woO 20247226793 A2 |0 00000 K000 0 0O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 00 0 0O 0 A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2024/226793 A2
31 October 2024 (31.10.2024) WIRPOIPCT
(51) International Patent Classification: (72) Inventors: BASTA, Timothy, James; 1805 East
Not classified Aecrospace Parkway, Tucson, Arizona 85756 (US).

MACCAGNANO, John, Zaniel, 1805 East Aerospace
Parkway, Tucson, Arizona 85756 (US).

(74) Agent: LOZAN, Vladimir, S.; KNOBBE, MARTENS,
OLSON & BEAR, LLP, 2040 Main Street, 14th Floor,
Irvine, California 92614 (US).

(21) International Application Number:
PCT/US2024/026266

(22) International Filing Date:

25 April 2024 (25.04.2024)
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(30) Priority Data: CA.CH., CL, CN, CO, CR, CU, CV, CZ. DE, DJ. DK, DM.

63/499,100 28 April 2023 (28.04.2023) UsS DO, DZ, EC. EE, EG. ES, FI, GB. GD, GE, GH, GM, GT.
(71) Applicant: WORLD VIEW ENTERPRISES INC. HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, JP, KE, KG,
[US/US]; 1805 East Aerospace Parkway, Tucson, Arizona KH, KN, KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY,
85756 (US). MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,

NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

(54) Title: DEPLOYABLE LANDING GEAR SYSTEMS

110~ 122~

FIG. 2

(57) Abstract: Deployable landing gear systems and related methods for vehicles descending from high altitude balloons. A deployable
landing gear system may include a support assembly configured to deploy from an undeployed state to a deployed state. The landing
support assembly may include a strut and two swing arms. The strut may include an outer cylinder, an inner cylinder, and a compression
spring. The outer cylinder may have a compressible material positioned therein. The inner cylinder may be slidably disposed within
the outer cylinder. The compression spring may be positioned around the outer cylinder between a fixed first bracket and a slidable
second bracket. In response to deployment, the compression spring may compress between the first and second brackets and the inner
cylinder may compress the compressible material. The two swing arms may share a common axis of rotation that is offset from the
an axis of rotation of the strut.

[Continued on next page]



WO 2024/226793 A2 | /110|000 00O 0O

TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE,LR,LS, MW, MZ NA,RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2024/226793 PCT/US2024/026266

DEPLOYABLE LANDING GEAR SYSTEMS

BACKGROUND
INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[6081] This application claims the benefit of US. Provisional Appheation No.
63/499100, filed on April 28, 2023, ntled “DEPLOYABLE LANDING GEAR SYSTEMS”,
the entire content of which is mmcorporated by reference herein for all purposes and forms a
part of this specification,

Field

[0002] The technology relates generally to deployable landing gear systems and

related methods of deployment.

Description of the Related Art

(6083} Standard landing systems, for example for flying vehicles or platforms, use
crushable cardboard that is sufficient for absorbing energy upon landing when the landing
velocity 1s primarily vertical. However, the crushable cardboard may fail when the landing
velocity 13 not primanily vertical, for example when the landing velocity has a sigmificant
horizontal component that results in a horizontal energy component upon landing. There s a
need for landing gear systems that account for both vertical and horizontal energy upon
landing.

SUMMARY

[06064] The embodiments disclosed herein each have several aspects no single one
of which is solely responsible for the disclosure’s desuvable attributes. Without hmiting the
scope of this disclosure, s more prominent features will now be briefly discussed. After
considering this discussion, and particularly after reading the section entitled “Detatled
Description,” one will understand how the features of the embodiments described heren
provide advantages over existing systems, devices and methods for deployable landing gear
systems.

[6005] The following disclosure describes non-limiting examples of some
embodiments. For mstance, other embodiments of the disclosed systems and methods may or

may not include the features described herein. Moreover, disclosed advantages and benefits
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may apply only to certain embodiments of the mvention and should not be used to limit the
disclosure.

6006} In one aspect, a deployable landing gear system includes a payload support
and at least one landing support assembly coupled to the payload support. The payload support
is configured to support a payload. The at least one landing support assembly 1s configured to
deploy to transition from an undeployed state to a deployed state. The at ieast one landing
support assembly includes a strut and two swing arms. The strut includes a hollow outer
cylinder having a compressible material positioned therein, an inner cylinder shidably disposed
within the hollow outer cylinder, and a compression spring positioned around the hollow outer
cylinder between a first bracket fixed to the hollow outer cylinder and a second bracket shidably
disposed over the hollow outer cylinder. In response to deployment of the at least one landing
support assembly, the compression spring 1s configured to compress between the first bracket
and the second bracket. The inner cylinder 1s configured to compress the compressible material
in response to a vertical force acting on the at least one landing support assembly. The two
swing arms are each coupled at a first end to the payload support and at a second end to a
common vertex. The two swing arros share a coramon axas of rotation that is offset from an
axis of rotation of the strut.

(6007} Vartous ervbodiments of the various aspects may be implemented. In some
embodiments, the systerm includes a retaining mechanism configured to assist in holding the at
least one landing support assembly n the undeployed state. In some emmbodiments, the system
mcludes a pyro-cutter configured to deploy the at least one landing support assembly by cutting
a cable of the retaming mechanism. In some embodiments, the system ncludes a kick-off
spring configured to apply an outward force 1o the strut to assist in deploying the at feast one
landing support assembly. In some embodiments, the at least one landing support assembly
further 1nclodes a landing sk, the landing ski coupled to an end of the strut and two swing
arms. In some embodiments, the strut includes a first portion and a second portion, the first
portion coupled to the second portion via a locking mechanism wherein the locking mechanism
is configured to lock the strut in the deploved state after deployment. In some embodiments,
the compressible material 1s 3 honeycomb aluminum. In some embodiments, the strut further
includes a third bracket fixed to the inner cylinder and a tension line extending from the third

bracket to the second bracket, the tension line configured to assist with movement of the inner
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cvlinder. In some embodiments, a position of the second bracket i1s fixed relative to the mner
cylinder. In some embodiments, the inner cylinder 1s configured to translate outwardly and
away from the hollow outer cylinder to an extended state in response to deplovment of the at
least one landing support assembly. In some embodiments, the nner cylinder is configured to
translate towards and into the hollow outer cylinder to a refracted state i response to the
vertical force acting on the at least one landing support assembly .

{6008} in another aspect, a method of landing a flight vehicle using a landing gear
system mcludes prior to landing, deploying at least one landing support asserably coupled to
an exoskeleton, the at least one landing support assembly each including a strut and two swing
arms. The strut includes a hollow outer cylinder, an inner cylinder, and a compression spring.
The hollow outer cylinder has a compressible material positioned therein. The inner cyhinder
is slidably disposed within the hollow outer cylinder. The compression spring 5 positioned
around the hollow outer cylinder between a first bracket fixed to the outer cylinder and a second
bracket slidably disposed over the holiow outer cylinder. Deploying the at least one landing
support assembly causes the corapression spring to compress between the first bracket and the
second bracket. The method also ncludes landing the flight vehicle so that the wner cylinder
retracts mto the hollow outer eyvlinder to compress a compressible material disposed withun the
hollow outer cyhinder.

G009 Various embodiments of the various aspects may be implemented. In some
embodiments, deploying the at least one landing support assembly inclodes cuiting a retaining
mechanism configured to retain the at least one landing support assembly 1o a siowed position
with a pyro-cutter. In some embodiments, deploving the at least one landing support assembly
causes the two swing arms to rotate about a common axis of rotation that is different than an
axis of rotation of the strut. In some embodiments, deploying the at least one landing support
assembly includes focking a locking mechanism disposed between a furst portion of the strut
and a second portion of the strut. In some embodiments, the at least one landing support
assembly includes a landing ski coupled to an end of the strut and two swing arms. In some
embodiments, the strut includes a third bracket fixed to the inner cylinder and a tension hine
extending from the third bracket to the second bracket. The tension line configured to assist
with movement of the inner cvlinder. In some embodiments, a position of the second bracket

is fixed relative to the mner cviinder. In some embodiments, deploving the at least one landing
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support assembiy causes the inner ¢ylinder o translate outwardly and away from the hollow
outer cylinder to an extended state. In some embodiments, landing the flight vehicle causes the

inner cylinder to translate towards and into the hollow outer cvlinder to a retracted state.

BRIEF DESCRIPTION OF THE BRAWINGS

[0018] The foregoing and other features of the present disclosure will become more
fully apparent from the following description and appended claims, taken in conjunction with
the accompanying drawings. Understanding that these drawings depict only several
embodiments 1 accordance with the disclosure and are not to be considered limuting of s
scope, the disclosure will be described with additional specificity and detail through use of the
accompanying drawings. In the following detaidled description, reference 15 made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols typically
wentify similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented here. It will be readily understood that the
aspects of the present disclosure, as generally described herein, and illustrated i the drawing,
may be arranged, substituted, combined, and designed i a wide vanety of different
configurations, all of which are explicitly contemplated and make part of thus disclosure.

[8011] FIG. 1A 13 a top perspective view of an example fhght velucle having an
embodiment of a landing gear system.

[8012] FIG. 1B 138 a top perspective view of a parafoil descent system of the flight
vehicle of FIG. TA in the separated and deployed configuration and having the landing gear
system attached thereto.

[08013] FIG. 215 a perspective view the landing gear system depicting three landing
support assemblies in a stowed or undeployed state.

[0014] FIG 2A 15 a closeup side view of one of the landing support assemblies of
FiI(z 2 m a stowed or undeploved state.

001 5] FI(Gr 3 s a perspective view of the landing gear system of FIG. 2 ina

deployed state.
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[6016] FIG. 3A 18 a closeup side view of one of the landing support assemblies of
FIG. 3 in a deploved siate.

(6017} FIG. 4A 1s a side view of a knee locking mechanism of the of the landing
gear system of FIG. 2 in a stowed state.

(6018} FIG. 4B is a side view of the knee locking mechanism of FIG 4A ina
deployed state.

[6019] FIG. 5 1s a closeup perspective view of a retamning mechanism for a strot
arm and pair of swing arms of one of the landing support assemblies of FIG. 2.

(60201 FIG. 6 15 a perspective view of a kick-off spring of one of the landing
support assemblies of FIG. 2.

(60211 FIG. 7A 15 a sideview of a strut of the landing gear system of FIG. 2 in a
stowed state.

100221 FIG. 7B 15 a cross-sectional sideview of the strut of FIG. 7A

[0023] FIG. 8A 15 a sideview of the strut of FIG. 7A in a deploved state before
landing.

[0024] FIG. 8B 15 a cross-sectional sideview of the strut of FIG. 8A.

[06025] FIG. 9A 15 a sideview of the strut of FIG. 7A wn a deployed state after
landing.

[06026] FIG. 9B 5 a cross-sectional sideview of the strut of FIG. 9A.

DETAILED DESCRIPTION

Pl

(080271 The following detailed description 1 directed to certan  specific
embodiments of the gasless strut landing systems, devices, and methods. In this description,
reference 13 made to the drawings wherein hike parts or steps may be designated with hke
numerals throughout for clartty. Reference i this specification to “one embodiment,” “an
embodiment,” or “in some embodiments” means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment of the mvention. The appearances of the phrases “one embodiment” “an
embodiment,” or “in some embodiments” in vanous places i the specification are not

necessarily all referring to the same embodiment, nor are separate or alternative embodiments
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necessarily mutually exclusive of other embodiments. Moreover, various features are
described which may be exhibited by some embodiments and not by others. Smularly, various
requirements are described which may be requirements for some embodiments but may not be
requirements for other embodiments. Reference will now be made in detail to embodiments of
the invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer to the same
or like parts.

Example Flieht Vehicle with Landine Gear System

(6028} FIG. 1A 15 an example flight vehicle 100 m flight and having an
embodiment of a landing gear system 110, The flight vehicle 100 may be used for high altitude
flight As used herein, “high altitude” refers to altitudes that are in the stratosphere {(above
35,000 feet), and includes without himitation altitudes in the troposphere, the tropopause, and
the stratosphere of Earth’s atmosphere. 1n some embodiments, the flight vehicle 100 may be
used at altitudes about 30,000 feet. The flight vehicle 100 mcludes a zero pressure balloon
(ZPBR) 200 attached above a super pressure balloon (SPB) 300, from which 1s suspended a
stratocraft 400, The stratocraft 400 releasably supports a descent systern 500, such as a
parafoil, attached to the landing gear system 110, As further described, the landimg gear system
roay nclude or be coupled to a payload support. The descent system 500 may detach from the
flight velucle 100 and descend to ground with the landing gear system 110 and, in some
embodiments, a payload supported by the payload support.

[08029] The landing gear system 110 15 used to absorb energy due to landing impact
and thereby reduce loads transmitted to the payload and/or the fhight vehicle 100, or portions
thereof such as the descent system 500 upon mmpact with ground. The landing gear system
110 may be moplemented with a vanety of different flight vehicles and/or descent systems,
such as parafoils, balloons, passenger capsules, spacecraft, and other vehicles. As shown mn
this example, a payload supported by the landing gear system 116 or a payioad support coupled
thereto may descend to ground from the fhight vehicle 100 via the descent system 500 from a
high altitude system comprising the ZPB 200 and SPB 300.

[3030] Many different flight vehicles may use the landing gear system 110. As
shown, the flight vehicle 100 may be a lighter-than-air (LTA) fhight vehicle. The flight vehicle

100 may include the ZPB 200 that provides hift and 1s attached in tandem with one or more
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variable air ballast SPB’s 300. The ZPB 200 s a lifting balicon. The primary function of the
ZPB 200 15 to provide lift to the flight vehicle 100, An LTA gas is provided inside the ZPB
200 1n an amount at launch sufficient for the LTA system 100 to take off. The ZPB 200 may
be a “zero-pressure” type of balloon that contains an LTA gas therein for providing hift to the
LTA system 100, The ZPB 200 may be filled with helium or hydrogen. A “zero-pressure
balloon” 18 normally open to the atmosphere via hanging or attached ducts to prevent over-
pressurization.

[0031] The SPB 300 provides a controlled and variable air ballast supply and
emission {1.e., two-way ballast control} from ambient air in the surrounding atmosphere. A
compressor, with sufficient air volume flow rate capabilities, may provide sufficient ambient
air to the SPB 300 even at low densities in high altitudes for rapid descent or altitude
maintenance. A controllable valve may be sized and controlled for sufficient air release from
the SPB for rapid ascent or altitude maintenance. The primary function of such SPB 300 may
thus be 1o provide a variable amount of ballast air to the LTA system 100. Ballast air may be
taken into the SPB 300 i the form of compressed air to provide a greater downward force to
the LTA systern 100, Ballast may be ejected from the SPB 300 to provide a smaller dowonward
force to the LTA system 100, In some ermnbodiments, the LTA systemn 100 mcludes only one
SPB 300, However, the LTA system 100 may include multiple 8PB’s 300, for example, two,
three, four, or more SPB’s 300, The SPB 300 may be a “super-pressure” type of balloon that
is completely enclosed and operates at a positive internal pressure in comparison to the external
atmosphere. Pressure control enables regulating the mass of air in the SPB 300, and therefore
the overall buovancy of the LTA system 100, This buovancy regulation enables altitude
control of the LTA system 100, The SPB 300 may take 1 more air to apply more of a ballast
force, for example to descend, or to compensate for an expanding ZPB 200 that 15 producing
more hift, as described. Conversely, the SPB 300 may release air to apply less of a baliast
force, for example to ascend, or to compensate for a contracting ZPB 200 that 1s producing less
lift. In some embodiments, the SPB 300 may include lifting gas, in addition to or alternatively
to the ZPB 200, In some embodiments, other types of balloons besides ZPB’s and SPB’s may
be used, either i addition or alternatively.

[6032] The SPB 300 supports the stratocraft 400, As shown, the stratocraft 400 15

a structural system coupled under and with the §PB 300, In some embodiments, there are
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various mtermediate structures and/or systems between the SPB 300 and the stratocraft 400,
such as structural connectors, release mechanisms, other structures or systems, or combinations
thereof  The stratocraft 400 includes one or more systems related to various mission
objectives. The stratocraft 400 may include various subsystems, such as power, conirol,
communications, air intake, air release, payload descent, etc., for supporting a mission. The
stratocraft 400 may mclude or support the landing gear system 110

(6033} The landing gear system 110 may provide structural support to a payload
and/or other subsystems. The payioad may be a variety of different systems, including but not
limited to mstruments, sensors, and/or passenger space capsules.

[0034] The landing gear system 110 may be releasably coupled with the stratocraft
400 or portion thereof. The landing gear system 15 attached during fhight, such as to ladder
ropes. The landing gear system 110 may be directly attached to a lifting balloon, such as the
ZPB 200 or the $PB 300, The landing gear system 110 is then released for descent back to
ground with the descent system 500 and payioad.

Example Descent Svstem with Decelerator Svstem

[0038] As shown in FIG 1B, the descent system S00, shown as a parafoil, s
separated from the LTA system 100 and i a deployed flight configuration with the landing
gear systern 110,

[6036] The descent system SO0 may separate from the flight vebicle 100 and deploy
m the fhight configuration to descend to ground with the landing gear systemy 110, In some
embodiments, the descent system 500 may be configured to deploy mnto the flight configuration
before separating from the rest of the flight vehicle 100, The descriptions of particular
configurations of the descent system 300, and of particular deployment and flight procedures
of the descent system 300, are not meant to himit the scope of the use of the landing gear system
110 and related methods to only those particular configurations, systems, and procedures
exphicitly described herem,

[0037] The descent system 500 may include a canopy 510, for example an at least
partiatly soft structure that provides hift to the descent system 500, The canopy 510 may have
more rigid features, such as stiffeners, local atiachments, etc. The deploved canopy 510 15

generally shaped like a bent wing, with a cross-sectional geometry approximating an airfoil
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shape. The descent system 500 may inchide one or more hines 512 that couple the canopy with
the landing gear system 110,

[0038] The flight vehicle 100 with descent system 3500 shown is merely one
example vehicle that may use the landing gear system 110. Other embodiments of fhght
vehicles 100 may include only the ZPB 200, only the one or more SPB’s 300, other descent
systems besides or in addition to a parafoil, and/or other balloons or components. Other fhght
vehicles, descent systems, and components may use or incorporate the landing gear system
110, for example those described in U.S. Patent No. 9,540,091, issued January 10, 2017 and
utled HIGH ALTITUDE BALLOON SYSTEMS AND METHODS, in US. Patent No.
10,988,227, 1ssued April 27, 2021 and titled HIGH ALTITUDE BALLOON SYSTEMS AND
METHODS USING CONTINUQUS MULTI-COMPARTMENT SUPER PRESSURE
BALLOON, in US. Patent No. 9,694,910, ssued July 4, 2017 and titled NEAR-SPACE
OPERATION SYTEMS, in U.S. Patent No. 10,787,268 issued September 29, 2020 and tutled
RIGIDIZED ASSISTED OPENING SYSTEM FOR HIGH ALTITUDE PARAFOILS, m U S,
Patent Pub. No. 2017/0331177, published November 16, 2017 and tutled HIGH ALTITUDE
BALLOON ANTENNA SYSTEMS, in U.S. Patent No. 9,868 337, 1ssued January 16, 2018
and titled RISER RELEASE FLARING SYSTEM FOR PARAFOILS, in U.S. Patent No.
10,124,875, 1ssued November 13, 2018 and titled CONTINUOGUS MULTI-CHAMBER
SUPER PRESSURE BALLOON, and in U.S. Patent No. 10,336,432, 1ssued July 2, 2019 and
titled LIGHTER THAN AIR BALLOON SYSTEMS AND METHODS, the entirety of each
of which 18 hereby mcorporated by reference and forms a part of this specification for all
purposes.

Example Deplovable Landing Gear Svstem

{6039} Embodiments of the present disclosure relate generally to deployable
landing gear systems. Deployable landing gear systems and related methods of deployment
may be used with descent systems, such as parafoils, for descending payloads borne by high
altitude flight systems, such as high altitude balloons. The deployable landing gear systems
may include landing gear support assemblies that comprise a compressible material that assists
in absorbing vertical energy and thereby reducing vertical forces on the descent system,
pavioad, and/or other components a high altitude flight system during landing. The deplovable

landing gear systems may be reusable. In some embodiments, the landing gear systems may

0.
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be reusable except for compressible material within the landing gear systems, which may be
replaceable.

(6040} The landing gear support assemblies may inclode landing skis that allow the
payload to slide along a landing surface along its path of travel {e.g., in a forward direction}
during landing, which may assist in dissipating horizonial energy and therefore reducing
horizontal forces on the descent system, payload, and/or other components a high altitude fhight
system during landing. The systems and methods according to the present disclosure may be
advantageous in that the systems and methods may assist in absorbing both vertical and
horizontal forces at the time of landing. Additionally, the landing gear systems 110 described
herein provide for a hightweight solution to absorb energy of a high altitude payload during
landing under a parafoil parachute.

[0041] FIG. 2 15 a perspective view of an example landing gear system 110 ina
stowed or undeploved state. FIG. 3 15 a perspective view of the landing gear system 110 ina
deployed state. The landing gear system 110 may include a payload support 112, The pavicad
support 112 may be formed by an exoskeleton 114, The exoskeleton 114 may mnclude a
plurality of structural members 118, The structural members 118 may be positioned such that
the structural members 118 at least partially surround a payload {not shown). The structural
members 118 at least partially surrounding the payload may protect and/or secure the pavicad
to the landing gear system 110,

(6042} The structural members 118 may be arranged to form an exoskeleton 114
of a predeternuned or desired shape. The shape of the exoskeleton 114 may be determmned n
part by the shape of the payload. While the exoskeleton 114 shown would sarround and support
the bottom and sides of a payload shaped as a tetrahedron, any shape may be formed, for
example, tnangular, square, rectangular, or polygonal. The structural members 118 may be
tube shaped and of varying lengths. The lengths of the structural members 118 may depend on
the predetermuned shape that 15 formed to surround and support the payvicad. One or more
structural members 118 may be positioned generally paraliel to a first plane. One or more
structural members 118 may be positioned generally parallel to a second plane that is generally
perpendicular to the first plane. One or more structural member 118 may be positioned at an

angle relative to the first and/or second planes.

-10-
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(6043} Each structural member 118 may be connected to one or more other
structural members 118, In some embodiments, two or more structural members 118 may be
coupled at a common vertex. In some embodiments, one or more structural members 118 may
be coupled at a first end to a location generally central along the length of a first structural
member 118 and at a second end 1o a location generally central along the length of a second
structural member 118, In some embodiments, the structural members 118 may be coupled and
arranged such that the structural members 118 form an exoskeleton 114 having corners.

[0044] The landing gear system 110 may include one or more landing support
assemblies 122 While three landing support assemblies 122 are shown in FIGS. 2 and 3, any
number may be used, for example, one, two, four, five, or more landing support assemblies.
The landing support assemblies 122 may be coupled to the exoskeleton 114, Depending on the
shape of the exoskeleton 114, the landing support assemblies 122 can be circumferentially
spaced about an outer perimeter of the exoskeleton 114 and/or positioned at or near corners of
the exoskeleton 114, The landing support assemblies 122 can be configured to transition
between a stowed or undeploved position {(e.g., as shown in FIG. 24 and a deployed position
{e.g., as shown 1 FIG. 3A) The exoskeleton 114 may be stronger than the landing support
assemblies 122, so that failure of the landing support assemblies 122 may occur before failure
of the exoskeleton 114, The landing gear system 110 may support a payload of up to 800ibs.
The system 110 may operate in a vacuum and at -90 degrees Celsius to survive high altitudes
and be deployable at high altitudes, such as up to 90,000 feet.

[08045] Each landing support assembly 122 may include a strut arm 126 (discussed
1 more detail with reference to FIGS. 7A-9B) and two swing arms 130, The strut arm 126
may be coupled at a first end to the exoskeleton 114 and at a second end to a landing ski 134
The strut arm 126 may be coupled to the exoskeleton 114 and/or the landing ski 134 via pinned
joints 135 (as labeled in FIG. 2A) that allow for rotation. Each swing arm 130 may be coupled
at a first end to the exoskeleton 114 and at a second end to the landing ski1 134, The swing arms
130 may be coupled to the exoskeleton 114 and/or the landing ski 134 via pinned joints 136
(as labeled in FIG. 2A}) that allow for rotation. The second end of the strut arm 126 and the
second ends of the swing arms 130 may meet at a common vertex 138 on the landing ski 134,
The two swing arms 130 may share a common axis of rotation A1, as shown i FIG 3. The

axis of rotation Al may be offset from an axis of rotation A2 of the strut arm 126, as shown in

-11-
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FI(z 3. The offset nature of the axis of rotation Al and A2 may prevent the strot arm 126 and
the swing arms 130 from returning to the undeployed or stowed state after deployment of the
strut arm 126, as described in further detail herein. In some embodiments, the offset nature of
the axis of rotation of Al and A2 may allow the strut arm 126 and/or the swing arms 130 to be
stowed above a flat plane of a payload deck of the exoskeleton 114 allowing for a full 180
degree field of regard for the payload. The knee locking mechanism 146 described herein, may
also assist in stowing the strut arm 126 and/or the swing arms 130 to be stowed above a flat
plane of a payload deck of the exoskeleton 114 allowing for a full 180 degree field of regard
for the payload. The field of regard refers to the angles of unobstructed view provided to an
attached payioad by the flight vehicle 100. The strut arm 126 may be able to operate at a g-
forceof Sg’sorupto S g’s, forexample uptoorati g uptoorat2g’s, uptoorat3 g’s, up
tooratd g’s, uptooratSg’s, and any value 1n between. The strut arm 126 may be able to
operate at landing speeds of up to or at about 20 mph horizontally and landing speeds of up to
or at about 12 mph vertically. The vertical direction may be represented by the Y-axis and the
horizontal direction may be represented by the X-axis, as shown in FIG. 3. For example, about
S mph horizontally, about 10 mph hornzontally, about 15 mph hornizontally, about 20 mph
horizontally, and any value n between. For example, about 2 mph vertically, about 4 mph
vertically, about 6 mph vertically, about 8§ mph vertically, about 10 mph vertically, about 12
mph vertically and any value in between.

[8046] The landing ski 134 may have an elongate length with rounded edges 133,
as shown in FIGS. 2A and 3A. The elongate length and rounded edges may allow the landing
ski 134 to shide along a divection of travel of the descent system (e.g., forward) duning landing,
The rounded edges of the landing skis 134 can prevent the landing skis 134 from digging nto
the landing surface {e.g., the ground) or snagging on the landing surface during landing. The
landing ski 134 may be rotatably coupled to the strut arm 126 and swing arms 130, The landing
ski 132 may be coupled to the strut arm 126 and swing arms 130 at or near a generally central
location along the length of the landing ski 134, The landing ski 134 may be able to rotate to
account for the angle at which landing occurs. For example, when landing, the landing ski 134
can rotate as needed to account for the horizontal and vertical components of the motion of the
descent system and/or payioad. The landing ski 134 may rotate as needed once a portion of the

landing ski 134 comes mto contact with the landing surface. The landing ski 134 may assist in
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absorbing both horizontal and vertical forces at the time of landing. For example, the shiding
of the landing ski 134 may dissipate the horizontal energy on landing.

(6047} With reference to FIGS. 2 and 2A, when in an undeployed or stowed state,
the landing support assemblies 122 may be posttioned such that they are raised above a bottom
(e.g., a bottom plane) of the exoskeleton 114. The positioning of the landing support assemblies
122 m a undeployed state may prevent or limit the landing support assemblies 122 from
protruding or extending beneath a lower portion of the exoskeleton 114, The landing support
assemblies 122 being posttioned above the lower portion of the exoskeleton 114 may allow for
the use of high volume payloads, such as radars that reguire extended space to rotate/sweep.
The strut arm 126 may be in a bent configured as discussed in more detail below. The strut
arm 126 and the swing arms 130 may be secured to exoskeleton 114 by a retaining mechanism
142, as shown in FIG. 5, when in the undeployed state.

[0048] With reference to FIGS. 3 and 3A, when in a deploved state, the landing
support assemblies 122 may be positioned below the lower portion of the exoskeleton 114 such
that the protrude or exiend beneath the lower portion. The strut arm 126 may be 10 a
straightened configured as discussed in more detail below. The landing support assemblies 122
extending beneath the exoskeleton 114 may ensure that the landing support assemblies 122
contact the landing surface and prevent the exoskeleton 114 from contacting the landing
surface.

{6049} The strut arm 126 may nclude a knee locking mechanism 146, FIG. 4A 1
a side view of the knee locking mechanism 146 m an undeplioved state and FIG. 4B 15 a side
view of the knee locking mechanism 146 1 a deployed state. The knee locking mechanism
146 may be a locking knee jomnt, as shown in FIGS 4A-4B. The knee locking mechaniam 146
can couple a first portion 147 and a second portion 148 of the strut arm 126, The first portion
147 can be coupled at a first end to the landing sk 134 and at a second end to the knee locking
mechamism 146, The second portion 148 can be coupled at a first end to the knee locking
mechanism 146 and at a second end to the exoskeleton 114, The knee locking mechanism 146
can be configured to allow the strut arm 126 to bend and straighten. When in the undeployed
or stowed state, the strut arm 126 may be bent, for example as shown n FIG. ZA When ina
deploved state, the strut arm 126 may be straightened, for example as shown in FI(G. 3A. By

allowing the strut arm 126 to transition between the bent stowed configuration and the straight

-13-



WO 2024/226793 PCT/US2024/026266

deployed configuration, the knee locking mechanism 146 allows the landing support
assemblies 122 to be stored along the sides of the landing gear system 110 above a bottom
(e.g., a bottom plane) of the exoskeleton 114 {e. g, to provide an open area for paylcads beneath
the bottom of the exoskeleton 114}, The knee locking mechanism 146 may include one or more
spring pins 130, The spring pin 150 may automatically engage an opening or recess when the
strut arm 126 transitions to a deployed state, for example straightens. The spring pin 150 may
secure of fock the strut arm 126 in the straightened or deployed position. In some embodiments,
the knee locking mechanism 146 may include a surface 149 configured to stop rotation of the
furst portion 147 relative to the second portion 148 and/or rotation of the second portion 148
relative of the first portion 147. This can prevent the strut arm 126 from extending past the
straightened configuration to a new bent configuration. In some embodiments, the knee locking
mechanism 1246 may fix a knee rotation jomnt in a 1.5 degree over-center position to prevent
or reduce the one or more spring pins 150 from being added to the load path during landing,
The knee locking mechanism 146 may be advantageous in that the knee locking mechanism
146 may allow the strut arm 126 to fall into place without active control prior to landing. Once
the knee locking mechanism has reach a full extension, the knee locking mechanism 146 may
lock the first portion 147 and the second portion 148 nto a concentric position,

[0050] FIG. S 18 a close up view of the retatning mechanism 142, The retainung
mechanism 142 may assist in securing the strut arm 126 and the swing arros 130 m the stowed
or undeploved position. The retamning mechanism 142 may couple the landing support
assembly 122 via one or more of the strut arm 126 and swing arms 130 to the exoskeleton 114,
The retaining mechanism 142 may imclude a wire or cable 154 (e g, a pre-tensioned wire or
cable} that assists in securing the landing support assembly 122 to the exoskeleton 114

[8051] In some embodiments, the cable 154 may be coupled at a first end to a
structural member 118 of the exoskeleton and at a second send o the strut arm 126, for
example, as shown in FIG. 5. The cable 154 may be coupled at the first end to a tension screw
158 secured to the structural member 118, A first portion of the cable 154a may extend from
the tension screw 158 1o a cutting mechanism 162, The cutting mechamsm 162 may be coupled
to the structural member 118, In some embodiments, the cutting mechanism 162 may be a
pyro-cutier. In some embodiments, the cutting mechanism 162 can be a plurality of pyro-

cutters to provide deployment redundancy (e.g., two pyro-cuiters, three pyro-cutters, or any
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other suitable number of pyro-cutters). The first portion of the cable 1542 may extend
generally parallel to the structural member 118, The first portion of the cable 154a may be
positioned a distance away from an outer surface of the structural member 118 to prevent or
lint the first portion of the cable 154a from coming into contact with the outer surface of the
structural member 118 The cable 154 may extend through the cutting mechanism 162, A
second portion of the cable 154b may extend from the cutting mechanism 162 to the strut arm
126. The second portion of the cable 154b can be coupled to the strut arm 126 by a pull-pin
166 that may be anchored or secured to the strut arm 126. The second portion of the cable 154b
may extend at an angle relative to the structural member 118, As the cable 154 extends through
the cutting mechanism 162 the direction or path of that the cable 154 extends may change In
some embodiments, the cable 154 may have a 4mm Vectran 1474 kg load rating,

[0052] FIG. 6 15 a close up view of a kick-off spring 170 that may assist in
deploving the landing support assembly 122 The kick-off spring 170 may be positioned
between the strut arm 126 and a bracket 174. The bracket 174 may assist in coupled the swing
arms 130 to the common vertex 138 where the swing arms 130 and the strut arm 126 may be
rotatably coupled to the landing ski 134 When 1o a stowed or undeploved position, the kick-
off spring 170 may be compressed between the strut atm 126 and the bracket 174, The kick-
off spring 170 may be coupled at one end to erther the strut arm 126 or the bracket 174, In
some embodiments, the kick-off spring 170 may be coupled to both the strut arm 126 and the
bracket 174, Durning deployvment of the landing support assembly 122, the kick-off spring 170
may provide an outward force to assist in fransitioning the strut arm 126 from an undeployed
configuration {as shown in FIG. 2A) to a deploved or straight configuration {as shown m FIG,
3A3 In some embodiments, the kick-off spring may provide a sufficient outward force to
overcome static friction. While a spring 1s depicted any form of biasing member may be used.

[3053] When deploying the landing support assembly 122, the cutting mechanism
162 may cut the cable 154, The force of gravity may cause the strot arm 126 and the swing
arms 130 of each landing support assembly 122 to rotate downward into the deployed
configuration. In some embodiments, a combination of gravity and the kick-off spring 170 may
cause the strut arm 1206 and the swing arms 130 of each landing support assembly 122 to rotate
downward into the deploved configuration. The knee locking mechanmism 146 may then assist

in securing the strut arm 126 in a deployed or straightened configuration according to the
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present disclosure. The cutting mechanism 162 may be mitiated by a human operator in a
mission control center. A command may be sent wirelessly to the flight vehicle 100. On receipt
of the command, the cutting mechamsm 162 may be activated and the cable 154 cut.

[0054] FIGS. 7A and 7B are a side view and cross-sectional side view, respectively,
of the strut arm 126 in an undeployed or stowed state. The strut arm 126 may operate without
gas and may also be referred to herein as a gasless strut. As described heremn, the strut arm 126
may include the first portion 147 and the second portion 148, The first portion 147 and the
second portion 148 may be connected by the knee locking mechanism 146, The second portion
148 of the strut arm 126 may include a hollow outer cylinder 178 and an inner cvlinder 182
disposed within the outer cylinder 178, In some embodiments, the inner cylinder 182 may be
hollow. The mner cylinder 182 may be slidable within the outer cylinder 178, The shiding of
the nner cylinder 182 within the outer cylinder 178 may adjust an overall length on the strut
arm 126, A compressible material 183 may be positioned within the outer cyhinder 178 In
some embodiments, the compressible material 183 may be a honeycomb structure, for
example, a honeycomb aluminum. In some embodiments, the compressible material 183 may
be a corrugated paper energy absorbent material.

[06055] A proximal end 184 of the inner cylinder 182 may include or be coupled to
acompression cup 188, A distal end 185 of the inner cylinder 182 may be opposite the proximal
end 184, The compression cup 188 may have a solid end posttioned adjacent or next to the
compressible material 133, The compression cup 188 may be configured to compress the
compressible material 183 upon mmpact at the time of landing. The use of gas 1s not need to
assist i absorbing energy at the time of landing as the compression of the compressible
material 183 may absorb the vertical landing forces. As described herein, upon landing, a force
from the ground or landing surface 15 transmiutted through the landing ski 134, to the knee
locking mechanism 146, and to the inner cylinder 182, The inner cylinder 182 may then shide
within the outer cylinder 178 and the solid end of the compression cup 188 may crush the
compressible material 183, thereby absorbing at least some of the landing forces.

6056} The strut arm 126 may include a plurality of linkage brackets 192, The
linkage brackets 192 may be positioned along the length of the second portion 148 of the strut
arm 126. Each linkage bracket 192 may extend arcund an outer perimeter of the strut arm 126,

In some embodiments a first linkage bracket 192a may be fixed to the inner cylinder 182, a
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second hnkage bracket 192b may be fixed to the outer cylinder 178 and a third linkage bracket
192¢ may be slidably disposed over the cuter cylinder. The strut arm 126 may include a
compression spring 196 positioned around the outer surface of the outer cylinder 178 The
compression spring 196 may be postiioned between the second linkage bracket 192b and the
third linkage bracket 192¢.

LIRS The strut arm 126 may include one or more tension lines 204, In some
embodiments, the strut arm 126 may include two tension hines 204 positioned generally
opposite each other. Each tension line 204 may extend from the first linkage bracket 192a to
the third linkage bracket 192¢. The tension line 204 may extend through the second linkage
bracket 192b. The tension lines 204 may extend through openings of the linkage brackets 192b.

[6058] FIGS. 8A and 8B area side view and cross-sectional side view, respectively,
of the strut arm 126 in a deploved state prior to landing. As each landing support assembly 122
1s deploved, the swing arms 130 and the strut arms 126 may rotate and lock into place according
to the present disclosure. The strut arm 1206 may lengthen in the initial deployed state prior to
landing relative to the stowed state. For example, as shown in FIGS. 8A and 8B, a shorter
section of the mner cylinder 132 15 positioned within the outer cylinder 178 and a longer section
of the 1nner cylinder 182 15 positioned outside the outer cylinder 178 so that the overall length
of the second portion 148 and consequently the overall length of the strut arm 126 18 greater
than in the stowed configuration. When deploved, the momentum of the landing gear may
cause the inner eyhnder 182 to slide and/or translate outward and away from the outer cylinder
178 {e.g., 0 the distal direction as mdicated 1 Figure 8B) placing the mner cyhinder 182 i an
extended state. This may cause the first linkage bracket 192a to pull on the third linkage bracket
192¢, via the tension lines 204, axually (e.g., n the distal direction). This may cause the
compression spring 196 to compress between the second linkage bracket 192b and the third
linkage bracket 192¢, thus absorbing the shocks of landing gear deployment. For example, as
shown i FIGS, 8A and 8B, the thurd hinkage bracket 192¢ 13 no longer positioned at or near
the proximal end of the outer cylinder 178 as shown in FIGS. 7A and 7B. Instead, the linkage
bracket 192¢ s positioned distal relative to the end of the outer cvlinder 178, The compression
spring 196 may apply a liasing force cutward on the third linkage bracket 192¢ to dampen the

deployment and any resulting shocks to the system.  The thurd linkage bracket 192¢ and
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compression spring 196 may help to mitigate the jarring effect that the deployment may have
on the rest of the system.

[6059] FIGS. 9A and 9B are a side view and cross-sectional side view of the strot
arm 126 in a deploved state after landing. As the system 110 lands on the ground, the impact
of the landing may cause the inner cylinder 182 to move axially (e.g., in the proximal direction}
into the outer cylinder 178 (e g, retract within the outer cvlinder 178) placing the mnper cylinder
182 in a retracted state. The compression spring 196 may expand or return to an initial state
{e.g.. not compressed or elongated) which may cause the third linkage bracket 192¢ to shide
toward the proxamal end of the strut arm 126, The compression cup 188 may at least partially
crush the compressible material 183 as the inner cylinder 182 retracts into the outer cylinder
178, This in turn softens the landing and reduces the impact according to the present disclosure.
The tension lines 204 may translate through the linkage brackets 192b as the compressible
material 183 is compressed or crushed. The tension lines 204 may include a cap that prevents
them from passing through the linkage brackets 192a.

3060} The landing gear systermns 110 according to the present disclosure provide
various benefits and advantages. The landing gear systems 110 may be used with both round
parachutes and parafouls, as the landing support asseroblies 122 are capable of absorbing or
dissipating both vertical and horizontal forces. The deployed state of the landing support
assemblies also allows for an uninhubited 180 degree field of regard for sensor packages. The
field of regard refers to the angles of unobstructed view provided to an attached payload by the
flight vehicle 100 This can allow for wnunterrupted data collection. Additionally, the landing
support assemblies 122 described herein are reusable (optionally with the exception of the
compressible material 183 that may be replaced after use).

[8061] Vartous modifications to the mmplementations deseribed in this disclosure
will be readily apparent to those skilled 1 the art, and the generic principles defined herem
may be apphied o other implementations without departing from the spirit or scope of this
disclosure. Thus, the disclosure is not intended to be limited to the implementations shown
herein, but 15 to be accorded the widest scope consistent with the claims, the principles and the
novel features disclosed herein. The word “example” is used exclusively herein to mean

“serving as an example, instance, or illustration.” Any implementation described herein as
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“example” 15 not necessarily to be construed as preferred or advantageous over other
impiementations, unless otherwise stated.

[8062] Certamn features that are described in this specification mn the context of
separate implementations also may be implemented in combination in a smgle implementation.
Conversely, various features that are described in the context of a single implementation also
may be implemented in multiple implementations separately or in any suitable sub-
combination. Moreover, although features may be described above as acting in certain
combinations and even mtially claimed as such, one or more features from a claimed
combination may in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or variation of a sub-combination.

[0063] Similarly, while operations are depicted in the drawings in a particular
order, this should not be understood as requiring that such operations be performed in the
particular order shown or in sequential order, or that all tHlustrated operations be performed, to
achieve desirable results. Additionally, other implementations are within the scope of the
following claims. In some cases, the actions recited in the claims may be performed i a
different order and still achieve desirable results.

[0064] It will be understood by those withun the art that, 10 general, terms used
herein are generally intended as “open” terms {e.g., the term “including” should be interpreted
as “mcluding but not himited to,” the term “having” should be terpreted as “having at least,”
the term “includes” should be mterpreted as “inchudes but 15 not lumsted to,” etc.}. It will be
further understood by those within the art that if a specific number of an ntroduced claim
recitation 18 mtended, such an mtent will be explicitly recited m the claim, and i the absence
of such recitation no such intent 1s present. For example, as an aid o understanding, the
following appended claims may contain usage of the mtroductory phrases “at least one” and
“one or more” to mtroduce claim recitations. However, the use of such phrases should not be
construed to 1mply that the introduction of a claim recitation by the mdefinite articles “a” or
“an” limits any particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same claim includes the mntroductory
phrases “one or more” or “at lgast one” and indefinite articles such as “2” or “an” {e.g., “a”
and/or “an” should typically be mterpreted to mean “at least one” or “one or more”); the same

holds true for the use of definite articles used to introduce claim recitations. In addition, even
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if a specific number of an mtroduced claim recitation 1s exphicitly recited, those skilled in the
art will recognize that such recitation should typically be mterpreted to mean at least the recited
number {e.g., the bare recitation of “two recitations,” without other modifiers, typically means
at least two recitations, or two or more recitations}). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc.” 5 used, in general such a
construction 15 intended in the sense one having skill in the art would understand the
convention (e.g., “a svstem having at least one of A, B, and ” would include but not be limited
o systems that have A alone, B alone, C alone, A and B together, A and C together, Band C
together, and/or A, B, and C together, etc.). In those instances where a convention analogous
to “at least one of A, B, or C, etc.” is used, in general such a construction 1s intended in the
sense one having skill in the art would understand the convention (e g, “a system having at
least one of A, B, or C” would include but not be linuted to systems that have A alone, B alone,
C alone, A and B together, A and C together, B and C together, and/or A, B, and C together,
etc.}. It will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description, clawms, or
drawings, should be understood to contemplate the possibilities of including one of the terms,
either of the terms, or both terms. For example, the phrase “A or B” will be understood to

mclude the possibilities of “A”7 or “B7 or “A and B.”
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WHAT IS CLAIMED IS:

1. A deployable landing gear system comprising:
a paylioad support configured to support a payload; and
at least one landing support assembly coupled to the payload support, the at
least one landing support assembly configured to deplov to transition from an
undeployed state to a deployed state, the at least one landing support assembly
comprising:
a strut comprising:
a hollow outer cylinder having a compressible material
positioned therein;
an inner cylinder slidably disposed within the hollow outer
cylinder; and
a compression spring positioned around the hollow outer
cylinder between a first bracket fixed to the hollow outer cylinder and a
second bracket shidably disposed over the hollow outer eylinder,
wherein, 1o response to deployment of the at least one landing
support assembly, the compression spring 1s configured to compress
between the {irst bracket and the second bracket, and
wheremn the 1oner cylinder 1s configured to compress the
compressible material 1o response to a vertical force acting on the at
least one landing support assembly; and
two swing arms, each coupled at a first end to the payload support and
at a second end to a common vertex, the two swing arms sharing a common
axis of rotation that 15 offset from an axis of rotation of the strut.

2. The deployable landing gear system of Claim 1, further comprising a retaining
mechanism configured to assist in holding the at least one landing support assembly m the
undeployed state.

3. The deplovable landing gear system of Claim 2, further comprising a pyro-
cutter configured to deploy the at least one landing support assembly by cutting a cable of the

retaining mechanism.
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4, The deployable landing gear system of Claim 1, further comprising a kick-off
spring configured to apply an outward force to the strut to assist in deploying the at least one
landing support assembly.

5. The deplovable landing gear system of any of Claims 1-4, wherein the at least
one landing support assembly further comprises a landing ski, the landing ski coupled o an
end of the strut and two swing arms.

6. The deplovable landing gear system of any of Claims 1-4, wherein the strot
comprises a first portion and a second portion, the first portion coupled to the second portion
via a locking mechanism wherein the locking mechanism is configured to lock the strut in the
deployed state after deployment.

7. The deplovable landing gear system of any of Claims 1-4, wherein the
compressible material is a honeycomb alumimum.

8. The deplovable landing gear system of any of Claims 1-4, wherein the strut
further comprises a third bracket fixed to the inner cyhinder and a tension line extending from
the third bracket to the second bracket, the tension line configured to assist with movement of
the 1oner cylinder,

9, The deployable landing gear system of any of Claims 1-4, wherein a position
of the second bracket 13 fixed relative to the mner cylinder,

10, The deployable landing gear systern of any of Claims 1-4, wherein the mner
cylinder i1s configured to translate outwardly and away from the hollow outer cylinder to an
extended state in response to deployment of the at least one landing support assembly.

It The deployable landing gear system of Claim 10, wherein the mner cyhinder s
configured to translate towards and nto the hollow outer eyhinder to a retracted state
response to the vertical force acting on the at least one landing support asserbly.

12, A method of landing a fhight vehicle using a landing gear system, comprising:

prior to fanding, deploying at least one landing support assembly coupled to an
exoskeleton, the at least one landing support assembly comprising:
a strut comprising:
a hollow outer cvlinder having a compressible material

positioned therein;
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an mner cvlinder slidably disposed within the hollow outer
cylinder; and
a compression spring positioned around the hollow outer
cylinder between a first bracket fixed to the hollow outer cylinder and a
second bracket shdably disposed over the hollow outer cyvlinder; and
two sWing arms;
wherein deploying the at least one landing support assembly causes the
compression spring to compress between the first bracket and the second
bracket; and
ianding the tlight vehicle so that the inner cvlinder retracts into the hollow outer
cylinder to compress a compressible material disposed within the hollow outer
cylinder.

3. The method of Claim 12, wherein deploying the at least one landing support
assembly further comprises cutting a retatning mechanism configured to retain the at least one
landing support assembly n a stowed position with a pyro-cutter.

14 The method of Claim 12, wherein deploving the at least one landing support
assembly causes the two swing arms to rotate about a common axis of rotation that is different
than an axis of rotation of the strut.

s The method of Claim 12, wherein deploying the at least one landing support
assembly comprises locking a locking mechanism disposed between a first portion of the strat
and a second portion of the strut.

fo. The method of any of Claims 12-13, wherein the at least one landmg support
assembly further comprises a landing sky, the landing ski coupled to an end of the strat and two
SWIIE arms.

17. The method of any of Claims 12-15, whereimn the strut further comprises a thud
bracket fixed to the mner cyhinder and a tension hne extending from the third bracket to the
second bracket, the tension line configured to assist with movement of the inner cylinder.

18 The method of any of Claims 12-15, wherein a position of the second bracket

is fixed relative to the inner cylinder.
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19. The method of any of Claims 12-15, wherein deploying the at least one landing

support assembly causes the inner cylinder to transiate outwardly and away from the hollow
outer cylinder to an extended state.
20. The method of Claim 19, wherein landing the flight vehicle causes the inner

cyvlinder to translate towards and into the hollow outer cylinder to a retracted state.
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