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(54) Title: CAPTURE SYSTEM AND METHOD

(57) Abstract: Transfer of objects between spacecraft can be
achieved in a low gravity environment. A capture device can be
part of a module that facilitates visualization of a vessel that ap-
proaches the capture device. The module can facilitate position-
ing of the capture device for reception of the vessel. The cap-
ture device can include spring-loaded locking arms that both al-
low receipt and prevent escape of the vessel. At least a portion
of each locking arm can extend radially inwardly and axially to-
ward a cushion damper of the capture device. The locking arms
can move radially away from each other upon application of a
force from the vessel that is axially toward the cushion damper.
The locking arms can move radially toward each other upon ap-
plication of a force from the vessel that is axially away from the
cushion damper.
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CAPTURE SYSTEM AND METHOD

Statement Reparding Federally Sponsored Research or Bevelopment

100601} Not applicable.
BACKGROUND

Field

10002} The present disclosure generally relates to capture of objects in low gravity or

zero gravity environments.

Diescription of the Related Art

18003 Space flight can be used to transport cargo from one astronomical body to another
astronomical body. For example, space missions can be initiated from one astronomical body,
such as the Earth, to collect samples from another astronomical body, such as the moon, another
planet, or other objects in space. It can be desirable to transport the samples or other cargo for

analysis or other processing.
SUMMARY

186041 The subject technology 1s illustrated, for example, according to various aspects

described below.

[60605] According to some embodiments, a capture device for capturing a vessel can include: an
upper housing; one or more locking arms, wherein, in a relaxed configuration, at least a portion
of each locking arm extends radially inwardly from a periphery of the upper housing and
axially toward a cushion damper of the upper housing; a lower housing; and a hinge rotatably

connecting the upper housing to the lower housing.

18686} From the relaxed configuration, the one or more locking arms can be configured to move
radially away from each other upon application of forces axially toward the upper housing, and
to move radially toward each other upon application of a force axially away from the upper
housing. In the relaxed configuration, a maximum distance separating a pair of the one or more

locking arms can be smaller than a maximum cross-sectional dimension of the vessel.
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180071 The one or more locking arms can bend with respect to the upper housing. Each locking
arm can include a first segment coupled to the upper housing, a second segment comprising the
at least a portion that extends radially inwardly from the periphery and axially toward the
cushion damper, and a third segment extending radially outwardly from the second segment

and axially toward the cushion damper.

{8008} Each locking arm can include convex outer surface facing away from the upper housing
and a concave inner surface facing toward the upper housing. Each locking arm can articulate
about a pivot with respect to the upper housing. The capture device can further include a spring
connected to the upper housing and the locking arm and being configured to urge the locking
arm to the relaxed configuration. The upper housing can include a cushion damper. The lower
housing can include a cradle. When the lower housing is closed against the upper housing, the
cushion damper and the cradle both can be in contact with the vessel to secure the vessel with

respect to the capture device.

{6009} According to some embodiments, a method of capturing a vessel within a capture device
can include: positioning an upper housing of a capture device to be along a trajectory of a vessel;
receiving the vessel between one or more locking arms of the capture device and the upper
housing by facilitating movernent of the one or more locking arms radially away from each other
upon application of a force from the vessel that 1s axially toward a cushion damper of the upper
housing; retaining the vessel between the one or more locking arms and the upper housing by
facilitating movement of the one or more locking arms radially toward each other upon

application of a force from the vessel that is axially away from the cushion damper.

10016} The method can further include closing a lower housing of the capture device against
the upper housing. The closing can include securing the vessel between and in contact with
both a cushion damper of the upper housing and a cradle of the lower housing. The vessel can
travel along the trajectory tn a zero gravity environment.

{0011} Receiving the vessel can include enlarging a maximum distance separating a pair of the
one or more locking arms to be larger than a maximum cross-sectional dimension of the vessel.
Recetving the vessel can include facilitating rotation of each of the one or more locking arms
about a pivot. Receiving the vessel can include facilitating bending of each of the one or more
locking arms with respect to the upper housing. Receiving the vessel can include receiving the
vessel with a convex outer surface of the one or more locking arms, the convex outer surface

facing away from the upper housing. Retaining the vessel can include retaining the vessel with
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a concave inner surface of the one or more locking arms, the concave inner surface facing

toward the upper housing.

{0012} In the following description, specific erabodirents are described to shown by way of
ilhustration how the invention may be practiced. It is to be understood that other embodiments
may be utilized and changes may be made without departing from the scope of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
{0013} FIG. 1 illustrates a perspective view of a capture device, according to some embodiments
of the present disclosure.

{6014] FIG. 2 illustrates a front view of an upper housing of the capture device of FIG 1,

according to some embodiments of the present disclosure.

{0015] FIG. 3 illustrates a side view of a locking arm, according to some embodiments of the

present disclosure.

{6016] FIG. 4 illustrates a side view of a locking arm, according to some embodiments of the

present disclosure.

{0017] FIG. 5 illustrates a side view of a locking arm, according to some embodiments of the

present disclosure.

{0018} FIG. 6 illustrates a sectional view of a locking arm, according to sore embodiments of

the present disclosure.

18019] FIG. 7 illustrates a sectional view of a locking arm, according to some embodiments of

the present disclosure.

[0020] FIG. 8 illustrates a perspective view of a vessel, according to some embodiments of

the present disclosure.

{0021] FIG. 9 illustrates a perspective view of a vessel, according to some embodiments of

the present disclosure.

{0022] FIG. 10 illustrates a perspective view of a capture device, according to

some embodiments of the present disclosure.
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18023] FIG. 11 illustrates a sectional view of the capture device of FIG. 10, according to

some embodiments of the present disclosure.

{6024] FIG. 12 dlustrates a sectional view of the capture device of FIGS, 10 and 11, according

to some embodiments of the present disclosure.

{0023} FIG. 13 illustrates a sectional view of the capture device of FIGS. 10-12, according

to some embodiments of the present disclosure.

{0026] FIG. 14 illustrates a perspective view of a capture device, according to

some embodiments of the present disclosure.

180271 FIG. 15 illustrates a sectional view of the capture device of FIG. 14, according to

some embodiments of the present disclosure.

{0028] FIG 16 illustrates a sectional view of the capture device of FIG. 14, according to some

embodiments of the present disclosure.

DETAILED DESCRIPTION

{8029] Samples and other cargo can be transferred between spacecraft in preparation for further
transport. Conventionally, objects are transferred between spacecraft in low gravity environment
by securely docking the spacecraft together. The docking process can require a high degree of
precision and presents the risk of damage to one or both spacecraft involved. Furthermore,

docking can be problematic for an autonomous system.

{8038] According to embodiments of the present disclosure, systems described herein can
facilitate the transter of objects between spacecraft without docking. For example, an object can
be encapsulated within a vessel that ts launched along a trajectory towards a capture device,
which can further transport the vessel. The capture device must be capable of positioning itself
to be aligned with the trajectory of the vessel. According to embodiments of the present
disclosure, the capture device can be part of a module that facilitates visualization of the vessel
as it approaches the capture device. The module can further allow the capture device to achieve

a position and orientation that is appropriate for receiving and retaining the vessel.

10031} Furthermore, the capture device must be capable of receiving and retaining the vessel
while avoiding damage. According to embodiments of the present disclosure, the capture device

can include spring-loaded locking arms that both allow receipt and prevent escape of the vessel.

.
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Upon interaction with the capture device, the vessel may have a tendency to ricochet due to its
high kinetic energy and/or low spring stitfuess of the locking arms. Thus, the same locking
arms are compliant enocugh to allow entry and resilient enough to prevent escape of the vessel.
Furthermore, interaction of the locking arms with the vessel upon entry can be asymmetrical to

the interaction of the locking arms with the vessel as it attempts to escape.

18032] According to some embodiments, a capture device can provide mechanisms to facilitate
capture of a vessel. FIGS. 1-2 illustrate a capture device 100, according to some embodiments of
the present disclosure. According to some embodiments, the capture device 100 can be an
independent module or a component of another system. For example, the capture device 100 can
be an extension of a vehicle for capturing the vessel. By further example, the capture device 100
can be a module that captures the vessel and transports it to another location. According to some
embodiments, the capture device 100 can be used as a reentry vehicle for capturing the vessel in

space and transporting the vessel into the atmosphere of' a planet.

{0033} According to some embodiments, for example as iHlustrated in FIGS. 1-2, the capture
device 100 can nclude an upper housing 110 and, optionally, a lower housing 190. Within the
upper housing 110, a space can be provided between a cushion damper 120 and one or more
locking arms 150. The space can be defined along a central axis 102 of the upper housing 110

that passes radially between locking arms 150 and through the cushion damper 120,

18034] According to some embodiments, the locking arms can be configured to allow entry of a
vessel into the space and resist escape of the vessel out of the space. According to some
embodiments, for example as illustrated in FIGS. 1-2, each of the locking arms 150 can extend
from a mounting 130 that is fixedly attached to the upper housing 110. The capture device 100
can inchude one or more locking arms 150. For example, the capture device 100 can include 1,
2,3,4,5,6,7, 8,9, 10, or more than 10 locking arms 150, The locking arms 150 can be, for
example, distributed circumferentially about a periphery of the upper housing 110, At least a
portion of each locking arm 150 extends radially inwardly from a periphery {e.g., a mounting
130) of the upper housing 110 and axially toward a portion of the upper housing 110, such as a
cushion damper 120. From a relaxed configuration, the locking arms 150 are configured to
move radially away from each other upon application of forces axially toward the upper
housing 110, and to move radially toward each other upon application of a force axially away
from the upper housing 110. For example, a vessel entering the space of the upper housing can,
with 1ts momentum, deflect the locking arms 150 radially outwardly away from each other. The

vessel, attempting to exit the space such as after rebound from the cushion damper 120, can
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deflect the locking arms 150 radially inwardly toward each other. For example, 2 maximum
distance 158 separating a pair of the locking arms 150 can provide receipt and retention of the
vessel. For example, in the relaxed configuration, a maximum distance 158 separating a pair of
the locking arms 150 is smaller than a maximum cross-sectional dimension of the vessel, as

described further herein.

{8035] According to some embodiments, the cushion damper 120 can provide shock absorption
upon receipt of and interaction with a vessel. The cushion damper 120 can include a material
that has minimal rebound and coefficient of restitution. Furthermore, the cushion damper 120
can include a material that retains its shape during launch and after contact and interaction with
the vessel. For example, the cushion damper 120 can include polystyrene or a thermal batting.
The cushion damper 120 can absorb at least some of the momentum carried by the vessel. If the
vessel does rebound off of the cushion damper 120, 1t may do so with reduced momentum, such
that it 1s less likely to escape the space surrounded by the locking arms 150, Alternatively or in
combination, the cushion damper 120 can include magnets, Velcro, and/or adhesives, for

capturing and retaining the vessel.

{0036} The upper housing 110 and the lower housing 190 can transition between an open
configuration and a closed configuration, for example, by pivoting about a hinge 180. For
example, the hinge 130 can rotatably connect the upper housing 110 to the lower housing 190,
as discussed further herein with respect to FIG. 10. The lower housing 190 can include a cradle
192 for contacting and supporting the vessel while the upper housing 110 and the lower housing
190 are in a closed configuration. While in the closed configuration, the cushion damper 120
and the cradle 192 can be suthiciently close to each other to simultaneously contact and support
the vessel, such that movement of the vessel is minimized or eliminated while the capture
device 100 is in the closed configuration, as discussed further herein with respect to FIGS. 12
and 13. At least a portion of the cushion damper and/or the cradle 192 can have a shape that
conforms to at least a portion of the vessel. The capture device 100 can include control systems,
communications mechanisms, and/or propulsion for operation of the capture device 100, The
capture device 100 can include a heat shield, for example on the upper housing 110, for use

during reentry into an atmosphere.

10037} According to some embodiments, the locking arms can facilitate both receipt and
retention of a vessel into a space of a capture device. FIGS. 3-7 illustrate various designs for
locking arms, according to some embodiments of the present disclosure. According to some

embodiments, for example as tllustrated in FIG. 3, a locking arm 150 can include a first segment
-6 -
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152 coupled to the upper housing 110 (e.g., a mounting 130}. The locking arm 150 can include a
second segment 154 that extends radially inwardly from the peniphery of the upper housing 110
{e.g., a mounting 130) toward the central axis. The second segment 154 can also extend axially
toward the central region of the cushion damper 120. Accordingly, outer surfaces 162 of the
second segment 154 can receive an incoming vessel and be urged radially outwardly and axially
toward the cushion damper 120. After the vessel ts within the space (e.g., adjacent to the cushion
damper 120}, inner surfaces 164 of the second segment 154 can be urged radially inwardly and
axially away from the cushion damper 120, Thus, the maximum distance 158 separating a pair of
the locking arms 150 can increase upon entry of the vessel and decrease upon attempted exit of
the vessel. The locking arm 150 can include a third segment 156 extending radially outwardly
from the second segment 154 and axially toward the central region of the cushion damper 120.
The second segment 154 can transition to the third segment 156 with a curved surface. The
vessel can interact with an outer surface 162 of the second segment 154 upon entry, and the
vessel can interact with an inner surface 164 of the second segment 154 after the vessel is within
the space (e.g., adjacent to the cushion damper 120}. Accordingly, the vessel can interact with

flat and curved surfaces, rather than any sharp edges that might damage or catch on the vessel.

{0038} According to some embodiments, the locking arms 150 can be formed of thin sheets of
material. For example, the locking arms 150 can include a metal, such as stainless steel, a metal
alloy, a plastic, and/or another material. The material forming the locking arms 150 can be
spring tempered to increase that material’s upper limit of elasticity. The locking arms 150 can be
elastically deformable while retaining their shape in the relaxed configuration. It will be
appreciated that a variety of materials and dimensions can be used to achieve the capabilities

described herein.

{0039} According to some embodiments, for example as llustrated in FIG. 4, a cambered

spring can be formed with a surface orientation that facilitates bending. For example, at least a
portion of the second segment 154 can be inclined to be cambered positively or negatively with
respect to the first segment 152 and/or the third segment 156. Such a configuration can facilitate

a preferential bending in a particular direction to facilitate receipt of a vessel.

{8040] According to some embodiments, for example as tHustrated in FIG. S, a supplemental

segment 160 can extend along a length of the first segment 152 and/or the second segment 154

For example, the supplemental segment 160 can extend through a transition curve from the first

segment 152 to the second segment 154, Accordingly, the bending of the first segment 152

relative to the second segment 154 can be modified by the rigidity of the supplemental segment
-7-



WO 2018/157176 PCT/US2018/021386

160. The supplemental segment 160 can have a flexibility that is the same or different than a
flexibility of the second segment 154, The supplemental segment 160 can be of a material that 1s

the same or different than a material of the second segment 154

{06041] The locking arms can have a cross-sectional dimension that facilitates bending.
According to some embodiments, for example as tllustrated in FIG. 6, the locking arm 150 can
have an outer surface 162 that faces away from the cushion damper 120 and an wnner surface
164 that faces toward the cushion damper 120. The thickness between the outer surface 162
and the inner surface 164 can be substantially less than a width along the outer surface 162
and the inner surface 164. Such dimensions allow axial and radial bending without a tendency

for substantial lateral movernent of the locking arms 150

{0042] The locking arms can have a cross-sectional dimension that facilitates bending in one
direction more thao in another direction. According to some embodiments, for example as
illustrated in FIG. 7, the cuter surface 162 facing away from the upper housing 110 (e.g.,
cushion damper 120) can be convex. Alternatively or in combination, the inner surface 164
facing toward the upper housing 110 {e.g., cushion damper 120} can be concave. For example, a
convex feature of the second segment 154 (e g, along the outer surface 162 thereof) can extend
at feast part of the distance between the first segment 152 and the third segment 156. By further
example, a concave feature of the second segment 154 (e.g., along the 1oner surface 164 thereof)
can extend at feast part of the distance between the first segment 152 and the third segment 1506
Accordingly, outer surfaces 162 of the second segment 154 can receive an incoming vessel and
bend or buckle with a force to accommodate passage of the vessel. After the vessel is within the
space {(e.g., adjacent to the cushion damper 120), inner surfaces 164 of the second segment 154

can resist bending and buckling, so the vessel is retained within the space.

{00431 A vessel can encapsulate an object and be configured to interact with the capture device
100. According to some embodiments, for example as illustrated in FIGS. 8 and 9, a vessel 60
can include an upper portion 64 and the lower portion 66. The upper portion 64 and the lower
portion 06 can transition between an open configuration and a closed configuration, for example,
by pivoting about a hinge 68. For example, the hinge 68 can rotatably connect the upper portion
64 to the lower portion 66. The vessel can encapsulate an object within a space between the
upper portion 64 and the lower portion 66. The vessel 60 can be generally spherical, such that
the vessel 60 has a maximum cross-sectional dimension 62 that is substantially equal to any
cross-sectional dimension that extends through a centrotd of the vessel 60. Accordingly, the

cross-sectional dimension from any direction is substantially the same regardless of the
-8 -
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orientation of the vessel. According to some embodiments, the maximum cross-sectional
dimension 62 of the vessel 60 is larger than the maximum distance 158 separating a pair of the

focking arms 150, in the relaxed configuration.

{0044} A method of capturing a vessel with a capture device 1s described herein. The method
can employ features of the system 1, as described herein, in a low-gravity or zero-gravity
environment. For example, the features of the system 1 can be used in orbit or free-tall

conditions, such that the net external forces on each of the features of the system 1 are the same.

{0045] The capture device 100 can receive the vessel. FIG. 10 ilustrates the capture device 100
as the vessel 00 approaches, according to some embodiments of the present disclosure.
According to some embodiments, for example as iHustrated 10 FIG. 10, the upper housing 110
can be positioned to be along a trajectory of a vessel 60. For example, the central axis 102 of
the upper housing 110 can be aligned with the trajectory of the vessel 60. As the vessel 60 is
recetved, the locking arms 150 can bend with respect to the upper housing 110, In particular,
the locking arms 150 can move radially away from each other upon application of a force from
the vessel 60, which is axially toward the upper housing 110 (e.g., cushion damper 120). For
example, the maximum distance 158 separating a pair of the locking arms 150 can be enlarged
to be larger than the maximum cross-sectional dimension 62 of the vessel 60. The vessel 60 is
then permitted to enter the space within the upper housing 110 and/or interact with the cushion

damper 120.

{8046} According to some embodiments, the capture device 100 is capable of capturing the
vessel 60 even while the vessel 60 is not aligned with the central axis 102 of the upper housing
110. For example, if the vessel 60 is not aligned with the central axis 102, it may contact one
or more of the locking arms 150 before contacting others of the locking arms 1530 One or more
of the locking arms 150 can urge the vessel 60 toward the central axis 102. Each of the locking
arms 150 can tend to urge the vessel 60 toward the central axis 102, such that it can be
received within the upper housing 110 despite misalignment. The cushion damper 120 can also

have a shape {e.g., conical, tapered, etc.) that urges the vessel 60 toward the central axis 102,

According to some embodiments, the vessel 60 can be spherical, such that the capture device
100G does not require the vessel 60 to be in any particular orientation. The capture device 100 can
capture the vessel 60 while 1t 15 spinning or tumbling. Thus, the capture mechanism can be
simpler and require fewer active controls than a system that requires precise positioning and

orientation of a vessel.
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18047] The capture device 100 can retain the vessel. FIG. 11 illustrates the capture device 100
with the vessel 60, according to some embodiments of the present disclosure. According to some
embodiments, for example as illustrated in FIG. 11, the locking arms 150 can move radially
toward each other after the equator {e.g., maxaimum cross-sectional dimension) of the vessel 60
moves past the locking arms 150, If the vessel 60 rebounds and applied a force that is axially
away from the upper housing 110 {e.g., cushion damper 120), then the locking arms 150 can
move radially toward each other. This action, along with the spring characteristics of the locking
arms 150, can urge the vessel 60 back toward the upper housing 110 (e.g, cushion damper 120).
Capture of the vessel 60 can be verified using a camera and/or an tHluminator within the capture

device 100,

{8048] The capture device 100 can secure the vessel for transport. FIGS. 12 and 13 illustrate the
capture device 100 with the vessel 60, according to some embodiments of the present
disclosure. According to some embodiments, for example as illustrated in FIGS. 12 and 13, the
capture device 100 can close by moving the upper housing 110 relative to the lower housing
190. When the lower housing 190 is against the upper housing 110, the vessel 60 can be secured
between and in contact with both the cushion damper 120 of the upper housing 110 and the
cradle 192 of the lower housing 190. In this configuration, the vessel 60 can have little or no
movement with respect to the capture device 100, Closure of the capture device 100 can be

verified, for example with microswitches.

18049] According to some embodiments, a capture device can receive and retain a vessel with
hinged locking arros. FIGS. 14-16 illustrate a capture device 200, according to some
embodiments of the present disclosure. The capture device 200 can be similar in some respects
to the capture device 100 of FIGS. 1-2 and therefore can be best understood with reference
thereto. For example, the capture device 200 can be used in conjunction with the orbit module

30 as well as other components of the system 1.

{0050} According to some embodiments, for example as iHustrated in FIG. 14, each of the
locking arms 250 can extend from a mounting 230 that 15 fixedly attached to the upper housing
210 of the capture device 200. The capture device 200 can include one or more locking arms
250. For example, the capture device 200 cannclude 1, 2, 3, 4, 5,6, 7, 8, 9, 10, or more than
10 locking arms 250. The locking arms 250 can be, for example, distributed circumferentially
about a periphery of the upper housing 210. At least a portion of cach locking arm 250 extends
radially inwardly from a periphery {e.g., a mounting 230) of the upper housing 210 and axially
toward a portion of the upper housing 210, such as a cushion damper 220. Each locking arm
-10 -
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250 can articulate about a pivot 232 with respect to the upper housing 210 {e.g., the mounting
230). A spring 234 can be connected to the upper housing 210 {e.g., the mounting 230) and the
focking arm 250. The spring 234 can be biased to urge the locking arm 250 to the relaxed

configuration, as discussed further herein.

{8051] From a relaxed configuration, the locking arms 250 are configured to move radially
away from each other upon application of forces axially toward the upper housing 210, and to
move radially toward each other upon application of a force axially away from the upper
housing 210. For example, as shown in FIG. 15, a vessel entering the space of the upper
housing can, with its momentum, deflect the locking arms 250 radially outwardly away trom
each other. The capture device 200 facilitates rotation of each of the locking arms 250 about the
corresponding pivot 232 to move the locking arms 250, As shown in FIG. 16, the vessel,
attempting to exit the space such as after rebound from the cushion damper 220, can deflect the
locking arms 250 radially inwardly toward each other. For example, a maximum distance
separating a pair of the locking arms 250 can provide receipt and retention of the vessel. For
example, in the relaxed configuration, a maximum distance separating a pair of the locking
arms 250 is smaller than a maximum cross-sectional dimension of the vessel. Once the vessel is
within the upper housing 210, the vessel can be secured with a hard stop incorporated into or
interacting with the locking arms 250. For example, the hard stop can prevent movement of the

locking arms 250 bevond a certain point in a direction away from the cushion damper 220,
g 3 1 ¥ p

{0052] Terms such as “top,” “bottom,” “front,” “rear”, “above”, and “below” and the like as
used in this disclosure should be understood as referring to an arbitrary frame of reference,
rather than to the ordinary gravitational frame of reference. Thus, a top surface, a bottom
surface, a front surface, and a rear surface may extend upwardly, downwardly, diagonally, or

horizontally in a gravitational frame of reference.

{0053] A phrase such as an “aspect” does not imply that such aspect 18 essential to the subject
technology or that such aspect applies to all configurations of the subject technology. A
disclosure relating to an aspect may apply to all configurations, or one or more configurations.
A phrase such as an aspect may refer to one or more aspects and vice versa. A phrase such as an
“embodiment” does not imply that such embodiment is essential to the subject technology or
that such embodiment applies to all configurations of the subject technology. A disclosure
relating to an embodiment may apply to all embodiments, or one or more embodiments. A

phrase such an embodiment may refer to one or more embodiments and vice versa.
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{8054} The word “exemplary” is used herein to mean “serving as an example or
iltustration” Any aspect or design described herein as “exemplary” 1s not necessarily to be

constiued as preferred or advantageous over other aspects or designs.

{0055] Al structural and functional equivalents to the elements of the various aspects described
throughout this disclosure that are known or later come to be knowu to those of ordinary skill in
the art are expressly incorporated herein by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein 1s intended to be dedicated to the public regardless of
whether such disclosure is explicitly recited in the claims. No claim element is to be construed
under the provisions of 35 U.S.C. §112, sixth paragraph, unless the element is expressly

recited using the phrase “means for” or, in the case of a method claim, the element is recited
using the phrase “step for.” Furthermore, to the extent that the term “include,” “have,” or the
jike is used in the description or the claims, such term is intended to be inclusive in a manner
simnilar to the term “comprise” as “comprise” 18 interpreted when emploved as a transitional

word in a claim.



WO 2018/157176 PCT/US2018/021386

CLAIMS

What is claimed is:

1. A capture device for capturing a vessel, the capture device comprising:

an upper housing;

one or more locking arms, wherein, in a relaxed configuration, at least a portion
of each locking arm extends radially inwardly from a periphery of the upper

housing and axially toward a cushion damper of the upper housing;
a lower housing; and

a hinge rotatably connecting the upper housing to the lower housing.

2. The capture device of claim 1, wherein, from the relaxed configuration, the one or
more locking arms are configured to move radially away from each other upon application of
forces axially toward the upper housing, and to move radially toward each other upon

application of a force axially away from the upper housing,

3. The capture device of claim 1, wherein, in the relaxed configuration, a maximum
distance separating a pair of the one or more locking arms 1s smaller than a maximum cross-

sectional dimension of the vessel.

4 The capture device of claim 1, wherein the one or more locking arms bend with respect

to the upper housing.

5. The capture device of claim 1, wherein each locking arm comprises a first segroent
coupled to the upper housing, a second segment comprising the at least a portion that extends
radially inwardly from the periphery and axially toward the cushion damper, and a third segment

extending radially cutwardly from the second segment and axially toward the cushion damper.

6. The capture device of claim 1, wherein each locking arm comprises convex outer surface
facing away from the upper housing and a concave inner surface facing toward the upper

housing.

i
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3
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7.

The capture device of claim 1, wherein each locking arm articulates about a pivot

with respect to the upper housing,

8.

The capture device of clairn 1, further comprising a spring connected to the

upper housing and the locking arm and being configured to urge the locking arm to the

relaxed configuration.

10.

The capture device of claum 1,
wherein the upper housing comprises a cushion damper; and

wherein the lower housing comprises a cradle.

The capture device of claim 9, wherein, when the lower housing is closed against the

upper housing, the cushion damper and the cradle are both in contact with the vessel to

secure the vessel with respect to the capture device.

1L

12

EeN

A method of capturing a vessel within a capture device, the method comprising:

positioning an upper housing of a capture device to be along a trajectory of
a vessel;

receiving the vessel between one or more locking arms of the capture device
and the upper housing by facilitating movement of the one or more locking arms
radially away from each other upon application of a force from the vessel that is axially
toward a cushion damper of the upper housing;

retaining the vessel between the one or more locking arms and the upper housing
by facilitating movement of the one or more locking arms radially toward each other

upon application of a force from the vessel that is axially away from the cushion damper.

The method of claim 11, further comprising closing a lower housing of the capture

device against the upper housing.

13.

The method of claim 12, wherein the closing comprises securing the vessel between and in

contact with both a cushion damper of the upper housing and a cradle of the lower housing,

14

The method of claim 11, wherein the vessel travels along the trajectory in a zero

gravity environment.

-14 -
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15, The method of claim 11, wherein receiving the vessel comprises enlarging a
maximum distance separating a pair of the one or more locking arms to be larger than a

maximum cross-sectional dimension of the vessel.

16.  The method of claim 11, wherein receiving the vessel comprises facilitating rotation

of each ot the one or more locking arms about a pivot.

17.  The method of claim 11, wherein receiving the vessel comprises facilitating bending

of each of the one or more locking arms with respect to the upper housing,

18.  The method of claim 11, wherein recetving the vessel comprises receiving the vessel
with a convex ocuter surface of the one or more locking arms, the convex outer surface facing

away from the upper housing,

19.  The method of claim 11, wherein retaining the vessel comprises retaining the vessel with
a concave inner surface of the one or more locking arms, the concave inner surface facing

toward the upper housing,
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