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The present invention provides a compressed gas cylinder that is capable of storing a compressed fluid at high pressures. The
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(57) Abrege(suite)/Abstract(continued):
compressed gas cylinder of the present invention Is formed such that the material near the tip of the dome Is relatively thinner than

the material near the base of the dome. The tip of the dome, therefore, creates a pierce region In the cap that can be pierced
through the application of a relatively low pressure.
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(57) Abstract: The present invention provides a compressed gas cylinder that is capable
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of storing a compressed fluid at high pressures. The cylinder of the present invention
includes a body terminating in an inwardly domed cap. The dome included in the cap
of the compressed gas cylinder of the present invention is formed such that the material
near the tip of the dome is relatively thinner than the material near the base of the dome.
The tip of the dome, therefore, creates a pierce region in the cap that can be pierced
through the application of a relatively low pressure.
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COMPRESSED GAS CYLINDER

BACKGROUND

[0001] Field of the Invention: The present invention relates to compressed

gas cylinders. In particular the present invention relates to a compressed gas
5  cylinder including a cap having a domed area configured to reduce the force

required to release the compressed gas stored within the cylinder.

[0002] Background of the Invention: Small compressed gas cylinders, or

microcylinders, are well known in the art. Because they are capable of storing
a considerable volume of a chosen gas at high pressure, microcylinders

10  provide a compact but powerful energy source, and, as a result, microcylinders
are presently used in a wide range of applications. For example,
microcylinders are presently used as the energy source in emergency inflation
devices, gas powered rifles and handguns, tire inflation devices, pneumatically
driven injection devices, and even in devices for whipping cream. Despite

15 being pressed into service in several different functional contexts, however,
state of the art microcylinders are not ideally suited to each of the applications

in which they are presently used.

[0003] In particular, state of the art microcylinders are not ideally suited for
use in automatic injection devices, otherwise known as “autoinjectors.”

20 Autoinjectors are generally designed to facilitate quick, automatic, and accurate
injection of a desired dose of a chosen medicament and are thought to be
particularly well suited for use in emergency situations or by subjects who must

regularly self-administer therapeutic substances. Where the design of the
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autoinjector or the nature of the medicament to be delivered by requires either
that the autoinjector accelerate the medicament to a high velocity or that the

autoinjector drive the medicament with a high injection force, microcylinders

are thought to be ideal candidates as energy sources for the autoinjector.
5  However, in order to release the compressed gas from within a microcylinder,
the microcylinder must be pierced, or otherwise compromised, and the caps or

seals typically included on microcylinders cannot be pierced without the

application of relatively high force.

[0004] A standard microcylinder is illustrated in FIG. 1 through FIG. 3. The

10  microcylinder illustrated in these figures is exemplary of microcylinders
available through several commercial suppliers, such as Leland Limited, Inc.,
of South Plainfield, New Jersey. As can be seen in FIG. 1 through FIG. 3, the
standard microcylinder 10 includes a body 12 terminating in a cap 14. In order
to release the compressed gas stored within the microcylinder 10, the cap 14 is

15  generally pierced, and to reduce the force necessary to pierce the cap 14, the
cap 14 may be provided with an area of reduced thickness, or “pierce region”
16, where the cap may be pierced more easily (shown in cross-section in both
FIG. 2 and FIG. 3). Because the pressure exerted by the gas stored in a
standard microcylinder 10 places the material forming the pierce region 16 In

20  tension (indicated by arrows 17), however, the extent to which the pierce region
16 can be thinned is limited, as the pierce region 16 must be sufficiently strong
to resist tearing when exposed {o the tensile forces exerted by the gas

compressed within the microcylinder 10. Therefore, even where the cap 14 of
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a standard microcylinder 10 is provided with a pierce region 16, the force

required to pierce the cap 14 can exceed fifteen pounds, or more.

[0005] To overcome the pierce force problem created by standard
microcylinders, autoinjectors including standard microcylinders generally
include a mechanism that facilitates the generation of a force sufficient 1o
pierce the microcylinder cap. The mechanism itself may be designed to
generate a force sufficient to pierce the microcylinder, as is exemplified in the
autoinjector taught in U.S. Patent 6,096,002, or the mechanism may simply
impart a mechanical advantage sufficient to enable the user to exert the
required pierce force through the exertion of a smaller force. Such
mechanisms, however, are generally not desirable, as they may complicate the
design of the autoinjector and may, in some cases, prove to be an

inconvenience {o the user.

[0006] In an attempt to cure the problems presented by the high pierce
forces required by standard microcylinders, The BOC Group of Windlesham,
United Kingdom, developed microcylinders including a frangible, or breakaway,
cap. U.S. Patent 5',845,811 (“the ‘811 Patent”) and U.S. Patent 6,047,865 (“the
‘865 Patent”) are directed to two different breakaway microcylinders 18, 20
developed by the BOC Group, the two different designs being illustrated herein
in FIG. 4 and FIG. 5. The first design 18, which is described in the ‘811 patent,
includes a cylinder body 12, a cap 14 including a frangible area 22, a lever 24,
and an anchor member 26. The cap 14 is compromised through application of
a force to the lever 24, which causes the frangible area 22 to fracture. The

second design 20, which is described in the ‘865 Patent, includes a




CA 02481237 2004-09-27

WO 03/083335 PCT/US03/09493

10

15

20

microcylinder having a body 12, a cap 14 with a frangible area 22, and an
elongated neck 28. The elongated neck 28 of the second design effectively
replaces the lever 24 of the first design, with the frangible area 22 being
fractured as a force is applied to the elongated neck 28. Relative to a standard
microcylinder, the designs proposed in the ‘811 and ‘865 Patents reduce the

amount of force that a user must apply to compromise the microcylinder.

[0007] However, like standard microcylinders, the breakaway microcylinders
taught in the ‘811 and ‘865 patents are not without disadvantages. In
particular, both the lever of the first design and the elongated neck of the
second design are exposed, which increases the risk that the break-away
microcylinders will be accidentally compromised, or “fired,” as they are
handled, for example, during transport or during a device assembly process. |t
would, therefore, be an improvement in the art to provide a gas cylinder that is
not only capable of storing a compressed fluid or gas at high pressures, but
which also includes a cap that is relatively difficult to accidentally fire and can

be pierced through the application of a relatively small force.

SUMMARY OF THE INVENTION

[0008] The present invention provides a compressed gas cylinder that is
capable of storing a compressed gas at high pressures. The compressed gas
cylinder of the present invention includes a body terminating in an inwardly
domed cap. The dome included in the cap of the compressed gas cylinder of
the present invention is formed such that the material near the tip of the dome
is relatively thinner than the material near the base of the dome. The tip of the

dome, therefore, creates a pierce region in the cap that can be pierced through

4
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the application of a relatively low pressure. As it is used herein, the term
“compressed gas cylinder” does not limit the scope of the present limitation and
is used as a matter of convenience to refer to a container configured to contain

or deliver a desired amount of a compressed fluid at a predetermined pressure

10

15

20

or range of pressures. Moreover, as it is used in the present context, the term

“fluid” refers to a compressible liquid or gas.

[0009] The inwardly domed cap provides advanfages not achieved by
standard microcylinders or breakaway microcylinders. For example, because
the dome extends inwardly from the top of the cap, the pierce region produced
by the dome is placed under compression. Placing the pierce region under
compression, instead of tension, allows the pierce region to be thinned to a
greater extent than is possible in a standard microcyiinder, which, in turn,
results in a reduction in the force required to penetrate the pierce region.
Moreover, the inwardly facing dome is less prone to accidental firing than a
breakaway mechanism including a lever or neck that extends outwardly and
away from the cylinder cap or body. Therefore, the design of the compressed
gas cylinder of the present invention not only allows for a reduction in the
amount of force required to compromise the cylinder, but the design of the
present invention also works to provide such a reduction in force without

increasing the risk that the cylinder will be accidentally fired.
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[0009A] In an aspect, there is provided a container for storage and delivery of a

compressed fluid, the container comprising:
a body configured to contain a desired amount of a compressed fluid; and

a dome structure disposed at an end of the body, the dome structure extending
inwardly into a volume generally defined by the body and the dome structure and
oresenting a non-planar surface to the compressed fluid in the volume such that the
compressed fluid in the volume exerts pressure on the dome structure in opposing
directions, thereby placing the dome structure under compression before the dome
structure is pierced, the dome structure having a tip which defines a pierce region,

wherein the piérce region has a thinner wall than the remainder of the dome structure

and is more easily penetrated than the remainder of the dome.

BREIF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 provides a schematic representation of the exterior of a standarad

microcylinder, as known in the art

Ha
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[0011] FIG. 2 provides a schematic representation of a cross-section taken

through the microcylinder illustrated in FIG. 1 at line A-A

[0012] FIG. 3 provides an enlarged view of portion "C” of the cross section

illustrated in FIG. 2.

5 [0013] = FIG. 4 provides a schematic representation of an exemplary

breakaway microcylinder as taught in U.S. Patent 5,845,811.

[0014] FIG. 5 provides a schematic representation of a second exemplary

breakaway microcylinder, as taught in U.S. Patent 6,047,865.

[0015] FIG. 6 provides a schematic representation of the exterior of a

10 microcylinder according to the present invention.

[0016] FIG. 7 provides a schematic representation of a cross-section taken

through the microcylinder illustrated in FIG. 6 at line A-A

[0017] FIG. 8 provides an enlarged view of portion "B” of the cross section

illustrated in

15 DETAILED DESCRIPTION OF THE INVENTION

[0018] An exemplary compressed gas cylinder 100 according to the present

invention is illustrated in FIG. 6 through FIG. 8. As can be seen by reference to FIG. 6,

the compressed gas cylinder 100 of the present invention includes a body 102 that may

appear substantially similar to a standard microcylinder 1n size and shape. However,
20  unlike standard microcylinders, the compressed gas cylinder 100 of the present

invention includes a cap 104 having an inwardly formed dome 106 (shown 1n cross-
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section in FIG. 7 and FIG. 8). Significantly, the dome 106 included in the cap 104 1s
formed such that the material near the base 108 of the cap 104 1is thicker than the
material at and near the tip 110 of the cap 104. Therefore, the material at and near the
tip 110 of the cap 104 forms a pierce region 112 that 1s more easily penetrated than the

material forming the remainder of the cap 104.

[0019] Advantageously, the design of the cap 104 of the compressed gas
cylinder 100 of the present invention allows the pierce region 112 included in
the dome 106 to be thinned to a greater extent than is possible for a pierce
region included in a cap of a standard microcylinder. By forming the dome 106
as an inwardly-facing structure, the pierce region 112 created by the dome 106
is placed under compression (indicated by force arrows 114), instead of
tension, when exposed to the pressures exerted by a compressed fluid stored
within the compressed gas cylinder 100. Forming the dome 106 such that the
material forming the pierce region 112 is placed under compression is
significant because a material of a given thickness is capable of withstanding a
greater amount of pressure when the pressure exerted against the material
places the material in compression rather than tension. Thus, while
maintaining or improving the safety margin provided by the cylinder, the
material forming the pierce region 112 provided in the compressed gas cylinder
100 of the present invention can be thinner than the material forming a pierce
region provided in a standard microcylinder designed to withstand an identical

pressure or range of pressures.

[0020]  As the thickness of the pierce region 112 included in the cap 104 ot

compressed gas cylinder 100 is reduced, the force required to penetrate the pierce

v
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region 112 will decrease significantly. The thickness of the pierce region 112 of the
compressed gas cylinder 100 of the present invention will vary depending on the
materials used to fabricate the cap 104 and the inwardly-formed dome 106 included 1n
the cap 104. However, the design of the inwardly-formed dome 106 of the compressed
gas cylinder 100 of the present invention facilitates fabrication of a compressed gas
cylinder having a pierce region that is up to, or more than, 50% thinner than what
would be required in a microcylinder that includes a flat or planar pierce region, 1s
fabricated using the same materials, and 1s designed to withstand an 1dentical pressure

or range of pressures. Therefore, the inwardly-formed dome 106 included in the cap

104 of the cylinder 100 of the present invention enables the creation of a cylinder
having a pierce region that is penetrable using a significantly smaller force than would
be necessary to penetrate the cap of a standard microcylinder designed to contain an

identical volume of gas compressed at an 1identical pressure or range of pressures.

[0021] An additional advantage to the design of the compressed gas cylinder 100 of
the present invention is that the inwardly formed design of the dome 106 also works to
reduce the possibility of accidental firing. In contrast to cylinder or cap designs that
ease firing of the cylinder by providing a lever or neck that extends out or away form
the body of the cylinder, the dome 106 included in the cap 104 of the compressed gas
cylinder 100 of the present invention extends inward from the general outline of the
cylinder 100 and into the volume defined by the body 102. Therefore, when compared
to force reduction mechanisms that include an exposed lever or a frangible neck, the
pierce region 112 provided near the tip 110 of the nwardly-formed dome 106 of a
compressed gas cylinder 100 of the present invention 1s positioned 1n a relatively more

protected position within the cylinder 100.
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[0022] The compressed gas cylinder 100 of the present invention may be
manufactured using any suitable material formed by any suitable manufacturing
process. For example, the body 102 and cap 104 of the compressed gas cylinder 100
may be created using a metal or metal alloy, such as an aluminum alloy, a titanium
alloy, a stainless steel alloy, or carbon steel. The body 102 of the compressed gas
cylinder 100 may be formed, for example, of a drawn metal or metal alloy that 1s
shaped using a conventional stamp and die process. The cap 104 of the compressed gas
cylinder 100 of the present invention may be manufactured by, for example, providing a
planar piece of a material compatible to the body 102 of the compressed gas cylinder
100 that 1s s1zed and shaped appropriately. The dome 106 provided in the cap 104 may
be formed using a second stamp and die process. Where the dome 106 is formed by a
second stamp and die process, such a process may form the desired dome 106 using a
single hit from a single die, or, alternatively, using two or more successive hits from a
single die or a series of progressively sized dies. Once both the body 192 and the cap
104 of the compressed gas cylinder 100 of the present invention are formed, the
compressed gas cylinder 100 may be filled with a desired amount of a chosen material
and the body 102 and the cap 104 may be joined using any suitable process, such as, for

example, a known welding or bonding process.

[0023] Though any suitable method may be used to form the dome 106 included in
the cap 104 of the compressed gas cylinder 100 of the present invention, a stamp and
die process 1s presently preferred. Beyond providing a dome 106 with a thinned pierce
region 112 at the tip 110, 1t 1s believed that creating the dome 106 using a stamp and die
process brings the material forming the pierce region 112 of the dome 106 closer to its

yield point in the direction of penetration (indicated by arrow 116). As the material
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forming the dome 106 1s hit with one or more dies, the material of the cap 104 1s
stretched to form the dome 106, with the material forming the pierce region 112
stretching to the greatest extent, and as the material 1s stretched to form the dome 106, 1t
1s brought closer to 1ts yield point. In general, a material stretched closer to its yield
point 1s less resilient to the application of force and will generally yield more readily
than a material that has not been stretched. Therefore, 1t 1s believed that forming the
dome 106 included m the cap 104 of the compressed gas cylinder 100 of the present
mvention using a stamp and die process will reduce the force required to penetrate the
pierce region 112 of dome 106 relative to a process providing an equally thick pierce

region formed of a non-yielded material.

[0024] As is easily appreciated, the compressed gas cylinder 100 of the
present invention may be designed for use in any desired context. For
example, the cylinder may be fabricated to contain virtually any amount of a
variety of compressed gases or liquids at a desired pressure or range of
pressures. Examples of compressible substances that may be contained and
delivered from a compressed gas cylinder according to the present invention
include, but are not limited to, CO», helium, nitrogen, and CDA (Clean Dry Air).
Therefore, the size of the compressed gas cylinder 100 may be modified, as
needed, to suit a particular storage and delivery need or a particular range of
storage and delivery needs. Moreover, the specifications of the various
features of the compressed gas cylinder 100 are easily modified to provide a
cylinder of sufficient strength to match a desired storageh or delivery need. For
example, the body 102 and cap 104 may be formed of thicker or thinner

material to suit a particular storage need, and the dome 106 included in the

10
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cap 104 can be modified to provide a pierce region 112 offering a desired
balance between safety and piercing ease. Finally, though a generally
cylindrical shape is preferred for the compressed gas cylinder 100 of the
present invention, the shape of the device need not be cylindrical. The form of
the compressed gas cylinder 100 of the present invention may be modified
from that illustrated in FIG. 6 through FIG. 8, as desired, to suit a particular
application. Regardless of the precise specifications, however, the cylinder
100 of the present invention facilitates the manufacture of a cylinder capable of
storing and delivering a desired amount of compressed gas at high pressure,
while reducing the force required to fire the cylinder. Moreover, the relatively
protected positioning of the pierce region included in a compressed gas
cylinder of the present invention works to decrease the likelihood that the
cylinder will be accidentally compromised relative to force reduction

mechanisms that require an exposed lever or frangible neck.

11
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CLAIMS

1. A container for storage and delivery of a compressed fluid, the container
comprising:

a body configured to contain a desired amount of a compressed fluid; and

a dome structure disposed at an end of the body, the dome structure extending
inwardly into a volume generally defined by the body and the dome structure and
presenting a non-planar surface to the compressed fluid in the volume such that the
compressed fluid in the volume exerts pressure on the dome structure in opposing
directions, thereby placing the dome structure under compression before the dome
structure is pierced, the dome structure having a tip which defines a pierce region,

wherein the pierce region has a thinner wall than the remainder of the dome structure

and is more easily penetrated than the remainder of the dome.

2. The container of claim 1, wherein the body includes a first end and a second

end and at least one of the first end and the second end includes the dome structure.

3. The container of claim 1, further comprising a cap in which the dome structure

IS provided, the cap and the body being configured such that the cap is attachable to
the body.

4. The container of claim 1, wherein the body and the pierce region comprise a

metal selected from the group comprising an aluminum alloy, a titanium alloy, a

stainless steel alloy, and carbon steel.

5. The container of claim 3, wherein the body and the cap comprise a metal

selected from the group comprising an aluminum alloy, a titanium alloy, a stainless

steel alloy, and carbon steel.

12



CA 02481237 2004-09-27

PCT/US03/09493

WO 03/083335

1/2

-

O S N N N AR - ™
I&&¢x f”dvflf’/// \ 2
A
T |} o
ol 'RV ™
| /fﬂlfflfﬁrffdﬂrﬂrﬂ.fléﬁff v
IN..II.I.I\\. m
' 4
\\ ~ ™
&
oy
<3
h
T
| T e
.
nm. Vo
N

12

Yy,
“\ 2
/I
1 B
1 A
18
“
7
/

S
S

FIG. 4

FIG. 3

SUBSTITUTE SHEET (RULE 26)



CA 02481237 2004-09-27

PCT/US03/09493

WO 03/083335

2/2

FIG. 5

\

(& 11

““““
\_\ lc.l

SR HRRR TR ﬂfff// |
2
e
\
g
l\\\

,.”rfffﬂff?fﬂffffffa»fﬂdof.ﬁﬂ

~

A o ....wqi
Yo V4

~ S @

FIG. 8

FIG. 7

SUBSTITUTE SHEET (RULE 26)



4
= S
~

B nf.“rf./

N>




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - abstract drawing

