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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the ben-
efit of, India Patent Application No. 202241042047 (DAS
CODE: 9A2D), filed July 22, 2022, and titled "MAGNETO
STRICTIVE ACTUATED PRESSURE REGULATOR
MODULE FOR INFLATION SYSTEM".

FIELD

[0002] The present disclosure generally relates pres-
sure regulators, and more specifically to magneto stric-
tive actuated pressure regulators.

BACKGROUND

[0003] Aircraft survival systems, such as passenger
emergency evacuation and the life support oxygen sys-
tems, use the stored pressurized gas in pressurized cyl-
inders. There is a preference for extended service life of
the pressurized gas cylinder with low maintenance effort
and cost. Typically, the pressurized gas cylinders use
valve modules that are directly assembled to the pres-
surized gas cylinder that include provisions for filling the
gas cylinder, preserving the filled gas cylinder, and dis-
charging the pressurized gas. Generally, the valve mod-
ules are connected to the pressurized gas cylinder using
a threaded interface and static seals at the interface.
However, the interface seals and the valve internal seals
are prone to have minute leakage causing loss of gas
from the cylinder over time. To compensate for the leak-
age and to replace the compression worn seals with new
ones, the current storage system is periodically over-
hauled and the gas filled to desired levels. This involves
considerable maintenance efforts with additional cost for
each aircraft and across a fleet of aircraft.

SUMMARY

[0004] An actuator is disclosed herein. The actuator
includes a drive body including a bottom surface, the bot-
tom surface having a first side and an opposing second
side, a magneto strictive material disposed within the
drive body and contacting the first side of the bottom sur-
face of the drive body, a solenoid disposed within the
drive body and surrounding the magneto strictive mate-
rial, a drive rod extending through the magneto strictive
material and through the bottom surface of the drive body,
and a spring disposed adjacent the second side of the
bottom surface of the drive body, wherein the drive rod
extends through the spring.

[0005] Invarious embodiments, the actuator further in-
cludes an actuator body, the actuator body coupled to
the drive body and a lifter disposed within the actuator
body, the lifter being connected to the drive rod. In various
embodiments, the actuator further includes a sleeve dis-
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posed within the actuator body and around the lifter and
a metal ball configured to lock the sleeve into a first po-
sition with respect to the actuator body. In various em-
bodiments, the sleeve and the lifter are configured to slide
freely with respect to one another.

[0006] In various embodiments, the magneto strictive
material contains a terbium-dysprosium-iron ally. In var-
ious embodiments, the magneto strictive material con-
tains a nickel-manganese-gallium alloy. In various em-
bodiments, the drive rod includes a flared portion at a
first end, the flared portion configured to be moved by
the magneto strictive material.

[0007] Also disclosed herein is an actuator including a
drive body, a solenoid disposed within the drive body, a
magneto strictive material magnetically coupled to the
solenoid, and a drive rod extending through the magneto
strictive material.

[0008] Invarious embodiments, the actuator further in-
cludes a body connected to the drive body, a lifter dis-
posed within the body, the lifter connected to the drive
rod and configured to be moved by the drive rod, and a
spring disposed between the lifter and the drive body. In
various embodiments, the actuator further includes a
cavity within a sidewall of the body and a sleeve disposed
within the body and around the lifter, the sleeve including
a metal ball configured to lock into the cavity. In various
embodiments, the sleeve is configured to be moved by
the lifter in a first direction.

[0009] Invarious embodiments, the body is connected
to a pressurized gas bottle, and wherein the sleeve is
configured to be moved by the pressurized gas in a sec-
ond direction thatis opposite the first direction. In various
embodiments, the actuator further includes a second
cavity disposed within the sidewall of the body, wherein
the metal ball is configured to lock into the second cavity
in response to the sleeve being moved in the second
direction by the pressurized gas. In various embodi-
ments, the magneto strictive material has a stretch per-
formance of about 1% to about 1.5%.

[0010] Also disclosed herein is a system including a
gas bottle including a neck with an opening in the neck,
a fracture disk connected to the neck and sealing the
neck, and an actuator configured to open the gas bottle.
The actuator includes a body having a first end and a
second end, the first end connected to the neck of the
gas bottle, a drive body connected to the second end of
the body, the drive body having a bottom surface, a mag-
neto strictive material disposed within the drive body and
contacting the bottom surface of the drive body, a sole-
noid disposed within the drive body and magnetically
coupled to the magneto strictive material, and a drive rod
extending through the magneto strictive material and
through the bottom surface of the drive body.

[0011] Invarious embodiments, the actuator further in-
cludes a spring disposed adjacent the bottom surface of
the drive body, wherein the drive rod extends through
the spring and a lifter coupled to the drive rod, the lifter
contacting the spring. In various embodiments, the spring
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is configured to exert a force on the lifter. In various em-
bodiments, the actuator further includes a sleeve dis-
posed within the body and around the lifter and a metal
ball configured to lock the sleeve into a first position with
respect to the body.

[0012] In various embodiments, the metal ball is con-
figured to lock the sleeve into a second position with re-
spect to the body in response to a pressurized gas being
released from the gas bottle. In various embodiments,
the magneto strictive material has a stretch performance
of about 0.5% to about 8%.

[0013] The foregoing features and elements may be
combined in any combination, without exclusivity, unless
expressly indicated herein otherwise. These features
and elements as well as the operation of the disclosed
embodiments will become more apparent in light of the
following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.

FIG. 1 illustrates a pressurized gas bottle and actu-
ator system, in accordance with various embodi-
ments.

FIGS. 2A and 2B illustrate an actuator for use with
a pressurized gas bottle, in accordance with various
embodiments.

FIGS. 3A and 3B illustrate an actuator for use with
a pressurized gas bottle, in accordance with various
embodiments.

DETAILED DESCRIPTION

[0015] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that changes
may be made without departing from the scope of the
disclosure. Thus, the detailed description herein is pre-
sented for purposes of illustration only and not of limita-
tion. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connect-
ed, or the like may include permanent, removable, tem-
porary, partial, full or any other possible attachment op-
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tion. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. It should also be understood that unless
specifically stated otherwise, references to "a," "an" or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural. Further, all ranges may include upper and
lower values and all ranges and ratio limits disclosed
herein may be combined.

[0016] Disclosed herein, according to various embod-
iments, is an actuator for use with a pressurized gas bottle
that prevents pressurized gas within the gas bottle from
leaking out of the gas bottle. In various embodiments,
the actuator is coupled to the gas bottle to prevent pres-
surized gas from being released from the gas bottle. In
various embodiments, the actuator is coupled to the gas
bottle enabling the gas bottle to be refilled and/or pres-
surized after releasing the pressurized air from the gas
bottle.

[0017] In various embodiments, as disclosed herein,
the actuator includes a solenoid, a magneto strictive ma-
terial, and a drive rod to maintain the seal of the pressu-
rized gas bottle and to open the pressurized gas bottle.
In various embodiments, the drive rod extends through
the magneto strictive material and into the actuator. In
various embodiments, the solenoid surrounds the mag-
neto strictive material. In various embodiments, the drive
rod may be further coupled to a lifter and/or sleeve to
provide a downward pressure on a fracture disk welded
to an opening of the gas bottle. A downward pressure
from the lifter and/or sleeve may provide an equalizing
force to an upward pressure from the pressurized gas.
In various embodiments, this equalizing force prevents
the pressurized gas from leaking out the gas bottle.
[0018] In various embodiments, the solenoid is ener-
gized by a DC power source. The solenoid generates a
magnetic field in response to being energized by the DC
power source. In various embodiments, the magnetic
field aligns the molecules of the magneto strictive mate-
rial, causing the magneto strictive material to stretch, or
elongate. In various embodiments, the actuator prevents
the magneto strictive material from elongating in a down-
ward direction, therefore the magneto strictive material
elongates in an upward direction. In various embodi-
ments, the elongation of the magneto strictive material
provides an upward force on the drive rod, causing the
drive rod to move upward, thereby releasing the down-
ward force on the gas bottle, and more specifically, on
the fracture disk.

[0019] Invarious embodiments, the pressurized gas in
the gas bottle ruptures the fracture disk in response to
the downward force of the drive rod being removed. In
various embodiments, lifter and/or sleeve are forced up-
ward by the pressurized gas leaving the gas bottle. The
pressurized gas may exit the actuator through an opening
in the actuator. In various embodiments, the solenoid
may be energized for a short period of time such as for
about 0.5 seconds to about 1 second. In various embod-
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iments, the lifter and/or sleeve may further include alock-
ing mechanism to lock the actuator in an open position
to allow the pressurized gas to exit the gas bottle.
[0020] Referring now to FIG. 1, in accordance with var-
ious embodiments, a cross section of a hermetically
sealed gas bottle system 100 is illustrated. System 100
includes a gas bottle 102 having a fill valve 104 located
in the bottom region (e.g., the negative y-direction), a
neck 106 including an opening 108 in the top region (e.g.,
the y-direction), and a fracture disk 110. Fill valve 104
may be welded to gas bottle 102 and be in an open state
prior to filling gas bottle 102. After filling gas bottle 102
becomes pressurized, closing fill valve 104 and sealing
gas bottle 102. Fracture disk 110 may be welded within
neck 106, and more specifically within opening 108, to
prevent the pressurized gas from exiting gas bottle 102.
[0021] Gas bottle 102 filled and pressurized with gas
may be referred to as a hermetically sealed type of gas
bottle. Generally, a complete hermetic sealing of the
stored and pressurized gas within gas bottle 102 is
achieved with little to no maintenance to prevent leaks.
Fracture disk 110 may be a thin metallic disk that is either
cold welded or fusion welded directly or indirectly to gas
bottle 102. Gas bottle 102 is then filled to desired pres-
sure level usingfill valve 104. Fill valve 104 is then sealed
closed, achieving a hermetically sealed gas bottle 102.
It is understood that there may be other ways to achieve
a hermetically sealed pressurized gas bottle.

[0022] An actuator 112 is connected to neck 106 of
gas bottle 102. Actuator 112 includes an actuator body
114, including an outlet 116, and a drive rod assembly
118 for activating actuator body 114. In various embod-
iments, actuator 112 may be threaded and screw onto
neck 106 of gas bottle 102. In various embodiments, ac-
tuator 112 may be welded to neck 106 of gas bottle 102.
Drive rod assembly 118 activates actuator body 114 in
response to an electric charge. Actuator body 114 breaks
fracture disk 110 allowing the pressurized gas in gas bot-
tle 102 to exit through neck 106, and more specifically
opening 108, and through outlet 116.

[0023] Referring now to FIGS. 2A and 2B, in accord-
ance with various embodiments, a cross section of an
actuator 200 for use with a gas bottle 102 is illustrated.
Actuator 200 may be an example of actuator 112 de-
scribed above with respect to FIG. 1. Actuator 200 in-
cludes a drive body 202, a drive rod 204, a solenoid 206,
amagneto strictive material 208, leads 210, a spring 212,
an actuator body 214, a lifter 216, and a sleeve 218.
Actuator body 214 further includes a first cavity recess
220 and a second cavity recess 222. Sleeve 218 further
includes metallic balls 224 configured to lock into first
cavity recess 220 or second cavity recess 222.

[0024] Drive body 202 houses solenoid 206, magneto
strictive material 208, and a top portion of drive rod 204
(e.g., the y-direction). Magneto strictive material 208 sur-
rounds the top portion of drive rod 204 and includes a
hole through which drive rod 204 passes. The top portion
of drive rod 204 may have a flared portion 226 to prevent
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drive rod 204 from passing completely through magneto
strictive material 208 (e.g., in the negative y-direction).
A bottom portion of drive rod 204 (e.g., the negative y-
direction) has a threaded interface 228. Threaded inter-
face 228 of drive rod 204 connects to lifter 216.

[0025] AsillustratedinFIG. 2A, actuator 200, and more
specifically lifter 216 and sleeve 218, is in a down, or
closed state. In the closed state, a bottom portion of
sleeve 218 (e.g., the negative y-direction) is located ad-
jacent to fracture disk 110 and may be in contact with
fracture disk 110. Metallic balls 224 are locked into first
cavity recess 220, and spring 212 is elongated, providing
a downward force (e.g., in the negative y-direction) onto
lifter 216 and sleeve 218. A bottom portion of lifter 216
exerts a downward force (e.g., in the negative y-direction)
on sleeve 218, keeping sleeve 218 adjacent to fracture
disk 110. Pressurized gas within gas bottle 102 exerts
an upward (e.g., in the y-direction) force on fracture disk
110. The force of sleeve 218 against fracture disk 110
balances the force of the pressurized gas within gas bot-
tle 102.

[0026] Leads 210 are connected toapower supply and
provide power to solenoid 206. A magnetic field is gen-
erated by solenoid 206 in response to power being pro-
vided by leads 210. The magnetic field causes magneto
strictive material 208 to elongate linearly (e.g., in the y-
axis), as illustrated in FIG. 2B. A bottom portion of mag-
neto strictive material 208 is supported by drive body 202
and restricts movement of magneto strictive material 208,
therefore magneto strictive material 208 elongates and
extends in an upward direction (e.g., the y-direction)
away from drive body 202. The elongation of magneto
strictive material 208 provides a pushing force on drive
rod 204, and more specifically, on flared portion 226 of
drive rod 204, causing drive rod 204 to translate upward
(e.g., in the y-direction).

[0027] The upward translation of drive rod 204 pulls
lifter 216 upward (e.g., in the y-direction) due to drive rod
204 and lifter 216 being connected by threaded interface
228. The upward translation of lifter 216 compresses
spring 212. The movement of lifter 216 releases metallic
balls 224, allowing metallic balls 224 to move radially
inward and out first cavity recess 220. The downward
force (e.g., the negative y-direction) provided by sleeve
218 onto fracture disk 110 is removed in response to the
bottom portion of lifter 216 disengaging from sleeve 218.
The upward force (e.g., the y-direction) of the pressurized
gas within gas bottle 102 ruptures fracture disk 110, forc-
ing sleeve 218 upward (e.g., the y-direction) and locks
metallic balls 224 into second cavity recess 222, as illus-
trated in FIG. 2B. The pressurized gas in gas bottle 102
exits gas bottle 102, through actuator body 214, and out
through an outlet 230. In various embodiments, outlet
230 may be coupled to a tube, hose, or other member to
further direct the pressurized gas. Solenoid 206 may be
de-energized, returning magneto strictive material 208
to its original form while sleeve 218 remains in an open
state due to metallic balls 224 being locked in second
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cavity recess 222.

[0028] In various embodiments, magneto strictive ma-
terial 208 may be a terbium-dysprosium-iron alloy, such
as the alloy known in the industry as Terfenol-D. In var-
ious embodiments, magneto strictive material 208 may
be a nickel-manganese-gallium alloy. In various embod-
iments, magneto strictive material 208 may have a
stretch performance of about 0.5% to about 8%, or about
1% to about 1.5% for some alloys and about 5% to about
6% for other alloys. That is, magneto strictive material
208 elongates to a length about 0.5% to about 8% longer
than its initial state in response to a magnetic field.
[0029] Referring now to FIGS. 3A and 3B, in accord-
ance with various embodiments, a cross section of an
actuator 300 for use with a gas bottle 102 is illustrated.
Actuator 300 may be an example of actuator 112 de-
scribed above with respect to FIG. 1. Actuator 300 in-
cludes similar components to actuator 200 described
above with respect to FIGS. 2A and 2B, including a drive
body 302, a drive rod 304, a solenoid 306, a magneto
strictive material 308, leads 310, a spring 312, an actuator
body 314, a lifter 316, and a sleeve 318. Actuator body
314 furtherincludes afirst cavity recess 320 and a second
cavity recess 322. Sleeve 318 further includes metallic
balls 324 configured to lock into first cavity recess 320
or second cavity recess 322. Various features of actuator
300 that are described above with respect to actuator
200 and FIGS. 2A and 2B may not be repeated below in
the description of actuator 300. Actuator 300 further in-
cludes a fill valve 350 and a cavity 352 for housing a
pressure regulator. In various embodiments, gas bottle
102 may be filled using fill valve 350.

[0030] As illustrated in FIG. 3A, actuator 300 is in a
closed, or down, state, as described above with respect
to FIG. 2A. In the closed state, actuator 300 maintains a
pressure equilibrium between pressurized gas in gas bot-
tle 102 and sleeve 318 of actuator 300. This pressure
equilibrium allows pressurized gas to be stored in gas
bottle 102 with little to no gas leaking from gas bottle 102.
Leads 310 provide power to solenoid 306. Solenoid 306
generates a magnetic field in response to being ener-
gized by power received through leads 310. Magneto
strictive material 308 elongates, extending upward (e.g.,
in the y-direction) in response to the magnetic field gen-
erated by solenoid 306, as illustrated in FIG. 3B.

[0031] As magneto strictive material 308 elongates, it
exerts an upward force (e.g., the y-direction) on drive rod
304 which in turn exerts an upward force on lifter 316
causing lifter 316 to move upward. The pressure equilib-
rium is disrupted by lifter 316 move upward (e.g., the y-
direction). The force exerted on fracture disk 110 by the
pressurized gas in gas bottle 102 causes fracture disk
110 to break, or rupture. The pressurized gas forces
sleeve 318 upward (e.g., the y-direction) causing metallic
balls 324 to move from first cavity recess 320, as illus-
trated in FIG. 2A, and to lock in place in second cavity
recess 322, as illustrated in FIG. 2B. With sleeve 318
locked in the open, or up, state, the pressurized air in
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gas bottle 102 can exit gas bottle 102 through actuator
300 and out through the pressure regulator in cavity 352.
[0032] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed torepresent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be presentin an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different crosshatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0033] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.

[0034] Numbers, percentages, or other values stated
herein are intended to include that value, and also other
values that are about or approximately equal to the stated
value, as would be appreciated by one of ordinary skill
in the art encompassed by various embodiments of the
present disclosure. A stated value should therefore be
interpreted broadly enough to encompass values thatare
at least close enough to the stated value to perform a
desired function or achieve a desired result. The stated
values include at least the variation to be expected in a
suitable industrial process, and may include values that
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are within 10%, within 5%, within 1%, within 0.1%, or
within 0.01% of a stated value. Additionally, the terms
"substantially," "about" or "approximately" as used herein
represent an amount close to the stated amount that still
performs a desired function or achieves a desired result.
Forexample, the term "substantially," "about" or "approx-
imately" may refer to an amount that is within 10% of,
within 5% of, within 1% of, within 0.1 % of, and within
0.01% of a stated amount or value.

[0035] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. As used herein, the terms "comprises," "compris-
ing," or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.

[0036] Finally, it should be understood that any of the
above described concepts can be used alone or in com-
bination with any or all of the other above described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims
1. An actuator (200), comprising:

a drive body (202) including a bottom surface,
the bottom surface having a first side and an
opposing second side;

a magneto strictive material (208) disposed
within the drive body (202) and contacting the
first side of the bottom surface of the drive body;
a solenoid (206) disposed within the drive body
and surrounding the magneto strictive material;
adrive rod (204) extending through the magneto
strictive material and through the bottom surface
of the drive body; and

a spring (212) disposed adjacent the second
side of the bottom surface of the drive body,
wherein the drive rod extends through the
spring.

2. The actuator of claim 1, further comprising:
an actuator body (214), the actuator body cou-

pled to the drive body; and
a lifter (216) disposed within the actuator body,
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the lifter being connected to the drive rod.
3. The actuator of claim 2, further comprising:

asleeve (218)disposed within the actuator body
and around the lifter; and

a metal ball (224) configured to lock the sleeve
into a first position with respect to the actuator
body.

4. The actuator of claim 3, wherein the sleeve (218)
and the lifter (216) are configured to slide freely with
respect to one another.

5. The actuator of any preceding claim, wherein the
magneto strictive material (208) contains a terbium-
dysprosium-iron ally.

6. The actuator of any of claims 1-4, wherein the mag-
neto strictive material (208) contains a nickel-man-
ganese-gallium alloy.

7. The actuator of any preceding claim, wherein the
drive rod (204) includes aflared portion at a firstend,
the flared portion configured to be moved by the mag-
neto strictive material.

8. An actuator, comprising:

a drive body (202);

a solenoid (206) disposed within the drive body;
a magneto strictive material (208) magnetically
coupled to the solenoid; and

adrive rod (204) extending through the magneto
strictive material.

9. The actuator of claim 8, further comprising:

a body (214) connected to the drive body;

a lifter (216) disposed within the body, the lifter
connected to the drive rod and configured to be
moved by the drive rod; and

a spring (212) disposed between the lifter and
the drive body, and preferably further compris-

ing:

a cavity (220) within a sidewall of the body;
and

asleeve (218) disposed within the body and
around the lifter, the sleeve including a met-
al ball (224) configured to lock into the cav-
ity, and preferably wherein the sleeve (218)
is configured to be moved by the lifter (216)
in a first direction, and preferably wherein
the body (214)is connected to a pressurized
gas bottle (102), and wherein the sleeve
(218) is configured to be moved by the pres-
surized gas in a second direction that is op-
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posite the first direction, and preferably fur-
ther comprising:

a second cavity (222) disposed within the side-
wall of the body, wherein the metal ball (224) is
configured to lock into the second cavity in re-
sponse to the sleeve being moved in the second
direction by the pressurized gas.

The actuator of claim 8 or 9, wherein the magneto
strictive material (208) has a stretch performance of
about 1% to about 1.5%.

A system, comprising:

agas bottle (102) including a neck with an open-
ing in the neck;

a fracture disk (110) connected to the neck and
sealing the neck; and

an actuator (200) configured to open the gas
bottle, the actuator including:

abody (214) having afirstend and a second
end, the first end connected to the neck of
the gas bottle;

adrive body (202) connected to the second
end of the body, the drive body having a
bottom surface;

a magneto strictive material (208) disposed
within the drive body and contacting the bot-
tom surface of the drive body;

a solenoid (206) disposed within the drive
body and magnetically coupled to the mag-
neto strictive material; and

a drive rod (204) extending through the
magneto strictive material and through the
bottom surface of the drive body.

The system of claim 11, wherein the actuator further
comprises:

aspring (212) disposed adjacent the bottom sur-
face of the drive body, wherein the drive rod ex-
tends through the spring; and

a lifter (216) coupled to the drive rod, the lifter
contacting the spring.

The system of claim 12, wherein the spring (212) is
configured to exert a force on the lifter (216).

The system of claim 12, wherein the actuator further
comprises:

a sleeve (218) disposed within the body and
around the lifter; and

a metal ball (224) configured to lock the sleeve
into a first position with respect to the body, and
preferably wherein the metal ball is configured
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to lock the sleeve into a second position with
respect to the body in response to a pressurized
gas being released from the gas bottle.

15. The system of any of claims 11-14, wherein the mag-
neto strictive material (208) has a stretch perform-
ance of about 0.5% to about 8%.
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