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GAS CARTRIDGE

BACKGROUND OF THE INVENTION

The invention relates to gas cartridges.

Typically, a setting tool for striking a fastener includes a gas cartridge provided with an
outer vessel (outer can), a gas charge vessel (inner bag) and an inner space formed
between the two vessels. Liquefied fuel inside the gas charge vessel is ejected when a
valve is opened by a combination of the effects of exposing the liquefied fuel to
atmospheric conditions and a compressing force applied thereto by compression gas at

high pressure, which is charged into the inner space.

The outer vessel 1s generally rigid and provides support to the gas charge vessel, which 1s
operationally disposed in an interior of the outer vessel. The gas charge vessel includes a
valve and is made of relatively thin aluminium or similar materials so as to be easily

deformable as the liquefied fuel is ejected.

A result of the gas charge vessel being formed of such thinly formed materials is that,
when the gas charge vessel is deformed, the deformation proceeds freely and often non-
uniformly. This non-uniform deformation can lead to extreme deformation at particular
sections of the gas charge vessel and relatively little deformation at others. For example,
the opening portion of the gas charge vessel may experience minor deformation whereas
the central portions of the gas charge vessel may be nearly entirely crushed. In such a
case, a wrinkle or a fold in the gas charge vessel material may be formed and eventually

may lead to a crack or a pin hole being produced.

When a crack or a pin hole is produced at the gas charge vessel, the compression gas 1s
permitted to enter the gas charge vessel and its pressure is reduced. Similarly, the
liquefied fuel may leak from the gas charge vessel. In each case, the gas charge vessel
may be insufficiently compressed and the liquefied fuel may be undesirably mixed with

the compression gas or lost from the gas charge vessel. When the valve is subsequently
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opened, the entire quantity of the liquefied fuel may not be ejected. This represents a

degraded operation of the setting tool and may constitute an economic loss.

Summary of the Invention
The invention provides a method of forming an inner can of a gas cartridge is provided
and includes securing inner can material and pre-stressing the material such that flexion

thereof during gas cartridge use is distributed.

The invention also includes a gas cartridge comprising an inner can, which is charged
with fluid that is selectively ejectable toward a gas cartridge exterior, and which includes
inner can material that is deformable as fluid ejection and thermal cycling of the fluid
proceed and a flexion distribution feature to distribute flexion of the inner can material

associated with deformation thereof among inner can sections.

The invention also includes a gas cartridge comprising an outer can, a cap, including a
selectively actuatable valve, to enclose an interior of the outer can, an inner can disposed
within the outer can interior, which is charged with fluid ejectable toward a gas cartridge
exterior upon selective actuation of the valve, the inner can being deformable as fluid
ejection and thermal cycling of the fluid proceed and a flexion distribution feature to

distribute flexion associated with inner can deformation among inner can sections

The invention also includes a gas cartridge comprising an outer can, a cap, including a
selectively actuatable valve, to enclose an interior of the outer can and an inner can,
which is charged with fluid, and which is disposed within the outer can interior to define
a space charged with compression gas to encourage ejection of the fluid from the inner
can toward a gas cartridge exterior upon selective actuation of the valve, the inner can
including inner can material that is deformable as fluid ejection and thermal cycling of
the fluid proceed with flexion associated with the deformation being distributed among

multiple inner can sections.
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The invention also includes an inner fuel container to be installed in an outer can of a
setting tool gas cartridge to hold a fuel for a setting tool, said inner fuel container
comprising a wall that is deformable in response to changes in the fuel held therein and
said wall comprising a plurality of spaced apart deformation facilitating zones provided

to facilitate distribution of said deformation of the inner fuel container.

The invention also includes a method of manufacturing a setting tool gas cartridge
comprising forming an inner fuel container to be installed in a setting tool gas cartridge,
said forming comprising providing a wall of said inner fuel container with a plurality of
spaced apart deformation facilitating zones to distribute deformation of said inner fuel

container in response to changes in a fuel contained therein.

Brief Description of the Drawings

In order that the invention may be well understood, some embodiments thereof, which are
given by way of example only, will now be described with reference to the drawings in
which:

FIG. 1 is a perspective view of a gas cartridge;

FIG. 2 is an exploded perspective view of the gas cartridge of FIG.1;

FIGS. 3A, 3B and 3C illustrate possible flexion of inner can material in a prior art
structure;

FIG. 4 is a schematic sectional view of inner can material according to embodiments;
FIG. 5 is a schematic sectional view of various inner can materials according to
embodiments;

FIG. 6 is a side view of an inner can according to embodiments; and

FIG. 7 is a schematic diagram of a method of forming an inner can of a

gas cartridge.

Detailed Description of the Illustrated Embodiments
Referring to FIGS. 1 and 2, a gas cartridge 10 that may be used with a setting tool
comprises an outer can 15 having a peripheral wall 16 that is formed to define an outer

can interior 17 and a cap 20. The cap 20 includes a selectively actuatable valve 21 and 1s
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attachable to a normally open end of the outer can 15 to enclose the outer can interior 17.

The other end of the outer can 15 is capped or otherwise closed as well.

The gas cartridge 10 further includes an inner can 30, which is formed of inner can
material 31 that is shaped to define an inner can interior 32. The inner can interior 32 may
be charged with fluid, such as liquefied fuel, gas or similar fluids. Where the fluid is
liquefied fuel, the liquefied fuel may, in some cases, be selected so that it vaporizes upon
exposure to atmospheric conditions such that it can be ejected at high speed and/or high
pressure. In this way, the gas cartridge 10 may be employed as a component of a setting
tool in which the liquefied fuel vapour is able to be ejected for use with a targeted

fastening element.

The inner can 30 may be disposed within the outer can interior 17 and supported by at
least the cap 20 and, in some but not all cases, the peripheral wall 16 or structures
coupled thereto. With the inner can 30 supported by the cap 20, the selectively actuatable
valve 21 may define a pathway 35 extending from the inner can interior 32 to a gas
cartridge exterior 33 (i.e., proximate to a targeted fastening element) when the selectively

actuatable valve 21 is actuated and thereby opened.

Further, with the inner can 30 disposed within the outer can interior 17, the inner can 30
defines a space 34 between an exterior surface of the inner can material 31 and an interior
surface of the peripheral wall 16. The space 34 may be charged with compression gas that
exerts pressure on the inner can 30 that compresses the inner can 30 and encourages
ejection of the fluid from the inner can interior 32 toward the gas cartridge exterior 33
upon the selective actuation of the selectively actuatable valve 21. Thus, if the pressure of
the compression gas is high enough, it may not be necessary for the liquefied fuel to be
vaporized upon exposure to atmospheric conditions since the pressure of the compression
gas may be sufficient to eject the fluid from the inner can interior 32 at high enough

velocity to accomplish a given application.
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The inner can material 31 is relatively thin walled and made of, for example aluminium,
tin, a similar metallic material or an alloy thereof, such that the inner can 30 is relatively
easily deformed by the compression gas charged into the space 34 as fluid ejection from
the inner can interior 32 proceeds and/or as thermal cycling of the fluid or the
compression gas proceeds. Flexion of the inner can material 31, which is associated with
the deformation of the inner can 30, is distributed among multiple sections of the inner

can 30 by a flexion distribution feature as described below.

FIGS 3A, 3B and 3C show how flexion of the inner can material 31 can occur in a prior
art structure as a volume of the fluid charged in the inner can interior 32 decreases. As
shown in FIG. 3A, this initial level may represent a case in which the volume of the inner
can interior 34 is entirely filled with fluid such that the inner can material 31 is in tension.
Upon a decrease in the volume of the fluid, as shown in FIG. 3B, the inner can material
31 1s deformed and exhibits a dent or recess 40 caused. As shown in FIG. 3C, as the
volume continues to decrease, a possibility exists that the resulting continued deformation
will cause the recess 40 to eventually form a fold 41, which may lead to generation of a
pinhole in the inner can 30 that will inhibit full ejection of the fluid and a corresponding

product failure or economic loss.

With the flexion distribution feature of the embodiments, flexion of the inner can material
31, which is associated with the deformation of the inner can 30, is distributed among
multiple inner can sections, so that the eventual formation of such folds 41 may be
avoided or at least substantially reduced. Also, as described below, this distribution of the
flexion of the inner can material 31 may be dependent or independent of support
providable by the outer can 15. That is, with reference to FIG. 4, the flexion of the inner
can material 31 may be distributed among the multiple sections of the inner can 30 in
accordance with the inner can 30 and/or the inner can material 31 being formed with

flexion distributing structures.

As shown in FIG. 4, the flexion distribution feature may be provided by the inner can

material 31 having differing thicknesses at various locations. For example, the inner can
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material 31 may be formed to have a first thickness, T, at first ones 49 of the multiple
sections and a second thickness, T», which is for example thinner than the first thickness,
T;, at second ones 50 of the multiple sections. As such, the inner can 30 has throat
sections 51 at borders between the first and second ones 49, 50 of the multiple sections
that may serve as local stress points. The inner can 30 may be formed such that these
local stress points are distributed at various locations of the inner can 30 such that, as
inner can 30 deformation proceeds, the flexion of the inner can material 31 can be
distributed to these local stress points as opposed to single locations where a fold 41

and/or an eventual pinhole may form.

As shown in FIG. 5, the flexion distribution feature may be provided by the inner can
material 31 including various materials having different mechanical properties at various
locations. For example, the inner can material 31 may include at the first ones 49 of the
multiple sections a first material 52 and, at the second ones 50 of the multiple locations, a
second material 53, which has at least one mechanical property that is different from that
of the first material 52. For example, the second material 53 may mate with the first
material 52 at sealing sections 54 and be more compliant, or flexible, than the first

material 52.

As shown in FIG. 6, the flexion distribution feature may be provided by the inner can 30
being formed with seams 60 that delimit borders of exemplary first and second portions
61, 62 at first and second ones 49, 50 of the multiple sections, respectively. These borders
are formed such that the inner can 30, when fully charged with fluid, has a shape that may
be regular or irregular. That is, in the example of FIG. 6, first and second portions 61 and
62 are substantially tubular and extend laterally in different directions. In this way, as
deformation of the inner can 30 or thermal cycling proceeds, the first and second portions
61 and 62 will tend to deform in different directions such that developing stresses can be
distributed in a similar manner as described above. It is understood that the example of

FIG. 6 is not limiting and that other shapes both regular and irregular are possible.
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The flexion distribution feature may be provided by the inner can 30 further including
skeletal supports that are disposed at the inner can interior and/or exterior. In both cases,
the skeletal supports may be formed to support the inner can 30 as deformation of the
inner can 30 proceeds. The skeletal supports may each include elastic elements and/or
may be coupled to the outer can 15 via coupling elements to further increase support of
the inner can 30. The skeletal supports may also be movable relative to the cap 20 as the

fluid ejection and the thermal cycling proceed.

In accordance with further embodiments of the invention, it i1s understood that the
examples shown in FIGS. 4-6 are non-limiting and that other formations of the inner can
30 and types of inner can material 31 are possible. It is further understood that the various
embodiments described herein and made possible by similar embodiments may be

combined with one another.

With reference to FIG. 7 and, in accordance with further aspects, a method of forming the
inner can 30 of the gas cartridge 10 is provided and includes securing the material to be
formed into the inner can 30 in, for example, a holder 100 and pre-stressing the material
at for example multiple locations such that flexion thereof during gas cartridge 10 use is
distributed among multiple inner can sections associated with the exemplary multiple
locations. Prior to the pre-stressing operation or following the per-stressing, the material
may be formed into a substantially cylindrical shape, as shown in FIG. 2. That is, the pre-
stressing may occur with the material already formed into the inner can 30 shape or prior
to such shaping. As an example, the material may be pre-stressed while in sheet form or
only a partial cylindrical form or after being formed into an otherwise completed inner

can.

The multiple locations may extend linearly or substantially linearly parallel to a
longitudinal axis of the substantially cylindrical shape whether the pre-stressing occurs
before or after the forming of the inner can 30 material into the substantially cylindrical
shape. As such, the flexion distributed among the multiple inner can sections associated

with the multiple locations will tend to occur along or in parallel with these longitudinally
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extending lines, which may be uniformly or non uniformly circumferentially distributed

(o1 = a2 = a3 or a1 # oz # a3) and parallel with or transverse from one another.

The pre-stressing may be achieved by the application of pressure to the inner can 30
material at the multiple locations and/or the placing of the material in tension at the
multiple locations. For example, as shown in FIG. 7, pressurizing forces Fpg;.3, which
may be substantially equal or non-equal, can be applied to the inner can 30 material at the
multiple locations before or after formation of the inner can 30 material into the

substantially cylindrical shape.

The embodiments provide an inner container for a gas cartridge that has a plurality of
spaced apart deformation facilitating zones that facilitate deformation of the container in
response to changes in the content of the container. The inner container can be a fuel
container for a gas cartridge used to provide fuel for a setting tool. The inner container
comprises a wall that is deformable so that as the fuel expands and contracts due to
changes in temperature the container can deform accordingly and similarly the container
can deform as the fuel is used up and the volume of fuel contained reduces. The spaced
apart deformation facilitating zones ensure that the deformation of the can is distributed
about the container thereby preventing or at least substantially reducing the formation of

folds such as the fold 41 shown 1n FIG. 3C.

The inner container may be tubular body made of aluminium. The tubular body may be
formed by a reverse extrusion process. The deformation facilitating zones may be
formed during the extrusion process. Alternatively, the deformation facilitating zones
may be formed following extrusion. For example, following extrusion of the tubular
body, a mandrel or other support may be inserted into the body and a plurality of
elements pressed against an outer wall of the body to form the deformation facilitating
zones. The deformation facilitating zones may take the form of indents, for example
creases, defined in the wall. The deformation facilitating zones may comprise sections of

reduced thickness of the wall produced by localised pressing and/or stretching of the wall
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material. The deformation facilitating zones may comprises zones of relative weakness

in the container wall.

The inner container may made a shipped separately for installation in an outer can.
Similarly, the completed gas cartridge may be manufactured and shipped empty to filler
for filling with fuel and propellant/compression gas. Those skilled in the art will be
familiar with the techniques used to fill gas cartridges and so no detailed description of

that will be given here.

The inner container may take the form of a can or a bag.

It is to be understood that the disclosure in the Background to the Invention (including
any potential prior art) is not to be taken as an admission of the common general

knowledge.

It is recognised that the terms "comprise", "comprises" and "comprising" may, under
varying jurisdictions, be attributed with an exclusive or an inclusive meaning. For the
purpose of this specification, and unless otherwise noted, these terms are intended to have
an inclusive meaning - ie they are to be taken to mean an inclusion of just the listed
components that the use directly references and also the inclusion of other non-specified

components or elements.

While the invention has been described in detail in connection with only a limited
number of embodiments, it should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
1. A method of forming an inner can of a gas cartridge, comprising:
securing an inner can material; and

pre-stressing the material such that flexion thereof during gas cartridge use is distributed.

2. The method according to claim 1, further comprising forming the material into a

substantially cylindrical shape.

3. The method according to claim 2, wherein the pre-stressing is performed at
multiple locations, each of which extends substantially parallel to a longitudinal axis of

the substantially cylindrical shape.

4. The method according to claim 1, 2 or 3, wherein the securing comprises securing

the material in a holder.

5. The method according to any one of the preceding claims, wherein the pre-
stressing comprises at least one or more of applying pressure to the material and placing

the material in tension.

6. A gas cartridge, comprising;:

an inner can charged with fluid that is selectively ejectable toward a gas cartridge
exterior, said inner being made of an inner can material that is deformable as fluid
gjection and thermal cycling of the fluid proceed and comprising first inner can sections
and second inner can sections; and

a flexion distribution feature to distribute flexion of the inner can material associated with

deformation thereof among said first inner can sections.

7. The gas cartridge according to claim 6, wherein the flexion distribution feature

comprises the inner can material having a first thickness at said first the inner can

10
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sections and a second thickness, which is different from the first thickness, at said second

nner can sections.

8. The gas cartridge according to claim 7, wherein the second thickness is thinner

than the first thickness.

9. The gas cartridge according to claim 6, 7 or 8, wherein the flexion distribution
feature comprises the inner can material comprising a first material at said first inner can
sections and a second material, which has a different mechanical property than the first

material, at said second inner can sections.

10. The gas cartridge according to claim 9, wherein the second material is more

compliant than the first material.

11. The gas cartridge according to any one of claims 6 to 10, wherein the flexion

distribution feature comprises seams.

12. The gas cartridge according to claim 11, wherein the seams delimit borders of

said first and second inner can sections.

13. The gas cartridge according to claim 12, wherein said first and second inner can

sections are deformable in different directions.

14. The gas cartridge according to claim 12 or 13, wherein the seams constrain the

inner can to assume an irregular shape.
15. The gas cartridge according to any one of claims 6 to 14, further comprising:

an outer can; and

a cap, including a selectively actuatable valve, to close an end of the outer can.

11
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16. The gas cartridge according to claim 15, further comprising compression gas
charged in a space defined between the outer and inner cans to encourage the fluid

ejection.

17. The gas cartridge according to claim 15 or 16, wherein the inner can is supported
within the outer can interior by the cap, and, when selectively actuated, the valve defines

a pathway from an inner can interior to the gas cartridge exterior.

18. The gas cartridge according to any one of claims 6 to 17, wherein the fluid

comprises liquefied fuel.

19. The gas cartridge according to any one of claims 6 to 18, wherein distribution of

the flexion is independent of inner can support providable by the outer can.

20. An inner fuel container to be installed in an outer can of a setting tool gas
cartridge to hold a fuel for a setting tool, said inner fuel container comprising a wall that
is deformable in response to changes in the fuel held therein and said wall comprising a
plurality of spaced apart deformation facilitating zones provided to facilitate distribution

of said deformation of the inner fuel container.

21. An 1ner fuel container as claimed in claim 20, wherein said deformation

facilitating zones extend in a lengthways direction of the inner fuel container.

22. An inner fuel container as claimed in claim 20 or 21, wherein said deformation

facilitating zones comprise indents defined in said wall.

23. An inner fuel container as claimed in claim 20, 21 or 22, wherein said

deformation facilitating zones are defined by sections of reduced thickness of said wall.

24, An inner fuel container as claimed in any one of claims 20 to 23, comprising at

least three said deformation facilitating zones.

12
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25. A setting tool gas cartridge comprising an outer can, an inner fuel container as
claimed in any one of claims 20 to 24 housed in said outer can and a valve operable to

permit release of a fuel from said inner fuel container.

26. A setting tool gas cartridge as claimed in any one of claims 20 to 25, further
comprising a fuel contained in said inner fuel container and a compression gas contained

in a space defined between said inner fuel container and said outer can.

27. A method of manufacturing a setting tool gas cartridge comprising forming an
inner fuel container to be installed in a setting tool gas cartridge, said forming comprising
providing a wall of said inner fuel container with a plurality of spaced apart deformation
facilitating zones to distribute deformation of said inner fuel container in response to

changes in a fuel contained therein.

28. A method as claimed in claim 27, comprising providing said deformation

facilitating zones by pressing said wall.

29, A method as claimed in claim 27, comprising providing said deformation

facilitating zones by indenting said wall.

30. A method as claimed in claim 27, 28 or 29, wherein said deformation facilitating

zones extend in a lengthways direction of said inner fuel container.

31. A method as claimed in any one of claims 27 to 30, comprising forming said inner

fuel container by reverse extrusion.

32. A method as claimed in claim 31, comprising providing said deformation

facilitating zones subsequent to reverse extruding said inner fuel container.

13
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33. A method as claimed in any one of claims 27 to 32, comprising installing said
inner fuel container in an outer can and providing a valve operable to release a fuel from

said inner fuel container.

34. A method as claimed in claim 33, comprising providing a said fuel in said inner

fuel container.

35. A method as claimed in claim 34, comprising providing a compression gas in a

space defined between said inner fuel container and said outer can.

14
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