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ROTATING WING ASSEMBLIES FOR TAILSITTER AIRCRAFT

BACKGROUND

[0001] Traditional fixed-wing aircraft generally require long runways or launching
systems to provide a distance for the aircraft to build sufficient speed to generate lift for
flight. And runways are generally required for fixed-wing aircraft to land. Some aircraft,
such as tailsitter aircraft and rotorcraft (including multirotor aircraft), avoid a need for
horizontal space for take-off and landing by taking off and landing vertically. Tailsitter
aircraft generally take off from (and land on) their tails, pitching between vertical and

horizontal orientations for flight in midair.

[0002] But rotorcraft are not optimal for efficient horizontal flight because the rotor(s)
must provide both lift and forward thrust. And tailsitter aircraft can be prone to tipping
when landing or taking off in a vertical configuration due to a high center of gravity. A wide
landing base is required to prevent the tailsitter from tipping over, especially when landing

or taking off in windy conditions or from uneven ground.

[0003] Existing tailsitter aircraft may include a wide landing base or landing legs in the
form of large vertical tails or fins. But such large tails or fins are not necessary for
horizontal flight, so they reduce performance by increasing drag and weight. And some
existing tailsitter aircraft may have large, retractable landing legs but these legs also
require unnecessary increases to aircraft weight. Accordingly, existing tailsitter aircraft
sacrifice performance (such as weight or aerodynamic qualities) in order to provide landing

and ground stability.
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SUMMARY

[0004] A tailsitter aircraft includes one or more rotatable wings. The tailsitter aircraft
optionally includes a fuselage from which wing supports extend. Each rotatable wing
optionally includes a rotatable wing section having an inboard portion proximate to the
fuselage, and an outboard portion distal from the fuselage. The rotatable wing section
may be rotatably attached to the wing support and configured to rotate between a vertical
flight configuration in which the inboard portion is positioned on an opposing side of the
wing support relative to the outboard portion, and a horizontal flight configuration different
from the vertical flight configuration. Other features and advantages will appear
hereinafter. The features described above can be used separately or together, or in

various combinations of one or more of them.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] In the drawings, wherein the same reference number indicates the same

element throughout the views:

[0006] Figure 1 illustrates a nose view of an aircraft in accordance with several

embodiments of the present technology.

[0007] Figure 2 illustrates a nose view of a configuration of the aircraft shown in

Figure 1 in which the wings are at least partially rotated.

[0008] Figure 3 illustrates a nose view of another configuration of the aircraft shown

in Figure 1 in which the wings are at least partially rotated.

114235-8005.WO00/134626844.1 -2-
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[0009] Figure 4 illustrates a nose view of another configuration of the aircraft shown

in Figure 1 in which the wings have been rotated.

[0010] Figure 5 illustrates a top view of an aircraft in accordance with several

embodiments of the present technology.

[0011] Figure 6 illustrates a top view of the aircraft shown in Figure 5 in which the

wings have been rotated.

[0012] Figure 7 illustrates a top view of an aircraft in a vertical take-off or landing

configuration in accordance with another embodiment of the present technology.

[0013] Figure 8 illustrates a top view of an aircraft in a vertical take-off or landing

configuration in accordance with another embodiment of the present technology.

[0014] Figure 9 illustrates a top view of an aircraft in a vertical take-off or landing

configuration in accordance with another embodiment of the present technology.

[0015] Figure 10 illustrates a nose view of the aircraft shown in Figure 9.

[0016] Figure 11 Illustrates a bottom view of a wing in accordance with an

embodiment of the present technology.

[0017] Figure 12 illustrates a cross-sectional view of the wing shown in Figure 11.

[0018] Figure 13 illustrates a cross-sectional view of a wing in accordance with

another embodiment of the present technology.

[0019] Figure 14 illustrates a nose view of an aircraft in accordance with another

embodiment of the present technology.
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[0020] Figure 15 illustrates a nose view of the aircraft shown in Figure 14 in which the

wings have been at least partially rotated.

[0021] Figure 16 illustrates an aircraft having swept wings in accordance with other

embodiments of the present technology.

[0022] Figure 17 illustrates a flying wing type aircraft in accordance with another

embodiment of the present technology.

[0023] Figure 18 illustrates a nose view of an aircraft in a vertical or horizontal flight

configuration in accordance with another embodiment of the present technology.

[0024] Figure 19 illustrates a nose view of another configuration of the aircraft shown
in Figure 18.
[0025] Figure 20 illustrates a nose view of a horizontal flight configuration of the

aircraft shown in Figure 18.

[0026] Figures 21A, 21C, and 21E illustrate top views of an aircraft having a wing
capable of rotating in two axes in various configurations in accordance with another

embodiment of the present technology.

[0027] Figures 21B, 21D, and 21F llustrate side views of the aircraft shown in

Figures 21A, 21C, and 21E, respectively.

[0028] Figure 22 illustrates a nose view of an aircraft in a first configuration in

accordance with another embodiment of the present technology.

[0029] Figure 23 illustrates a nose view of the aircraft shown in Figure 22, in a second

configuration.
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DETAILED DESCRIPTION

[0030] The present technology is directed to rotating wing assemblies for tailsitter
aircraft, and aircraft having rotating wings. Various embodiments of the technology will
now be described. The following description provides specific details for a thorough
understanding and enabling description of these embodiments. One skilled in the art will
understand, however, that the invention may be practiced without many of these details.
Additionally, some well-known structures or functions, such as structures or functions
common to aircraft, may not be shown or described in detail so as to avoid unnecessarily
obscuring the relevant description of the various embodiments. Accordingly, the
technology may have other embodiments with additional elements or without several of the

elements described below with reference to Figures 1-23.

[0031] The terminology used in the description presented below is intended to be
interpreted in its broadest reasonable manner, even though it is being used in conjunction
with a detailed description of certain specific embodiments of the invention. Certain terms
may even be emphasized below; however, any terminology intended to be interpreted in
any restricted manner will be overtly and specifically defined as such in this detailed

description section.

[0032] Where the context permits, singular or plural terms may also include the plural
or singular term, respectively. Moreover, unless the word "or" is expressly limited to mean
only a single item exclusive from the other items in a list of two or more items, then the use
of "or" in such a list is to be interpreted as including (a) any single item in the list, (b) all of

the items in the list, or (¢) any combination of items in the list. Further, unless otherwise
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specified, terms such as "attached" or "connected" are intended to include integral

connections, as well as connections between physically separate components.

[0033] Specific details of several embodiments of the present technology are
described herein with reference to unmanned aerial vehicles (UAVS) or standalone wings
using rotors or propellers for propulsion. In other embodiments, the technology may be
used in manned or passenger-carrying aircraft, or in aircraft using other types of propulsion
including, for example, turbofan propulsion, turbojet propulsion (or other jet propulsion),

ramjet propulsion, rocket propulsion, or other suitable propulsion systems.

[0034] The present technology provides rotating wing assemblies for tailsitter aircraft,
and aircraft having rotating wings. Examples of this technology are illustrated in Figures 1-

23.

[0035] Figure 1 illustrates an aircraft 100 having one or more wings 110 (for example,
two wings) that may be mounted or otherwise attached to a main body or fuselage 120.
The fuselage may have a vertical stabilizer 130, canards, a horizontal stabilizer, or other
suitable aerodynamic or control features, or it may lack one or more such features. In
various embodiments, the fuselage 120 may take various forms sufficient to support one or
more wings 110. For example, the fuselage 120 may be, but does not need to be,
cylindrical in shape. One or more rotors 140 may be attached to the wings 110. The
rotors 140 may be powered by motors, engines, or other suitable power delivery systems.
Note that although rotors are described and illustrated herein, embodiments of the present
technology may use other suitable forms of propulsion, as described above. And while
four rotors 140 are illustrated, more or fewer propulsion systems may be used. Further,

while puller (tractor) rotors are generally illustrated in Figure 1 and other figures,
114235-8005.WO00/134626844.1 -6-
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embodiments of aircraft according to the present technology may optionally use pusher
rotors, or a combination of puller and pusher rotors. Accordingly, embodiments of aircraft
according to the present technology may have various arrangements or combinations of
lifting surfaces, control surfaces, or propulsion features. In the configuration illustrated in
Figure 1, the wings 110 may have any suitable airfoil shape to provide lift to the aircraft

100 when the aircraft 100 is in horizontal flight.

[0036] As shown in Figure 2, wing supports 220 extend from an inboard region of the
aircraft, such as the fuselage 120, to support the wings 110. Arrows 200 illustrate the
directions of rotation about pivot axes 210 between the wings 110 and the wing supports
220. Each pivot axis 210 is generally transverse to a span of each wing 110 and may
generally align with a chordwise direction between a leading edge and a trailing edge of
each wing 110. The wing supports 220 may remain stable with respect to the fuselage
120 and serve as a structural link between the wings 110 and the fuselage 120. In some
embodiments, such as the embodiment generally illustrated in Figure 2, the wings 110
may rotate in opposite directions with respect to the fuselage 120 or wing supports 220.
Although the arrows 220 in Figure 2 illustrate a top surface of the wings 110 rotating away
from the fuselage, in some embodiments, the wings 110 may rotate inwardly toward the
fuselage. The wings 110 may rotate to an angle 230 (between the wings 110 and the wing
supports 220) within the range of approximately 20 degrees to 160 degrees in some
embodiments, while in other embodiments, other suitable rotation angles may be used.
Accordingly, Figure 2 may illustrate a final rotated position of the wings 110, or it may
illustrate a partially rotated position of the wings 110 as they transition to a fully rotated

position.

114235-8005.WO00/134626844.1 -7-
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[0037] Figure 3 illustrates a nose view of another configuration of the aircraft 100 in
which the wings 110 are at least partially rotated, in accordance with another embodiment
of the present technology. Arrows 300 illustrate rotation of the wings 110 about the pivot
axes 210 in the same direction. In such an embodiment, the wings 110 may produce lift in
the same direction when fully or partially rotated. Accordingly, in various embodiments of
the technology, the wings 110 may rotate about the pivot axes 210 in various directions
and combinations of directions. Figure 3 may illustrate a final rotated position of the wings
110, or it may illustrate a partially rotated position of the wings 110 as they transition to a

fully rotated position.

[0038] One such fully rotated position in accordance with an embodiment of the
present technology is generally illustrated in Figure 4. In this embodiment, the wings 110
have been rotated to an angle of approximately 90 degrees relative to the wing supports
220. In this configuration, the aircraft 100 may be operated in vertical flight. The wings
110 may be rotated during flight to facilitate transition between vertical flight and horizontal
flight configurations (for example, a horizontal flight configuration illustrated in Figure 1, in
which the wings 110 are positioned at an angle of approximately O degrees relative to the

wings supports 220).

[0039] In particular embodiments of the present technology, each pivot axis 210 may
be centrally located along a wingspan 400, or it may be located in other positions. For
example, the distance 410 from a wing root 420 to the pivot axis 210 may be between
approximately 10 percent and 90 percent of the wingspan 400. Such locations of the pivot
axis 210 allow a portion of the wing 110—for example, a portion having the root 420—to

be positioned above the pivot axis 210, the wing supports 220, or a center of gravity of the
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aircraft, while another portion—for example, a portion having a wing tip 430—may be
positioned below the pivot axis 210, the wing supports 220, or the center of gravity of the
aircraft. Such arrangements may provide a stable base for the aircraft 100 when it is
landing or taking off vertically in a tailsitter orientation, as further described below. The
pivot axis 210 may be provided by a joint, such as a hinge, a joint assembly, or another
suitable interface capable of providing relative rotation between the wing 110 and a wing

support 220.

[0040] In some embodiments, the pivot axis 210 need not be located between
approximately 10 percent and 90 percent of the wingspan 400. Rather, the pivot axis 210
may be located in a position sufficient to provide a stable base for a tailsitter orientation of
the aircraft 100 (generally illustrated in Figure 6, for example, which is described below).
For example, in particular orientations, the pivot axis 210 may be positioned to cause a
first portion of each wing 110 to be positioned opposite the center of gravity of the aircraft

100 from a second portion of the wing 110.

[0041] In the embodiment shown in Figure 5, the pivot axis 210 of each wing 110 is
parallel to a longitudinal axis 500 of the aircraft 100. In some embodiments, the pivot axis
210 may be oriented at an angle with respect to the longitudinal axis 500. In particular
embodiments, the pivot axis 210 may be tilted up to an angle of approximately 80 degrees
with respect to the longitudinal axis 500. Tilting the pivot axis 210 may accommodate
various swept-wing designs, for example, as described in detail with respect to Figure 16

below.

[0042] In some embodiments, the aircraft 100 may have one or more landing gear

units or landing legs 510 to support the aircraft 100 when it is on a surface in a vertical
114235-8005.WO00/134626844.1 -9-
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take-off or landing position. For example, the landing leg(s) 510 may be attached to end
portions of the wings 110 to provide spacing for a stable tailsitter landing orientation when
the wings 110 are rotated (as illustrated in Figure 6, for example). During horizontal flight,
the landing leg(s) 510 may trail behind the wings 110 and may be oriented to cause
minimal drag. The landing leg(s) 510 may be retractable or stowable to further reduce

drag.

[0043] Figure 6 illustrates a top view of the aircraft 100 in which the wings 110 have
been rotated to an angle of approximately 90 degrees relative to the wing supports 220 (as
generally illustrated in the nose view of Figure 4, for example). Note that although the view
in Figure 6 has been described as a “top view,” Figure 6 illustrates the aircraft 100
positioned on the ground or other surface 600 in a configuration for vertical take-off or
landing, with the nose 610 of the aircraft 100 pointed toward an upward flight direction. In
such a configuration, a top side of each wing support 220 is visible. The landing leg(s) 510
(of which only two are visible in Figure 6) provide a stable base for vertical take-off or

landing of the aircraft 100.

[0044] In operation, an aircraft 100 may take off in a generally upward direction in a
nose-first, vertical configuration, such as a configuration generally illustrated and described
with regard to Figures 2, 3, 4, and 6. In such configurations, as described above, the
wings 110 may be oriented so that portions of each wing are positioned on opposite sides
of a center of gravity of the aircraft 100. And if the aircraft 100 has landing gear (for
example, landing leg(s) 510), the landing gear may be positioned on opposite sides of the
center of gravity. The rotors 140, or other suitable propulsion system(s), provide vertical

thrust to lift the aircraft 100 from the ground or other surface 600. Upon reaching suitable
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elevation or airspeed (such as vertical climbing speed), the aircraft 100 may be controlled
to pitch forward to engage in horizontal flight. Before, during, or after the act of pitching
forward, the wings 110 of the aircraft 100 may be rotated about the pivot axes 210 toward
a configuration in which the wings 110 are generally horizontal, such as the configuration
generally illustrated in Figures 1 and 5. In horizontal flight, the wings 110 produce lift,
while the rotors 140 produce horizontal thrust. A user may operate the aircraft 100 in
horizontal flight in a conventional manner. The wings 110 may produce lift even when they

are not fully horizontal, such as in the partially rotated configuration illustrated in Figure 2.

[0045] To land in a vertical configuration (for example, as illustrated in Figure 6), the
aircraft 100 may pitch up until the rotors 140 are capable of providing sufficient vertical lift
for the aircraft 100. Before, during, or after the act of pitching upward, the wings 110 of the
aircraft 100 may be rotated about the pivot axes 210 toward the vertical take-off and
landing configurations. Although embodiments of the present technology have been
described with respect to both vertical take-off and vertical landing, in some embodiments,
aircraft of the present technology may take off horizontally and land vertically, or they may
take off vertically and land horizontally. The transition between vertical and horizontal
configurations (including folding or rotating the wings) may happen during flight or before

or after flight.

[0046] Aircraft in accordance with embodiments of the present technology provide
vertical take-off and landing configurations (such as a tailsitter or multirotor configurations)
and horizontal flight configurations while avoiding excess weight and drag associated with

structure that is generally used only for one configuration or the other.
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[0047] In various embodiments of the present technology, the wings 110 may be
rotated using various mechanisms, such as one or more belt drives, gear drives, linkages
to motors or actuators, rack and pinion systems, electrical motor systems, hydraulic
systems, or other suitable mechanisms capable of rotating the wings 110 about the pivot
axes 210. In other embodiments, aerodynamic effects may be used to manipulate the
wings 110. For example, the moment of force from an aileron or torque induced from

propulsion, including propwash, may be used to rotate the wings 110.

[0048] Figure 7 illustrates a top view of an aircraft 700 in a vertical take-off or landing
configuration in accordance with another embodiment of the present technology. Multiple
wing supports 710 may support each wing 720. For example, a pair of wing supports 710
may extend from the fuselage 120 in a triangular or truss shape, or in any other suitable
configuration. Each wing 720 may pivot about a single pivot point 730, as illustrated in

Figure 7, or about multiple pivot points.

[0049] Figure 8 illustrates a top view of an aircraft 800 in a vertical take-off or landing
configuration in accordance with another embodiment of the present technology. A
plurality of wing supports 810 may extend laterally from each of a left and right side of the
fuselage 120 to support rotatable wings 820. In such embodiments, there may be multiple
pivot points 830 along the pivot axes 210. Although two wing supports 810 are illustrated
on each side of the fuselage 120, in other embodiments, other suitable numbers or
arrangements of wing supports may be used. For example, in some embodiments, there

may be ten wing supports 810 and ten corresponding pivot points 830 for each wing 820.

[0050] Rotatable portions of wings of the present technology may, but need not,

include the entire length of the wings. For example, Figures 9 and 10 illustrate an aircraft
114235-8005.WO00/134626844.1 -12-
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900 in accordance with another embodiment of the present technology, in which a rotating
section 910 of each wing 920 rotates generally as described above, while a fixed section
930 remains in place adjacent to the fuselage 120. The fixed section 930 may have an
airfoil shape to provide lift during the transition between vertical and horizontal flight, and
during horizontal flight. In some embodiments, other portions of the wing 920 may be
fixed. Various configurations of wing supports 940 extending from the fuselage 120 or the
fixed sections 930 may be used in various embodiments of the technology to support the

rotating wing sections 910.

[0051] In several embodiments of the present technology, the wings (for example,
110, 910) need not rotate to equal angles to accommodate a vertical landing or take-off
configuration. Figure 10, for example, illustrates a nose view of the aircraft 900 illustrated

in Figure 9, in which the wings 920 have been rotated to different angles.

[0052] Figure 11 illustrates a bottom view of a wing 1100 in accordance with an
embodiment of the present technology. In order to reduce drag associated with the wing
supports during horizontal flight (for example, wing supports 220, 710, 810, 940), a wing
1100 of the present technology may include a slot or recess 1110 that partially or fully
receives a wing support when the wing 1100 is in a level configuration for horizontal flight
(such as in Figure 1). For example, a wing support may be fully seated in the recess 1110
so that it is flush with (or recessed relative to) a surface of the wing 1100. The wing 1100

may rotate about a pivot point 1120 located at a distal or outboard end of the recess 1110.

[0053] Figure 12 illustrates a cross-sectional view of the wing 1100 illustrated in
Figure 11. The recess 1110 may be located along a bottom surface of the wing 1100 at

any suitable position between a leading edge 1200 and a trailing edge 1210 of the wing
114235-8005.WO00/134626844.1 -13-
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1100. In some embodiments, and depending on the direction of rotation of a wing, wing
supports may be received in or against a top surface of the wing 1100. In such

embodiments, the recess 1110 may be located along the top surface of the wing 1100.

[0054] Figure 13 illustrates a cross-sectional view of a wing 1300 in accordance with
another embodiment of the present technology, in which the wing 1300 has a plurality of
recesses 1310, 1320 formed in a lower surface of the wing 1300 to accommodate a
corresponding plurality of wing supports. In other embodiments of the technology, various
shapes or orientations of the recesses may correspond to suitable shapes or orientations
of wing supports (for example, a triangular arrangement of wing supports 710 as generally
illustrated in Figure 7). In some embodiments, a plurality of recesses may be positioned

along the top surface of the wing 1100.

[0055] Figures 14 and 15 illustrate an aircraft 1400 in accordance with another
embodiment of the present technology. Figure 14 illustrates the aircraft 1400 in a
configuration for generally horizontal flight, in which the wings 1410 may have a gull-wing
configuration. For example, a fixed root portion 1420 of each wing 1410 may extend
angularly, upwardly, and outwardly from the fuselage 120 toward a generally horizontal
main wing portion 1430 positioned at an end of the root portion 1420. Figure 15 illustrates
the aircraft 1400 in a configuration in which the main wing portions 1430 are rotated at
different angles about pivot axes 1500. In some embodiments, the pivot axes 1500 may
be positioned to locate a center of gravity 1510 of the aircraft 1400 near a central location
between vertical landing or take-off support points (for example, the landing legs 510
described above). Note that although propulsion is not illustrated in Figures 14 and 15,

any suitable propulsion system may be used in the aircraft 1400.
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[0056] Figure 16 illustrates an aircraft 1600 having swept wings 1610 in accordance
with other embodiments of the present technology. In Figure 16, for illustrative purposes,
one wing 1610 is rotated while another wing 1610 remains in a configuration for horizontal
flight. In some embodiments, a pivot axis 1620 may be generally parallel to the
longitudinal axis 500 of the aircraft 1600 even if the wings are swept towards a tail of the
aircraft 1600. In other embodiments, a pivot axis 1630 may be oriented at an angle
relative to the longitudinal axis 500 of the aircraft 1600. In some embodiments, a pivot axis
may be oriented between +80 and -80 degrees relative to the longitudinal axis 500 of the

aircraft 1600.

[0057] Figure 17 Iillustrates a flying-wing-type aircraft 1700 in accordance with
another embodiment of the present technology. In this embodiment, a fuselage (for
example, the fuselage 120 described above) is omitted. Each wing 1710 may be mounted
to one or more wing supports (not shown) and positioned to rotate about a pivot axis 1720
(for example, an axis of a joint) to move between horizontal and vertical flight

configurations.

[0058] As described above, in some embodiments, wings may provide lift during the
transition between vertical and horizontal flight configurations. As another example, Figure
18 illustrates a nose view of an aircraft 1800 in a vertical take-off or landing configuration in
accordance with another embodiment of the present technology, in which each wing 1810
has been rotated to be approximately perpendicular to a corresponding wing support 1820.
In such a configuration, the aircraft 1800 may take off nose-first and vertically from a tail-
down orientation (or it may land in a tail-down orientation) in a manner similar to other

embodiments described above, such as the embodiments described with regard to Figures
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4 and 6. The wing supports 1820 extend outwardly from a fuselage 1830, which may

optionally have an upper vertical stabilizer 1840 and/or a lower vertical stabilizer 1850.

[0059] Each wing 1810 may be provided with an airfoil cross-section. For example,
an airfoil top surface 1870 may be positioned opposite an airfoil lower surface 1880 on
each wing 1810. One such lower surface 1880 may face towards the fuselage 1830, while
the other lower surface 1880 may face away from the fuselage 1830. In such a
configuration, each wing 1810 may provide lift for the aircraft 1800 during and after the
aircraft's 1800 maneuver to pitch forward into horizontal flight from vertical flight.
Accordingly, in some embodiments, the aircraft 1800 may fly nose-first in horizontal flight
with the wings 1810 in the configuration illustrated in Figure 18. In other words, the aircraft
1800 may be flown generally like a bi-plane, with the fuselage 1830 positioned between

the wings 1810.

[0060] Each wing 1810 may have one or more propulsion systems 1860, which may
be similar to other propulsion systems disclosed herein (for example, rotors 140) for
providing lift during vertical flight or thrust during horizontal flight. The aircraft 1800 may
have landing support structure extending from the wings 1810 or from the fuselage 1830
(for example, landing legs 510 illustrated in Figure 5) to support the aircraft 1800 when on
the ground in a vertical flight configuration. The wings 1810 may rotate relative to the wing
supports 1820 before, during, or after flight, and they may rotate in the same direction

1895 about one or more pivot axes 1890.

[0061] Figure 19 illustrates a nose view of another configuration of the aircraft 1800 in
which the wings 1810 are partially rotated relative to the wing supports 1820. In such a

configuration, the aircraft 1800 may be deemed to be in transition to or from fully horizontal
114235-8005.WO00/134626844.1 -16-
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flight, or in some embodiments, the aircraft 1800 may fly vertically or horizontally in this
configuration. As the wings 1810 are rotated, the fuselage 1830 may also rotate, such that
the wings 1810 remain generally level and capable of producing lift during or after the

transition to or from horizontal flight.

[0062] Figure 20 illustrates a nose view of another configuration of the aircraft 1800 in
which the wings 1810 are generally level with the wing supports 1820. In this view, the
wing supports 1820 are not visible, in part because in this configuration they have been
received within corresponding recesses such as those described above with regard to
Figures 11-13. For example, there may be a recess in a top surface 1870 of the left wing
and a recess in a bottom surface 1880 of the right wing, to receive the corresponding left
and right wing supports 1820. In the horizontal flight configuration illustrated in Figure 20,
the aircraft 1800 may fly along a generally horizontal trajectory until pitching upward and
transitioning back to a vertical flight configuration (for example, Figure 18) for a tail-down

landing or other flight operations.

[0063] Figures 21A through 21F illustrate two-axis rotation of a wing 2100 relative to
a fuselage 2110 of an aircraft 2120 capable of vertical take-off or landing in accordance
with another embodiment of the present technology. For convenience, only a right-side
wing 2100 of the aircraft 2120 is illustrated, although a corresponding two-axis rotation
may be used on a left-side wing of the aircraft 2120. Figures 21A, 21C, and 21E illustrate
partial top views of the aircraft 2120, while Figures 21B, 21D, and 21F illustrate side views

of the aircraft 2120.

[0064] Specifically, Figures 21A and 21B illustrate the aircraft 2120 in a generally

horizontal flight configuration in which the wing 2100 is oriented for horizontal flight as
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described above. The wing 2100 may be rotatable about a first axis 2130 to move
between the horizontal flight configuration to a vertical flight configuration as described
above. The first axis 2130 may generally align with a longitudinal axis of the fuselage
2110, for example, or it may be oriented at an oblique or other angle relative to the

fuselage.

[0065] Figures 21C and 21D illustrate the aircraft 2120 in transition to, or after
transition to, a vertical flight configuration, in which the wing 2100 has been rotated about
the first axis 2130. One or more wing supports 2140 support the wing 2100. As seen in
Figure 21D, if the wing 2100 is a swept wing, a trailing edge 2150 may be oriented at an
oblique angle with respect to the fuselage 2110 after the wing 2100 has been rotated
about the first axis 2130. In some embodiments, landing support structure (such as
landing legs 2160) may extend from the wing 2100 in such a manner that it is not level to
the ground in this configuration and when in a tail-down or vertical flight orientation. Other
aspects may exist as a result of the wing 2100 being oriented at an oblique angle relative
to the fuselage 2110 when in a vertical flight configuration. Accordingly, the wing 2100
may be rotated about a second axis 2170, as generally illustrated by the arrow 2180 in
Figures 21C and 21D. The second axis 2170 may be provided by a joint, a joint assembly,
or another suitable interface capable of providing relative rotation between the wing 2100

and the wing support 2140.

[0066] Figures 21E and 21F illustrate the aircraft 2120 in a vertical flight configuration
in which the wing 2100 has been rotated about the second axis 2170 to cause the trailing
edge 2150 to be oriented generally perpendicular to the fuselage 2110 or level to the

ground. In such a configuration, landing support structure (such as landing legs 2160)
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may be oriented level to the ground. Note that for simplicity in illustration, landing support
structure (such as landing legs 2160) is not shown in all of figures 21A-21F, and is optional
in various embodiments. Although two rotations are illustrated and described herein, there
may be more than two axes with corresponding rotations, and any rotations may occur in

sequence, in reverse sequence, or simultaneously.

[0067] Figure 22 illustrates an aircraft 2200 in a first configuration in accordance with
another embodiment of the present technology. The aircraft 2200 may include a fuselage
2210 and a plurality of wing supports 2220 (for example, four wing supports) extending
from the fuselage 2210. Each wing support 2220 may support a wing or wing segment
2230. Each wing segment 2230 may be positioned to rotate relative to its corresponding
wing support 2220 about a pivot axis 2240. The pivot axis 2240 may be provided by a
joint, such as a hinge, a joint assembly, or another suitable interface capable of providing
relative rotation between a wing segment 2230 and a wing support 2220. In some
embodiments, a rotor 2250 or other propulsion system may be located at or near the pivot
axis 2240, or a propulsion system may be located at other suitable positions on the wing
segments 2230 or the fuselage 2210. The configuration shown in Figure 22 may
accommodate vertical or horizontal flight. For example, the aircraft 2200 may function
similar to a biplane when in horizontal flight, and it may be oriented to land in a tail-down

orientation similar to other embodiments described herein.

[0068] Figure 23 illustrates the aircraft 2200 shown in Figure 22, in a second
configuration, in which each wing segment 2230 has been rotated relative to a
corresponding wing support 2220. For example, each wing segment 2230 may be rotated

to be oriented approximately perpendicular to its corresponding wing support 2220. Such
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a second configuration provides a wide landing base for a vertical, tail-down take-off or

landing.

[0069] From the foregoing, it will be appreciated that specific embodiments of the
disclosed technology have been described for purposes of illustration, but that various
modifications may be made without deviating from the technology, and elements of certain
embodiments may be interchanged with those of other embodiments. For example, in
some embodiments, various types and quantities of aircraft propulsion systems may be
used and there may be various numbers of wing supports (for example, 220, 710, 810,
940) or wings. In yet further embodiments, landing legs (for example, landing legs 510)
may be deployable and retractable, or omitted in favor of other landing support structure.
Although various embodiments disclosed herein may utilize various aerodynamic control
structures—such as stabilizers, canards, ailerons, elevons, or other aerodynamic
structures—such structures are not necessary in every embodiment, and may be omitted

or combined in various embodiments.

[0070] Further, while advantages associated with certain embodiments of the
disclosed technology have been described in the context of those embodiments, other
embodiments may also exhibit such advantages, and not all embodiments need
necessarily exhibit such advantages to fall within the scope of the technology.
Accordingly, the disclosure and associated technology may encompass other
embodiments not expressly shown or described herein, and the invention is not limited

except as by the appended claims.
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CLAIMS

What is claimed is:

1. A method for operating an aircraft, the method comprising:

propelling the aircraft to take off from a surface in a vertical flight configuration in
which a nose portion is above a tail portion and a wing portion is oriented in a
first orientation relative to a wing support;

pitching the aircraft toward a generally horizontal flight direction in which the nose
portion leads the tail portion;

while in flight, rotating the wing portion relative to the wing support toward a
horizontal flight configuration in which the wing portion is oriented in a
second orientation different from the first orientation, and in which the wing
portion generates lift for horizontal flight;

propelling the aircraft along a generally horizontal flight path to perform a flight
operation;

pitching the aircraft toward a generally vertical flight direction;

rotating the wing portion relative to the wing support toward the vertical flight
configuration; and

landing the aircraft in the vertical flight configuration.

2. An aircraft comprising:

a first wing support extending outwardly from a first side of the aircraft;
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a second wing support extending outwardly from a second side of the aircraft
opposite the first side of the aircraft;
a first wing section attached to the first wing support and rotatable about a first pivot
axis that extends transversely relative to the first wing section; and
a second wing section attached to the second wing support and rotatable about a
second pivot axis that extends transversely relative to the second wing
section; wherein
the first and second wing sections are positioned to rotate about their
respective pivot axes between a horizontal flight configuration in which
the first wing section is aligned with the first wing support and the
second wing section is aligned with the second wing support, and a
tail-down flight configuration in which each of the first and second wing
sections is oriented at an angle relative to its respective wing support;
and wherein
the first and second wing sections are positioned to support the aircraft when the

aircraft is positioned on a surface in the tail-down configuration.

3. A tailsitter aircraft comprising:

a fuselage;

a wing support attached to the fuselage; and

a rotatable wing section having an inboard portion proximate to the fuselage and an
outboard portion distal from the fuselage, the rotatable wing section being

rotatably attached to the wing support at a wing rotation joint and configured
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to rotate between a vertical flight configuration in which the inboard portion is
positioned on an opposing side of the wing rotation joint relative to the
outboard portion, and a horizontal flight configuration different from the

vertical flight configuration.

4. The tailsitter aircraft of claim 3 wherein when the rotatable wing section is in
the vertical flight configuration, the outboard portion and the inboard portion are located on

opposite sides of a center of gravity of the aircraft.

. The tailsitter aircraft of claim 3 wherein when the rotatable wing section is in
the vertical flight configuration, the outboard portion and the inboard portion are located on

opposite sides of the wing support.

6. The tailsitter aircraft of claim 3, wherein the wing support comprises a first
wing support and the rotatable wing section comprises a first rotatable wing section, the
aircraft further comprising a second wing support attached to the fuselage and a second
rotatable wing section rotatably attached to the second wing support, wherein the first and
second rotatable wing sections are configured to rotate between a horizontal flight

configuration and a vertical flight configuration during flight.

7. The tailsitter aircraft of claim 3, further comprising a fixed wing section

positioned between the fuselage and the rotatable wing section.
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8. The tailsitter aircraft of claim 3, further comprising a landing gear unit
attached to the rotatable wing section, the landing gear unit positioned to at least partially
support the aircraft on a surface when the rotatable wing section is in the vertical flight

configuration.

9. The tailsitter aircraft of claim 3 wherein the rotatable wing section is
configured to rotate to an angle between 20 degrees and 160 degrees relative to the wing

support.

10.  The tailsitter aircraft of claim 3 wherein the wing rotation joint comprises a
pivot axis positioned at a distance from an end of the rotatable wing section that is

between 10 percent and 90 percent of a length of the rotatable wing section.

11.  The tailsitter aircraft of claim 3 wherein the rotatable wing section is
configured to rotate about a pivot axis oriented at an angle relative to a longitudinal axis of

the aircraft.

12.  The tailsitter aircraft of claim 3 wherein the rotatable wing section comprises
a recess positioned to receive the wing support when the rotatable wing section is in the

horizontal flight configuration.

13. The tailsitter aircraft of claim 3 wherein the wing rotation joint comprises a first
pivot axis, and wherein the rotatable wing section is further rotatable about a second pivot

axis different from the first pivot axis.
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14. A vertical take-off or landing aircraft comprising:

a wing support extending from an inboard region of the aircraft; and

a wing mounted on the wing support and positioned to rotate about an axis between
a horizontal flight configuration in which the wing is generally aligned with the
wing support and a vertical flight configuration in which the wing is oriented at

an angle relative to the wing support.

15.  The vertical take-off or landing aircraft of claim 14, further comprising a
landing leg attached to the wing and extending toward a tail end of the aircraft, the landing
leg positioned to at least partially support the aircraft when the aircraft is on a landing

surface in the vertical flight configuration.

16.  The vertical take-off or landing aircraft of claim 14 wherein when the aircraft
is in the horizontal flight configuration, the wing has an inboard portion positioned
proximate to the inboard region and a tip portion positioned distal to the inboard region,
and wherein when the aircraft is in the vertical flight configuration, the inboard portion and

the tip portion are positioned on opposing sides of a center of gravity of the aircraft.

17.  The vertical take-off or landing aircraft of claim 14 wherein when the aircraft
is in the horizontal flight configuration, the wing has an inboard portion positioned
proximate to the inboard region and a tip portion positioned distal to the inboard region,
and wherein when the aircraft is in the vertical flight configuration, the inboard portion and

the tip portion are positioned on opposing sides of the wing support.

114235-8005.WO00/134626844.1 -25.



WO 2017/184270 PCT/US2017/022262

18. The vertical take-off or landing aircraft of claim 17, further comprising a
fuselage, wherein the inboard portion is a root portion, and wherein when the aircraft is in

the horizontal flight configuration, the root portion is positioned adjacent to the fuselage.

19.  The vertical take-off or landing aircraft of claim 17 wherein when the aircraft
is in the horizontal flight configuration, the inboard portion is positioned adjacent to a fixed

wing segment.

20. The vertical take-off or landing aircraft of claim 14 wherein the angle is

between 20 degrees and 160 degrees.

21.  The vertical take-off or landing aircraft of claim 14, further comprising one or
more additional wing supports, wherein the wing is rotatably attached to the additional

wing supports.

22.  The vertical take-off or landing aircraft of claim 14, further comprising an

elongated recess in the wing positioned to receive the wing support.

23. The vertical take-off or landing aircraft of claim 14 wherein the axis is

positioned at an angle relative to a longitudinal axis of the aircraft.

24. The vertical take-off or landing aircraft of claim 14 wherein the axis is a first
axis, and wherein the wing is further positioned to rotate about a second axis different from

the first axis.
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