

In one embodiment, the container is a gas capsule of 5 ml capacity and the gas is 

helium.

An embodiment of the invention will now be described, by way of example only,

25 reference being made to the Figure of the accompanying diagrammatic drawing which
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ίε a block representation of an apparatus for filling at least one container with a gas 

under pressure.

As shown, an apparatus 1 for filling one or more containers 2 with a gas under 

pressure includes a source of the gas in the form of a pressure vessel 4, the gas

5 being held in the vessel 4 at a pressure of Po. A line 6 extends from the pressure 

vessel 4 to a fixed volume vessel 8. A pressure regulator 10 is located in the line 6 

between the pressure vessel 4 and the fixed volume vessel 8.

Extending between the fixed volume vessel 8 and a buffer volume vessel 12. is a 

second line 14 and located within the line 14 is a pressure controller 16.

10 A third line 18 extends from the buffer volume vessel 12 towards one or more filling 

nozzles 20. Located within the third line 18 is a valve 22.

A fourth line 24 extends from the third line 18 at a location between the buffer 

volume vessel 12 and the valve 22 and located in said fourth line 24 is a thermal 

mass flow controller 26.

15 In use, the pressure regulator 10 is set to deliver gas along the line 6 from the 

pressure vessel 4 to the fixed volume vessel 8 such that the gas reaching the fixed 

volume vessel 8 is at a pressure P1 where Ρί is less than Po.

The pressure controller 16 monitors the pressure of gas in the second line 14 and 

using a feedback control adjusts the pressure of gas flowing along the line 14 and

20 into the buffer volume vessel 12. In effect, the pressure controller 16 turns down the 

closer it gets to its set pressure reading. This results in the final pressure with the 

buffer volume vessel 12 being held accurately to a pressure P2 where P2 is less than 

P! ·
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When the or each container 2 is aligned with a respective nozzle 20 the valve 22 is 

opened and gas held in the buffer volume vessel 12 passes almost instantaneously 

through the line 18 to fill the container(s) 2.

It is an essential feature that the buffer volume vessel 12 has a greater capacity than

5 the sum of the volumes of the containers 2 to be filled.

The accuracy of the pressure controller 16 is maintained by ensuring that it never 

closes completely. This is achieved by allowing a minute leak from the buffer volume 

vessel 12 via the thermal mass flow controller 26 which matches the minimum 

turndown of the pressure controller 16. This arrangement ensures that the pressure

10 controller 16 never enters its dead band.

By way of example, when it is required to fill containers 2 in the form of gas capsules 

for use in medical applications, for example, the needleless injection of drugs 

through the skin of a patient, the gas capsules each having a volume of 5 ml are 

filled with helium gas to a pressure of 40 barg.

15 The pressure vessel 4 is provided with helium gas at a pressure of approximately 

100 barg. The pressure regulator 10 is set to allow the helium to fill the fixed volume 

vessel 8 of 1 litre capacity with helium at a pressure of 80 barg. The pressure 

controller 16 then feeds the helium to the buffer volume vessel 12 at a pressure of 

45 barg and the mass flow controller 26 is set to give a constant 50cc per minute

20 leak. With this set up a gas capsule can be filled in 0.15 seconds with helium at a 

pressure of 40 barg plus or minus 0.35 %.

In a modification the fixed volume vessel 8 need not be a vessel as such but could 

be an enlarged pipe portion inserted between the lines 6, 14. It will be apparent that 

in the embodiment described above and in particularly the example, the gas

25 capsules/ containers 2 can be filled at very high speeds with a gas such as helium to 

a pressure the accuracy of which is within very close tolerances.

Clearly the apparatus and method described is suitable for filling gas cylinders of 

substantially any volume at any given pressure with speed and high accuracy.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An apparatus for filling a least one container with a gas at a pre-selected 

pressure comprising a fixed volume vessel for containing the gas at a 

pressure Pb a line extending from the fixed volume vessel to a buffer volume 

vessel, a pressure controller for monitoring and controlling the pressure of

5 gas in said line so that said gas reaches the buffer volume vessel at a

pressure P2 where P2 is less than P,, a further line extending from the buffer 

volume vessel to at least one filling nozzle, a.valve located in the further line 

for controlling the flow of gas from the buffer volume vessel to the or each gas 

capsule to be filled, and wherein the buffer volume vessel has a capacity

10 which is greater than the volume or the sum of the volumes of the containers
to be filled.

2. An apparatus as claimed in claim 1, in which a mass flow controller is 

provided downstream of the pressure controller to effect a constant leak 

which matches the minimum turndown of the pressure controller.

15 3. An apparatus as claimed in claim 1 or 2 in which a source of the gas at a

pressure Po is connected by yet a further line to the fixed volume vessel and 

a pressure regulator in said line regulates the pressure of gas reaching the 

fixed volume vessel to Pi where P 1 is less than P 0.

4. A method of filling at least one container with a gas at a pre-selected pressure 

20 comprising the steps of initially holding the gas at a pressure Pt in a fixed

volume vessel; monitoring and controlling the flow of the gas from the fixed 

volume vessel to a buffer volume vessel such that the pressure of the gas in 

the buffer volume vessel is P2 where P2 is less than Pi ; and passing the gas 

at the pressure P2 from the buffer volume vessel to at least one nozzle for

25 filling the container(s).
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5. A method as claimed in claim 4, in which the gas is passed from a source of said 

gas held at a pressure Po to the fixed volume vessel, the flow of the gas from the source 

to the fixed volume vessel being regulated such that P! less than Po.

5 6. A method as claimed in claim 4 or 5, in which the container is a gas capsule of 5ml

capacity and the gas is helium.

7. A method as claimed in claim 5 or claim 6, in which pressure of gas at said source 

Po is 100 barg, the pressure of gas in the fixed volume vessel P] is 80 barg; the pressure 

of gas in the buffer volume vessel P2 is 45 barg and the pressure of the gas in the

10 container is 40 barg ± 035%.

.. . 8. An apparatus for filling at least one container with a gas substantially as herein
• · · .• · ·
·;···· described with reference to any one of the embodiments of the invention illustrated in

• · · ·
* III. the accompanying drawings and/or examples.• · ·• · ·
• «a• · ·• · · ·

.··;·. 15 DATED this 15th day of November 1999
* *.. ’ The BOC Group pic

*··· ί Attorney: PAUL G-HARRISON
Fellow Institute of Patent Attorneys of Australia

.......: of Baldwin Shelston Waters
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