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Description

TECHNICAL FIELD

[0001] This disclosure relates in general to helicopters
and more particularly to wind-powered recharging for a
weight-shifting coaxial helicopter.

BACKGROUND

[0002] Unmanned helicopters are powered aircraft that
do not require an onboard operator. Instead, unmanned
helicopters may fly autonomously or may be piloted re-
motely. Unmanned helicopters are designed in various
forms and sizes and may be used for an array of appli-
cations. For example, military organizations and law en-
forcement may utilize unmanned helicopters in activities
such as policing and surveillance. As another example,
civilian businesses may use unmanned helicopters for
applications such as aerial photography or to deliver par-
cels. Typically, unmanned helicopters are in the shape
of traditional single rotor helicopters or multirotor helicop-
ters (e.g., quadcopters and the like).
[0003] US 8 167 234 B1 discloses an insect-like micro
air vehicle having perching, energy scavenging, crawl-
ing, and offensive payload capabilities.

SUMMARY OF THE DISCLOSURE

[0004] According to the invention, an unmanned heli-
copter as defined by claim 1 is disclosed.
[0005] Technical advantages of certain examples may
include providing a helicopter having long endurance and
quiet operation. Additionally, certain examples may pro-
vide advantages such as increased reliability and re-
duced cost due to relatively few moving parts. Further-
more, certain examples are configured to be highly trans-
portable and easily deployable or launchable by other
aircraft. Certain examples may also be self-sustaining
such that they are configured to generate their own pow-
er. Other technical advantages will be readily apparent
to one skilled in the art from the following figures, de-
scriptions, and claims. Moreover, while specific advan-
tages have been enumerated above, various examples
may include all, some, or none of the enumerated ad-
vantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For a more complete understanding of the
present disclosure and its advantages, reference is now
made to the following description, taken in conjunction
with the accompanying drawings, in which:

FIGURE 1 illustrates a weight-shifting coaxial heli-
copter;
FIGURE 2 illustrates an example propulsion system
of the weight-shifting coaxial helicopter of FIGURE 1;

FIGURE 3 illustrates a folding capability of the
weight-shifting coaxial helicopter of FIGURE 1;
FIGURE 4 illustrates an example gimbal assembly
of the weight-shifting coaxial helicopter of FIGURE 1;
FIGURE 5 illustrates an example gimbal assembly
of another example of a weight-shifting coaxial hel-
icopter;
FIGURES 6A-I illustrate example landing modules
of the weight-shifting coaxial helicopter of FIGURE 1;
FIGURE 7 illustrates an example computer system
that may be included in a controller of the weight-
shifting coaxial helicopter of FIGURE 1;
FIGURE 8 illustrates a configuration of the weight-
shifting coaxial helicopter of FIGURE 1; and
FIGURE 9 illustrates a wind generation capability of
the weight-shifting coaxial helicopter of FIGURE 1.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0007] To facilitate a better understanding of the
present disclosure, the following examples are given.
The following examples are not to be read to limit or define
the scope of the disclosure. Examples of the present dis-
closure and its advantages are best understood by re-
ferring to FIGURES 1 through 5, where like numbers are
used to indicate like and corresponding parts.
[0008] The multirotor helicopter design has become a
popular configuration for current unmanned helicopters.
In order to fly, a helicopter produces an amount of lift that
is greater than the force of gravity acting upon it. The
spinning of a helicopter’s rotor blades results in lift. Lift
may be generated either by changing the speed of its
rotors, or by changing the pitch angle of its rotor blades.
Helicopters that generate lift by changing the speed of
their rotors employ "fixed-pitch control." Helicopters that
generate lift by changing the pitch angle of their rotor
blades employ "collective-pitch control."
[0009] Helicopters with fixed-pitch control have main
rotor blades that are held at a fixed angle. Because of
this, any change in altitude of a fixed-pitch helicopter is
controlled by its motor speed. Thus, when a fixed-pitch
helicopter increases the speed of its motor, the rotor
blades rotate faster and more lift is generated. The op-
posite is also true: decreasing the speed of the helicop-
ter’s motor results in a decrease of the rotation of its rotor
blades and thus a decrease in lift. Helicopters with fixed-
pitch control may provide advantages such as reduced
complexity and improved reliability.
[0010] Helicopters with collective-pitch control have ro-
tatable rotor blades capable of collectively changing their
pitch angle. Because collective-pitch helicopters may
achieve lift by controlling a combination of rotor speed
and pitch angles, they enjoy the advantage of longer en-
durance. Such helicopters also have increased maneu-
verability and responsivity because collectively varying
the pitch angle of the rotor blades allows for better control
over the lift of the helicopter.
[0011] Many typical helicopters are commonly associ-
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ated with disadvantages such as loud operation, in-
creased cost, and reduced reliability due to mechanical
complexity. Accordingly, there is a need for a helicopter
configuration which has quiet operation and increased
reliability, provided by fixed-pitch helicopter, while still
being maneuverable and responsive and having longer
endurance like collective-pitch control helicopter.
[0012] The teachings of the disclosure recognize that
using weight-shifting to control the movement of a heli-
copter during flight may provide one or more of the above
advantages. The following describes examples of
weight-shifting coaxial helicopters that provide these and
other desired features.
[0013] FIGURE 1 illustrates a weight-shifting coaxial
helicopter 100. Helicopter 100 includes a propulsion sys-
tem 110, a gimbal assembly 160, and a fuselage 180. In
general, helicopter 100 utilizes weight-shifting of fuse-
lage 180 to control its movements during flight.
[0014] Helicopter 100 includes multiple components
with a single one of some of components being repre-
sented in FIGURES 1-6. One skilled in the art will under-
stand that more than the depicted number of components
can be included as performance and mission demands
dictate. One skilled in the art will also understand that
helicopter 100 can include other components that are not
illustrated but typically included with helicopters.
[0015] According to the invention, propulsion system
110 includes a first rotor assembly 115a and a second
rotor assembly 115b. Each rotor assembly 115 includes
a motor 120 (e.g., 120a, 120b) coupled to a rotor 130
(e.g., 130a, 130b). Each rotor 130 includes a plurality of
blades 140 (e.g., 140a-d). According to the invention,
rotors 130 are coaxial and counter-rotating. That is, rotor
130a and rotor 130b share the same axis 190 of rotation,
however rotor 130a rotates in one direction while rotor
130b rotates in the opposite direction. Counter-rotation
of rotors 130a-b may be accomplished using a fixed shaft
220 as depicted in FIGURE 2. The rotation of rotors 130
result in the driving of blades 140 in the direction of their
respective rotors. In some examples motors 120 are high
torque outrunner brushless electric motors and are suit-
able for providing power to rotate rotors.
[0016] The configuration of propulsion system 110
may vary. According to the invention, such as that de-
picted in FIGURE 1, propulsion system 110 is configured
such that all components of first rotor assembly 115a are
stacked atop all components of second rotor assembly
115b. In other examples not being part of the invention,
such as that depicted in FIGURE 5, the components (e.g.,
motor 120, rotor 130, blades 140) of each rotor assembly
115 are arranged in a different configuration.
[0017] In some examples, such as the illustrated em-
bodiment of FIGURE 1, rotor 130a comprises two blades
140 (i.e., blades 140a-b), and rotor 130b comprises two
blades 140 (i.e., blades 140c-d). In other examples, the
number of blades 140 of rotor 130a may be different than
the number of blades 140 of rotor 130b. For example,
rotor 130a may include four blades 140, and rotor 130b

may include three blades 140. This disclosure anticipates
any appropriate number of blades 140 for rotors 130.
[0018] According to the invention, blades 140 have
pitch angles that are fixed (i.e., the pitches of blades 140
are not adjustable). In some examples, the pitch angles
of blades 140 of rotor 130a may differ from the pitch an-
gles of blades 140 of rotor 130b, or all blades 140 may
have the same pitch angle. This disclosure anticipates
any appropriate pitch angle of blades 140.
[0019] In some examples, blades 140 may be the same
length. In other examples, the lengths of blades 140 of
rotor 130a may be different from the lengths of blades
140 of rotor 130b. In certain examples, blades 140 have
lengths equal to or substantially equal to (e.g., within +/-
10% of) the overall length of helicopter 100. By having
lengths equal to or substantially equal to the overall
length of helicopter 100, helicopter 100 is provided with
high packaging efficiency. This disclosure recognizes
that increased blade length is associated with certain ad-
vantages such as increased efficiency and quiet opera-
tion.
[0020] In some examples, helicopter 100 may include
a folding capability in order to be more compact and easily
moveable. For example, FIGURE 3 illustrates helicopter
100 with blades 140 folded alongside fuselage 180 to
increase packaging efficiency. In particular, blades 140
may pivot from a position perpendicular to fuselage 180
used during flight to a position parallel to fuselage 180
for storage. This may allow, for example, helicopter 100
to be placed inside a tube or other elongated structure.
As a specific example, blades 140 may be folded parallel
to fuselage 180 to allow helicopter 100 to be stored inside
a tubular structure mounted to another aircraft. Helicopter
100 may then be launched or otherwise released from
the other aircraft while in flight, at which point blades 140
may pivot back to being perpendicular to fuselage 180
to allow proper flight operations of helicopter 100. FIG-
URE 2, described in more detail below, illustrates a par-
ticular example that utilizes hinge mechanisms 215 to
allow blades 140 to pivot as described above.
[0021] Gimbal assembly 160 is mechanically coupled
to both propulsion system 110 and fuselage 180 of hel-
icopter 100. According to the invention, gimbal assembly
160 includes two gimbal motors 165 (i.e., 165a and 165b)
which are controlled by a controller (e.g., controller 182
discussed below) in order to weight-shift fuselage 180
and thereby control the movements of helicopter 100.
According to the invention, one gimbal motor 165 (e.g.
165a) is configured to control the pitch of helicopter 100
and the other gimbal motor 165 (e.g., 165b) is configured
to control the roll of helicopter 100. According to the in-
vention, gimbal motors 165a and 165b are arranged in
a stacked assembly as illustrated in FIGURES 1-6 and
are positioned along different axes 420 that are perpen-
dicular to one another. In some examples, housing 410
secures gimbal motor 165a along one axis and secures
gimbal motor 165b along a different axis. Some examples
of gimbal assembly 160 are discussed in more detail be-
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low in reference to FIGURES 4 and 5.
[0022] Fuselage 180 of helicopter 100 is mechanically
coupled to gimbal assembly 160. According to the inven-
tion, fuselage 180 includes a power source 184 and a
controller 182. Fuselage 180 may have any appropriate
shape or dimensions. In the illustrated example, fuselage
180 is tubular in shape, which may permit helicopter 100
to be stored within a tube or other elongated structure as
described above. In some examples, fuselage 180 is a
single tubular body. In other examples, fuselage 180 is
a tubular body formed from a plurality of separable, mod-
ular components arranged in a stacked assembly. Such
modular components may include a payload module
and/or a landing module. By way of example, a payload
module may include a camera system, a GPS system,
or any other avionics system. Examples of various land-
ing modules are discussed further below in reference to
FIGURE 6A-I.
[0023] Although not illustrated, helicopter 100 may al-
so include a wing. In some examples, the wing may be
coupled to an exterior portion of fuselage 180. The wing
may be configured to increase the speed of helicopter
100 or increase the flight duration of helicopter 100.
[0024] As described above, fuselage 180 is weight-
shifted in order to control the movements of helicopter
100. To do so, controller 182 is communicably coupled
to gimbal motors 165. Controller 182 is configured to pro-
vide instructions to gimbal motors 165 via any appropri-
ate communications link (e.g., wired or wireless). In some
examples, controller 182 is also communicably coupled
to motors 120 and is configured to dynamically control
throttle to motors 120. As described in more detail below,
controlling throttle to motors 120 assists in flight control
of helicopter 100. In some examples, controller 182 in-
cludes (or is communicatively coupled to) one or more
gyroscopes and/or one or more accelerometers. In some
examples, controller 182 includes or is a computer sys-
tem such as computer system 700 described below in
reference to FIGURE 7.
[0025] Power source 184 is any appropriate source of
power for helicopter 100 and is electrically coupled to
controller 182, gimbal motors 165, and motors 120. In
some examples, power source 184 is a primary or sec-
ondary cell battery. In other examples, power source 184
may be a generator such as a compact gas engine or
fuel cell. Although this disclosure specifies and describes
particular forms of power source 184, this disclosure con-
templates any suitable power source 184 of helicopter
100. It will be understood by a person of ordinary skill in
the art that power source 184 supplies power to some or
all electronic components of helicopter 100 for proper
operation of helicopter 100.
[0026] FIGURE 2 illustrates an example of propulsion
system 110 of helicopter 100. As described above, pro-
pulsion system 110 includes rotor assemblies 115. Rotor
assemblies 115 include motors 120 coupled to rotors 130
which include blades 140. In other examples, rotor as-
semblies 115 may include additional components.

[0027] In some examples, blades 140 are coupled to
motor 120 via a hub 210. For example, each hub 210
may be coupled to a rotating shaft of motor 120, and
blades 140 in turn are coupled to hub 210. In some ex-
amples, hub 210 may include one or more hinge mech-
anisms 215, as described in more detail below.
[0028] As described above, helicopter 100 may be con-
figured to have a folding capability. As illustrated in FIG-
URES 2-3, blades 140a-b may be coupled to hub 210a
of rotor 130a via hinge mechanisms 215. Hinge mecha-
nisms 215 are configured to allow blades 140 to pivot
from a position perpendicular to fuselage 180 (as illus-
trated in FIGURE 2) to a position parallel to fuselage 180
(as illustrated in FIGURE 3). That is, a force applied to
blades 140 in the upwards direction may result in a distal
folding of blades 140 in relation to fuselage 180. Alter-
natively, a force applied to blades 140 in the downwards
direction will result in a proximal folding of blades 140 in
relation to fuselage 180. Such folding of the blades 140
is illustrated in FIGURE 3. In some examples, centrifugal
force may be used to pivot blades 140. For example, the
rotation of rotor 130 by motor 120 may exert centrifugal
forces upon blades 140 and cause them to pivot from a
folded position into a position perpendicular to fuselage
180. In some examples, the lack of rotation of rotor 130
may cause blades 140 to automatically pivot back into a
folded position. In some examples, the pivoting of blades
140 to a position perpendicular to fuselage 180 powers
on helicopter 100.
[0029] In some examples, helicopter 100 may be de-
ployed from another aircraft (a "drop aircraft") when
blades 140 of helicopter 100 are positioned perpendicu-
lar to fuselage 180. This compact configuration of heli-
copter 100 may provide certain advantages in regards
to removably coupling helicopter 100 to the drop aircraft
and in regards to the deployment of helicopter 100 from
the drop aircraft. For example, a helicopter 100 in the
compact configuration of FIGURE 3 may be placed a
spring-loaded deployment tube mounted to the drop air-
craft. At an appropriate time, helicopter 100 may be dis-
charged from the drop aircraft causing blades 140 to pivot
into a position perpendicular to fuselage 180. This dis-
closure contemplates that pivoting of blades 140 into a
position perpendicular to fuselage 180 may be weight-
driven, servo driven, spring-driven, and the like. In some
examples, blades 140 will lock in the perpendicular po-
sition once they have pivoted into the position perpen-
dicular to fuselage 180. In other examples, blades 140
will pivot into the perpendicular position sequentially. In
some examples, the pivoting of blades 140 into the per-
pendicular position results in the activation of some or all
electronic components, including gimbal motors 165 and
motors 120. For example, upon detection that blades 140
have pivoted into a position perpendicular to fuselage
180, controller 182 may provide instructions to motors
120 and gimbal motors 165. As a result, helicopter 100
is able to stay aloft and control its movements during
flight.
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[0030] In some examples, a fixed shaft 220 is used to
couple first rotor assembly 115a to helicopter 100. Fixed
shaft 220 may be any non-rotating member used to cou-
ple first rotor assembly 115a to gimbal assembly 160. In
some examples, a portion of fixed shaft 220 passes
through second rotor assembly 115b. For example, fixed
shaft 220 may include a shaft portion that passes through
an aperture down the center of motor 120b. This allows
the counter-rotation of rotors 130a and 130b. Although
this disclosure depicts and illustrates a fixed shaft 220 to
accomplish counter-rotation of rotors 130, this disclosure
contemplates any suitable component or configuration
of helicopter 100 resulting in counter-rotation of rotors
130.
[0031] FIGURE 4 illustrates an example gimbal as-
sembly 160 of weight-shifting coaxial vehicle 100 of FIG-
URE 1. As described above, gimbal assembly 160 cou-
ples propulsion system 110 to fuselage 180. Gimbal as-
sembly 160 includes gimbal motors 165 (e.g., 165a-b)
and a housing 410. In some examples, gimbal motors
165 may be direct torque motors such as those depicted
in FIGURE 4. In other examples, gimbal motors 165 may
be servo motors such as those as depicted in FIGURE
5. In yet other examples, gimbal motor 165 may include
one or more linear actuators. Although this disclosure
illustrates and describes specific types of gimbal motors
165, this disclosure contemplates using any suitable gim-
bal motor 165 that creates torque and shifts the weight
of fuselage 180.
[0032] In some examples, housing 410 secures gimbal
motors 165 along different axes, such as axes 420a and
420b. In some examples, axes 420a and 420b may be
perpendicular to each other and axis 190. In some ex-
amples, housing 410 may provide structural support for
motors 130. Housing 410 may have any appropriate
shape or dimensions, and may be formed of any appro-
priate material.
[0033] In general, housing 410 separates gimbal motor
165a from gimbal motor 165b and secures them along
two different axes 420a and 420b. A two-axis gimbal as-
sembly 160, such as those depicted in FIGURES 4-5,
provides helicopter 100 with pitch and roll control during
flight. Specifically, a first gimbal motor 165 (e.g., 165a)
may be secured by housing 410 along first axis 420a
providing helicopter 100 with pitch control, and a second
gimbal motor 165 (e.g., 165b) may be secured by housing
410 along second axis 420b providing helicopter 100 with
roll control. In one example, gimbal assembly 160 is con-
figured such that the gimbal motor 165 associated with
pitch control is located above the gimbal motor 165 as-
sociated with roll control. In another example, gimbal as-
sembly 160 is configured such that the gimbal motor 165
associated with roll control is located above the gimbal
motor 165 associated with pitch control.
[0034] In operation, power source 184 provides power
to some or all electronic components of helicopter 100
including controller 182, gimbal motors 165, and motors
120. As a result, rotors 130 spin in counter-rotating di-

rections about axis 190, thereby creating thrust and gen-
erating lift of helicopter 100. The altitude of helicopter
100 may be changed by symmetrically varying throttle to
motors 120. To control the yaw of helicopter 100, throttle
to motors 120 is asymmetrically varied. For example, to
yaw to the left, motor 120a may increase throttle while
motor 120b decreases throttle. Such increased throttle
of motor 120a results in increased torque on helicopter
100. Without similar torque being created by motor 120b,
helicopter 100 will yaw to the left. Using asymmetric or
differential throttle may permit yaw control without reduc-
ing lift.
[0035] Once aloft, it may be desirable to change the
pitch or roll of helicopter 100. To do so, controller 182
sends one or more instructions to one or more gimbal
motors 165. In accordance with the one or more instruc-
tions, gimbal motors 165 shift the weight of fuselage 180,
thereby producing thrust vectors in the direction of the
desired heading. For example, upon receiving one or
more instructions regarding pitch from controller 182,
gimbal motor 165a may weight-shift fuselage 180 in the
aft direction. The effect of shifting fuselage 180 in the aft
direction is that helicopter will begin flying in the forward
direction. As another example, upon receiving one or
more instructions regarding roll from controller 182, gim-
bal motor 165b may weight-shift fuselage 180 towards
the left. The effect of shifting fuselage 180 towards the
left is that helicopter 100 will begin flying in the rightward
direction. Thus, as a result of weight-shifting fuselage
180, the movements of helicopter 100 are able to be con-
trolled. This is in contrast to typical helicopters such as
helicopters that utilize adjustable-pitch blades and addi-
tional tail rotors to control movements. Such vehicles are
more complex, more expensive, and are more difficult to
repair due to the amount of moving parts required for
proper flight. By utilizing weight-shifting, helicopter 100,
on the other hand, is less complex, less expensive, and
is easier to repair because of its fewer moving parts.
[0036] After being aloft for a period of time, it may be
advantageous to land helicopter 100. This may be be-
cause helicopter 100 has reached its landing destination,
has depleted its power source, or any other reason. As
described above, fuselage 180 may include one or more
landing modules 610A-I (examples are discussed further
below in regard to FIGURES 6A-AI). Landing modules
610A-I are configured to support helicopter 100 in a gen-
erally vertical orientation along a landing surface. In some
examples, helicopter 100 is manually retrieved after land-
ing. In other examples, helicopter 100 may continue on
for a subsequent flight.
[0037] According to the invention, helicopter 100 is
configured to charge power source 184. In such embod-
iments, helicopter 100 may use onboard components to
recharge power source 184. Regeneration may be ac-
complished by wrapping fuselage 180 in solar panels, by
using blades 140a-d as wind turbines or any other suit-
able method. Once power source 184 is sufficiently
charged, helicopter 100 may proceed in a subsequent
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flight.
[0038] In some examples, retrieval or recovery of hel-
icopter 100 may occur during flight. As an example, an-
other aircraft may release a recovery line while helicopter
100 is aloft. Helicopter 100 may then fly towards and into
the recovery line which causes its blades 140a-d to get
bound in the line. When helicopter 100 is sufficiently se-
cured by the line, the other aircraft may reel in helicopter
100.
[0039] FIGURES 6A-I illustrate example landing mod-
ules 610 of weight-shifting coaxial helicopter 100 of FIG-
URE 1. As described above, fuselage 180 may be formed
from a plurality of separable, modular components which
may include landing module 610. As illustrated, FIG-
URES 6A-I depict various landing modules 610. In some
examples, landing module 610 is coupled to another
modular fuselage component such as a main body com-
ponent that houses controller 182 and power source 184.
Coupling of modular components may be accomplished
in a variety of ways including but not limited to, snapping,
screwing, locking, fastening, adhering, or using magnets.
Landing modules 610 may be configured to support hel-
icopter 100 in a generally vertical orientation.
[0040] FIGURE 6A illustrates a self-balancing landing
module 610A. In some examples, self-balancing landing
module 610A may include an elastic polymeric base. In
some examples, the elastic polymeric base allows heli-
copter 100 to land on a surface, absorb shock from land-
ing, and wobble or teeter into an upright position.
[0041] FIGURE 6B illustrates a magnetic base landing
module 610B. Magnetic base landing module 610B may
include any material that either produces a magnetic field
or is attracted to a magnetic field. Thus, when helicopter
100 includes a magnetic base landing module 610B, it
may couple to any surface having or producing an oppo-
site magnetic field. In some examples, magnetic base
landing module 610B is electromagnetic. In such exam-
ples, controller 182 may be communicably coupled to,
and configured to provide instructions to, magnetic base
landing module 610B. For example, helicopter 100 may
include a magnetic base landing module 610B compris-
ing an electromagnet. During flight, controller 182 may
disable magnetic base landing module 610B (so that
module 610B is not attracted to, or producing, an elec-
tromagnetic field) to conserve power. Upon detection of
an electromagnetic field or any other appropriate trigger,
controller 182 may activate magnetic base landing mod-
ule 610B for landing. As such, when helicopter 100 nears
a surface with an electromagnetic field, the magnetic
base landing module 610 of helicopter 100 is attracted
to, and couples with, the surface.
[0042] FIGURE 6C illustrates a grapple base landing
module 610C. Grapple base landing module 610C may
comprise a clasp 615 configured to enclose around a
cable (e.g., telephone cable, wire fence, clothes line,
etc.). As such, clasp 615 may have an open position and
a closed position. In some examples, controller 182 is
communicably coupled to grapple base landing module

610C and configured to control the opening and closing
movement of clasp 615. For example, a helicopter 100
that includes grapple base landing module 610C may be
ejected from a drop aircraft with clasp 615 in the open
position. Upon detection of a cable, helicopter 100 may
approach the cable and clasp 615 encloses around the
cable upon instruction from controller 182. As a result,
helicopter 100 may hang in suspension from the cable
in a generally vertical orientation.
[0043] FIGURE 6D illustrates a spike base landing
module 610D. Spike base landing module 610D may
comprise an elongated piece of material terminating in a
point and be configured to pierce through a landing sur-
face. For example, a helicopter 100 equipped with spike
base landing module 610D may detect and determine
that it is nearing a penetrable surface. In preparation,
helicopter 100 orients itself so that the point of the spike
base landing module 610D pierces through the surface
upon landing. As a result, helicopter 100 is planted up-
right on the surface in a generally vertical orientation.
[0044] FIGURE 6E illustrates a float base landing mod-
ule 610E. Float base landing module 610E may be con-
figured to have buoyant properties which allows helicop-
ter 100 to float upon contact with liquid. In some exam-
ples, float base landing module 610E is configured to
allow helicopter 100 to float atop the surface of the liquid.
In other examples, float base landing module 610E is
configured to allow helicopter 100 to float while being
partially submerged in the liquid. For example, a helicop-
ter 100 equipped with float base landing module 610E
may detect and determine that it is nearing a liquid sur-
face. In preparation, helicopter 100 orients itself such that
the buoyant float base landing module 610E comes in
contact with the liquid surface. Float base landing module
610E allows helicopter 100 to float upon, or be partially
submerged in, the liquid in a generally vertical orientation.
In some examples, float base landing module 610E is
designed to drift away from its initial surface contact point.
In some examples, float base landing module 610E in-
cludes an anchoring component which prevents helicop-
ter 100 from drifting away from its initial surface contact
point.
[0045] FIGURE 6F illustrates a cup holder landing
module 610F. Cup holder landing module 610F may be
configured to couple with a landing container 620. Land-
ing container 620 may be configured to receive a heli-
copter 100 having a cup holder landing module 610F. In
some examples, landing container 620 may have a fun-
nel shape. In other examples, landing container 620 may
have a different shape. By way of example, helicopter
100 equipped with cup holder landing module 610F de-
tects and determines that it is nearing landing container
620. In preparation, helicopter 100 orients itself in a gen-
erally upright, vertical position so that cup holder landing
module 610F couples with landing container 620. In
some examples, the walls of landing container 620 may
support helicopter 100 in an upright orientation.
[0046] FIGURE 6G illustrates a folding legs landing
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module 610G. Folding legs landing module 610G may
include at least two landing legs 625 which stabilize hel-
icopter 100 in an upright position. In some examples,
landing legs 625 are fixed in a stabilization position. In
other examples, landing legs 625 are configured to pivot
from a position that is parallel to fuselage 180 to the sta-
bilization position. This disclosure contemplates that piv-
oting of landing legs 625 may be weight-driven, servo
driven, spring-driven, and the like. In some examples,
controller 182 is communicably coupled to folding legs
landing module 610G and is configured to control the
position of landing legs 625. For example, a helicopter
100 that includes folding legs landing module 610F may
be ejected from a drop aircraft with folding legs 625 po-
sitioned parallel to fuselage 180. At the appropriate time,
folding legs 625 of helicopter 100 move into a stabilization
position upon instruction from controller 182. Upon land-
ing on the surface, landing legs 625 support helicopter
100 in a generally vertical orientation.
[0047] FIGURE 6H illustrates a vacuum landing mod-
ule 610H. In some examples, vacuum landing module
610H may comprise a deformable material having a con-
cave shape and be configured to couple to a surface
using a vacuum. In some examples, vacuum landing
module 610H includes a suction cup. In some examples,
vacuum landing module 610H comprises a motor or
pump for creating a vacuum. Vacuum landing module
610H may be coupled to power source 184. In some ex-
amples, vacuum landing module 610H is communicably
coupled to controller 182 and controller 182 is configured
to provide instructions to vacuum landing module 610H.
For example, controller 182 may disable vacuum landing
module 610H during flight to conserve power. Upon de-
tection and determination that helicopter 100 is nearing
a suitable landing surface, controller 182 may power on
vacuum landing module, thereby causing vacuum land-
ing module 610H to create suction. This suction may then
allow helicopter 100 to couple to the landing surface. In
some examples, vacuum landing module 610H couples
to landing surfaces that are horizontal (e.g., the ground).
However, in other examples, vacuum landing module
610H couples to landing surfaces that are non-horizontal
or vertical (e.g., a wall) resulting in helicopter 100 being
held in a horizontal orientation. Such horizontal landing
may be accomplished by weight-shifting fuselage 180 to
bring vacuum landing module 610H into contact with the
non-horizontal or vertical surface.
[0048] FIGURE 6I illustrates a self-balancing wheel
landing module 6101. Self-balancing wheel landing mod-
ule 6101 may comprise one or more wheels 630. In some
examples, wheel 630 is not powered. In other examples,
wheel 630 is powered by a motor coupled to power
source 184. In some other examples, controller 182 is
communicably coupled to, and configured to provide in-
structions to, self-balancing wheel landing module 6101.
In such examples, controller 182 may control various
characteristics of wheels 630, including but not limited to
the direction and speed of turning wheels 630 and the

braking of wheels 630. As such, helicopter 100 may con-
tinue to travel along the landing surface after it has land-
ed. In some examples, wheel 630 may be coupled to a
full power torque motor or a brushless torque gimbal mo-
tor.
[0049] FIGURE 7 illustrates an example computer sys-
tem 700. Computer system 700 may be utilized by heli-
copter 100 of FIGURE 1. In particular examples, one or
more computer systems 700 perform one or more steps
of one or more methods described or illustrated herein.
In particular examples, one or more computer systems
700 provide functionality described or illustrated herein.
In particular examples, software running on one or more
computer systems 700 performs one or more steps of
one or more methods described or illustrated herein or
provides functionality described or illustrated herein. Par-
ticular examples include one or more portions of one or
more computer systems 700. Herein, reference to a com-
puter system may encompass a computing device, and
vice versa, where appropriate. Moreover, reference to a
computer system may encompass one or more computer
systems, where appropriate.
[0050] This disclosure contemplates any suitable
number of computer systems 700. This disclosure con-
templates computer system 700 taking any suitable
physical form. As example and not by way of limitation,
computer system 700 may be an embedded computer
system, a system-on-chip (SOC), a single-board compu-
ter system (SBC) (such as, for example, a computer-on-
module (COM) or system-on-module (SOM)), a desktop
computer system, a laptop or notebook computer sys-
tem, an interactive kiosk, a mainframe, a mesh of com-
puter systems, a mobile telephone, a personal digital as-
sistant (PDA), a server, a tablet computer system, or a
combination of two or more of these. Where appropriate,
computer system 700 may include one or more computer
systems 700; be unitary or distributed; span multiple lo-
cations; span multiple machines; span multiple data cent-
ers; or reside in a cloud, which may include one or more
cloud components in one or more networks. Where ap-
propriate, one or more computer systems 700 may per-
form without substantial spatial or temporal limitation one
or more steps of one or more methods described or il-
lustrated herein. As an example and not by way of limi-
tation, one or more computer systems 700 may perform
in real time or in batch mode one or more steps of one
or more methods described or illustrated herein. One or
more computer systems 700 may perform at different
times or at different locations one or more steps of one
or more methods described or illustrated herein, where
appropriate.
[0051] In particular examples, computer system 700
includes a processor 702, memory 704, storage 706, an
input/output (I/O) interface 708, a communication inter-
face 710, and a bus 712. Although this disclosure de-
scribes and illustrates a particular computer system hav-
ing a particular number of particular components in a
particular arrangement, this disclosure contemplates any
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suitable computer system having any suitable number of
any suitable components in any suitable arrangement.
[0052] In particular examples, processor 702 includes
hardware for executing instructions, such as those mak-
ing up a computer program. As an example and not by
way of limitation, to execute instructions, processor 702
may retrieve (or fetch) the instructions from an internal
register, an internal cache, memory 704, or storage 706;
decode and execute them; and then write one or more
results to an internal register, an internal cache, memory
704, or storage 706. In particular examples, processor
702 may include one or more internal caches for data,
instructions, or addresses. This disclosure contemplates
processor 702 including any suitable number of any suit-
able internal caches, where appropriate. As an example
and not by way of limitation, processor 702 may include
one or more instruction caches, one or more data caches,
and one or more translation lookaside buffers (TLBs).
Instructions in the instruction caches may be copies of
instructions in memory 704 or storage 706, and the in-
struction caches may speed up retrieval of those instruc-
tions by processor 702. Data in the data caches may be
copies of data in memory 704 or storage 706 for instruc-
tions executing at processor 702 to operate on; the re-
sults of previous instructions executed at processor 702
for access by subsequent instructions executing at proc-
essor 702 or for writing to memory 704 or storage 706;
or other suitable data. The data caches may speed up
read or write operations by processor 702. The TLBs may
speed up virtual-address translation for processor 702.
In particular examples, processor 702 may include one
or more internal registers for data, instructions, or ad-
dresses. This disclosure contemplates processor 702 in-
cluding any suitable number of any suitable internal reg-
isters, where appropriate. Where appropriate, processor
702 may include one or more arithmetic logic units
(ALUs); be a multi-core processor; or include one or more
processors 702. Although this disclosure describes and
illustrates a particular processor, this disclosure contem-
plates any suitable processor.
[0053] In particular examples, memory 704 includes
main memory for storing instructions for processor 702
to execute or data for processor 702 to operate on. As
an example and not by way of limitation, computer system
700 may load instructions from storage 706 or another
source (such as, for example, another computer system
700) to memory 704. Processor 702 may then load the
instructions from memory 704 to an internal register or
internal cache. To execute the instructions, processor
702 may retrieve the instructions from the internal regis-
ter or internal cache and decode them. During or after
execution of the instructions, processor 702 may write
one or more results (which may be intermediate or final
results) to the internal register or internal cache. Proces-
sor 702 may then write one or more of those results to
memory 704. In particular examples, processor 702 ex-
ecutes only instructions in one or more internal registers
or internal caches or in memory 704 (as opposed to stor-

age 706 or elsewhere) and operates only on data in one
or more internal registers or internal caches or in memory
704 (as opposed to storage 706 or elsewhere). One or
more memory buses (which may each include an ad-
dress bus and a data bus) may couple processor 702 to
memory 704. Bus 712 may include one or more memory
buses, as described below. In particular examples, one
or more memory management units (MMUs) reside be-
tween processor 702 and memory 704 and facilitate ac-
cesses to memory 704 requested by processor 702. In
particular examples, memory 704 includes random ac-
cess memory (RAM). This RAM may be volatile memory,
where appropriate Where appropriate, this RAM may be
dynamic RAM (DRAM) or static RAM (SRAM). Moreover,
where appropriate, this RAM may be single-ported or
multi-ported RAM. This disclosure contemplates any
suitable RAM. Memory 704 may include one or more
memories 704, where appropriate. Although this disclo-
sure describes and illustrates particular memory, this dis-
closure contemplates any suitable memory.
[0054] In particular examples, storage 706 includes
mass storage for data or instructions. As an example and
not by way of limitation, storage 706 may include a hard
disk drive (HDD), a floppy disk drive, flash memory, an
optical disc, a magneto-optical disc, magnetic tape, or a
Universal Serial Bus (USB) drive or a combination of two
or more of these. Storage 706 may include removable or
non-removable (or fixed) media, where appropriate. Stor-
age 706 may be internal or external to computer system
700, where appropriate. In particular examples, storage
706 is non-volatile, solid-state memory. In particular ex-
amples, storage 706 includes read-only memory (ROM).
Where appropriate, this ROM may be mask-programmed
ROM, programmable ROM (PROM), erasable PROM
(EPROM), electrically erasable PROM (EEPROM), elec-
trically alterable ROM (EAROM), or flash memory or a
combination of two or more of these. This disclosure con-
templates mass storage 706 taking any suitable physical
form. Storage 706 may include one or more storage con-
trol units facilitating communication between processor
702 and storage 706, where appropriate. Where appro-
priate, storage 706 may include one or more storages
706. Although this disclosure describes and illustrates
particular storage, this disclosure contemplates any suit-
able storage.
[0055] In particular examples, I/O interface 708 in-
cludes hardware, software, or both, providing one or
more interfaces for communication between computer
system 700 and one or more I/O devices. Computer sys-
tem 700 may include one or more of these I/O devices,
where appropriate. One or more of these I/O devices may
enable communication between a person and computer
system 700. As an example and not by way of limitation,
an I/O device may include a keyboard, keypad, micro-
phone, monitor, mouse, printer, scanner, speaker, still
camera, stylus, tablet, touch screen, trackball, video
camera, another suitable I/O device or a combination of
two or more of these. An I/O device may include one or
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more sensors. This disclosure contemplates any suitable
I/O devices and any suitable I/O interfaces 708 for them.
Where appropriate, I/O interface 708 may include one or
more device or software drivers enabling processor 702
to drive one or more of these I/O devices. I/O interface
708 may include one or more I/O interfaces 708, where
appropriate. Although this disclosure describes and illus-
trates a particular I/O interface, this disclosure contem-
plates any suitable I/O interface.
[0056] In particular examples, communication inter-
face 710 includes hardware, software, or both providing
one or more interfaces for communication (such as, for
example, packet-based communication) between com-
puter system 700 and one or more other computer sys-
tems 700 or one or more networks. As an example and
not by way of limitation, communication interface 710
may include a network interface controller (NIC) or net-
work adapter for communicating with an Ethernet or other
wire-based network or a wireless NIC (WNIC) or wireless
adapter for communicating with a wireless network, such
as a WI-FI network. This disclosure contemplates any
suitable network and any suitable communication inter-
face 710 for it. As an example and not by way of limitation,
computer system 700 may communicate with an ad hoc
network, a personal area network (PAN), a local area
network (LAN), a wide area network (WAN), a metropol-
itan area network (MAN), or one or more portions of the
Internet or a combination of two or more of these. One
or more portions of one or more of these networks may
be wired or wireless. As an example, computer system
700 may communicate with a wireless PAN (WPAN)
(such as, for example, a BLUETOOTH WPAN), a WI-FI
network, a WI-MAX network, a cellular telephone network
(such as, for example, a Global System for Mobile Com-
munications (GSM) network), or other suitable wireless
network or a combination of two or more of these. Com-
puter system 700 may include any suitable communica-
tion interface 710 for any of these networks, where ap-
propriate. Communication interface 710 may include one
or more communication interfaces 710, where appropri-
ate. Although this disclosure describes and illustrates a
particular communication interface, this disclosure con-
templates any suitable communication interface.
[0057] In particular examples, bus 712 includes hard-
ware, software, or both coupling components of compu-
ter system 700 to each other. As an example and not by
way of limitation, bus 712 may include an Accelerated
Graphics Port (AGP) or other graphics bus, an Enhanced
Industry Standard Architecture (EISA) bus, a front-side
bus (FSB), a HYPERTRANSPORT (HT) interconnect,
an Industry Standard Architecture (ISA) bus, an INFINI-
BAND interconnect, a low-pin-count (LPC) bus, a mem-
ory bus, a Micro Channel Architecture (MCA) bus, a Pe-
ripheral Component Interconnect (PCI) bus, a PCI-Ex-
press (PCIe) bus, a serial advanced technology attach-
ment (SATA) bus, a Video Electronics Standards Asso-
ciation local (VLB) bus, or another suitable bus or a com-
bination of two or more of these. Bus 712 may include

one or more buses 712, where appropriate. Although this
disclosure describes and illustrates a particular bus, this
disclosure contemplates any suitable bus or intercon-
nect.
[0058] The components of computer system 700 may
be integrated or separated. In some examples, compo-
nents of computer system 700 may each be housed with-
in a single chassis. The operations of computer system
700 may be performed by more, fewer, or other compo-
nents. Additionally, operations of computer system 700
may be performed using any suitable logic that may com-
prise software, hardware, other logic, or any suitable
combination of the preceding.
[0059] Herein, a computer-readable non-transitory
storage medium or media may include one or more sem-
iconductor-based or other integrated circuits (ICs) (such,
as for example, field-programmable gate arrays (FPGAs)
or application-specific ICs (ASICs)), hard disk drives
(HDDs), hybrid hard drives (HHDs), optical discs, optical
disc drives (ODDs), magneto-optical discs, magneto-op-
tical drives, floppy diskettes, floppy disk drives (FDDs),
magnetic tapes, solid-state drives (SSDs), RAM-drives,
SECURE DIGITAL cards or drives, any other suitable
computer-readable non-transitory storage media, or any
suitable combination of two or more of these, where ap-
propriate. A computer-readable non-transitory storage
medium may be volatile, non-volatile, or a combination
of volatile and non-volatile, where appropriate.
[0060] As mentioned above, helicopter 100 is config-
ured to recharge power source 184. FIGURES 8 and 9
illustrate various aspects of a helicopter 100 configured
to recharge power source 184 by harnessing wind ener-
gy. Specifically, FIGURE 8 depicts helicopter 100 detect-
ing wind information and FIGURE 9 depicts helicopter
100 recharging power source 184 with wind power.
[0061] Generally, helicopter 100 may be in flight for
any particular period of time before controller 182 pro-
vides instructions to rotors 130 and/or gimbal motors 165
to land helicopter 100. In some examples, controller 182
determines that helicopter 100 should land in response
to receiving a command from a remote source. In other
examples, controller 182 determines that helicopter 100
should land based on a determination about power
source 184. For example, controller 182 may determine
to land helicopter 100 because power source 184 is run-
ning low on power. Determining whether power source
184 is running low may be based on a threshold (e.g.,
power remaining is 15%).
[0062] Helicopter 100 may be equipped with compo-
nentry configured to detect a suitable landing spot in
some examples. For example, in response to determin-
ing whether to land helicopter 100, controller 182 may
receive information about potential landing spots from
various sources including, without limitation, one or more
of cameras, maps (e.g., Google Earth), and operators.
As used herein, a suitable landing spot may refer to a
location where helicopter 100 may land and regenerate
power. As an example, a suitable landing spot may be
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an open field with little to no foliage, plants, vegetation
or developments that may block or impede helicopter 100
from receiving wind. As another example, a suitable land-
ing spot may be a telephone wire that helicopter 100 may
couple itself to (e.g., using grapple base landing module
depicted in FIGURE 6C). Upon detecting a suitable land-
ing spot, helicopter 100 may proceed to land as described
above.
[0063] FIGURE 8 illustrates a configuration of helicop-
ter 100. Helicopter 100 may orient itself in the configura-
tion depicted in FIGURE 8 when it is determining a di-
rection and/or angle in which to orient blades 140 for wind
regeneration. Helicopter 100 may recharge power
source 184 in a manner similar to a wind turbine. More
specifically, rotation of blades 140 by the wind results in
the generation of electricity which may be stored in power
source 184. This disclosure recognizes that wind regen-
eration may be improved by including particular compo-
nentry. For example, power source 184 may be a direct
current (DC) battery in some examples. The DC battery
may, in some examples, be configured to be charged by
one or more brushed DC motors or one or more brushless
alternating current (AC) motors. If motors 120 of helicop-
ter 100 are brushless AC motors, the current may require
rectification. In some examples, controller 182 may pro-
vide instructions to one or more components (e.g., a rec-
tifier) of helicopter 100 to convert AC to DC such that the
DC battery (e.g., power source 184) may be charged.
This disclosure recognizes various benefits of motor 120
being a brushless AC motor. For example, brushless AC
motors may recharge power source 184 more efficiently
than brushed DC motors.
[0064] In order to achieve regeneration, propulsion
system 110 of helicopter 100 is rotated and/or pitched
using one or more gimbal motors 165 such that the ori-
entation of blades 140 permits the wind to rotate blades
140. As used herein, the words "position" and "orienta-
tion" may be used interchangeably and may refer to one
or more of a direction, a location, and/or an angle. In
some examples, determining when or how much to pitch
or rotate propulsion system 110 is an instruction sent to
gimbal motors 165 from controller 182.
[0065] As depicted in FIGURES 8 and 9, propulsion
system 110 is pitched by gimbal motor 165b about 90°
from its normal orientation (see FIGURE 1). Although
FIGURES 8 and 9 depict a 90° change in orientation, this
disclosure recognizes that gimbal motors 165 may rotate
propulsion system 110 any suitable number of degrees
(or any other suitable measuring unit). In some examples,
determining how far to pitch and/or rotate propulsion sys-
tem 110 is based on information about the wind. For ex-
ample, in response to determining that the wind is blowing
at a particular angle, controller 182 may provide instruc-
tions to gimbal motor 165 to orient propulsion system 110
into a position such that blades 140 may be rotated by
the wind. As depicted in FIGURE 8, blades 140 are ori-
ented in a position which permits wind (indicated by ar-
rows 830) to rotate blades 140 (see FIGURE 9).

[0066] In some examples, helicopter 100 is configured
to receive wind information. As used herein, wind infor-
mation may comprise any information about the wind,
including without limitation information about the speed
and/or direction of the wind. Wind information may be
received continuously, periodically, or on-demand. In
some examples, wind information may be received dur-
ing flight of helicopter 100 and/or after helicopter 100 has
landed.
[0067] Helicopter 100 may receive wind information
from one or more onboard components in some exam-
ples. As one example, helicopter 100 may include one
or more sensors 840 configured to detect wind informa-
tion. In one example, sensors 840 may be located on
and/or around body 180 (e.g., sensors 840a of FIGURE
8). In such an example, sensors 840a may detect wind
information about 360° and provide wind speed or wind
direction information to controller 182. In turn, controller
182 may use this information to determine in which di-
rection and/or angle to orient blades 140 and provide
corresponding instructions to gimbal motor 165. In an-
other example, sensors 840 may be located on one or
more blades 140 (e.g., sensors 840b). In such an exam-
ple, gimbal motor 165 may be configured to turn propul-
sion system 110 about 360° such that sensors 840b may
detect wind information about 360°. In addition to infor-
mation about the speed and direction of the wind, sensors
840b may be configured to detect information about the
rotations per minute (RPM) of blades 140. Sensors 840b
may provide the detected information to controller 182
and controller 182 may determine, based on the provided
information, an optimal orientation along the 360° rota-
tion. The optimal orientation may correspond to an ori-
entation that maximizes the extraction of wind energy
and/or an orientation that permits rotation of blades 140.
In some examples, controller 182 may select, as the op-
timal orientation, the position at which the strongest wind
was measured (e.g., highest speed winds). In some other
examples, controller 182 may not select, as the optimal
orientation, the position at which the strongest wind was
measured (e.g., strength of wind will result in damage to
helicopter 100). Controller 182 may then provide instruc-
tions to gimbal motor 165 to orient blades 140 in the op-
timal orientation.
[0068] As another example, helicopter 100 may detect
wind information with a wind flag (e.g., wind flag 910 de-
picted in FIGURE 9). For example, helicopter 100 may
include wind flag 910 that is communicatively coupled to
controller 182. Wind flag 910 may be configured to spin
about 360° in order to collect wind information and pro-
vide the wind information to controller 182. For example,
wind flag 910 may automatically weather vane into the
direction of the wind and provide the direction information
to controller 182. Controller 182 may use the provided
wind information to provide instructions to gimbal motor
165 to orient blades 140 in the direction of the wind. Al-
though this disclosure describes specific examples of on-
board components configured to detect wind information,
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this disclosure recognizes that helicopter 100 may in-
clude any suitable component configured to detect wind
information. Wind information may also be received from
a remote source in some embodiments. For example,
controller 182 may receive information from one or more
of a broadcast (e.g., weather broadcast), the internet,
and an operator. In such examples, controller 182 may
utilize the received wind information to orient blades 140
after landing. Although specific examples of remote
sources have been described, this disclosure recognizes
that wind information may be received from any suitable
remote source.
[0069] Particular examples have been described
above wherein blades 140 are oriented in the direction
of the wind (e.g., detecting that the wind is blowing to the
north and orienting blades 140 to accept the north wind).
However, this disclosure also recognizes benefits of not
orienting blades 140 in the direction of the wind. For ex-
ample, blades 140 may not be oriented in the direction
of the wind when the strength of wind may cause heli-
copter 100 to topple over. As another example, blades
140 may not be oriented in the direction of the wind when
controller 182 determines a different position is better
suited to rotate blades 140.
[0070] As described above, blades 140 may couple to
hub 210 via hinge mechanisms 215. One of ordinary skill
in the art will understand that a strong wind may cause
blades 140 to pivot about hinge mechanism 215. Accord-
ingly, hinge mechanism 215 may be configured to lock,
or fix, each blade 140 in a particular position. As an ex-
ample, hinge mechanisms 215 may be configured to lock
blades 140 in a position wherein blades 140 are fully
extended (see FIGURE 8) or wherein blades 140 are
collapsed (see FIGURE 3). This disclosure recognizes
that locking blades 140 in the extended position during
regeneration may provide various benefits including in-
creased efficiency of generating electricity. As depicted
in FIGURE 9, blades 140 are locked in the extended po-
sition while power source 184 is recharging.
[0071] This disclosure recognizes that some landing
modules 610 may be better suited than others for wind
regeneration. For example, landing modules 610 with in-
creased stability (e.g., magnetic base landing module
610B, grapple base landing module 610C, cup holder
landing module 6F, folding legs landing module 610G,
and vacuum landing module 610H) may be recommend-
ed over landing modules 610 that may topple when con-
fronted with a strong gust of wind (e.g., self-balancing
landing module 610A, spike base landing module 610D,
float base landing module 610E, and self-balancing
wheel landing module 6101). The stability of some land-
ing modules 210 may be improved to increase stability.
As a specific example, the stability of folding legs landing
module 610G may be improved by increasing the length
of one or more folding legs.
[0072] In operation, helicopter 100 may be in flight and
determine that the amount of power in power source 184
is below a particular threshold. Helicopter 100 may then

receive information about a landing spot from one or more
resources or components. As one example, helicopter
100 may receive information about a plurality of potential
landing spots from a user or operator of helicopter 100.
As another example, helicopter 100 may fly over the po-
tential landing spots and determine, using an onboard
camera, which of the potential landing spots would be
most suitable for wind regeneration. After selecting one
of the potential landing spots, helicopter 100 may begin
its descent to the selected spot.
[0073] In some examples, helicopter 100 receives
wind information about the direction of the wind from a
radio broadcast. For example, helicopter 100 may re-
ceive information that the wind is blowing from the south-
west. When helicopter 100 reaches the selected landing
spot, controller 182 may provide instructions to gimbal
motor 165 to point propulsion system 110 in the south-
west direction. Positioning propulsion system 110 in such
direction may result in a first position which permits
blades 140 to rotate with the wind. Sensors on blades
140 may provide information to controller regarding the
RPM of blades 140. If controller 182 receives information
that the RPM of blades 140 is less than a threshold (e.g.,
6 RPM), controller may provide instructions to gimbal mo-
tor 165 to reorient blades 140 to a better position for wind
regeneration. As an example, controller 182 may provide
instructions to gimbal motor 165 to rotate propulsion sys-
tem 110 into a second position (e.g., 15° in the clockwise
direction from the first position) and controller 182 may
receive information about the RPM of blades 140 at the
second position. If controller determines that the RPM of
blades 140 at the first position is greater than the RPM
of blades 140 at the second position, controller 182 may
provide instructions to gimbal motor 165 to rotate propul-
sion system 110 back to the first position.
[0074] In other examples, controller 182 may provide
instructions to gimbal motor 165 in order to orient blades
140 into a plurality of positions and receive wind infor-
mation about each position of the plurality of positions.
For example, controller 182 may provide instructions to
gimbal motor 165 to orient blades 140 in a first position,
wherein the first position comprises a 15° rotation about
axis 810 and a 15° decrease in pitch angle from axis 820.
As another example, controller 182 may provide instruc-
tions to gimbal motor 165 to orient blades 140 in a second
position, wherein the second position comprises a 15°
rotation about axis 810 and a 30° decrease in pitch angle
from axis 820. As yet another example, controller 182
may provide instructions to gimbal motor 165 to orient
blades 140 in a third position, wherein the third position
comprises a 30° rotation about axis 810 and a 5° increase
in pitch from axis 820. Controller 182 may then determine
an optimal orientation from the plurality of positions. Con-
troller 182 may then provide instructions to gimbal motor
165 to orient blades 140 in the optimal orientation and
begin generating electricity.
[0075] Helicopter 100 may generate electricity until
power source 184 is completely charged in some exam-
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ples. In other examples, helicopter 100 may generate
electricity until power source 184 is charged a particular
amount. As an example, controller 182 may estimate that
helicopter 100 requires a certain amount of power to re-
turn to a home base. In such an example, helicopter 100
may stop generating electricity after power source 184
reaches the required amount of power. As another ex-
ample, controller 182 may determine that a certain
amount of power is required to power one or more on-
board components or systems (e.g., a camera, a GPS,
an autopilot system, a beacon, a satellite, etc.). In such
an example, helicopter 100 may generate the required
amount of electricity to power the one or more onboard
components or systems.
[0076] The efficiency of power regeneration may be
improved with custom software. Thus, in particular ex-
amples, regeneration is performed using software. Such
software may be saved to storage (e.g., storage 706 of
FIGURE 7). The software may be configured to apply a
regeneration force during recharge (e.g., a resistance on
the motor), thereby increasing the efficiency of generat-
ing electricity. Thus, in some examples, the software re-
ceives information about the RPM of blades 140, calcu-
lates an optimal regeneration force based on the received
information, and applies the optimal regeneration force
during recharge. This disclosure recognizes that apply-
ing an optimal amount of regeneration force may be as-
sociated with various benefits including decreased re-
charge time.
[0077] Herein, "or" is inclusive and not exclusive, un-
less expressly indicated otherwise or indicated otherwise
by context. Therefore, herein, "A or B" means "A, B, or
both," unless expressly indicated otherwise or indicated
otherwise by context. Moreover, "and" is both joint and
several, unless expressly indicated otherwise or indicat-
ed otherwise by context. Therefore, herein, "A and B"
means "A and B, jointly or severally," unless expressly
indicated otherwise or indicated otherwise by context.
[0078] The scope of this disclosure encompasses all
changes, substitutions, variations, alterations, and mod-
ifications to the examples described or illustrated herein
that a person having ordinary skill in the art would com-
prehend within the scope of the appended claims. The
scope of this disclosure is not limited to the examples
described or illustrated herein but is defined by the ap-
pended claims. Moreover, although this disclosure de-
scribes and illustrates respective examples herein as in-
cluding particular components, elements, functions, op-
erations, or steps, any of these examples may include
any combination or permutation of any of the compo-
nents, elements, functions, operations, or steps de-
scribed or illustrated anywhere herein that a person hav-
ing ordinary skill in the art would comprehend within the
scope of the appended claims. Furthermore, reference
in the appended claims to an apparatus or system or a
component of an apparatus or system being adapted to,
arranged to, capable of, configured to, enabled to, oper-
able to, or operative to perform a particular function en-

compasses that apparatus, system, component, whether
or not it or that particular function is activated, turned on,
or unlocked, as long as that apparatus, system, or com-
ponent is so adapted, arranged, capable, configured, en-
abled, operable, or operative.

Claims

1. An unmanned helicopter (100) comprising:

a propulsion system (110) comprising:

a first rotor assembly (115a) comprising a
first motor (120a) coupled to a first rotor
(130a), the first rotor comprising a plurality
of first fixed-pitch blades (140a, 140b); and
a second rotor assembly (115b) comprising
a second motor (120b) coupled to a second
rotor (130b), the second rotor comprising a
plurality of second fixed-pitch blades (140c,
140d), the second rotor being coaxial to the
first rotor and the first rotor assembly (115a)
being stacked atop the second rotor assem-
bly (115b);

a fuselage (180) comprising:

a power source (184); and
a controller (182); and

a gimbal assembly (160) coupling the fuselage
to the propulsion system, the gimbal assembly
comprising:

a first gimbal motor (165a) configured to
control pitch of the unmanned helicopter;
and
a second gimbal motor (165b) being in
stacked assembly with the first gimbal mo-
tor and configured to control roll of the un-
manned helicopter;

wherein the controller is communicably coupled
to the first and second gimbal motors and is con-
figured to provide instructions to at least one of
the first or second gimbal motors in order to ori-
ent the plurality of first fixed-pitch blades and
second fixed-pitch blades into a position that
permits wind to rotate the first fixed-pitch blades
and second fixed-pitch blades and thereby
charge the power source.

2. The unmanned helicopter of Claim 1, wherein the
controller is further configured to receive information
about the wind, wherein the information about the
wind optionally or preferably comprises one or more
of a direction of the wind and a speed of the wind.
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3. The unmanned helicopter of Claim 1, further com-
prising:

(i) one or more sensors (840) configured to de-
tect information about the wind; or
(ii) a wind flag (910) configured to detect infor-
mation about the wind.

4. The unmanned helicopter of any preceding claim,
wherein the controller is further configured to deter-
mine whether a landing spot is suitable for wind to
rotate the first fixed-pitch blades and second fixed-
pitch blades and thereby charge the power source.

5. The unmanned helicopter of any preceding claim,
wherein:

each of the plurality of first and second fixed-
pitch blades is coupled to a hub (210a, 210b) of
its respective rotor via a hinge mechanism (215);
and
the hinge mechanism is configured to:
allow each of the fixed-pitch blades to pivot from
a position perpendicular to the fuselage into a
position parallel to the fuselage; and lock each
of the fixed-pitch blades in either the perpendic-
ular position or the parallel position.

6. The unmanned helicopter of Claim 2 or any preced-
ing claim dependent on Claim 2, the controller further
configured to provide instructions to at least one of
the first or second gimbal motors in order to orient
the plurality of first and second fixed-pitch blades
into an optimal orientation, the optimal orientation
corresponding to an orientation that maximizes the
extraction of wind energy, wherein the controller de-
termines the optimal orientation by:

orienting the first and second fixed-pitch blades
into a first position;
receiving first wind information about the first po-
sition;
orienting the first and second fixed-pitch blades
into a second position;
receiving second wind information about the
second position; and
selecting, based on the received first and sec-
ond wind information, either the first position or
the second position as the optimal orientation.

Patentansprüche

1. Unbemannter Hubschrauber (100), umfassend:
ein Antriebssystem (110), umfassend:

eine erste Rotoranordnung (115a), umfassend
einen ersten Motor (120a), der an einen ersten

Rotor (130a) gekoppelt ist, wobei der erste Rotor
eine Vielzahl von ersten Rotorblättern (140a,
140b) mit fester Neigung umfasst; und
eine zweite Rotoranordnung (115b), umfassend
einen ersten Motor (120b), der an einen zweiten
Rotor (130b) gekoppelt ist, wobei der zweite Ro-
tor eine Vielzahl von zweiten Rotorblättern
(140c, 140d) mit fester Neigung umfasst, wobei
der zweite Rotor koaxial zu dem ersten Rotor ist
und die erste Rotoranordnung (115a) oben auf
die zweite Rotoranordnung (115b) gestapelt ist;
einen Rumpf (180), umfassend:

eine Energiequelle (184); und
eine Steuerung (182); und

eine kardanische Anordnung (160), die den
Rumpf an das Antriebssystem koppelt, wobei
die kardanische Anordnung Folgendes umfasst:

einen ersten Kardanmotor (165a), der dazu
ausgebildet ist, die Neigung des unbe-
mannten Hubschraubers zu steuern; und
einen zweiten Kardanmotor (165b), der in
gestapelter Anordnung mit dem ersten Kar-
danmotor und dazu ausgebildet ist, das Rol-
len des unbemannten Hubschraubers zu
steuern;

wobei die Steuerung kommunizierbar an den
ersten und zweiten Kardanmotor gekoppelt ist
und dazu ausgelegt ist, mindestens einem von
dem ersten oder zweiten Kardanmotor Anwei-
sungen bereitzustellen, um die Vielzahl von ers-
ten Blättern mit fester Neigung und zweiten Blät-
tern mit fester Neigung in eine Position auszu-
richten, die Wind gestattet, die ersten Blätter mit
fester Neigung und zweiten Blätter mit fester
Neigung zu drehen und dabei die Energiequelle
zu laden.

2. Unbemannter Hubschrauber nach Anspruch 1, wo-
bei die Steuerung ferner dazu ausgebildet ist, Infor-
mationen über den Wind zu erhalten, wobei die In-
formationen über den Wind optional oder vorzugs-
weise eine Windrichtung und/oder eine Windge-
schwindigkeit umfassen.

3. Unbemannter Hubschrauber nach Anspruch 1, fer-
ner umfassend:

(i) einen oder mehrere Sensoren (840), dazu
ausgelegt, Informationen über den Wind zu er-
kennen; oder
(ii) eine Windflagge (910), dazu ausgelegt, In-
formationen über den Wind zu erkennen.

4. Unbemannter Hubschrauber nach einem der voran-
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gehenden Ansprüche, wobei die Steuerung ferner
dazu ausgebildet ist, festzustellen, ob ein Lande-
platz dafür geeignet ist, dass Wind die ersten Blätter
mit fester Neigung und die zweiten Blätter mit fester
Neigung dreht und dabei die Energiequelle lädt.

5. Unbemannter Hubschrauber nach einem der voran-
gehenden Ansprüche, wobei:

jeder von der Vielzahl von ersten und zweiten
Blättern mit fester Neigung über einen Schar-
niermechanismus (215) an eine Nabe (210a,
210b) ihres entsprechenden Rotors gekoppelt
ist; und
der Scharniermechanismus dazu ausgebildet
ist:
jedem von den Blättern mit fester Neigung zu
gestatten, sich von einer Position senkrecht zum
Rumpf in eine Position parallel zum Rumpf zu
drehen; und jedes von den Blättern mit fester
Neigung in entweder der senkrechten Position
oder der parallelen Position zu sperren.

6. Unbemannter Hubschrauber nach Anspruch 2 oder
einem vorangehenden Anspruch, der von Anspruch
2 abhängig ist, wobei die Steuerung ferner dazu aus-
gelegt ist, mindestens einem von dem ersten oder
zweiten Kardanmotor Anweisungen bereitzustellen,
um die Vielzahl von ersten und zweiten Blättern mit
fester Neigung in eine optimale Ausrichtung auszu-
richten, wobei die optimale Ausrichtung mit einer
Ausrichtung korrespondiert, welche die Extraktion
von Windenergie maximiert, wobei die Steuerung
die optimale Ausrichtung feststellt durch:

Ausrichten der ersten und zweiten Blätter mit
fester Neigung in eine erste Position;
Empfangen erster Windinformationen über die
erste Position;
Ausrichten der ersten und zweiten Blätter mit
fester Neigung in eine zweite Position;
Empfangen zweiter Windinformationen über die
zweite Position; und
Auswählen, basierend auf den empfangenen
ersten und zweiten Windinformationen, entwe-
der der ersten Position oder der zweiten Position
als die optimale Ausrichtung.

Revendications

1. Hélicoptère sans pilote (100) comprenant :

un système de propulsion (110) comprenant :

un premier ensemble rotor (115a) compre-
nant un premier moteur (120a) accouplé à
un premier rotor (130a), le premier rotor

comprenant une pluralité de premières pa-
les à pas fixe (140a, 140b) ; et
un second ensemble rotor (115b) compre-
nant un second moteur (120b) accouplé à
un second rotor (130b), le second rotor
comprenant une pluralité de secondes pa-
les à pas fixe (140c, 140d), le second rotor
étant coaxial au premier rotor et le premier
ensemble rotor (115a) étant empilé sur le
second ensemble rotor (115b) ;

un fuselage (180) comprenant :

une source d’alimentation (184) ; et
un dispositif de commande (182) ; et

un ensemble cardan (160) accouplant le fuse-
lage au système de propulsion, l’ensemble car-
dan comprenant :

un premier moteur à cardan (165a) conçu
pour commander le tangage de l’hélicoptè-
re sans pilote ; et
un second moteur à cardan (165b) empilé
avec le premier moteur à cardan et conçu
pour commander le roulis de l’hélicoptère
sans pilote ;

le dispositif de commande étant accouplé de
manière communicante aux premier et second
moteurs à cardan et étant conçu pour fournir
des instructions à au moins un moteur parmi les
premier et second moteurs à cardan afin d’orien-
ter la pluralité de premières pales à pas fixe et
de secondes pales à pas fixe dans une position
qui permet au vent de faire tourner les premières
pales à pas fixe et les secondes pales à pas fixe
et de charger ainsi la source d’alimentation.

2. Hélicoptère sans pilote selon la revendication 1, le
dispositif de commande étant en outre conçu pour
recevoir des informations sur le vent, les informa-
tions sur le vent comprenant, éventuellement ou de
préférence, une direction du vent et/ou une vitesse
du vent.

3. Hélicoptère sans pilote selon la revendication 1,
comprenant en outre :

(i) au moins un capteur (840) conçu pour détec-
ter des informations sur le vent ; ou
(ii) un fanion de vent (910) conçu pour détecter
les informations sur le vent.

4. Hélicoptère sans pilote selon l’une quelconque des
revendications précédentes, le dispositif de com-
mande étant en outre conçu pour déterminer si un
point d’atterrissage peut permettre au vent de faire
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tourner les premières pales à pas fixe et les secon-
des pales à pas fixe et ainsi charger la source d’ali-
mentation.

5. Hélicoptère sans pilote selon l’une quelconque des
revendications précédentes,
chacune de la pluralité des premières et secondes
pales à pas fixe étant accouplée à un moyeu (210a,
210b) de son rotor respectif par l’intermédiaire d’un
mécanisme de charnière (215) ; et
le mécanisme de charnière étant conçu pour :
permettre à chacune des pales à pas fixe de pivoter
d’une position perpendiculaire au fuselage à une po-
sition parallèle au fuselage ; et verrouiller chacune
des pales à pas fixe soit en position perpendiculaire,
soit en position parallèle.

6. Hélicoptère sans pilote selon la revendication 2 ou
l’une quelconque des revendications précédentes
dépendant de la revendication 2, le dispositif de com-
mande étant en outre conçu pour fournir des instruc-
tions à au moins un moteur parmi les premier et se-
cond moteurs à cardan afin d’orienter la pluralité de
premières et secondes pales à pas fixe dans une
orientation optimale, l’orientation optimale corres-
pondant à une orientation qui maximise l’extraction
de l’énergie éolienne, le dispositif de commande dé-
terminant l’orientation optimale en :

orientant les première et seconde pales à pas
fixe dans une première position ;
recevant des premières informations sur le vent
sur la première position ;
orientant les premières et secondes pales à pas
fixe dans une seconde position ;
recevant des secondes informations sur le vent
sur la seconde position ; et
sélectionnant, sur la base des premières et se-
condes informations reçues sur le vent, soit la
première position, soit la seconde position com-
me orientation optimale.
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