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(57) Abrege/Abstract:

A non-explosive tension release actuation device includes an Initiator system and a housing base attached to the initiator system.
he device also Includes a carriage assembly positioned at least partially within the housing base. The carriage assembly includes a
carriage unit, a first jaw, a second jaw, a first rocker arm, and a second rocker arm. The first rocker arm and the second rocker arm
are attached to the carriage unit and to the initiator system. The device further includes a load attachment unit positioned at least
partially within the carriage unit and between the first jaw and the second jaw. The first jaw and the second jaw are configured to
swing away from the load attachment unit in response to a downward motion of the carriage unit relative to the housing base.
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NON-EXPLOSIVE TENSION RELEASE ACTUATOR

ABSTRACT
[0063] A non-explosive tension release actuation device includes an initiator system and
a housing base attached to the initiator system. The device also includes a carriage assembly
positioned at least partially within the housing base. The carriage assembly includes a carriage
unit, a first jaw, a second jaw, a first rocker arm, and a second rocker arm. The first rocker arm
and the second rocker arm are attached to the carriage unit and to the initiator system. The
device further includes a load attachment unit positioned at least partially within the carriage unit
and between the first jaw and the second jaw. The first jaw and the second jaw are configured to

swing away from the load attachment unit in response to a downward motion of the carriage unit

relative to the housing base.
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NON-EXPLOSIVE TENSION RELEASE ACTUATOR

TECHNICAL FIELD

[0001] The present disclosure relates generally to separation devices, in particular to non-

explosive tension release actuators for release of an external load.

BACKGROUND

10002 ] Actuators may be used to actuate release of an external load that is attached to the
actuator. For example, an actuator may be used to actuate release of a load such as a satellite at a
desired altitude. Pyrotechnic actuators are often used for release of a load in response to an
initiation of the release. Generally, pyrotechnic actuators contain an explosive energy source to
actuate the release of the load. Impact of the explosion of the energy source that is used to
actuate a release may damage the load as well as the pyrotechnic actuator itself. Further,
pyrotechnic actuators are generally limited to a single use due to the damage that is cause by the
explosion to the actuator components. Storage and transportation of explosive energy sources

may also be subject to stringent regulations.

0003 ] As an alternative to pyrotechnic actuators, non-explosive actuators may be used to
enable reusability of the actuator by eliminating use of explosives. o replace the desired
actuating effect of the energy source used in pyrotechnic actuators, non-explosive actuators
oenerally rely on preloading the device using a compressed spring. However, a large spring 1s
oenerally required to support use of a spring-based actuator device with relatively heavy loads.
A large spring may require a bigger space within the actuator, which may result in a large

actuator or may simply be impractical. Accordingly, a non-explosive actuator that 1S reusable,

resettable, and/or refurbishable and that does not require preloading to achieve actuation may

have some advantages.

SUMMARY

10004 ] In general, the present disclosure relates to non-explosive tension release
actuators. In an example embodiment, a non-explosive tension release actuation device includes
an initiator system and a housing base attached to the initiator system. The non-explosive
tension release actuation device also includes a carriage assembly positioned at least partially
within the housing base. The carriage assembly includes a carriage unit, a first jaw, a second

jaw, a first rocker arm, and a second rocker arm. The first jaw is positioned on a first side of the
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carriage unit, and the second jaw positioned on a second side of the carriage unit opposite the
first side of the carriage unit. The first rocker arm and the second rocker arm are attached to the
carriage unit and to the initiator system. The non-explosive tension release actuation device
further includes a load attachment unit positioned at least partially within the carriage unit and
between the first jaw and the second jaw. The load attachment unit rests on the first jaw and on
the second jaw. The first jaw and the second jaw are configured to swing away from the load
attachment unit in response to a downward motion of the carriage unit relative to the housing
base. The initiator system is configured to initiate the downward motion of the carriage unit to
release the load attachment unit from the carriage assembly.

[0005] In another example embodiment, a non-explosive tension release actuation device
includes an initiator system comprising a housing cover, a first initiator unit and a second
initiator unit. Fach of the first initiator unit and the second initiator unit includes an imtiator
spool assembly, a plunger positioned below the initiator spool assembly. The plunger has a base
portion and a protruding portion. The protruding portion extends from the base portion into the
initiator spool assembly, and the base portion includes a slanted inner wall on a bottom side of
thé plunger. Each of the first initiator unit and the second mitiator unit also includes a tension
shaft positioned below the plunger. The tension shaft includes a groove extending around the
tension shaft. Each of the first initiator unit and the second initiator unit further includes ball
bearings in contact with the slanted inner wall of the plunger and a bottom surface of the housing
cover. The ball bearings are partially positioned in the groove of the tension shaft to prevent the
tension shaft from moving downward until the plunger moves upward. The non-explosive

tension release actuation device further includes a carriage assembly, the carriage assembly
comprising a first rocker arm and a second rocker arm. The first rocker arm is attached to the
tension shaft of the first initiator unit, and the second rocker arm is attached to the tension shaft
of the second initiator unit. The non-explosive tension release actuation device further includes a
load attachment unit positioned at least partially within the carriage assembly. The carrnage

assembly is configured to release the load attachment unit in response to one or both of the first

initiator unit and the second initiator unit initiating a downward motion of the carriage unit to

release the load attachment unit from the carriage assembly.

[0006] These and other aspects, objects, features, and embodiments will be apparent from

the following description and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

|0007] Reference will now be made to the accompanying figures, which are not
necessarily to scale, and wherein:

[0008] FIG. 1 illustrates a non-explosive tension release actuation device in accordance
with an example embodiment;

[0009] FIG. 2 illustrates an exploded view of the non-explosive tension release actuation
device of FIG. 1 in accordance with an example embodiment;

[0010] FIG. 3 illustrates an exploded view of the initiator system illustrated in FIG. 2 in
accordance with an example embodiment;

[0011] FIG. 4 illustrates an exploded view of the carriage assembly illustrated in FIG. 2
in accordance with an example embodiment;

[0012] FIG. 5 illustrates another exploded view of the non-explosive tension release
actuation device of FIG. 1 in accordance with an example embodiment;

[0013] FIG. 6 illustrates the load attachment unit illustrated in FIG. 2 in accordance with

an example embodiment;

[0014] FIGS. 7A-7D illustrate cross-sectional views of the non-explosive tension release
actuation device of FIG. 1 including directions of exerted forces prior to release of an external
load attached to the load attachment unit in accordance with an example embodiment;

[0015] FIG. 8 illustrates a close-up view of an interface between a tension shaft and the
rest of an initiator unit of the initiator system in accordance with an example embodiment; and
[0016] FIGS. 9A and 9B illustrate cross-sectional views of the non-explosive tension
release actuation device of FIG. 1 after release of an external load including the load attachment

unit in accordance with an example embodiment.

(0017] The drawings illustrate only example embodiments and are therefore not to be
considered limiting in scope. The elements and features shown in the drawings are not
necessarily to scale, emphasis instead being placed upon clearly illustrating the principles of the
example embodiments. Additionally, certain dimensions or placements may be exaggerated to

help visually convey such principles. In the figures, reference numerals designate like or

corresponding, but not necessarily identical, elements.
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DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS
[0018] In the following paragraphs, particular embodiments will be described 1n further

detail by way of example with reference to the figures. In the description, well known
components, methods, and/or processing techniques are omitted or briefly described.
Furthermore, reference to various feature(s) of the embodiments is not to suggest that all
embodiments must include the referenced feature(s).

[0019] Turning now to the drawings, example embodiments are described. FIG. 1
illustrates a non-explosive tension release actuation device in accordance with an example
embodiment. The non-explosive tension release actuation device (interchangeably referred to as
an “actuator” hereinafter) 100 is configured to release an external load coupled to the non-
explosive tension release actuation device 100 in response to an initiation by an external control
input. For example, the external load may be coupled to a load attachment unit that is held
within the actuator 100.

[0020] In some example embodiments, the actuator 100 includes a housing base 102 and
a housing cover 104 attached to the housing base 102. The housing cover 104 includes a first
cylindrical sleeve 106 including components of a first initiator unit. The housing cover 104 also
includes a second cylindrical sleeve 108 that contains components of a second initiator unit. A
first wire harness 110 is attached to a component of the first initiator unit housed in the first
cylindrical sleeve 106. A second wire harness 112 is attached to a component of the second
initiator unit housed in the second cylindrical sleeve 108. The two initiator units provide an
initiator system that is intentionally redundant to provide, for example, protection against failure

of one of the two 1nitiator units.

[0021] The housing base 102 includes components that, in response to the initiation by
one or more of the initiator units, release any external load (e.g., external load 120) attached to a
load attachment unit. The external load may be released from the actuator 100 by releasing the
load attachment unit from the non-explosive tension release actuation device 100. For example,
the load attachment unit may be released through an opening 114 at a bottom side of the housing
base 102.

[0022] In some example embodiments, the initiator units may initiate release of the

external load in response to an electrical charge received via the first wire harness 110, the

second wire harness 112, or both.
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[0023] In an example embodimert, the height of the actuator 100 measured to a top edge
of the cylindrical sleeves 110, 112 is less than 3.5 inches. The housing base 102 and the housing
cover 104 may be made from different materials. For example, the housing base 102 and the
housing cover 104 may be made from aluminum when the actuator 100 is intended for use with a
relatively light load and may be made from steel or a stronger material when intended for use
with a relatively heavy load. Further, the actuator 100 is scalable in size to accommodate
different applications. In an example embodiment, the actuator 100 supports a maximum
external load of 5,000 pounds.

10024] Although the housing base 102 and the housing cover 104 are illustrated as
having particular shapes, both the housing base 102 and the housing cover 104 may have other
shapes without departing from the scope of this disclosure. For example, the first cylindrical
sleeve 106 and the second cylindrical sleeve 108 may have non-cylindrical shapes.

10025] FIG. 2 illustrates an exploded view of the non-explosive tension release actuation
device of FIG. 1 in accordance with an example embodiment. As illustrated, the non-explosive
tension release actuation device 100 includes an initiator system 202, a carriage assembly 204,
the housing base 102, and the load attachment unit 212. The non-explosive tension release
actuation device 100 also includes a spring 208 and a spring guide 210. The two dotted lines 1n
FIG. 2 illustrate the placement of the spring guide 210 into the carriage assembly 204. The
spring 208 is intended to be inserted in the cylindrical protrusion extending from a plate of the
spring guide 210. The spring 208 is intended to reduce undesired movement of the components
of the non-explosive tension release actuation device 100. For example, once the carriage

assembly 204 is placed within a cavity 226 of the housing base 102, the spring 208 may exert

enough force on the carriage assembly 204 to prevent an upward movement of the carrage

assembly 204.

[0026] In some example embodiments, the initiator system 202 includes a first tension
shaft 230 and a second tension shaft (illustrated in FIG. 3) that extend down from the housing
cover 104. When fully assembled, the housing cover 104 may be attached to the housing base

102 by one or more fasteners (e.g., screw) 222 that extend through apertures in the housing cover
104 and are coupled to corresponding attachment holes in the housing base 102.
10027] In some example embodiments, the carriage assembly 204 includes a carriage unit

206, a first rocker arm 214 and a second rocker arm 216. The first rocker arm 214 and the

second rocker arm 216 are attached to the carriage unit 206 on opposite sides of the carriage unit

>
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206. The first tension shaft 230 may be inserted into a slot or an opening in the first rocker arm
214 and may be secured by one of the nuts 224. The other tension shaft may be similarly
secured to the second rocker arm 216 by one of the nuts 224.

[0028] The carriage assembly 204 also includes a first jaw 218 and a second jaw 220. As
described below, the first jaw 218 and the second jaw 220 swing outwardly to release an external
load that may be attached to a load attachment unit 212. When the non-explosive tension release
actuation device 100 is fully assembled, the load attachment unit 212 is positioned at least
partially within the carriage assembly 204, and in particular, within the carriage unit 206. An
external load is held by the non-explosive tension release actuation device 100 by attachment to
the load attachment unit 212. The load attachment unit 212 is released out of the carriage
assembly 204 to release any external load attached to the load attachment unit 212.

[0029] FIG. 3 illustrates an exploded view of the initiator system illustrated on F1G. 2 1n
accordance with an example embodiment. The initiator system 202 includes a first initiator unit
and a second initiator unit. The first initiator unit includes the first wire harness 110, a retaining
ring 312, an initiator spool assembly 302, a plunger 304, a set of ball bearings 306, and 1nitiator
preload spring 308. The first initiator unit further includes a first tension shaft 230. The first
tension shaft 230 includes a grobve 310 that extends around the first tension shaft 230 proximal
to an end of the first tension shaft 230.

10030] In some example embodiments, the initiator spool assembly 302 is the spool
assembly described in U.S. Patent No. 6,747, 541 to Holt et al. (“Holt™), the entire content of
which is incorporated herein by reference. The initiator spool assembly 302 may be activated by
closing a switch to enable an electrical current through the first wire harness 110 to the initiator
spool assembly 302. For example, the first wire harness 110 may be electrically connected by a
switch to a power source, such as a battery.

[0031] The plunger 304 includes a substantially round base portion and a protrusion
portion that is intended to be at least partially positioned within the initiator spool assembly 302
when the first initiator unit is assembled. The initiator spool assembly 302 is designed to hold
the protrusion portion and prevent an upward movement of the plunger until the initiator spool
assembly 302 is activated by an electrical current. The plunger 304 1s intended move upward
further into the initiator spool assembly 302 in response to the initiator spool assembly 302 being
activated. The set of ball bearings 306 are intended to be positioned below the plunger 304. The

placement of the set of ball bearings 306 prior to activation ot the initiator spool assembly 302 1s

6
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illustrated in FIG. 8. The set of ball bearings 306 are intended to exert force on the inner wall of
the plunger 304 as shown in FIG. 9. As illustrated in FIG. 9, the inner wall of the plunger 304 1s
slanted outwardly from the top of the base portion to the bottom of the base portion.

[0032] In some example embodiments, the initiator preload spring 308 is intended to be
placed between outer edge of the plunger 304 and a surface below the initiator preload spring
308. For example, the surface below the initiator preload spring 308 may be a surface of the
housing cover 10 within or under the cylindrical sleeve 108. The initiator preload spring 308 1s
intended to apply pressure on the plunger toward the initiator spool assembly 302 to facilitate the
upward movement of the plunger 304 when the initiator spool assembly 302 1s activated.

[0033] In some example embodiments, the second initiator unit includes the second wire
harness 112, a retaining ring 314, an initiator spool assembly 316, a plunger 318, a set of ball
bearings 320, and initiator preload spring 322. The second initiator unit further includes a
second tension shaft 324. The second tension shaft 324 includes a groove 326 that extends
around the second tension shaft 324 proximal to an end of the second tension shaft 324. In some
example embodiments, the components of the second initiator unit operate in the same manner as
described with respect to the first initiator unit and will not be repeated here.

[0034] However, in some alternative embodiments, the initiator spool assembly 316 may
operate in the same or similar manner as the initiator spool assembly 302. For example, the
initiator spool assembly 316 may be a spool assembly described in the Holt patent and the
initiator spool assembly 302 may be different initiator assembly.

[0035] FIG. 4 illustrates an exploded view of the carriage assembly illustrated on FIG. 2
in accordance with an example embodiment. As illustrated in FIG. 4, the carriage assembly 204
includes the first jaw 218 and the second jaw 220. The first jaw 218 includes a foot portion 402,
and the second jaw 220 includes a foot portion 404. A first hinge arm 406 may be attached to
the first jaw 218 by a connector 414 such that the first hinge arm 406 and the first jaw 218 may
pivot about the connector 414. The connector 414 functions as a pivot point for the first hinge
arm 406 and the first jaw 218. Similarly, a second hinge arm 408 may be attached to the second

jaw 220 by a connector 426 such that the second hinge arm 408 and the second jaw 220 p1vot

about the connector 426. The connector 426 functions as a pivot point for the second hinge arm

408 and the second jaw 220.
[0036] After the first hinge arm 406 is attached to the first jaw 218 as described above,

the first hinge arm 406 and the first jaw 218 may be positioned between two parallel walls of the

7
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carriage unit 206 at a first side of the carriage unit 206, where the first hinge arm 406 1s attached
to the carriage unit 206 by connector 422. Once assembled, the connector 422 functions as a
pivot point for the first hinge arm 406.

10037] Similarly, after the second hinge arm 408 is attached to the second jaw 220 as
described above, the second hinge arm 408 and the second jaw 220 may be positioned between
two parallel walls of the carriage unit 206 at a second side of the carriage unit 206, where the
second hinge arm 408 is attached to the carriage unit 206 by connector 428. Once assembled,
the connector 428 functions as a pivot point for the second hinge arm 408.

[0038] After the first jaw 218 is attached to the carriage unit 206, the first bumper tube
416 is attached to the carriage unit 206 by a connector 420. Similarly, after the second jaw 220
is attached to the carriage unit 206, the second bumper tube 418 is attached to the carriage unit
206 by a connector 430. As explained below with respect to FIG. 9, the first bumper tube 416
and the second bumper tube 418 are positioned on the carriage to minimize and/or to prevent the
carriage unit 206 from impacting a lower side of the housing base 102 by stopping the outward
swing of the first jaw 218 and the second jaw 220, respectively. In some example embodiments,
the first bumper tube 416 and the second bumper tube 418 are made from rubber. Alternatively,
the first bumper tube 416 and the second bumper tube 418 may be made from another non-metal
and preferably soft material that can absorb impact force from the respective jaw and minimize
and/or prevent the jaws from impacting a metal component of the non-explosive tension release
actuation device 100.

[0039] The first rocker arm 214 may be attached to the carriage unit 206 by a connector
424 that extends through the first rocker arm 214 and two vertical walls of the carriage umt 206.

Once assembled, the first rocker arm 214 can pivot about the connector 424. The second rocker
arm 216 is also attached to the carriage unit 206 in a similar manner as the first rocker arm 214,
and can pivot about its corresponding connector. Attachment of a first load plate 410 and a
second load plate 412 to the carriage assembly 204 is described with respect to FIG. 5.

10040 In some example embodiments, all the connectors illustrated in FIG. 4 and used to
attach components to the carriage unit 206 are dowel pins. Alternatively, other connectors may
be used in place of some or all of the dowel pins. Further, all components 1Jlustrated 1in FIG. 4

may be made from a material, such as aluminum, steel, titanium, or anther corrosion resistant

material. For example, all the components in FIG. 4 may be made from heat treated steel.
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[0041] FIG. 5 illustrates another exploded view of the non-explosive tension release
actuation device of FIG. 1 in accordance with an example embodiment. FIG. 5 illustrates the
carriage assembly 204 close to being fully assembled. In some example embodiments, the first
jaw 218 may be attached to the first load plate 410 and to the second load plate 412 by a
connector 502. The connector 506 may extend through corresponding apertures in the first load
plate 410 and the second load plate 412, and through the aperture 506 in the first jaw 218.
Similarly, the second jaw 220 may be attached to first load plate 410 and to the second load plate
412 by a connector 510. The connector 510 may extend through corresponding apertures in the
first load plate 410 and the second load plate 412, and through the aperture 504 1n the first jaw
218. The connector 502 functions as a pivot point for the first jaw 218, and the connector 510
functions as a pivot point for the second jaw 220.

[0042] After the first load plate 410 and the second load plate 412 are attached to the first
jaw 218 and to the second jaw 220, the first rocker arm 214 is attached to the first tension shaft
230 via one of the nuts 224, and the second rocker arm 216 is attached to the second tension
shaft 324 (the second tension shaft 324 is shown in FIG. 3) by another one of the nuts 224. In
some alternative embodiments, the first rocker arm 214 and the second rocker arm 216 may be
attached to the first tension shaft 230 and the second tension shaft 324, respectively, using an
attachment means other than a nut. The spring 208 and the spring guide 210 are positioned
between the carriage assembly 204 and the housing cover 104. The side walls of the spring
ouide 210 are positioned in the carriage assembly 204 as illustrated by the dotted lines. The load
attachment unit 212 is placed in the carriage assembly 204 such that the load attachment unit 212
rests on the first jaw 218 and the second jaw 220 as illustrated in FIG. 7A. For example, the load
attachment unit 212 may be placed in the carriage assembly 204 by swinging the first jaw 218
and the second jaw 220 outwardly about the connector 502 and the connector 510, respectively.
[0043] After the first rocker arm 214 and the second rocker arm 216 are attached to their
corresponding tension shafts, the carriage assembly 204 may be placed in the cavity 226 of the
housing base 102. Upon the carriage assembly 204 being positioned in the cavity 226 of the

housing base 102, the second load plate 412 rests on one or more ledges 508 of the housing base

102, and the first load plate 410 similarly rests on corresponding one of more ledges opposite the

one or more ledges 508. In some alternative embodiments, the first jaw 218 and the second jaw

220 may be attached directly to the housing base 102 without the use of the load plates 410, 412.
For example, the housing base 102 may include attachment holes for attaching the first jaw 218

9



CA 02859331 2014-08-14

Attorney Docket No.: 13682.118821

and the second jaw 220 to the h(;using base 102. Alternatively, other means may be used to
attach the first jaw 218 and the second jaw 220 to the housing base 102.

10044 ] FIG. 6 illustrates the load attachment unit illustrated on FIG. 2 in accordance with
an example embodiment. In an example embodiment, the load attachment unit 212 includes a
first wall 602 and a second wall 604. The load attachment unit 212 further includes a first
curved surface 606 and a second curved surface 608. Each of the first curved surface 606 and
the second curved surface 608 is intended to be in contact with a respective foot of one of the
first jaw 218 and the second jaw 220.

10045] In some example embodiments, the load attachment unit 212 further includes an
attachment segment 610 having a threaded inner surface for attachment of an external load, such
as the external load 120 of FIG. 1, to the load attachment unit. To enable attachment of the
external load to the load attachment unit 212 by turning, for example, a threaded screw into the
attachment segment 610, the first wall 602 and the second wall 604 prevent a complete rotation
of the load attachment unit 212 within the carriage unit 206. In an example embodiment, the
load attachment unit 212 is limited to approximately five degrees rotation within the carriage unit
206. One or both of the first wall 602 and the second wall 604 may come in contact with a wall
of the carriage unit 206 after the load attachment unit 212 is slightly rotated.

10046 To release an external load attached to the load attachment unit 212, the non-
explosive tension release actuation device 100 releases the load attachment unit 212 from the
carriage unit 206. After release of the load attachment unit 212, a replacement of the load

attachment unit 212 may be required to reuse the non-explosive tension release actuation device

100 unless the load attachment unit 212 can be recovered.

[0047] FIGS. 7A-7D illustrate cross-sectional views of the non-explosive tension release
actuation device of FIG. 1 in accordance with an example embodiment. FIGS. 7A-7D illustrate

the non-explosive tension release actuation device 100 in an armed state and ready to actuate.

FIGS. 7C and 7D also illustrate directions of exerted forces (using dashed arrows) while the non-
explosive tension release actuation device 100 is in an armed state and prior to release of an
external load attached to the load attachment unit in accordance with an example embodiment.
The first jaw 218 and the second jaw 220 can be more clearly seen in FIGS. 7A and 7C while the

first rocker arm 214 and the second rocker arm 216 are more clearly illustrated in FIGS. 7B and

7D.

10
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[0048] As illustrated in FIGS. 7A-7B, the spring 208 rests on the spring guide 210. The
spring 208 is compressed and operates to limit upward motion of the carriage assembly 204
while the non-explosive tension release actuation device 100 is in the armed state and also after
the release of the load attachment unit 212 along with the external load attached to 1it.

[0049] As illustrated in FIGS. 7A and 7C, the load attachment unit 212 rests on the foot
portion 402 of the first jaw 218 and on the foot portion 404 of the second jaw 220. In particular,
the first curved surface 606 of the load attachment unit 212 rests on the foot portion 402 of the

first jaw 218. Similarly, the second curved surface 608 of the load attachment unit 212 rests on
the foot portion 404 of the second first jaw 218. As illustrated in FIG. 7C, the downward force
exerted by an external load attached to the load attachment unit 212 is transterred as a horizontal
forces and vertical forces on the first jaw 218 and on the second jaw 220.

[0050] In some example embodiments, the first hinge arm 406 is angled relative to a
horizontal line 702 as the first hinge arm 406 extends from the connector 414 toward the
connector 422. As described above, the connector 422 attaches the first hinge arm 406 to the

carriage unit 206. Similarly, the second hinge arm 408 is angled relative to the horizontal line

702 as the second hinge arm 408 extends from the connector 426 toward the connector 438. The
connector 438 attaches the second hinge arm 408 to the carriage unit 206 as described above. lo
illustrate, the angle between the horizontal line 702 and a line 704 extending through the centers

of the connector 414 and 422 may range from approximately 0 degree to 45 degrees. Similarly,

the angle between the horizontal line 702 and a line 706 extending through the centers of the

connector 426 and 428 may range from approximately 0 degree to 45 degrees. In some example

embodiments, the angle of the first hinge arm 406 and the second hinge arm 408 relative to the

horizontal line 702 are approximately equal.

[0051] Because of the first hinge arm 406 is angled as illustrated in FIGS. 7A and 7C,
and because the first hinge arm 406 is attached to the carriage unit 206 by the connector 422, a
portion of the force exerted by the external load on the first jaw 218 (via the load attachment unit
212) is transferred to a downward force on the carriage unit 206. Similarly, because of the
second hinge arm 408 is angled as illustrated and because the second hinge arm 408 is attached
to the carriage unit 206 by the connector 428, a portion of the downward force exerted by the
external load on the second jaw 220 is similarly transferred to a downward force on the carriage

unit 206. The direction of the force exerted by the external load is illustrated by the dashed

arrow pointing down from the load attachment unit 212.
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[0052] As illustrated in FIGS. 7B and 7D, the first rocker arm 214 and the second rocker
arm 216 are attached to the carriage unit 206. Because the first rocker arm 214 and the second
rocker arm 216 are attached to the first tension shaft 230 and to the second tension shaft 324, the
first tension shaft 230 and the second tension shaft 324 prevent a downward motion of the
carriage unit 206 until one or both of the initiator spool assembly 302, 316 1s activated. FIG. 8
illustrates a close-up view of the interface between the first tension shaft 230 and the rest of the
first initiator unit shown in the dotted line circle 710. The activation of one or both of the
initiator spool assembly 302, 316 enables one or both of the first tension shaft 230 and the
second tension shaft 324 to move downward. In turn, the downward motion of one or both of the
first tension shaft 230 and the second tension shaft 324 allows the carriage umt 206 to move

downward relative to the housing base 102 in response to the downward force on the carriage

unit 206.
[0053] Thus, a portion of the downward force exerted by the external load on the first

jaw 218 and the second jaw 220 is transferred to a downward force on the carriage unit 200,
forcing the carriage unit 206 to move downward relative to the housing base 102. Because the
first jaw 218 and the second jaw 220 are attached to the first load plate 410 and to the second
load plate 412, which rest on ledges (e.g., the ledges 508 shown 1n FIG. 5) in the housing base
102, the first jaw 218 and the second jaw 220 do not move downward along with the carriage
unit 206. However, because the first jaw 218 and the second jaw 220 remain vertically fixed by
the connector 502 and the connector 510, respectively, relative to the housing base 102, the
downward motion of the carriage unit 206 may result in the first jaw 218 and the second jaw 220
swinging outwardly about the connector 502 and connector 510, respectively, into the positions
Tustrated in FIG. 9A. The load attachment unit 212 may be released from the carriage unit 206

when the first jaw 218 and the second jaw 220 swing outwardly enough to allow the load

attachment unit 212 to exit therebetween.

[0054 ] FIG. 8 illustrates a close-up view of an interface between a tension shaft and the

rest of the initiator unit of the initiator system in accordance with an example embodiment. FIG.
8 illustrates the initiator spool assembly 316 and the plunger 318. The plunger 313 has a base
portion and a protruding portion. The protruding portion extends from the base portion into the
initiator spool assembly 316. The base portion has a slanted inner wall 802 on a bottom side of

the plunger 318. The plunger 318 is positioned over the ball bearings 320 and the first tension
shaft 230. The ball bearings are in contact with the slanted inner wall of the plunger 318. The

12
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ball bearings 320 are also partially positioned in the groove 326 of the first tension shaft 326 to

prevent the tension shaft from moving downward until the plunger 318 moves upward providing
room for the ball bearings 320 to move horizontally. Prior to the initiator spool assembly 316
being activated, the plunger 318 is prevented from moving upward by the initiator spool
assembly 316. As described above, the initiator spool assembly 316 may be activated, for
example, by an electrical current that is provided to it via the first wire harness 310. The ball
bearings 320 may also rest on a structure 804, 806 that may be a portion of the housing cover

106 or another structure, such as a tension shaft sleeve, that prevents a downward movement of

the ball bearings 320.
10055] As illustrated with the dotted arrows in FIG. 8, the downward force exerted on the

first tension shaft 230, for example, by the first rocker arm 214 attached to the carriage unit 206
may result in the first tension shaft 230 exerting a force on the ball bearings 320. The ball
bearings in turn exert a force on the slanted inner wall 802 of the plunger 318. The force exerted
on the slanted inner wall 802 by the ball bearings 320 is transferred into a vertical force directed
toward the initiator spool assembly 316. However, as described above, the initiator spool
assembly 316 prevents a vertical movement of the plunger 313 until the initiator spool assembly
316 is activated. When the initiator spool assembly 316 is activated, the plunger 318 moves
upward further into the initiator spool assembly 316, which allows the ball bearings to move
horizontally and away from the groove 326 of the first tension shaft 230. When the ball bearings
320 move away from the groove 326, the first tension shaft 230 is free to move downward 1n
response to the downward force exerted on it by the carriage unit 206 via the first rocker arm

714. The release of the first tension shaft 230 allows the carriage unit 206 to move downward

relative to the housing base 102 because of the downward force exerted on it, as described with

respect to FIGS. 7A-7D.

[0056] The above description with respect to the operation and interface between the first
tension shaft 230 and the rest of first initiator unit of the initiator system 1s equally applicable to

operation and interface between the second tension shaft 324 and the rest of second initiator unit
of the initiator system.

[0057] FIGS. 9A and 9B illustrate cross-sectional views of the non-explosive tension
release actuation device of FIG. 1 after release of the load attachment unit including the external
load attached to it in accordance with an example embodiment. FIG. 9B illustrates the position

of the first rocker arm 214 and the second rocker arm 216 after only the initiator spool assembly

13
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316 was activated. As illustrated in FIG. 9B, the second tension shaft 324 has moved down from
its initial position illustrated in FIGS. 7A-7D while the first tension shaft 230 remains
substantially in its initial position. After the initiator spool assembly 316 1s activated, the
plunger 318 has moved up further into the initiator spool assembly 316 and the ball bearings 320
have moved outwardly from their position illustrated in FIGS. 7B and 7D, which enabled the
second tension shaft 324 to move downward. The upward motion of the plunger 318 has
allowed the ball bearings 320 to move out of the groove 326 of the second tension shaft 324,
allowing the second tension shaft 324 to move downward. Further, the spring 208 is now at least
partially uncompressed as the carriage unit 206 has moved down relative to the housing base 102
after second tension shaft 324 is released.

[0058] As illustrated in FIG. 9A, the first jaw 218 and the second jaw 220 have swung
outward and are in contact with the first bumper tube 416 and the second bumper tube 418. The
outward motion of the first jaw 218 and the second jaw 220 has released the load attachment unit
712 such that the force exerted on the load attachment unit 212 by the external load has pulled
the load attachment unit 212 out of the non-explosive tension release actuation device 100. As

Nustrated in FIGS. 9A and 9B. the load attachment unit 212 is no longer within the carriage

assembly 204.
[0059] The first bumper tube 416 has stopped further outward swing of the first jaw 218,

and the second bumper tube 418 has stopped further outward swing of the second jaw 220. By
stopping the outward swing of the first jaw 218 and the second jaw 220, the first bumper tube
416 and the second bumper tube 418 also prevent further downward movement of the carriage
unit 206, for example, prior to the carriage unit 206 contacting a bottom surface 902 of the

housing base 102.
[0060] Although FIGS. 9A and 9B illustrate use of only the initiator spool assembly 326

to initiate release of the load attachment unit 212 (and thus, of the external load), in alternative
embodiments, the first initiator spool assembly 302, or both ot the initiator spool assembly 302,

326 may be used to initiate the sequence of events that result in the release of the load attachment

unit 212 as well as the external load attached to 1.
[0061] Because metal-to-metal contact is minimized/prevented when the external load 1s

released. shock to the non-explosive tension release actuation device 100 is significant reduced

compared to systems that use explosive energy sources. Further, the non-explosive tension

release  actuation device 100 illustrated in FIGS. 9A and 9B may be reused by
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replacing/refurbishing the initiater spoel assembly 316 and replacing the released load
attachment unit 212. Further, because explosives are not used to actuate the release of the
external load, damage to the external load and to the non-explosive tension release actuation
device 100 is minimized as compared to pyrotechnic actuator devices.

[0062] Although particular embodiments have been described herein in detail, the
descriptions are by way of example. The features of the embodiments described herein are
representative and, in alternative embodiments, certain features, elements, and/or steps may be
added or omitted. Additionally, modifications to aspects of the embodiments described herein
may be made by those skilled in the art without departing from the spirit and scope of the

following claims, the scope of which are to be accorded the broadest interpretation so as to

encompass modifications and equivalent structures.
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" CLAIMS

What is claimed 1s:

1. A non-explosive tension release actuation device, comprising:

an initiator system;

a housing base attached to the initiator system;

a carriage assembly positioned at least partially within the housing base, the carriage
assembly comprising a carriage unit, a first jaw, a second jaw, a first rocker arm, and a second
rocker arm, wherein the first jaw is positioned on a first side of the carriage unit, wherein the
second jaw is positioned on a second side of the carriage unit opposite the first side of the
carriage unit, and wherein the first rocker arm and the second rocker arm are attached to the
carriage unit and to the initiator system; and

a load attachment unit positioned at least partially within the carriage unit and between
the first jaw and the second jaw, wherein the load attachment unit rests on the first jaw and on
the second jaw, and wherein the first jaw and the second jaw are configured to swing away from
the load attachment unit in response to a downward motion of the carriage unit relative to the
housing base, wherein the initiator system is configured to initiate the downward motion of the

carriage unit to release the load attachment unit from the carriage assembly.

2. The non-explosive tension release actuation device of Claim 1, wherein the mitiator

system comprises a first initiator unit and a second initiator unit and wherein the downward

motion of the carriage unit is initiated by one or both of the first initiator unit and the second

1nitiator unit.

3. The non-explosive tension release actuation device of Claim 2, wherein the first

rocker arm is attached to the first initiator unit and wherein the second rocker arm is attached to

the second initiator unit.

4. The non-explosive tension release actuation device of Claim 1, further comprising a
first hinge arm and a second hinge arm, wherein the first hinge arm is attached to the first jaw at

a first pivot point and to the carriage unit at a second pivot point, wherein the second hinge arm
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is attached to the second jaw at a third pivot point and to the carriage unit at a fourth pivot point,
wherein the first pivot point and the second pivot point are configured to move outwardly away

from a center of the housing base in response to the downward motion of the carriage unit.

5. The non-explosive tension release actuation device of Claim 4, wherein the first hinge
arm is angled down from the first pivot point to the second pivot point relative to a horizontal
line extending through the first pivot point and wherein the second hinge arm 1s angled down

from the third pivot point to the fourth pivot point relative to the horizontal line.

6. The non-explosive tension release actuation device of Claim 1, further comprising:

a first bumper tube attached to the carriage unit between the first jaw and a first side of

the housing base;

a second bumper tube attached to the carriage unit between the second jaw and a second
side of the housing base opposite the first side of the housing base, wherein the first bumper tube
and the second bumper tube stop the downward motion of the carriage unit when the first jaw

presses against the first bumper tube and the second jaw presses against the second bumper tube.

7. The non-explosive tension release actuation device of Claim 1, further comprising a
spring positioned between the initiator system and the carriage assembly, wherein the spring

reduces unwanted movement of the carriage assembly.

8. The non-explosive tension release actuation device of Claim 7, turther comprising a

spring guide, wherein the spring is inserted onto a protrusion of the spring guide and wherein

walls of the spring guide are positioned around respective walls of the carriage unit.

9. The non-explosive tension release actuation device of Claim I, wherein the load
attachment unit includes a first wall and a second wall, wherein the first wall and the second wall

prevent a complete rotation of the load attachment unit within the carriage unit.

10. The non-explosive tension release actuation device of Claim 9, wherein the load

attachment unit further includes an attachment segment having a threaded inner surface for

attachment of an external load to the load attachment unit.
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11. The non-explosive tension release actuation device of Claim 1, further comprising a
first load plate and a second load plate, wherein the first jaw is attached to the first load plate and
to the second load plate at a first attachment point, wherein the second jaw 1s attached to the first
load plate and to the second load plate at a second attachment poiht, and wherein the first load

plate and the second load plate rest on respective ledges in the housing base.

12. The non-explosive tension release actuation device of Claim 1, wherein the first jaw
is configured to swing away from the load attachment unit about the first attachment point and

wherein the second jaw is configured to swing away from the load attachment unit about the

second attachment point.

13. The non-explosive tension release actuation device ot Claim 1, wherein the initiator
system is configured to initiate the downward motion of the carriage unit to release the load

attachment unit from the carriage assembly in response to an electrical charge applied to the

initiator system.
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14. A non-explosive tensien release actuation device, comprising:

an initiator system comprising a housing cover, a first initiator unit and a second initiator
unit, wherein each of the first initiator unit and the second initiator unit comprises:

an 1nitiator spool assembly;

a plunger positioned below the initiator spool assembly, the plunger having a base
portion and a protruding portion, wherein the protruding portion extends from the base
portion into the initiator spool assembly and wherein the base portion includes a slanted
inner wall on a bottom side of the plunger;

a tension shaft positioned below the plunger, wherein the tension shaft includes a
groove extending around the tension shaft; and

ball bearings in contact with the slanted inner wall of the plunger and a bottom
surface of the housing cover, the ball bearings partially positioned in the groove of the
tension shaft to prevent the tension shaft from moving downward until the plunger moves
upward;

a carriage assembly, the carriage assembly comprising a first rocker arm and a second
rocker arm, wherein the first rocker arm is attached to the tension shaft of the first initiator unit,
and wherein the second rocker arm is attached to the tension shaft of the second initiator unit;
and

a load attachment unit positioned at least partially within the carriage assembly, wherein
the carriage assembly is configured to release the load attachment unit in response to one or both
of the first initiator unit and the second initiator unit initiating a downward motion of the carriage

unit to release the load attachment unit from the carriage assembly.

15. The non-explosive tension release actuation device of Claim 14, wherein the 1nitiator

spool assembly prevents the plunger from moving upward until the initiator spool assembly 1s

activated.

16. The non-explosive tension release actuation device of Claim 15, wherein the ball

bearings are configured move out of the groove of the tension shaft in response to the plunger

moving upward and wherein the tension shaft is configured to move down in response to the ball

bearings moving out of the groove.
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17. The non-explosive tension release actuation device of Claim 14, wherein the ball

bearings apply a force having a vertical component on the slanted inner wall of the plunger.

18. The non-explosive tension release actuation device of Claim 14, wherein the plunger

is positioned within the housing cover, wherein the housing cover is configured to prevent the

plunger from moving sideways.

19. The non-explosive tension release actuation device of Claim 14, wherein the tension

shaft of the first initiator unit extends through a first opening in the housing cover toward the

first rocker arm and wherein the tension shaft of the second initiator unit extends through a

second opening in the housing cover toward the first rocker arm.

20. The non-explosive tension release actuation device of Claim 14, further comprising a

housing base attached to a housing cover of the initiator system, wherein the carriage assembly 1s

positioned at least partially within the housing base.
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