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(54) Title: CARGO AIRSHIP

(57) Abstract: A cargo airship is disclosed. The cargo airship may include a hull configured to contain a gas and at least one propul -
sion assembly coupled to the airship and including a propulsion device. The cargo airship may further include a payload bay com -
prising an external cargo area located outside of the hull. The cargo airship may also include a cargo handling system including at

O least one hoisting mechanism configured to lift cargo into the external cargo area while the airship is hovering.



10

15

20

23

30

WO 2015/108607 PCT/US2014/063675
CARGO AIRSHIP

DESCRIPTION

Priority Claim

[001] This application clatis priority under 35 U.B.C. § 119 to U8, Provisional Patent
Application No. 61/899,574, filed November 4, 2013, U.S. Provisional Patent Application No.
61/988,584, filed May §, 2014, and U.8. Provisional Application Ne, 62/035,978, filed September 26,

2014, each of which is bereby incorporated by reference in its entirety,

ol Field

Tech

{602} The present disclosure relates (o an alrship, More particularly, the disclosure relates to

cargo airship and associated features.

Hagkground

{003} Aegrostatic lighter-than-air airships have seen substantial use sines 1783 following the
first successful manned flight of the Montgolfier brothers” hot air balloon, Numerous iroprovements have
beon made since that time, but the design and concept of manned hot aie balloons remains substantially
similar, Such designs may include a gondola for carrying a pilot and passengers, a heating device {e.g., 2
propane lorch), and a targe envelope or bag affixed to the gondola and configured to be filled with air.
The pilot may then utilize the heating device to heat the air until the buoyant forees of the heated air exert
sufficient foree on the envelope to lift the balloon and an attached gondola. Navigation of such an airship
has proven to be difficull, mainly due to wind currents and fack of propulsion units for divecting the
balloon.

{604] To improve on the concept of Hghter-than-air flight, some lighter-than-air airships have
evolved to include propulsion uniis, navigational instruments, and flight controls. Such additions may
enable a pilet of such an ajrship to divect the thrust of the propulsion units In such a direction as o cause
the airship to proceed as desived. Airships utilizing propulsion units and navigational instruments
typically do not use hot air as a liting gas {although hot air may be used), with many pilots instead
preferring lighter-than-air lifting gases such as hydrogen and helium, These alrships may also include an
envelope for retaining the lghter-thanealr gas, a crew ares, and a carge area, among other things, The
airships are typically streamlined in a blimp- or zeppelin-like shape, which, while providing reduced drag,
may subject the airship to adverse aeronautic effects {e.g., weather cocking, al.a. wind cocking).

[D0S5] Adrships other than traditional hot air balloons may be divided into several classes of
consiryction: rigid, semi-rigid, non-rigid, and hybrid type. Rigid airships typieally possess rigid frares
containing multiple, non-pressurized gas cells or balloons to provide lift. Such airships generally do not
depend on internal pressure of the gas cells to roaintain the shape of the alrships. Semi-rigid airships

generally utilize some pressure within a gas envelope to maintain the shape of the airships, but may alse
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have frames slong a lower portion of the envelope for purposes of distributing suspension loads into the
envelope and for allowing Jower envelope pressures, among other things, Norerigid airships typically
utifize a pressure level in excess of the sarrounding air pressure in order to retain their shape, and any
load associated with cargo carrving devices is supported by the gas envelope and associated fabric. The
sorarponty used blimp is an example of a non-rigid airship.

[(06]  Hybrid airships may incorporate elements from other atrship types, such as a frame for
supporting loads and an envelope utifizing pressure associated with s Hfting gas 1o maintain its shape.
Hybrid airships also may combine characteristics of heavier-thas-air airship {¢.g., alrplanes and
helicopiers) and Hghter-than-air technology to generate additional 1ift and stability. It should be noted
that many airships, when fully loaded with cargo and fuel, may be heavier than aifr and thus may use their
propuision system and shape to generate aerodynamis Ht necessary fo stay alefl. However, in the case of
2 hybrid airship, the weight of the airship and cargo may be substantially compensated for by Bft
generated by forces associated with a Hifting gas such as, for example, helium. These forces may be
exerted on the envelope, while supplementary 1ift may result from serodynamic Ht forces associated with
the hull,

{067} A it force {i.e., buoyancy) assooiated with a Hghter-than-air gas may depend on
numerous factors, including ambient pressure and temaperature, among other things. For example, at sea
level, approximately one cubic meter of helium may balance a mass of approximately one kilogram.
Therefore, an airship may include a correspondingly targe envelope with which to maintain sufficient
lifting gas to i} the mass of the airship. Alrships configured for lifting heavy cargo may utilize an
envelope sized as desired for the load 1o be lifted.

{0081 Landing and securing & lighler-than-air airship may also present unigue problems based
on susceptibility to adverse aerndynamic forces. Although many fighter-than-air airships may perform
“vertical takeofT and landing”™ (VTOL) maneuvers, once such an airship reaches a point near the ground, &
final landing phase may entail ready access to 3 ground crew {e.g., several people), environment
monitoring systems, and/or a docking apparatus for fying or otherwise securing the airship o the ground.
Without access to such elemenis, the airship may be carried away by wind currents or other
unconiroilable forces while a pilot of the airship stieropts 1o exit and handle the final landing phase.
Therefore, systems and methods enabling landing and secaring of an airship by one or more pilots may be
desirable,

(08]  Due to the varlous features of airships, such as adaptability in takeo{f/landing abilities,
lifting capacity, and maneuverability, there are many potential uses of airships. For example, airships
may be particularly suitable for transporting cargo. Other options for transporting carge, especially heavy
cargo, have Hmitations. In particular, airplanes, land vehicles, and ships may regquire certain
infrastructurss and/or environmental conditions (e.g., runways, rcads, waterways, eic.), while atrships,
with VTOL and hovering capabilities, have greater flexibility to receive, fransport, and deliver cargo fo a
variety of different locations. Thus, an airship that is adapted for a variety of transport functions is

desirable.
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(016} Further, in order to sccommodate these and other potential uses of airships, it s
necessary o incorporate various controls that allow the airship to perform certain operations, such as a
hover operation. In one example, an alrship may approach a landing area, hover near the landing arca,
perform an operation {2.g., exchange cargo), and depart from the bovering position. It may be difficoli,
howaver, for a pilot to consistently and easily maintain the airship in a particular hovering position,
because the asrodynanic forees on a hovering alrship may widely vary depending on the conditions at the
time. Factors such as wind speed, wind direction, wind fregueney, turbulence conditions, atrship weigh
and balance, airship heading etc., and the consideration of these factors may cause operation of the airship
10 be complicated during hovering (zs well as approach and departure), Thus, systems and methods for
improved flight planning and easing control of an alrship, and particularly an airship during a hovering
mansuver, are desirable,

[011]  The present disclosure is directed to addressing one or more of the desives discussed

above ulilizing various exemplary embodiments of an airship.
SUMMARY

[012] Tn one aspect, an airship is disclosed. The ajrship may include a hull configured to
contain a gas and at least one propulsion assembly coupled to the airship and including a propulsion
devics. The airship may also include a payload bay comprising an external cargoe area located outside of
the hull, The airship may further include a cargo handling system comprising al least one hoisting
mechanism configured to il carge into the external cargo arca while the alrship is hovering,

(0131 in another aspect, an airship is disclosed. The alrship reay include a gondola forming al
least 2 portion of a keel and including a cockpit. The airship may further inchide a cargo bay comprising
an external carge area formed by the keel. The airship may also include at least one bolsting mechanism
configured to lift cargo into the external cargo area from the ground while the airship is hovering, and a
tunnel that rons longitudinally along the payload bay, the at least one hoisting mechanism configured 1o
maove longitudinally in the tunnel to thereby move cargo longitudinally along the keel. The afrship may
further include a locking mechanism configured to secure the cargo to the keel and a control siation
tocated in the cockpit and configured to allow a passenger to control the cargo handling system,

014} I ancther aspect, a flight contrel system for an airship including 2 hull configured o
condain a gas, and a propulsion assembly is disclosed. The flight control system may include memory
storing instructions and one or more processors configured to exccute the instructions to estimate
environmenta! factors associated with a cargo transfer location during 3 future time period associated with
a flight mission. The one or more processors may be further configured to determine an offect of the
estimated environmenta! factors on gerostatic 1l and alrship stability, determine a route map for the thight
mission based at least on the effect of the estimated environmental factors and an anticipated cargo
transfer mode, and display the route map on a display associated with the airship,

{0151  Inancther aspect an sirship is disclosed that rogy include a hull, The hull may include a

rigid frame, an cuter envelope surrounding the rigid frame, and & plorality of cells attached to the rigid
3
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frame and configured to contain a gas. The alrship may further inchude a fin assembly attached to the
holl, a gondola attached io the bull, and a landing gear assembly. The hull may include an elongated
tenticular shape fn which a height of the hull is less than half of a width of the hull and less than one third
of the length of the holl, and the width of the hull is approximately one half of the length of the hull,

{016] In vet another aspect, an airahip is disclosed that may include a hull including a convex
fower portion and a convex upper portion. The hull may include a rigid frame, an outer envelope
surrounding the rigid frame, and a plurality of celis attached to the rigid frame and configured to contain a
zas. The airship may further fnclude a propulsion system incloding a plurality of propulsion assemblies, a
fin asserably attached to the hull including a plorality of stabilizing fine, and a gondola attached 1o the
hull, In addition, the plurality of propulsion asseniblies may be secured to the lower portion of the hull,
inchuding at least two propulsions assemblies secured on a port side of the hull and at least fwo propulsion
assemblies secured on a starboard side of the hull. Further, the stabilizing fins may be arranged i an X-
configuration

[017]  Inyet another aspect, a method of delivering cargo 1o a remote focation with an airship
iz disclosed. The method may include securing at least one shipping container to an external cargo area
of the airship, the shipping container containing carge. The method may further include traveling to the
remote location. The method may also inchude delivering the shipping container, including lowering the
shipping container {o the ground with a hoisting mechanism.

(0181 It is to be understood that both the foregoing general description and the following
detailed description are exermnplary and explanatory enly snd are not restrictive of the disclosed

embodiments, as claimed.

BRIEF DESCRIPTIOGN OF THE DRAWIRGS

{0191 The accompanying drawings, which are incorporated in and constitute a part of this
specification, iHustrate disciosed embodiments and, together with the description, serve to explaia the
diselosed embodiments, In the drawings:

[02¢]  Fig 1 illustrates an exemplary embodiment of a cargo airship, consistent with disclosed
embodiments;

[G211  Fig. 2 illustraies an exemplary support stracture of an airship, consistent with disclosed
embodiments;

fazz] Fig. 3 illusirates a froni-view of an airship, consistent with disclosed embodimenis;

0231  Fig. 4 illustrates a rear-view of the airship, consistent with disclesed embodiments;

0241 Fig. 5 illustrates an exemplary stroctural ring that may be used in conjunction with the
support stracture of Fig, 2, consistent with disclosed embodiments;

[025] Fig. 6 further Ulustrates a hull of an airship, consistent with disclosed embodiments;

{026] Fig. 7 illustrates an exemplary truss structure, consiatent with disclosed embodiments;

{0277 Fig. 8 illustrates an exemplary propulsion assembly, consistent with disclosed

embodiments;
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[G28]  Figs. 9-10 illustrate an exemplary landing gear assembly, consistent with disclosed
embodimenis,

[02¢1  Fig. 11 iHustrates the cargo alrship of Fig. 1, including a sectional view of an exemplary
gondola, consistent with disclosed embodiments;

(0307 Fig. 12 Glustrates a sectional top-view of an sirship, including the gondola of Fig, 11,
consistent with disclosed smbodimerds;

{0311 Fig. 13 illustrates a front portion of an exeraplary cockpit, consistent with disclosed
embodiments;

[(32]  Fig. 14 Ulustrates a rear portion of the cockpit of Fig. 13, consistent with disclosed
embodimenis;

{0331 Fig. 15 illustrates an interior of the sockpit of Fig. 13, consistent with disclosed
smbodiments;

[034]  Fig. 16 illustrates an sxemplary two-rail crane that may be used in conjunction with a
cargo handling system, consistent with disclosed embodiments;

[035]1  Fig. 17 ilustrates a cargo handling system connected to cargo, consistent with disclosed
ernbodiments;

(0361 Fig. 18 ilustrates the cargo of Fig. 17 secured in a cargo bay of an airship, consistent
with disciosed embodiments;

{1371 Figs. 19-21 illustrate an exemplary locking mechanisro configured to be used in
conjunction with the cargo handling systern of Fig. 17, consistent with disclosed embodiments;

[038]  Fig. 22 is a block diagram of an exemplary flight contrel system computer, consistent
with disclosed embodiments;

[639]  Fig. 23 illustraies an exemplary flight display, consistent with disclosed embodiments;

(0401  Fig. 24 illustrates a top~-view of an airship and a mooring configuration, consistent with
disclosed embodiments;

[041]  Figs. 25-26 illustrate an airship during a hovering operation, incloding a tether cable,
consistent with disclosed embodiments; and

(0421 Fig. 27 tilustrates an airship during a flight operation, consistent with disclosed

embodiments.

DETAILED DESCRIPTION

{3431 Reference will now be moade in detail to the drawings. Wherever convenient, the same
reference numbers wiil be used throughout the drawings to refer to the same or fike parts.

[044]1  The accompanying figures depict exemplary smbodiments of a cargo alrship. The
cargo airship includes features that enable a variety of cargo transport operations. For example, the cargo
airship may include features that provide tailored flight planning capabilities that consider various aspacts
of a future cargo transport eperation, such as environmental factors that may affect the operation.

Further, the cargo airship may include certain features that allow for the safe and efficient execution of
3
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the cargo transport operation. For example, the cargo atrship may include cargo handling sysiems that are
adapted for transporting heavy cargo and quickly exchanging the cargo once the airship has arrived at a
delivery location. Further, the cargo airship may include an optimized shape designed for the particular
requirements of receiving, trapsporting, and delivering carge,

[045] Also, it should be evident that transportation of cargo 15 oenly one exemplary application
of the disclosed airship, and that the features and configurations of the airship described herein are useful
for many different airship uses and functions. For example, an sirship consistent with the disclosed
embodiments may be configured to act as a mobile medical facility configured to provide medical
services {o remote locations,

[(46] Fig. | ilfustrates one exemplary embodiment of an airship 10, Alrship 10 may be
configured for VTOL, navigation in three dimensions (e.g., X, Y, and Z planes}, as well as various
specific fight operations, such as hovering above land or water. To facilitate these and other flight
operaiions, airship 10 may include a hull 12, a fin assembly 14, a propulsion systern 16, a landing gear
assentbly 18 {see Figs, 3-4), a gondola 20 {see Figs. 11-12}, a cargo handiing systern 22 (see Figs. 16-21},
and a flight control system 24 {see Fig. 22},

(0471 Throughout this discussion of various embodiments, the terms “front” and/or “fore” will
be used to refer to areas within a section of airship 10 closest to forward travel, and the term *rear” and/or
“aff” will be uaed to refer 1o areas within a section of airship 10 closest o the opposite direction of travel.
Moreover, the term “tail” will be used to refer to a rear-most point associated with hull 12, while the term
“nose” will be used to refer (o the forward-most point within the front section of hall 12,

[(148]  Fig. | further illustrates various axes relative to the exemplary airship 1€ for reference
purposes. Airship 10 roay include a roll axds 5, & piteh axis §, and a yaw axie 7. Roll axis § of airship 10
may correspond with an imaginary Hane running through hudl 12 in s direction from, for example, the tail
to the nose of airship 10, Yaw axis 7 of airship 10 may be a central, vertical axis corresponding with an
tmaginary lne running perpendicular to roli axis § through bull 12 in a divection from, for exaraple, a
bottom surface of hull 12 o a top surface of hull 12, Pitch axis 6 may correspond o an imaginary line
running perpendicular to both yaw and roll axes, such that pitch axis 6 runs through hull 12 from one side
of airship 10 to the other side of airship 10, as shown (n Fig. 1. “Roll axis” and “X axis,” “pitch axis”
and “Y axis,” and “vaw axis” and “7. axis” may be used interchangeably throughout this discussion to
refer to the various axes associated with airship 10, One of ordinary skill in the art will recognize that the
terms described in this paragraph are exemplary only and not intended to be limiting.

Hull

{0491 Hull 12 may inciude a support structure 26 {see Fig, 2), and one or more layers of
malerial (Fig. 6) substantially covering support structure 26, In some embodiments, airship 10 may be a
“rigid” airship. As used herein, the term “rigid aleship” shall refer to an airship having a rigid framework,
and containing one or more non-pressurized gas cells or bladders to provide Hift, wherein the hull of the

airship does not depend on internal pressure of the gas cells to maintain its shape.



10

15

20

25

30

35

WO 2015/108607 PCT/US2014/063675

[050]  Figs. 2-4 illustrate an exemplary shape of hull 12 that may be at least partially defined
by support structure 26, In particular, hull 12 of aleship 10 may include a length L (Fig. 2), a height H
{Fig. 3}, and a width W (Fig. 3). In an exemplary embodiment, hull {2 may include an elongated
jenticular shape defined by height H being less than half of width W and less than one third of length L.
in one embodiment, height H may be less than one fourth of length L, such that length L may be twice
width W. Inan exemnplary embodiment, opposing upper and lower sides of hull 12 may include
substantially symmetrical convex shapes. In some embodiments, an inferconnecting support ring may
surround bull 12 at gn intersection of the upper and lower sides of hull {2,

(051} Fig. 2 illustrates support structure 26 according to sorse embodiments of the present
disclosure, In one embodimant, support structure 26 may be configured to define a shape associated with
airship 10, while providing support 1o nurnerous systems associated with alrship 10. As shown in Fig. 2,
support structure 26 may be defined by one or more frame members 28 inferconnected to form the desired
shape,

10521 Inan exemnplary embodiment, frame members 28 may include a plurality of structural
rings 30 interconnected by a plurality of longerons 32, and af least one structural beam 34, Inone
embodiment, the plurality of structural vings 30 may include approximately 11-12 vertically-roounted
ring-shaped truss structires evenly spaced along hull 12, The plurality of longerons 32 may inchude 2
plurality of primary longerons that run horizontally frora the nose of afrship 10 to the tall. The plurality
of longerons 32 may also include a plurality of intermediate longerons interconnected between and
shorter than the primary longerons, Structural bearn 34 may be a longitudinal fruss member, larger than
iongerons 32, running fore and aft through the air ship, providing exira rigidity and disiributing loads
{.g., gas cell 1Uft loads, cargo loads, ete.) evenly throughout support structure 26,

053} Fig. 5 illustrates 2 cross section of support structure 26, depicting structural ring 30 and
structoral beams 34, Structural ring 30 and steuctural beamn 34 include truss structures, formed by 2
plurality of interconnected frame components. The truss structure of structural ring 30 may form &
plurality of attachment points 36 arcund a circumference of each structural ring 30, Structural beam 34
may be positioned at a lower-most point of structural rings 30, running perpendicular to a plane of
structural ring 30. Additional or alternative structural beams 34 (net shown) may be positioned arcund
the ciroumference of strucioral rings 340,

{0541  To maximize a lifting capacity associated with airship 10, it may be desirable to design
and fabricate support structure 26 such that a weight assoctated with support structure 28 is minimized
while sirength, and therefore resistancs fo acrodynamic forces, for example, is maximized. In other
words, maximizing a strength-to-weight ratio associated with support structure 26 may provide & more
desirable configuration for airship 10, For example, one or more frame members 28 may be constructed
from light-weight, but high-strength, materials including, for example, aluminum, composiie roaterials,
and/or carbon fiber, among other things, In one embodiment, structural rings 30, the primary longerons
of longerons 32 and structural beam{(s) 34 are fabricated from alumimim, while the intermediate

longerons of longerons 32 are fabricated from composite materials.

-
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0551 Hull 12 may be configured to retain a volume of lighter-than-air gas. As shown in Fig.
2, holl 12 may contain a plurality of gas cells 38. Gas cells 38 may be individual bladders, each
configured to retain & volume of lighter-than-air gas, such as hellum. Each gas cell 38 may be fabricated
from a Hghtweight fabric material and ray include one or more valves to acconunodate overpressure of
the gas at high altitudes or severe superheat conditions.

[056]  In an exemplary embodiment, sach gas cell 38 may be an individual cylindrical
segment, shaped to it its location within hufl 12, The use of separately positionsd gas cells 38 for
containing the gas may help minimize sloshing of the gas during flight and helps aveid collestion of foo
ouch gas in the nose or tail areas (e.g., duriog pitch up and piich down maneuvers). (as cells 38 may be
positioned between adiacent structural rings 3¢, In an exemplary embodiment, securing members 40 may
be secured to attachment points 36 arcund structural rings 30 (see Figs. 5-6) and configured to belp
mainiain a position of each gas cell 38 within hudl 12,

13571 In an exemplary embodiment, securing members 40 roay be netting, cables, ropes, or
the like. For example, securing mermbers 40 may be high-strength netting material secured to atiachment
poinis 36, As airship 10 travels between different altitudes, a pressure inside each gas ool 38 may
change, causing gas cells 38 to increase and decrease in size, Securing members 40 may maintain each
gas cell 38 in its own segment of hull 12 {e.g., between adjzcent structural rings 30), while not
constraining expansion/contraction caused by changes in pressure.

{0581 As shown in Fig. 6, gas cells 38 may be positioned inside support straciure 26 such that
a gas 1ift force is transferred to support structure 26, An outer skin 42 may be secured around an outside
of support structure 26 1o serve as an external surface of hull 12, as well as io envelop support stracture
26 and gas eelis 38, Outer skin 42 may be an aviation-approved fabric that is mechanically atiached or
glued to the exterior surface of support structure 26, Fig. 7 further depicts a truss structure that may be
used for one or more components of support stvucture 26 {e.g., strustural rings 30, structural beam 34,
ete.) and to which securing mernbers 40 may be secured to help hold gas cells 38 in place within hulf 12.

{059] In an exeroplary embodiment, hull 12 may configured such that airship 10 inchudes a
“near squilibrium” design in which atrship 19 relies primarily on static Hft of the gas refaining in gas vells
38 and not on any dynamic 118 that may be generated by hull 12 during flight. In an exemplary
embodiment, hull 12 may inchude a hull fineness ratio of approximately 3 to 1.

Fin dssembly

[060]  Returning to Figs. 1-4, fin assembly 14 may include a plurality of stabilizing fins 44
secured to hull 12 {e.z., mounted 1o support structure 26). Stabilizing fins 44 may be arranged in a wide
“X” configuration at the rear of hull 12, In an exeroplary embodiment, fin assembly 14 may be
configured such that stabilizing fins 44 do not extend beyond the length, width, or height of hull 12. This
configuration may creute a compaet design, reducing the size of a hangar required to house alrship 10,
Further, the wide “X” configuration of stabilizing fins 44 may help reduce snow accumulation and
improve ground clearance. In an exemplary embaodiment, control mechanisms may alfow for adjustment

of stabilizing fins 44.
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Fropulsion System

(061} Propulsion system 16 may include a plurality of propulsion assemblies 46 positioned
around a perimeter of hall 12, As shown in Fig. 1, in one embodiment, propulsion systera 16 may include
four propulsion assemnbliss 46, For example, two propulsion assemblies 46 may be mounted to a lower
starboard side mid-section of hull 12 and two propulsion assemblics 46 may be mounied to a lower port
side mid-section of hull 12. It should be understood, however, that propulsion system 16 may include
more or less propulsion assemblies 46, depending on the 1ift and maneuverability requirements of airship
10, For example, in some embodiments, propulsion systern 16 may include six propulsion assemblies 46,

[462]  Propulsion assemblies 46 may be configured to provide 3 propulsive force {e.g., thnst),
directed in a particular divection (L.e.,  thrust veclor), and configured to generate motion (e.g., horizontal
andfor vertical motion), counieract a motive force {e.g., wind forees), and/or other manipulations and
maneuvers of airship 10 {e.g., yaw controf). For example, propulsion assembiies 46 may enable yaw,
piich, and rolf controf as well as providing thrust for horizontal and vertical motion.

0637 Fig. 8 illustrates an exemplary embodiment of propulsion assemblies 46. For sxample,
as shown in Fig. 8, propulsion asseroblies 46 may include a power soures 48, a propulsion device 30, and
a propulsion unit mount 52, Power scurce 48 may be operatively coupled to and configured to drive
propulsion device 50, Power source 48 may include, for example, Hguid-fuel engines, electric motors,
gas turbine engines, and/or any suitable power source configured to generate rotational power. Power
source 48 may further include variable-speed and/or reversible type motors that ey be run in either
direction {e.g., rotated clockwise or counterclockwise) and/or at varying rotational speeds based on
control signals {e.g., signals from flight control systern 24}, Power source 48 may be powered by
gasoline, diese! fuel, natural gas, methane, batteries, solar energy, and/or any other sgilable fuel source.

(64 As shown in Fig. 8, cach propulsion assembly 46 may include g propuision device 50
configured to convert the rotational energy of power source 48 fnto a thrust force suitable for acting on
airship 10, For example, propulsion device 50 may include a device, such as an airfoil that, when rotated,
may generate an airflow or thrust. For example, propulsion device 50 may be arvanged as an axial fan
(2.1, propelier, as shown in Fig. 10), a cenirifugal fan, and/or a tangential fan. Such exemplary fan
arrangements may be suited to transforming rotational energy produced by power source 48 {e.g., via a
power conversion unit) into a thrast foree useful for manipulating airship 10, One of ordinary skill in the
art will recognize that numerous configurations may be wiilized without departing from the scope of the
present disclosure,

{0651 Asshown in Fig, 8, for example, propulsion unit mount 52 may include at least one
pylon 54 configured to secure power source 48 and propulsion deviee 50 to huldl 12 (Fig. 1) such that
forces associated with propulsion assemblies 46 may be transferred to hull 12, Pyvlon $4 may be arranged
to provide sufficient clearance for propulsion device 50 with respect to hulti4 to allow propulsion devices
5¢ to rotate in a substantially horizontal plane to provide vertical thrust and enable hovering and vertical

takeoff oporations.
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(0661 Propuision assembly 46 may be adiustable such that an intensity and vestor direction of

propuision device 5¢ may be modified. For example, pylon 54 may be adjustable {e.g., rotatable} to
adjust a divection of thrust produced by propulsion device 30, For fnstance, each of pylons 34 may be
individually and/or collectively adjustable to adjust & thrast angle of propulsion device(s) 30 to move
airship 10 in three dimensions between, for exarnple, & vertical plane for producing horizontal thrust and a
horizonial plane for producing vertical thrust. In addition (or alternatively}, where propulsion device 50
is configured as an adjustable sirfoil {e.g., variable-piich propeliers), the angle of attack of propalsion
device 50 may be adjusied o accomplish a complete thrast reversal. Propulsion device 50 may also be
configured with, for example, vanes, ports, and/or other devices, such that a thrust generated by
propulsion device 50 may be modified and directed in a desired divection.

Landing Gear Assembly

0677 Asshown in Fig. 3-4, landing gear assembly 18 may include a plurality of whesled legs
56 arranged in a tricycle configuration. The {ricyels configuration may provide stability to alrship 10
during ground operations, as well as during landings and takeoffs. In an exemplary embodiroent, legs 56
may not be retractable into hull 12, which may reduce a weight and complexity of landing gear asserbly
18,

[068]  Figs. 9-10 further depict a leg 56 of landing gear assembly 18, Leg 56 may include a
stanchion member 58 and a whesl 60, In order to reduce drag caused by the landing gear assembly 18
during flight, stanchion member 58 may be sheathed in lightweight acrodynawmic fairings. Wheel 60 may
include a tive, which may be 2 specialiy-adapted tire for use in certain environmenis {e.g., tundra, desert,
mountains, oic. )

(0681  In some embodiments, landing gear assembly 18 may be configured for use In mooring
a grounded airship 10, For example, landing gesr assembly 18 may be of sufficient strength to aliow s
mooring mechanism {e.g., a wire) to be secured between landing gear assembly 18 and the ground,
helping to mainiain airship 10 in one location and overcoming forees (2.g., wind forces) that may tend to
force airship 10 away from its moored location.

0761 In some embodiments, landing gear assembly 18 may include features the help facilitate
cargo exchange. For example, landing gear assembly 18 may be configured fo change in length with
respect to hull 12 {e.g., retract into ludl 12, telescope indo liself, ete.} such that gondola 20 may be
lowerad toward the ground, assisting with a cargo delivery/pickup/exchange proeess. In another example,
wheels 60 may be configured to allow rofling movement in any direction, such as to slow a position of
airship 10 to be adiusted on the ground in any divection, assisting with cargo exchange and or mooring of
airship 16,

Gondola

{0757 Fig. 11 further depicts gondola 20 of airship 10, In an sxemplary embodiment, gondola
20 may be affixed to a lower portion of afrship 10 and inelude a cockpit 62 and a cargo bay 64, Cargo
bay 64 may include an external cargo area 66 and an internal carge area 68. Gondola 20 may be attached
to support structure 28,
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[072]  Inone embodiment, one or roore support beams may span at least a portion of airship
£0, such as 3 distance from a perimeter of hull14 to gondola 26, The suppost beams may provide
additions! strength and rigidity to hull 12, as well as permit a load capacity that provides for a wide
variety of uses for alrship 10, including the safe transportation of heavy cargo. It should be understood,
however, that gondola 20 may be connected to and supported by hull 12 in other manners.

16731 Fig. 12 further illustrates gondola 20, including an exemplary position of gondola 20
with respeet to hull 12, In one embodiment, gondola 20 may be positioned near a center of ! 12, with
cockpit 62 facing the nose of airship 10 and cargo bay 64 positioned behind cockpit 62. Gondola 20 ray
be approximately one third of an overall length of bull 12, Cockpit 62 may be positioned to provide good
forward and side vision for flight crew, while also affording & good view aft, toward carge bay 84,

{6741 Gondola 20 may include a portion that may serve as a keel to which various carge 70
may be attached. For example, gondola 20 may include a flat horizontal wall 72 separating external cargo
aven 66 from internal cargo area 68, Horizontal wall 72 may serve as a ceiling of external cargo area 66
and a tioor of internal cargo area 68. An opening 74 in horizontal wall 72 may connect exiernal cargo
area 66 with internal cargo area 68, Cargo 70 may be fifted through opening 74 and secured to horizontal
wall 72 {or slsewhere in internal cargo area 68). A door {not shown) may close opening 74. Cargo
handling system 22 (Figs. 16-21) may be configured to move sargoe to and from the ground below, as well
gy arcund cargoe bay 54, as will be described in more detail below,

10751 Figs. 13-15 further depict cockpil 62, which may include at least one control station for
sontrotiing flight and cargo handiing operations of airship 10. As shown in Fig. 13, cockpit 62 may be
positionad at a front end of gondola 20 and include one or more windows facing toward an area in front
of airship 10. A flight control station 76 may be positioned inside cockpit 62 such that an operator {e.g.,
pifot, eo-pilot, eic.) may fook out the front-facing windows while flying sirship 16, As shown in Fig. 14,
cookpit 62 may also include one or more windows facing rearwards toward a tail of airship 10. A cargo
handling coutrol station 78 may be positioned inside cockpit 62 such that an operator {e.g.. pilot, so-pilot,
foad master, crew member, etc.} may see at least external cargo area 66 while controfling cargo handling
system 22.

[076]  Fig. 15 further depicts cockpit 62, inciuding flight control station 76 and cargo handling
control station 78. Flight conirel station 76 may include controls for an operator (e.g., a pilot and/or
crew) to control one or more aspects of airship 10 related to flight {e.g., fin assembly 14, propulsion
system 16, one or more features associated with gas cells 38 {e.g., valves}), ete. For example, fight
control station 76 raay include controls for propulsion system {6 such that a pilot may reaneuver airship
10 through a flight operation, including, for example, tskeoff, flight to location, hovering and/or landing,
gtc.

{677 Cargo handling control station 78 may include controls that allow an operator to control
at least one aspect of cargo handling systern 22. For example, cargo handling conirol station 78 may
inclade controls that allow an operator to perform one or more cargo handling operations, such as
fowering a crane towards the ground, lifting the crane towards cargo bay 64, opening and/or closing one
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or more cargo locks to seoure cargo 70 to horizontal wall 72, and the ke, ¥n one embodiment, cockpit 62
may include at least one seat 80 for an operator {e.g., a co-pilot) which may swivel between flight control
station 76 and carge handling control station 78. In this way, an operator may assist with a flying
operation at one time, and then easily switch to control a cargo handling operation. For example, a ¢o-
pilot may assist a pilot with reaching a destination, and then, once the destination is reached, perform a
cargo handling operation {e.g., exchange of cargo}, such as while the piiot maintains the airship in a hover
above a delivery location.

Cargo Handling System

[078]  Figs. 16-21 depict various exemplary features of cargo handling system 22, Inan
exemnplary embodiment, cargo handling systers 22 may inclode at least one hoisting mechanism 82
configured to Hft cargo 70 from the ground fo cargo bay 64 and lower cargo 70 from cargo bay 64 to the
ground. As used herein, cargo 70 may be considered on the ground i it is at least partially supported by
the ground, including cargo that is stacked, supported by a truek, ete. Cargo handling system 22 may
allow for quick and efficient delivery and/or exchange of carge 78,

{0791 Fig 16 depicts an exemplary hoisting roechanism 82 that may be used in conjunciion
with cargo handiing system 22, In one embodiment, hoisting mechanism 82 may include a two-rail crane
84. Two-rail crane 84 may include a puir of rails 86 and a hoist 88 configured to move longitudinally
along rails 86 (e.g., via an sleciric motor), thereby allowing a position of hoist 88 to be adjusted. Huoist 8%
may include a mechanisro configured to lower and raise a cargo atlachment member 99, Two-rail crane
84 may be controfisble via cargo handling control station 78, Fig. 17 further depicts cargo handling
systern 22, including hoisting mechanisro 82 connected to cargo 70 on the ground,

{0807  Fig. 18 depicts cargo bay 64, including a tunnel 92 formed in horizontal wall 72, fnan
exemplary embodirent, two hoists 88 may be positioned in tunnel 92. For example, one hoist 88 may be
configured to move on 3 horizontal rack above a second hoist 88 to allow either hoist 88 to move forward
or aft as necessary to rafse or lower carge 70. Hoists 88 may inciude heavy-duty winches and container
handling equipment adapied to move cargn 70

[081] In an exemplary embodiment, hoists 88 may be configured to be secured to various
types of cargo 70. For example, holsts 58 may be configured to be attached to standard-size shipping
containers {e.g., 20-foot or 40-foot shipping containers). In addition, hoists 88 may be configured to be
attached to other cargo, such as bags for fiquid {e.g., fucl, etc.} and loose solids {gravel, ore, et} In
some smbodiments, hoists 88 may be configured to accommodate cargo nets, allowing many other forms
of cargo {e.2., odd-shaped individual ftems, boxes, barrels, palists, ate.},

{082} As shown in Fig. 18, hoisting mechanism 82 may be configured to 1 cargo 70 and
position carge 70 snug against horlzontal wall 72, To this way, at least some cargo 70 may be held in
external cargo area 66, Figs. 19-21 depict an exemplary locking mechanism 84 that may be used to
secure cargo 70 in external cargo ares 66, In one embodiment, locking mechanism 94 may include a

twist-lock device 96.
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0831  Axsshown in Fig. 19, twist-lock device 96 may include a projection 98 configured to
project from carge 70 or horizontal wall 72 and be inserted in a recess (not shown) in the other of cargo
70 or horizontal wall 72, As shown in Fig. 20, a rotatable merober 160 may be a portion of projeciion 98
and configured to rotate, thereby preventing rotatable member 100 from being reracved from the recess,
Projection 98 may be retracted when not in uss, as shown in Fig. 21,

{0841 In some embodiments, at least one hoist 8% of holsting mechaniam 82 may be
configured to [ift other cargo 70 through opening 74 in horizontal wall 72, and place cargo 70 at a desived
location inside internal cargo area 68 (e.g., on horizontal wall 72, suspended from support struchure 26,
eic.). Fig. 12 depicis various cargo 70 within internal cargo area 68, which may be positioned for
convenience of delivery and/or to evenly distribute weight across airship 10,

Flight Congrol Svsiem

[085]  Whether configured for manned, un-manned, and/or astomated flight, airship 10 may,
aceording to some embodiments, be controlled by 1 computer 200, For example, stabilizing fins 44 and
propulsion assemblies 46, among other things, may be controiled by a computer 200, Fig. 22 is g block
disgram of an exemplary embodiment of a computer 200 consistent with the present disclosure. For
example, as shown in Fig, 22, computer 200 may include & processor 203, a disk 210, an input device
215, a multi-fanction display (MFD) 220, an optional external device 225, and interface 230, Computer
200 may include more or fewer somponents as desired. In this exemplary embodiment, processor 203
includes 5 CPUJ 235, which is connected to g random access memory {(RAM) unit 248, a display memory
vnit 245, a video interface controfler {VIC) unit 250, and an input/output (70} unit 255, The processor
may alse include other componens,

0861  In this exemplary embodiment, disk 210, input device 215, MFD 220, optional external
device 223, and interface 230 are connected to processor 203 via [0 vnit 255, Further, disk 210 may
coittain a portion of information that may be processed by processor 205 and displayed on MFD 220
Input device 215 includes the mechanism by which a user and/or system associated with airship 10 may
aceess computer 200, Optional external device 225 may allow computer 200 to manipulate other devices
via control signals. For example, a fly-by-wire ot fly-by-light system may be included allowing conirol
signals to be sent to optional external devices, including, for example, servo motors associated with
propulsion unit mounis 32 and stabilizing fins 44. *Control signals,” as used herein, may mean any
analog, digital, and/or signals in other formats configured to cause operation of an clement refated to
control of airship 10 (e.g., & signal configured to cause operation of one or more control surfaces
associated with alrship 10), “Fly-by-wire,” as used herein, means a control systern wherein control
signals may be passed in electronic form over an electrically condustive material {e.g., copper wire).
Such a systen may include a computer 200 between the operator controls and the Hnal control actuator or
surface, which may modify the inputs of the aperator in accordance with predefined software programs.
“Fly-by-light,” as used herein, means a control systero where contral signals are transmitted similarly o
fly-by-wire {i.e., including a computer 200), but wherein the control signals may transmitted via light

over a Hght conducting material {e.g., fiber opticg).
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[087] According to some embodiments, interface 23¢ may allow computer 200 to send and/or
receive information other than by input device 215, For example, computer 200 may receive signals
indicative of control information from flight controls 228, a remote control, and/or any other suitable
device. Computer 200 may then process such commands and fransmit appropriate control signals
accordingly to various systerns associated with airship 10 {e.g., fin assembly 14, propuision system 16,
gte)). Computer 200 may also recelve weather and/or ambient condition information from sensors
associated with airship 10 {e.g., altimeters, navigation radios, pitot tubes, efe.) and utilize such
information for generating control signals associated with operating airship 10 (e.g., signals refated to
trim, vaw, and/or other adjustments).

{0881 In an exemplary embodimend, somputer 200 may receive pilot control signals frorn flight
control station 76, interpret the contral signals, and produce a control signal to cause one or more {eatures
of airship 10 to respond in 2 manner intended by the pilot. In this way, a pilot may perform flight
operations associated with afrship 10, For example, 2 pilot may fly airship from one location 1o another
o deliver, pickup, and/or exchange eargo 70,

(0891 Fig. 23 depicts an exemplary display 260, which may be used in conjunction with flight
control system 24 to allow a pilot to perform a flight operation, such as a hover operation. Display 260
may provide a user {e.g,, a pilot) with a combination of a forward view and a downward vertical view of
conditions around airship 10. In this way, the pilot may control both a vertical and horizontal positioning
of sirship 10 during a hover. In one smbodiment, display 260 may include a representation 265 of a
nover pad, such that display 260 indicates a position and an scoeleration of alrship 10 refative to a hover
pad below, further assisting the piiot with maintaining a three-dimensional position during a hover
operation. In some embodiments, computer 200 may assist the pilot with flight operations.

{0907 For example, it may be desirable for computer 200 to transmit in-flight signals
consfigured to, for example, correct course heading and/or assist in stabilizing airship 10 independent of an
operator of airship 10, For exaraple, computer 200 may calculate, based on inputs frovt various sensors
{e.g., altimeter, pitot tubss, anemometers, ete.}, a wind speed and dircction associated with arobient
conditions surrounding airship 10, Based on such information, computer 200 may determine a set of
operational parameters that may maintain stability of airship 10, In an exemplary embodiment, computer
206 may provide automated conirel that includes surge and heave control for maintaining the airship in
the hovering state.

(0911 In an exemplary embodiment, Sight control system 24 may further include various
features that allow for the planning of a future flight operation. For example, corputer 200 may be
configured to estimate environrmental factors associated with a cargo transfer focation during a future time
period associated with a flight mission. Computer 200 may be configured determine an effect of these
gstimated environmental factors on flight parameters of alrship 1€, For example, computer 200 may be
configured to estimate an effect on aerostatic [ift and alrship stability.

(0921 In some embodiments, computer 200 may be configured to determine & route map for
the flight mission, such as a flight mission for delivering snd/or picking up cargo 70, Computer 200 may
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consider any determined effect of estimated environmental factors when determining the route map,
inchuding determining a particular time frame that may be best suited for the flight mission. Further, an
anticipated cargo transfer mode, such as whether the flight missien will include 2 landed exchange or a
hovering exchange, may be considered by computer 200 when determining a route map with time frame,
Computer 200 may be configured to display a determined route map on a display assosiated with airahip
6.

(093]  In some embodiments, airship 10 may be configured to consider environmental factors at
a destination location {(e.g., 3 delivery site) when determining a route map for a flight mission. In order {o
consider the environmental factors, flight contrel system 24 may include at least one weather detection
device configured to transmii environmental condition data to corputer 200, In one embodiment, the
weather detection device may be permanently instailed at a particular destination location {e.g., & delivery
site at which regular deliveries are made). In another embodiment, the weather detection device may be
portable and may be configured to be transported by the airship. In this way, one or more weather
detection devices may be sent to a delivery site ahead of a planned flight mission and set-up for detection
of environmentsl factors. Computer 200 may use the detected environmental factors in planning a route
map, and may be used by the pilot in executing a flight mission. After a delivery is completed, the one or
more weather detection devices may be secured as cargo to airship 10 and transported back their previous
iocation.

Mooring/Tethering Svstem

{(94]  When airships, such as airship 10, are on the ground, i may be difficult o nuintain a
stationary location. The lifting force provided by the gas in gas cells 38 and wind forces exerted on
w12 may tend to move airship 10 as it sits on the ground. In order to help keep afrship 10 b one
Jocation, a mooring system 270 may be used. Fig. 24 depicts s top view of atrship 10 located on the
ground G, A pluralily of mooring pads 272 roay be arranged on a suitable ground surface. Mooring pads
272 may be conerete pads formed flush with the ground G.

10951 In one embodiment, cach of the three legs 56 of landing gear assembly 18 may include a
securing winch. A securing cable 274 may run from the each winch to a mooring pad 272, Mooring pads
272 moay include steel rings to which securing cables 274 may be attached. A crew member, such &3 the
pilot, may operate the winches to tighten securing cables 274, In an exemplary embadiment, mooring
pads 272 may be arranged such that, when seouring cables 274 are tightened, legs 36 are located directly
over a mooring pad 272, thereby holding airship 14 tightly in place.

{0961 In another embodiment, mooring systers 270 may inchude a mechanism by which front
landing gear leg 56 of landing gear assembly 18 may be moored to & hard point {e.g., on a flying feld}.
The front landing gear leg 56 would thereby serve as the point about which alrship 10 would move
horizontally during wind dircetional changes.

[397] There are other situations and configurations by which atrship 10 may be moored to
ground G. For example, when carge transters are conducted while hovering In strong wind conditions, it
may be necessary to provide some assistance in maintaining airship 10 in a relatively stationary location.
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Figs. 25-26 illustrate one exemplary assistance mechanisme in the form of a tether cable 280, Tether cable
280 may be secured to afrship 10 {e.g., the front lunding gear of landing gear assembly 18} and a hard
point on the ground {e.g., & mooring pad 272}, approximately one length L in front of the ship, for
example. Tether cable 280, which may be attached to & swivel mount in the ground, helps to hold airship
10 against strong steady winds or strong wind gusts, obviating the need for rapid re-vectoring of
propulsion assemblies 46 or making sudden changes in output power, Tether cable 280 alse tends o
bring alrship 10 back to a stable position directly downwind from the cable anchor polnt, enhancing the
horizontal positional stability of airship 10.

098]  As wind gusts increase and decrease, airship 10 may experience a “blow down™ effect by
which the airship 10 is forced downward in altitude. But because tether cable 280 may be securedio a
loading portion of airship 10 (e.g., landing gear assembly 18}, tether cable 280 may act as a stabilizing
restyaint against any pitching motion caused by wind gusts. For example, tether cable 280 aclsas a
general damper against movernent in three dimensions. The dampening provides additional time for the
pilot to control propulsion systemn 16 {o counter the influences of the wind,

Indusirial Applicability

[399]  The airship of the present disclosure may be adapted for use in any of a variety of
operations while providing various advantages over other optlons. In one aspect, an sirship of the present
disclosure may be adapted for the transport of cargo, especially heavy cargo to be delivered to or picked
up from 3 location that would otherwise be difficult to reach. Examples of such remote locations may
include a tundra region, an arctic region, or a desert region,

[0100]  In one example, an airship consistent with disclosed embodiments may be useful in
reaching remote mining locations, pipelines in the arctic, bnpoverished areas io need of food and water,
and other areas that are not otherwise easily accessed via ground vehicle or airplane and/or could not
easily receive shipments of heavy cargo.

{0101} Tn another example, an aivship of the present disclosure may be used to provide a large
facility on-demand, wherever and whenever needed. For foustance, an aivship may be equipped as a
mobite medical facility that may travel to an area of need {e.g., a location of a disease outbreak) and be
farge encugh to provide shelter and services to many people, obviating the need to build a stationary
facility,

[0102]  Alrship 10 of the present disclosure includes various features that enable safe and
efficient delivery, pickup, and/or exchange of cargo 70, For example, the size and weight capacity of
airship 10 allows for one-siop delivery and/or pickup of numerous and/or heavy cargo. Further, the
specially-designed and tested shape of hull 12, the arrangement of fin asserably 14, and the configuration
of propulsion sysiem 16 allows airship 10, despite its size, o easily perform a variety of flight operations
and maneuvers, including a hover operation in which airship 19 ts conirolled to remain in a relatively
steady three-dimensional location while 3 cargo transfer takes place below,

{11031 Further, the arrangement and configuration of gondola 20 and cargo handling system 22
atiow for a quick and efficient cargo transfer, such as during a hover operation, For example, cockpit 82,
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equipped with casiiy-accessed cargo handling control station 78, may alfow a crew member (2.8, 8 <o
pifot) to quickly swiich from a flight operation to a cargo handling operation, simply by locking out a
window facing cargo bay 64. The crew mermber may operate controls to manipulate one or mere features
of cargo handling operation, working with other crew members (e.g., crew on the ground) to perform a
cargo ransfer,

[0104]  Further, the availability of exiernsl cargo area 66 allows for quick lowering and/or
lifting of cargo 70 to execute a transfer. Tn addition, external cargo area 66 allows for transport of
standardized cargo, such as 20- or 40-foot shipping containers fhat are normally transported on ships or
land-based vehicles, To one embodiment, external cargo arca 66 may be sized to accommodate three 20-
foot shipping containers. In another embodiment, airship 10 may be sized and arranged such that external
cargo arsa 86 may accommeodate six 40-foot shipping containers.

[0105] Fig, 27 depicts airship 10 during an exemplary flight operation. For example, airship
10 may be preparing for a cargo delivery operation at destination site 300, Flight control system 24 and &
flight erew may operats airship 190 fo takeoff from an origination location {e.g., a location where cargo 70
is picked up for delivery) and travel to destination site 300, taking into acoount various factors such as
envivonmental factors and a cargo transfer mode, These considerations allow airship 10 to adapt to
various flight missions, such that airship 10 may be used to exchange cargo in a variety of different
gituations. These situations may include landed load exchanges and hovering load exchanges. Further,
these situations may include cargo transfer at locations that are specially equipped for such operations
{e.g., sites that are well-prepared for a delivery/pickup/exchange, such as sites that are regularly visited by
aleship 103 and cargo transfer at locations that are not adapted for 2 cargo transfer {e.g., sites that are not
regularly visited by afrship 10 and/or have no infrastructure in place for assisting the operation).

[0106]  An cxemplary cargo transport operation will now be described. Airship 10 may be
maored overnight at an origination location. On-board sensors may communicate with somputer 200 1o
monitor essential alrship systems. For example, computer 200 may monitor gas pressure and purity in
gas cells 3%, superheat percentage of gas, overall heaviness and/or Hghtness of airship 10, temperature of
power sources 48, fuel tanks, and fuel lines, Flight control system 24 may include roonitoring systems
counfigured to send messages to “on call” personnel to inform them of any issues that may oceur while
airship 10 is moored.

(01071 At the beginning of a flight operation, flight control system 24 may comumunicate with
on-board instrumentation to determine a static heaviness {or lightress) of airship 10, This information
may be important for maintaining a predetermined heaviness that allows for efficient and safe flight of
airship 10. Crew of airship 10 may use an airship envirenmental planning tool to further prepare for the
flight. For example, the crew may review a route map generated by fight control system 24, iacluding a
predictive assessment of conditions at a destination site {2.g., based on weather detection devices that are
iocated at the destination site). The route map may provide an optimunt heading, speed, and altitude that

will minimize an tmpact of local weather on each leg of an afrship flight operation.

i7



10

15

25

35

WO 2015/108607 PCT/US2014/063675

(1087 In addition, planning for the flight operation may include analysis of cargo fo be
delivered and/or picked up at the destination site 300, In particular, because airship 10 may need to be
foaded o a certain fovel to allow for safe flight, ballast determinations may be made to determine what
wiil make up for absence of cargo (2., prior to pick-up or after delivery). Ballast may inchude concrete
blocks, for example, that are secured in cargo bay 64 {o.g., held in external cargo area 66). Alternatively,
ballast may be attached to an external hook installed on cockpit 62 nearest forward landing gear of
landing gear assembly 18, This arrangement would leave cargo bay 64 and hoisting mechanism 82 open
and availabie for attaching any cargo 79 for delivery.

(01091 If there is cargo 70 for delivery, a member of the crew may operate carge handling
system 22 to secure carge 70 in cargo bay 64. For example, an operator may lower one or mors hoisis 88
of hoisting mechanism 82 to the ground to sllow an attachment member 90 to be secured to cargo 70.
Thereafier, hoist 88 may be lfted with carge 70, placing # In 3 desived location within cargo bay 64, For
example, cargo 70 may be lifted up inte external cargo arca 66, contacting horizontal wall 72, An
operaior may remotely control locking mechanism 94 to secure cargo 70 to horizontal wall 72,

[G110]  Afer various flight checks are made, the flight crew (g.g., pilot and co-pilot} may
prepare for and execute & takeoff operation. The taksoff operation may be a vertical takeoff or a running
takeofl, depending on the pararacters of ajrship 1€ af the time and the available infrastructare at the
origination site (e.g., presence of a runway). The flight crew may control propulsion system 18 to modify
a thrust vector associated with propulsion assembiies 46, thereby causing airship 10 to fy away from the
origination site on the planned route.

(0111} As airship 10 approaches destination site 300, the crew may prepare for a cargo transfer
operation. As described herein, the cargo transfer operation may be a hovering load exchange or a landed
ioad exchange. In some smbodiments, flight control system 24 may continuously receive environmental
condition daia and provide the information to the flight crow for consideration during flight and approach
to destination site 300, In addition, the computer 200 my consider a heaviness of airship 16 and
deterrnine whether ballast or irim adjusiments are nocessary. The flight crew and flight control system 24
may work together to bring airship 10 10 a location above destination site 300, such as a location
approximately equal to the length L of airship 10 above destination site 300,

01121 From this position, a crew member sits in seat 80 and turns fo face cargo bay 64. This
crew member may operale cargo handling condrol station 78 to assist with the cargo transfer. Meanwhile,
another crew menmber may operate flight conirol station 76 to maintain airship 10 within ao acceptable
degree of deviaiion from ihe location above destination site 300,

[0113] The crew soember may operate cargo handling control station 78 to manipulate cargo
handling system 22 to perform a cargo transfer. In one example, a first hoist 88 may be connected to
cargn to be lowered 1o the ground {(“delivery cargo™) and a second hoist 88 may be unattached to any
cargo. The second hoist 88 may be lowered 1o the ground and connested to cargo or ballast being picked-
ap (“return cargo”). The crew member operating cargo handling systers 22 may begin to Jower the
delivery cargo to the ground. Onoe connected, the holst tension of the second hoist 88 is increased on the
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return cargo to approximately 50% of the weight of the delivery cargo. The tension on the return carga 18
increased while the tension on the delivery cargo {s slackened 1o 50% weight. The operating crew
member then quickly increases tension on the return carge to 100% and reduces tension on the delivery
carge to 0%. The return cargo is the holsted up toward airship 180, and the attachment member 90 is
detached from the delivery cargo and the first holst 58 is pulled back up to airsbip 10. The process may
be repeated ontil all the carge transfer is complete.

{0114] I 3 Janded Joad exchange {5 to be conducted, the flight crew may work in conjunction
with flight control sysiem 24 to land airship 10 at destination site 300, For example, compuier 200 may
receive environmental condition data from a weather detection device, such as temperature, precipitation,
wind speed, direction, and gust information, ete. Computer 200 may use this information to assist with a
fanding of alrship 10, After alrship 10 lands, a crew member may operate cargo handiing system 22 10
exchange delivery cargo (or ballast) with return cargo {or ballast) in a manner similar to that described
above. Alrship 10 may subsequently takeoff and travel to the next destination location.

01151 Although, for purposes of thig disclosire, certain disclosed features are shown in some
figures but not in others, it is contemplated that, to the extent possible, the varlous features disclosed
herein may be implemented by each of the disclosed, exemplary embodiments, Accordingly, differing
features disclosad herein are not to be interpreted as being mutually exelusive to different embodiments
uniess explicitly specified herein or such mutual exclusivity is readily understood, by one of ordinary skill
in the art, to be inherent in view of the nature of the given features.

{01161 While the presently disclosed device and method have been described with reference o
the specific embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalenis may be substituted without departing from the scope of the disclosure. In
addition, many modifications may be rmade to adapt a particular situation, material, composition of
matter, prosess, process step, or steps to the objective, spirit, and scope of the present invention. Other
emibodiments of the inveniion will be apparent 1o those skilled in the art from consideration of the
specification and practics of the invention disclosed herein. It is intended that the specification and

examples be considered as exemplary only.
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WHAT IS CLAIMER IS

i. An airship comprising:

a hull configured o contain & gas;

at east one propulsion assembly coupled to the alrship and including & propulsion devive,

a payload bay comprising an external cargo ares Jocated ouiside of the hull; and

a cargo handling system comprising at least one hoisting mechanism configured to Hft cargo into
the external cargo area while the airship is hovering.

2. The airship of claim 1, wherein the airship further comprises a kes! forming at least 2
portion of the external cargo area.

3. The airship of claim 2, wherein the keel comprises a bottom surface configured o be a
connection potnt for the cargo.

4. The airship of claim 3, wherein the keel includes a locking mechanism for seouring the
cargo o the keal.

5. The airship of claim 4, wherein the locking mechanism Is a twist lock,

6. The airship of claim 2, wherein the payload bay further coraprises an internal cargo ares
housed within the keel,

7. The alrship of claim §, wherein:

the keel comprises an opening separating the internal cargo area from the external cargo area, and

the at least one hoisting mechanism is configured to 1ift the cargo into the internal cargo area
through the opening,

£ The afrship of claim 2, wherein the keel is approximately one thivd of an overall length of
the airship.

a. The airship of claim 2, further comprising a gondola for transporting at least one crew
mermber, the gondola forming at least a portion of the keel.

i, The airship of claim 9, wherein the gondola ineludes 3 control station configured 1o allow
the at least one crew member o control the cargo handling systern.

il The airship of claim 10, wherein the gondola includes a window facing toward the
external cargo area.

12, The airship of claim 1, further including a tunnel that runs longitudinally along the
payload bay, the at least one hoisting mechanism configured to move longitudinally along the tunnel.

3. The airship of claim 1, wherein the holsting mechanism includes at least one fwo-rail
crane.

14. The sirship of claim 1, wherein the airship further includes a landing gear assembly
configured to contact the ground snd maintain the hull above the ground.

13, The airship of claim 14, wherein the landing gear assembly includes a phurality ot legs,
cach leg configured to be secured to 3 mooring pad on the ground.

i6. The airship of claim 15, wherein each leg includes a winch configured to tighten a cable
secured between the winch and the mooring pad.
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17. An airship, coraprising:

a gondola forming at feast & portion of a keel and including a cockpit;

a cargo bay comprising an external cargo area formed by the keel;

at least one hoisting mechanism configured to Lift cargo into the external cargo avea from the
ground while the airship is hovering;

a tunnel that runs longitudinally along the payload bay, the at least one hoisting mechanism
configured to move longitudinally in the tunnel to move cargo longttudinally along the kesl;

a locking mechanism configured {0 secure the cargo 1o the keel; and

a controd station located in the cockpit and configured 1o allow a crew member to contral the
cargo handling system.

18. The airskip of claim 17, wherein the cargo coraprises at feast one of a shipping container,
a cargo pallet, a cargo bag, or a cargo uet.

i9, The airship of claim 17, further comprising a cargo attachment mechanism configured to
connect the at least one holsting mechanism to & shippiog container,

24, The airship of claim 17, wherein the external cargo ares is configured to hold at least one
20-foot shipping container,

21, The alrship of claim 20, wherein the external cargo area is configured to hold three 20-
foot shipping confainers,

22, The airship of claim 17, wherein the external cargo ares i configured fo hold af least one
40-foot shipping container.

23, The airship of claim 22, wherein the external cargo srea is configured to hold six 40-foot
shipping containers,

24. The airship of clatm 17, wherein the control station is a carge handiing control station
and the cockpit further includes an airship flight control station configured to allow the crew member to
control flight of the airship.

25. The airship of clairm 24, wherein the cockpit includes at least one seat that fhoes in a first
direction to allow the crew member to operate the airship flight conirol station, and configured to swivel
to face in & second direction that atlows the crew member to operate the cargo handling control station.

26. The airship of claim 25, wherein the first direction is toward a front of the airship and the
second direction is toward a rear of the atrship.

27, A flight control system for an airship including g buli configured to contain 3 gas, the
flight control system comprising:

mermory storing instructions; and

ane or more processors configured to execute the instructions to:

gstimate environmental factors associated with a cargo transfer location during a future
time period associated with a flight mission;

determine an effect of the estimaied environmental factors on acrostatic it and airship
stability;
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determine a route map for the flight mission based at least on the effect of the estimated
environmental factors and an anticipated cargo transfer mode; and
display the route map on a display associzted with the airship.

28, The flight coniral system of claim 27, wherein the anticipated cargo transfer mode is a
hovering load exchange or a fanded load exchange.

28, The flight control system of claim 27, wherein the flight control system includes an on-
board control system configured to receive pilot input and selectively control a propulsion asserably
based oo the input when the airship is at the cargo transfer focation during the future time period;

wherein the on-board control system is configured to operate in a hover mode in which the one
board control systern monifors at least one environmental condition and implements a control based on
the at least one external condition to promote maintaining the alrship in a bovering state.

30, The flight control system of claim 29, whersin the on-board control sysiem includes
surge and heave conirol for maintaining the airship in the hovering state.

3t The fiight control system of claim 30, wherein the airship further comprises a display that
indicates a position and an acceleration of the afrship relative to a hover pad,

32 The flight control systern of claim 27, further including at loast one weather detection
device configured o transmit environmental condifion data to the one or more processors.

33, The flight control system of claim 32, wherein the at least one weather defection device is
portable and configured to be transported by the airship.

34, An airship, comprising:

a hull, the hull including an elongated lentieular shape in which a height of the hull is less than
half of a width of the hull and less than one third of the length of the hull, and the width of the huldl is
approximately one half of the length of the bull, a rigid frame, an outer envelope surrounding the rigid
frame, and a plurality of celis attached to the rigid frame and configured to contain a gas;

a fin assembly attached to the hull;

a gondola atiached to the hull; and

35, The airship of claim 34, wherein the beight of hull is less than one fourth of the length of
the hull.
36, The airship of claim 34, wherein the rigid frame includes a plurality of structural rings

interconnected by a phurality of lengerons extending along the length of the hudl
37 The airship of clalie 36, wherein the plurality of longerons include a plurality of primary
longerons extending from a nose of the airship to a tail of the airship and a pluslity of intermediate
longerons exiending between the primary longerons and being shorter in length that the primary
longerons.
38, The airship of clair 37, wherein the orimary longerons are fabricated from aluminum

and the intermediate longerons are fabricated from composite materials,
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39. The airship of clair 36, wherein the rigid frame further includes at least one stroctural
beam extending longliudinally along the hull, the at least one structural bear being larger than the
plurality of longerons,

44, The airship of claim 39, wherein the at least one intermediate structural beam includes a
truss structore,

41, The airship of claim 34, wherein the fin assembly includes a phurality of stabilizing fins
arranged in an X-configuration.

432, The airship of claim 41, wherein the phurality of fins do not extend beyond the height or

the width of the hull,

43, The airship of claim 34, wherein the landing gear assembly includes a tricycle
configuration,

44, The airship of clair 34, wherein the landing gear asserably is not retractable into the hull,

43, An airship, comprising:

a hall including a convex lower portion and a convex upper portion, the hull comprising:
a rigid fraroe;
an outer envelope surrounding the rigid frame; and

a plurality of cells attached 1o the vigid frame and configured to contain a gas,

a propulsion systemn inchuding a pluraiity of propulsion assemblies secured to the lower portien of
the hull, including at least two propulsions assemblies secured on a port side of the hull and at least two
propulsion assemblies secured on a starboard side of the hudl;

a fin assembly attacked to the holl including a plurality of stabilizing fins arranged in an X-
configuration,

46, The airship of claim 43, wherein each of the phurality of propulsion assemblies are
configured 1o rotate between a first position in which the propulsion assembly prodoces primarily a
vertical thrust and a second position in which the propulsion assembly produces primarily a borizontal
thrust,

47. The afrship of claim 45, wherein the plurality of fins do not extend beyond a height ora
width of the hull,

48. The zirship of claim 45, whereln the propulsion assemblies are configured to operate ina
vertical thrust configuration to allow the airship 1o perform a hover operation,

49, A method of delivering cargo to & remote location with an atrship, comprising:

seciring at least one shipping container to an external cargo area of an airship, the shipping
container containing cargo;

traveling o the remote location; and

delivering the shipping container by at least lowering the shipping container to the ground with a
hoisting mechardsm.

50, The method of claim 49, wherein the remote location is af least one of a mining operation

or a pipeline operation,

&9
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&1, The method of clalm 49, wherein the remote location 15 g tundra region, an arctic region,
or ¢ desert region,

52, The method of claim 49, wherein at least one shipping container includes at least one 20-
foot shipping container or at least one 40-foot shipping contsiner.

53 The methad of claim 49, whersin delivering the shipping container includes lowering the
shipping container to the ground while the afrship is hovering,

54. The method of claim 33, further including securing g return shipping container inthe

external carge area using a second hoisting mechanism,

24
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