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(57) ABSTRACT

An apparatus includes a frame and a plurality of propellers
coupled to the frame and configured to produce sufficient
thrust to allow the apparatus to hover. Each propeller from
the plurality of propellers having a horizontally oriented
blade and a first propellor from the plurality of propellors
overlapping a second propellor from the plurality of propel-
lers in a vertical plane.
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COMPACT PERSONAL FLIGHT VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to provisional U.S.
Patent Application No. 63/443,815, filed Feb. 7, 2023, the
entire contents of which are hereby incorporated by refer-
ence.

TECHNICAL FIELD

[0002] The present application relates generally to a com-
pact personal flight vehicle.

BACKGROUND

[0003] During the late 1970s and early 1980s many people
sought affordable powered flight. As a result, many aviation
authorities set up definitions of lightweight, slow-flying
airplanes that could be subject to minimum regulations. The
resulting airplanes are commonly called ultralight aircraft or
microlights, although the terminology differs from country
to country.

[0004] Recent advancements in battery chemistries, mate-
rial science, motors, and motor speed controllers has led to
some practical production of electric propulsion systems for
vertical takeoff and landing applications. Sustaining flight
for long periods within a compact all-electric form factor
was previously deemed unfeasible since technology has not
been able deliver the high performance and continuous
output to support this operation. Additionally, the heavy
weight of battery chemistries was another significant
obstacle to the adoption of electric propulsion within aerial
vehicles. Advancements in battery chemistries are leading to
solutions which are lighter and more powerful. This com-
bined with a wide range of other design and engineering
improvements is leading to airlift now becoming sustainable
in compact forms.

SUMMARY

[0005] Some embodiments described herein relate to an
apparatus that includes a frame and a plurality of propellers
coupled to the frame and configured to produce sufficient
thrust to allow the apparatus to hover. Each propeller form
the plurality of propellers having a horizontally oriented
blade, and a first propellor from the plurality of propellors
overlapping a second propellor from the plurality of propel-
lers in a vertical plane.

[0006] Some embodiments described herein relate to a
method of piloting a flying vehicle that includes standing on
a frame of the flying vehicle. Actuating a throttle can
command a plurality of propellers to rotate to cause the
vehicle to perform a vertical take-off maneuver, while the
pilot is standing on the frame. The pilot modulating a body
position to reduce and/or airflow to at least a first propeller
from the plurality of propellers can cause the frame to tilt
and translate towards the first propeller.

[0007] Some embodiments described herein relate to an
apparatus that includes a frame. An even number of propel-
lers can be coupled to the frame and configured to produce
thrust in a vertical direction to enable the apparatus to hover.
The apparatus includes an even number of motors, each
motor coupled to one or more propellers form the event
number of propellers. A power bus, from a plurality of power
buses, can couple a battery, of a plurality of batteries, to two
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motors from the even number of motors, such that a failure
of' the batter causes the remaining batteries to power the two
motors.

[0008] Some embodiments described herein relate to an
apparatus that includes a frame having a central member
with a first end portion and a second end portion. The frame
is configured to support a human pilot in a standing con-
figuration on a first side of the frame. Arms can be coupled
to the central member. For example, first portion of a first
arm can be coupled to a first end portion of the central
member, a first portion of a second arm can be coupled to the
first end portion of the central member, and a first end
portion of a third arm can be coupled to a second end portion
of the central member. Second end portions of each arm can
be coupled to a different propeller. The propellers can be
collectively configured to produce at least 200 pounds of
thrust, to allow the frame and the human pilot to hover. Each
arm can be removably or hingedly connected to the central
member such that the arms be moved from an extended
configuration to a folded configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Reference should be made to the following detailed
description which should be read in conjunction with the
following figures, wherein like numerals represent like parts.
[0010] FIG. 1A is an illustrative example of a compact
personal flight vehicle, according to an embodiment.
[0011] FIG. 1B is a perspective view of the bottom of the
compact personal flight vehicle of FIG. 1A, according to an
embodiment.

[0012] FIG. 2 is an example of a restraint to secure a
person in the compact personal flight vehicle of FIGS. 1A
and 1B, according to an embodiment.

[0013] FIG. 3A is a frame for a compact personal flight
vehicle, according to an embodiment.

[0014] FIG. 3B is an exploded view of a frame for a
compact personal flight vehicle, according to an embodi-
ment.

[0015] FIG. 4 is a perspective view of flexible joints of a
flexible frame for a compact personal flight, according to an
embodiment.

[0016] FIG. 5A is a propeller assembly for a compact
personal flight vehicle, according to an embodiment.

[0017] FIG. 5B is a side view of the propeller assembly of
FIG. 5A.
[0018] FIG. 5C is a perspective view of the propeller

assembly of FIG. 5A, according to an embodiment.

[0019] FIG. 5D is an exploded view of a propeller assem-
bly mounted on a frame endplate for a compact personal
flight vehicle, according to an embodiment.

[0020] FIG. 5E is a side view of the propeller assembly of
FIG. 5A illustrating the adjustability of the motors.

[0021] FIG. 6 is an example of two propellers that spin in
opposite directions for a compact personal flight vehicle,
according to an embodiment.

[0022] FIG. 7 is an example of an overlap area of two
propellers for a compact personal flight vehicle, according to
an embodiment.

[0023] FIG. 8A is a side view of the compact personal
flight vehicle of FIG. 1A illustrating the different offsets for
the propellers.

[0024] FIG. 8B is an example of the mounting height
offset for a propeller for a compact personal flight vehicle,
according to an embodiment.



US 2024/0262499 Al

[0025] FIG. 8C is a top view of the compact personal flight
vehicle of FIG. 1A illustrating an example of the placement
of propellers on different levels, according to an embodi-
ment.

[0026] FIG. 9 is an illustration of the compact personal
flight vehicle of FIG. 1A in a folded configuration.

[0027] FIGS. 10A, 10B, and 10C are various views of
joints in a foldable propeller for a compact personal flight
vehicle, according to embodiments.

[0028] FIG. 11 illustrates one possible embodiment of a
ducted fan for a compact personal flight vehicle, according
to an embodiment.

[0029] FIG. 12A is an illustrative example embodiment of
a power system for a compact personal flight vehicle,
according to an embodiment.

[0030] FIG. 12B illustrates an embodiment of a removable
battery pack for a compact personal flight vehicle, according
to an embodiment.

[0031] FIG. 13 illustrates an illustrative example of a
hand-held controller for a compact personal flight vehicle,
according to an embodiment.

[0032] FIG. 14 illustrates a possible embodiment of using
airflow from a propulsion system to cool an electronics
enclosure for a compact personal flight vehicle, according to
an embodiment.

[0033] FIG. 15 illustrates an embodiment of using liquid
cooling methods to cool an electronics enclosure for a
compact personal flight vehicle, according to an embodi-
ment.

[0034] FIG. 16 illustrates an embodiment of an electronics
enclosure for a compact personal flight vehicle, according to
an embodiment.

[0035] FIG. 17 illustrates an embodiment of a waterproof
electrical connector for a compact personal flight vehicle,
according to an embodiment.

[0036] FIGS. 18, 19, and 20 illustrate various movements
by a person that cause a compact personal flight vehicle to
steer, according to embodiments.

DETAILED DESCRIPTION

[0037] The present disclosure is not limited in its appli-
cation to the details of construction and the arrangement of
components set forth in the following description or illus-
trated in the drawings. The examples described herein may
be capable of other embodiments and of being practiced or
being carried out in various ways. Also, it may be appreci-
ated that the phraseology and terminology used herein is for
the purpose of description and should not be regarded as
limiting as such may be understood by one of skill in the art.
Throughout the present description, like reference characters
may indicate like structure throughout the several views, and
such structure need not be separately discussed. Further-
more, any particular feature(s) of a particular exemplary
embodiment may be equally applied to any other exemplary
embodiment(s) of this specification as suitable. In other
words, features between the various exemplary embodi-
ments described herein are interchangeable, and not exclu-
sive.

[0038] Disclosed herein is a compact personal flight
vehicle capable of vertical takeoff and landing which incor-
porates a propulsion system mounted on a lightweight frame
that supports a pilot positioned above the frame. The pilot
may steer the vehicle through upper body movements that
interfere with the airflow into the propulsion system. The
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pilot may control the vehicle through a handheld controller,
which allows for variable speed control of the propulsion
system, and feedback from the vehicle via a screen on the
controller. In some embodiments, the pilot stands on a top
surface of the vehicle. In some other embodiments, one or
more attachments support a majority of the pilot’s weight.
For example, the one more attachments can include a seat,
which can still allow the pilot to steer the vehicle through
upper body movements.

[0039] The propulsion system may incorporate a plurality
of motors, each driving a propeller. Adjacent propellers may
overlap each other in order to increase performance speci-
fications, increase efficiency, and make the vehicle more
compact than if propellers were not overlapping. To reduce
interference between the overlapping propellers, the propel-
lers may be mounted on different levels, where each level
has a vertical offset from one or more other levels. Each
propeller may therefore be mounted at an offset in height
from each adjacent propeller. This allows for a more com-
pact design of the vehicle then would be possible with
propellers mounted at the same height. Additionally, this
overlap provides increased thrust and operating efficiency
which leads to longer flight times and reduced heat genera-
tion.

[0040] In some embodiments, additional features may be
incorporated to make the vehicle compact and easy to
transport. For example, the vehicle itself may be foldable for
storage and transport. The propellers may be removable for
more compact storage, as well as for ease of replacement of
a damaged propeller. In some embodiments, the propellers
may fold for storage and transport. The battery units may be
removable for storage and transport. This can also allow a
pilot to quickly change battery units and resume flight
operations without having to wait for batteries to charge.
[0041] The vehicle may be designed to provide a high
level of safety through redundant and isolated systems. In
some embodiments, multiple onboard power solutions run
together with current sharing, therefore reducing single
failure points. In some embodiments, redundant propellers
may be incorporated to allow operation to continue if a
propeller were to fail while the vehicle is in flight. Since the
compact size of the vehicle requires high power compo-
nents, heat generation must be kept under control (e.g., via
active and/or passive cooling methods) and materials which
are fireproof, or fire resistant are used in order to sustain safe
operation. The vehicle is designed with safety margins on
performance specifications. For example, the maximum
lifting load of the vehicle may be desired to be at 500
pounds, but the frame may be configured with a 1.5x safety
factor margin at 750 pounds.

[0042] FIG. 1A is an illustrative example of a compact
personal flight vehicle 100, according to an embodiment.
The illustrated example embodiment of FIG. 1A includes a
frame 300, a plurality of arms 110 extending outwardly from
the frame (further described in reference to FIGS. 3A and
3B), a drive assembly coupled to each of the plurality of
arms 110 and to opposite ends of the frame, and one or more
battery units 120. The illustrated frame is generally rectan-
gular, but a frame may be provided in any shape (e.g.,
ovular, circular, triangular, etc.). In some embodiments, the
frame may have a top surface, which during operation is
used as a platform for supporting the feet of a user whereby
the user may stand in an upright position on the frame. A
proximal end of each of a first group of the plurality of arms
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110 extends outwardly from the first end of the frame, and
a proximal end of each of a second group of the plurality of
arms 110 extends outwardly from a second end of the frame.
Each drive assembly may be coupled to a distal end of each
of the arms 110 and may include at least one motor 104 for
driving at least one propeller 102. In general, power from the
battery units 102 energizes the motors 104 and causes
rotation of the propellers 102, thus generating lift.

[0043] The example of FIG. 1A also includes one or more
speed controllers 106 communicatively coupled to the
motors 104 to control the speed of the motors. In some
embodiments, speed controller 106 is mounted at or near the
distal end of arm 110 that motor mount 108 is coupled to. In
some embodiments, there is one speed controller 106 for
each motor 104. In some other embodiments, multiple
motors 104 may be controlled by a single speed controller
106. For example, the speed controller 106 may be mounted
in a position on the compact personal flight vehicle 100 that
allows for the speed controller 106 to be communicatively
coupled to all the motors 104 that are controlled by that
speed controller 106. For example, the speed controller 106
can be centrally located on the frame.

[0044] The compact personal flight vehicle 100 may also
include a plurality of legs 112, which are coupled to a bottom
surface of arm 110. The legs 112 act as a landing gear for the
compact personal flight vehicle 100. The illustrative
example of FIG. 1A shows four legs 112, but any number of
legs 112 may be used. In some embodiments, the legs 112
may be coupled to only a subset of the arms 110. For
example, the legs 112 may be coupled to every other arm
110. In some embodiments the frame could be designed so
that legs 112 are not necessary. For example, the frame may
include protrusions, curved portions, supports, and/or the
like that can allow for the compact personal flight vehicle to
land safely. In some embodiments, the legs 112 are remov-
able. In some embodiments, the legs 112 are permanently
formed with the frame. In some embodiments, the legs 112
are cylindrical. In some embodiments, each leg 112 is
mounted at the same position along the corresponding arm
110. In some embodiments, the legs 112 are mounted in
different positions along the corresponding arm 110. In some
embodiments, the legs 112 are mounted along a midpoint of
the corresponding arm 110 or are mounted at a different
distance along the length of the arm 110. In some imple-
mentations, the end of the leg 112 opposite the arm 110 may
include a force distributor (e.g., a foot) configured to dis-
tribute the weight of the compact personal flight vehicle 100
and/or the pilot on the ground. The legs 112 may be coupled
to the arms 110 via a fastener (e.g., screw, nut and bolt, clip,
etc.), adhesive, weld, and/or the like.

[0045] The compact personal flight vehicle 100 includes
one or more battery units 120. In the illustrative example of
FIG. 1A, two battery units 120 are shown. One battery unit
120 is coupled with the top surface of the frame (see FIG.
3A), and a second battery unit 120 is coupled with the
bottom surface of the frame. In some embodiments, each
battery units 120 includes a plurality of batteries and/or
battery cells. In some embodiments, each battery unit 120 is
configured to provide the compact personal flight vehicle
100 with enough power for flight independently of the other
battery unit 120.

[0046] The battery units 120 are electrically coupled to the
motors 104. In some embodiments, the battery units 120 are
coupled to subsets of the motors 104. For example, a first
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power bus associated with a first battery unit 120 may be
coupled for a first motor 104 and a second motor 104 and a
second power bus associated with a second battery unit 120
may be coupled to a third motor 104 and a fourth motor 104,
the fourth motor 104 disposed between the second motor
104 and the first motor 104 and opposite the third motor 104.
The battery units 120 can be configured to share power
across the various busses, such that a failure of one battery
can cause power to automatically be rerouted from the
remaining batteries to all motors. In addition or alternatively,
a failure of either a battery units 120 and/or bus could cause
failure of only the motors 104 connected to the failed battery
by an associated bus, while other motors coupled to other
batter(ies) via other bus(ses) would remain in operation and
the personal flight vehicle 100 could maintain stability due
to the symmetric nature of limited motor failure.

[0047] In some embodiments, compact personal flight
vehicle 100 includes a tablet computer 130 to display
information to the pilot. The tablet computer 130 can display
information such as altitude, speed, battery output, remain-
ing battery power, emergency notification, and/or the like.
[0048] In the illustrative example of FIG. 1A, boots 150
represent the position of the pilot on the compact personal
flight vehicle 100. In this example, the boots 150 are
positioned on a top surface of endplates 304 (as seen in FIG.
3A). In some embodiments, the boots 150 may be secured to
the vehicle using, for example, ratcheting straps with quick
release function for immediate removal. In some embodi-
ments, a plurality of straps may be used with each boot to
secure the pilot to the vehicle. For example, boots 150 can
be coupled to the frame via ski-style, bicycle clip-in style, or
any other suitable bindings. In some embodiments, the boots
150 may be positioned in a different position based on the
configuration of the frame and/or the endplates 304.
[0049] In some other embodiments, the boots 150 may be
placed into a slot. In some embodiments, the slot is defined
as a space in the frame. In some embodiments, the slot is a
space within a foothold coupled to the frame. The slot
designates the area for the boots 150 to be placed. In some
embodiments, the boots 150 are not secured in the slot and
may be freely removed at any time. In some embodiments,
the boots 150 may include a fastening mechanism to couple
to the endplates 304.

[0050] FIG. 1B is a perspective view of the bottom of the
compact personal flight vehicle 100A, according to an
embodiment. Vehicle 100A can be structurally and/or func-
tionally similar to vehicle 100 shown and described above
with reference to FIG. 1A. The example of FIG. 1B includes
an attachment configured to support a majority of the pilot’s
weight (e.g., a seat assembly 160). In some embodiments,
the attachment configured to support the majority of the
pilot’s weight may include a seat, an apparatus to support a
pilot lying down, suspension swing-type seats, etc. The
example of FIG. 1B includes seat assembly 160, which
includes seat 162 which is attached to one end of seat
support rod 164. The opposite end of seat support rod 164 is
attached to frame (as seen in FIG. 3A). In some embodi-
ments, seat assembly 160 may be pivotably attached to the
frame. In some embodiments, the seat assembly 160 may
only pivot in certain axes. For example, the seat assembly
may be configured to allow the pilot’s seat to lean left and
right relative to the pilot, but not forward and backward
relative to the pilot, thus allowing the upper body of the pilot
to be used for, in some embodiments, controlling the vehicle.
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The seat assembly 160 in FIG. 1B is pivoted all the way to
the right, allowing a clear view of seat assembly 160. The
seat 160 is attached to the center of the frame, on the rear
connection bar (the frame is further described in reference to
FIG. 3A). In some embodiments, the connections between
the seat assembly 160 (e.g., including seat support rod 164
and/or seat 162) and the frame are formed of a strong,
light-weight material, such as carbon fiber or aluminum.

[0051] In some embodiments, the compact flight vehicle
100A may include a restraint to secure a person in the
compact personal flight vehicle. FIG. 2 is an example of a
restraint to secure a person in the compact personal flight
vehicle 100A of FIGS. 1A and 1B. In the example embodi-
ment of FIG. 2, the restraint is a strap that passes through the
bottom of the seat and fastens around the pilot’s waist in
order to secure the pilot to the aircraft. In some embodi-
ments, the restraint may include a quick release button for
removal after operation or in case of an emergency. In some
embodiments, the restraint may include a sensor that detects
whether the restraint is fastened.

[0052] FIG. 3Ais an assembly drawing of a frame 300 for
a compact personal flight vehicle, according to an embodi-
ment. The frame 300 may be, in some embodiments, func-
tionally and/or structurally similar to the frame described in
reference to FIGS. 1A and 1B. For example, the frame 300
may be the frame of FIGS. 1A and 1B with the battery units
120, boots 150, and tablet computer 130 removed. The
frame 300 may be provided in a plurality of configurations
and may be constructed from one or more elongated bars. In
the illustrate example embodiment, the frame 300 includes
a first and a second bar 302 (e.g., the center bars 302, also
referred to herein as central member(s)). Endplate(s) 304 are
coupled to a top surface and/or bottom surface of the center
bar(s) 302, for example at both ends of the center bar(s) 302.
In the embodiment of FIG. 3A, the center bars 302 are
located parallel to one another. In some embodiments, the
frame 300 may include fewer or additional center bars 302.
For example, the frame 300 can include 1, 2, 3, 4, 5, 10, 15,
20, 25, etc. center bars 302, inclusive of all values therebe-
tween. For example, the frame 300 can include six center
bars 302 arranged in a hexagon. In some embodiments, the
frame 300 can include additional supporting members to
increase the stiffness of the frame 300.

[0053] The frame 300 also includes a plurality of arms
110. In the example of FIG. 3A, the compact personal flight
vehicle contains eight arms 110, but other embodiments may
have fewer or more arms 110. For example, the frame 300
can include 4, 5, 6,7, 8, 9, 10, etc. arms 110, inclusive of all
values therebetween. In some embodiments, the arms 110
are disposed symmetrically about the frame 300. In some
embodiments, at least one arm 110 forms an acute angle with
at least one of the central bars 302. In some embodiments,
at least one arm 110 is substantially perpendicular to at least
one of the central bars 302. For example, in the embodiment
of FIG. 3A, one-half of the arms 110 are coupled to the
endplate(s) 304 at one end of each of the center bars 302, and
the remaining arms 110 are coupled to the endplates 304 at
the opposite end of the center bars 302. For example, in an
embodiment that includes four endplates 304 (top left, top
right, bottom left, bottom right), a first endplate 304 can be
coupled to the top surface of a first half of the arms 110, a
second endplate 304 is coupled to the bottom surface of the
first half of the arms 110, a third endplate 304 can be coupled
to the top surface of a second half of the arms 110, and a
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fourth endplate 304 can be coupled to the bottom surface of
the second half of the arms 110. In some embodiments, the
frame 300 is rigid such that torsional loads applied by the
pilot do not substantially twist the frame 300 and thereby do
not produce substantial attitude changes in the flying
vehicle. For example, if the pilot shifts weight onto the ball
of one foot and the heal of the other foot, the vehicle will
generally maintain the same attitude in the air.

[0054] A motor mount 108 may be coupled at or near the
end of each arm 110 that is opposite the end connected to the
endplates 304. As shown in FIG. 3A and discussed further
below in FIGS. 6-9B, the length of each motor mount 108
varies according to the position of the motor mount 108. In
some embodiments, the position of the motor mounts 108
can be configured specifically to provide sufficient stability
when in operation.

[0055] Frame 300 also consists of a plurality of leg mounts
308 on the arms 110. In the example of FIG. 3, a total of four
leg mounts 308 are shown, but in other embodiments any
number of leg mounts may be provided. One leg 112 is
coupled to each leg mount 308. In some embodiments, some
of the arms 110 can include no leg mounts 308. In some
embodiments, some of the arms 110 can include more than
one leg mount 308. In some embodiments, leg mounts 308
can be fastened, adhered, and/or welded to the arms 110.
[0056] In some embodiments, the frame 300 includes
lights (e.g., incandescent lights, LED lights, etc.). The lights
can function as traditional aviation lights for other aircrafts
to know position and direction of travel. The lights may also
be configured assist the pilot in seeing the ground during
operation. For example, the lights can include a spotlight,
flood light, and/or the like configured to illuminate surfaces
within proximity of the vehicle. The lights (e.g., lights used
for communicating vehicle position) are configured to meet
FAA standards for aircraft operation.

[0057] The frame 300 is configured to be configured to lift
and carry a human passenger. The components of the frame
300 are configured to withstand the loads associated with
lifting a human passenger. For example, the materials,
shape, and/or configuration of the components of the frame
300 are specifically designed to withstand the forces, tor-
sional loads, and/or the like associated with carrying a
human passenger. In some embodiments, the frame 300 may
be formed of lightweight materials with high strength prop-
erties. For example, the frame 300 may be formed of at least
one of carbon fiber, titanium, aluminum, and/or the like. In
some embodiments, the frame 300 may be rated to lift 500
pounds with a 1.5 safety factor and configured to withstand
750 pounds. In some embodiments, the frame 300 may be
configured to lift up to 1000 pounds. A prototype frame
structurally similar to frame 300 was tested by placing 93.75
pounds at the end of each of the 8 arms while the prototype
frame was supported in air, held only by the 2 foot-mounting
positions. During the test, the deflection on each arm was
less than 1 inches. This process was cycled 750 times,
simulating 750 takeoff and landing flights.

[0058] In some embodiments, the frame 300, when legs,
such as the legs 112, are coupled, may stand from about 3-15
inches off the ground. In some other embodiments, this
distance may be different and/or variable. For example, if
taking off in high grass and/or dusty environment, longer
legs may be preferred. Otherwise, shorter legs will make the
aircraft lighter and more compact, thus, leading to more
desirable operating performance. By making the aircraft as
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light and compact as possible, the pilot may achieve better
performance using shorter legs.

[0059] In some embodiments, the size of the aircraft, and
thus the frame 300, is variable based on the propeller
selection. For example, longer arms 110 may be desirable
for larger propellers to provide sufficient spacing between
the propellers. Conversely, smaller propellers may have less
lift and thus shorter arms 110 may be desired to save weight.
The propeller section varies based on the desired perfor-
mance of the pilot, further discussed in reference to FIG. 7
below.

[0060] In some embodiments, a flexible frame may be
desired. For example, a flexible frame may aid in rotation
and/or turning of the vehicle. A flexible frame can be formed
of a rigid material divided into two sections having a section
composed of a more flexible material points disposed
between them. FIG. 4 shows the flexible joints 402 of a
flexible frame 400 for a compact personal flight vehicle
consistent with an embodiment of the present disclosure.

[0061] In some embodiment, the flexible joints 402 are
carbon fiber blocks that are disposed about one-third of the
length from each end of the frame tubes 302. The addition
of the carbon fiber flexible joints 402 allows the aircraft
frame to twist. In some embodiments, the flexible joint 402
allow for positive and negative twist of about 15 degrees. In
some embodiments, the flexible joint 402 may allow for
positive and negative twist of greater than about 5 degrees
and no more than about 30 degrees. In these embodiments,
the frame of the vehicle is sufficiently flexible to allow for
a controlled torsion by having the pilot twist the frame with
the forces applied by their feet. The torsion on the frame
causes a misalignment between the two sets of propulsion
systems (e.g., sets of motors with propellers), which, in turn,
makes the vehicle yaw along a vertical yaw axis of the
vehicle. The flexible joints 402 are formed of a material that
may be continuously twisted with minimal degradation.

[0062] FIG.5A is a perspective view of a propeller assem-
bly for a compact personal flight vehicle, according to an
embodiment. The example propeller assembly in FIG. 5A
includes a propeller 102, a motor 104, an electronic speed
controller 106, and a motor mount 108. FIG. 5B is a side
view of the propeller assembly of FIG. 5A mounted to an
arm 110. FIG. 5B depicts the arm 110, which is part of the
frame 300. As seen in FIG. 5B, the propeller 102 is hori-
zontally oriented relative to the ground, frame 300, arm 110,
and/or center bars 302. FIG. 5D is an exploded view of the
propeller assembly of FIG. 5B.

[0063] Insome embodiments, the vehicle includes propel-
ler assemblies mounted on the frame endplates 304. FIG. 5C
is a perspective view of two propeller assemblies, each
mounted on one of the lower endplates 304 at each end of
center bars 302.

[0064] FIG. 5E is a side view of the propeller assembly of
FIG. 5A illustrating the adjustability of the motors 104. In
some embodiments, the position of the motors 104 maybe
configurable about the speed controller 106. In some
embodiments, the motors 104 are mounted to the motor
mounts 108 in a fixed position. In some embodiments, the
motor mounts 108 are constructed of carbon fiber. In other
embodiments, any lightweight material of sufficient strength
may be used. In some embodiments, the motors may be
coupled directly to the arms 110, without the motor mounts
108.
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[0065] After transport or assembly of the aircraft, position
of the motors 104 may require calibration. If a motor 104 is
not pointed in a desired direction (e.g., horizontal relative to
frame 300, down towards the ground, etc.), it can cause
undesired yaw movement (i.e., spinning). While flight is still
possible when the motors 104 are misaligned, more power
may be used to operate the vehicle, thus lowering the
efficiency of the vehicle. In some embodiments, therefore,
the motors 104 are adjustable for calibration. In some
embodiments, the position of motors 104 can be adjusted by
about 0.2 inches to the left or right of the centerline of motor
mount 108 in order to calibrate the aircraft.

[0066] In some other embodiments, the position of the
motors 104 may be adjusted through the attachment of the
arm 110 to the frame 300. This may be accomplished by
loosening bolts or other suitable attachment mechanism (not
shown) attaching the motor mount 108 to the arm 110 and
repositioning the motor mount 108 on the arm 110 and
tightening the bolts. The adjustment of the arm 110 allows
for the position of the motors 104 to be adjusted by about 0.1
inches to the left or right of the centerline of motor mount
108, in addition to the adjustment of the motors 104 them-
selves.

[0067] The propulsion system pushes air down to achieve
vertical take-off and landing, flight, hovering, and/or loco-
motion. The propulsion system includes a plurality of pro-
pellers 102, each driven by a motor 104. The example
vehicle of FIG. 1 illustrates a vehicle with ten propellers
102. In some embodiments, the propellers 102 are config-
ured to direct airflow down towards the ground. In some
embodiments, vehicle may be configured with propellers
102 in a fixed, calibrated location with fixed blade pitch. In
some other embodiments, the vehicle may include propellers
102 having orientations and/or positions that are manually or
electronically adjustable before or during flight. In some
embodiments, the vehicle may include propellers 102
capable of variable pitch.

[0068] In order to counteract yaw rotational forces that
motors produce while in operation (e.g., torque effects), in
some embodiments, one-half of the propellers spin in one
direction, e.g., clockwise, while the other half of the pro-
pellers spin in the opposite direction, e.g., counterclockwise.
In some embodiments, different types of propellers are used
to counter torque effects. In some other embodiments, the
number of clockwise propellers and counterclockwise pro-
pellers may not be equal.

[0069] Inthe embodiment shown in FIG. 1, five propellers
spin clockwise, and five propellers spin counterclockwise.
As with the motor mounts 108, the propellers 102 may also
alternate and be symmetrical across the aircraft. For
example, immediately adjacent propellers may be different
and configured to rotate in opposite directions. The design of
the five propellers that spin clockwise can be an inverted
design of the five propellers that spin counterclockwise,
allowing the torque effects to cancel. FIG. 6 is an example
of'two adjacent propellers that spin in opposite directions for
a compact personal flight vehicle, according to an embodi-
ment. The two propellers shown in FIG. 6 illustrate both
counterclockwise propeller 602 and clockwise propeller
604, the pitch angle of the two propellers 602 and 604 are
the same. In some embodiments, the pitch angles of the
propellers are between about 5 degrees and about 15
degrees. In some embodiments, the pitch angle is between
about 6.5 degrees and 12 degrees.
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[0070] The size of the aircraft may be variable and based
directly off of the propeller selection. The propeller section
varies based off of the pilots customized performance
requirements. In some embodiments, the propellers 102
overlap in order to keep a compact profile. FIG. 7 is an
example of the overlap area of two propellers for a compact
personal flight vehicle, according to an embodiment. In
order to make the vehicle as compact as possible, the frame
should be as small as possible, and this overlap determines
the smallest possible aircraft profile.

[0071] In the illustrated example embodiment of FIG. 7,
the tips of the propellers 102 overlap about 20% of the area
of the propellers (e.g., the swept area). In some implemen-
tations, the overlap may be greater than about 0% and less
than about 40% of the area of the propellers, inclusive of all
values therebetween. In some embodiments, the overlap can
be at least 10%, 15%, 20%, or 25%. In some embodiments,
the overlap is less than about 20%, 25%, 30%, or 35%.
Substantial overlap between the propellers can make the
vehicle more compact and can significantly increase the
efficient of the vehicle relative to vehicles with no or trivial
amounts of propeller overlap. For example, a 20% overlap
can have an approximately 1-5% efficiency gain. Operating
efficiency may also be further increased as the diameter of
the propellers increase, therefore, overlapping propellers
allows for the use of more efficient longer propellers and still
keep a compact form. This exact amount of overlap may be
different for every propeller design since airflow is not the
same with every airfoil. Different propeller designs may be
used for various performance requirements. For example, if
a priority is a vehicle with heavier lift capacity, the pitch of
the propeller can be increased from, for example, 7 to 8
degrees. The pitch of a propeller is defined as the distance a
propeller would move in one revolution if it were moving
through a soft solid, like a screw through wood. This means
the propeller blade will be steeper and the vehicle will now
have the ability to push more air, therefore increasing lift
capacity while increasing a motor’s current draw when
operating at the same rotational speed. Increased current
draw could vary the selection of other components, as
discussed herein. The desired overlap distance for a selected
propeller design can be determined through testing. The
example of FIG. 7 shows a calculation of distance (d) 702
which the motors 104 should be apart from each other so that
overlap area (A) 706 is 20%, where D equals the propeller
diameter 704. To test the overlap area, at each 1% step, the
current draw should be recorded over a period of 60 seconds.
Based on testing, a peak increase in thrust and efficiency was
found to be between 1-20% area overlap. Beyond a thresh-
old amount of overlap, e.g., 20%, 25%, 30%, or 35%
overlap, efficiency can decrease. Thus, some embodiments
described herein relate to vehicles having propellers that
partially, but do not completely overlap. In some embodi-
ments, the diameter of the propellers is between about 17
inches and 35 inches. In some embodiments, the diameter of
the propellers is at least about 10 inches and no more than
about 35 inches.

[0072] For the propellers to be overlapping, they may be
stacked in multiple levels. FIG. 8A is a side view of one
example of the compact personal flight vehicle 100 of FIG.
1A illustrating the different levels for the propellers 1 802,
propellers 2 804, and propellers 3 806. As can be seen in
FIG. 8A, propellers 802 are at an offset X, in the vertical
plane, propellers 804 are at an offset X,, and propellers 806
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are at an offset X;. FIG. 8B shows how the offset may be
measured for each level. Measurements start from the cen-
terline of the frame tubing 302 and extend down to the top
of the motor 104. In the example of FIG. 8A, the offsets are
about 1 inch for offset X,, 1.5 inches for offset X,, and 2
inches for offset X;. Although the offsets illustrated in FIG.
8A are about 0.5 inches per step, many other offset sizes are
possible. For example, the offset is at least about 0.1 inches
and no more than about 5.0 inches, inclusive of all values
therebetween. In some embodiments, the offset is less than
1 inch. In some embodiments, the offset is about 0.1 inch,
about 0.2 inches, about 0.3 inches, about 0.4 inches, about
0.5 inches, about 1 inch, about 2 inches, about 3 inches,
about 4 inches, or about 5 inches.

[0073] As described herein, a priority may be a vehicle
with heavier lift capacity to carry either a pilot or an extra
load (e.g., additional passenger, cargo, etc.). If, however, the
pilot wishes to prioritize flight time over lift capacity,
propellers pitch angle can be lowered from, for example, 8
to 7 degrees. Lowering the pitch value of a propeller causes
the motor to spin faster in order to lift the same weight. In
some embodiments, the vehicle may have peak efficiency in
operation when it can hover in place when the motor throttle
is set to 60%. In some embodiments, peak efficiency may be
at a pitch value of approximately 7 degrees.

[0074] Operating efficiency may be further increased as
the diameter of the propellers increase. Since the vehicle is
intended to be as compact as possible, longer propellers are
more efficient in operation but reduce the compact profile. In
some embodiments, a desired propeller under about 35"
diameter is selected. Shorter propellers require increased
rotation to achieve the same lift. For example, a shorter
propeller may be operated at high speeds up to 15,000
revolutions per minute (RPM). In some embodiments, a
thick/flexible carbon fiber material is used for the shorter
propeller designs to withstand the rotational speed. In some
embodiments, the propellers may be configured to rotate
between 5,000 and 20,000 RPM. In some embodiments, the
propellers are configured to rotate at least about 5,000 RPM
and no more than about 30.000 RPM. In some embodiments,
the propellers are collectively configured to produce at least
200 pounds of thrust total.

[0075] While lightweight consumer drones that are inop-
erable to lift significant loads generally have propeller
speeds of 1,500-4,000 RPM, which operate in a subsonic
regime, the vehicle described is configured to allow for
higher propeller speeds so that a human being can be
supported, while maintaining a compact design. The pro-
pellers are designed for safe and efficient operation beyond
supersonic tip speeds. The motors and speed controls are
also designed to be able to rotate and monitor the status (e.g.,
RPM) of the propellers at such high speeds. Additionally, the
vehicle described herein includes a motor that allows the
flow of air to be channeled through the motor and maximize
contact with motor coils and bearings to control temperature
within the motor, allowing temperatures associated with the
motor to stay in a safe operating range. Additionally, the
materials and hardware used in the vehicle described herein
dampen vibrations allow for the propellers to rotate at
supersonic tip speeds, as shockwaves produced at super-
sonic tip speeds can introduce significant vibrations during
operation. Additionally, the motors and electronics are iso-
lated from the frame with a vibration dampening material so
that vibrations from the motors don’t vibrate other portions
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of the vehicle. Furthermore, to allow for high propeller
speeds, the power system is designed to support the power
draw associated with the high propeller speeds and to
prevent electromagnetic interference and unwanted current
transfer to the frame through isolated power and control
wires.

[0076] For example, a configuration for lifting a 200
pound load includes about 18" diameter propellers with
about 7 degree pitch angles spinning at about 15.000 RPM.
The propeller may be designed to be capable of operation
without failure at or over 50 pounds of thrust and tested with
750 cycles of 0-50 pounds of thrust to ensure safe operation.
[0077] Insome embodiments, enclosed propellers may be
used. FIG. 11 illustrates one possible embodiment of a
ducted fan, according to an embodiment. The ducted pro-
peller (e.g., ducted fans, etc.) may be more acrodynamically
efficient than the open propeller since the duct can allow the
propeller to produce additional thrust for the same power
consumption as a propeller with a duct. In the example of
FIG. 11, air enters from the top and into a chamber 1104 with
the propeller 1102 inside and is expelled out of the bottom
of the duct. In some embodiments, the length of the duct can
be configured for a desired efficiency or desired lift. In some
embodiments, a cage may be disposed around the propellers
which will keep the pilot and/or its surroundings from
coming in contact with the blades.

[0078] In some embodiments, the propellers are remov-
able. Removing propellers allows for easy travel or replace-
ment after damage. In some embodiments, the propellers are
designed to mount to the motor using at least two screws
(not shown), (e.g., M4 size titanium size with a diameter of
about 23 millimeters). In some embodiments, the propeller
may be mounted with additional screws.

[0079] In some embodiments, the frame is designed to be
foldable to allow for easier transport. In some embodiments,
the frame may include hinges to allow the frame to be
folded. In some embodiments, frame tubes may be telescop-
ing to allow the frame to be collapsed. FIG. 9 is an
illustration of a compact personal flight vehicle 900 (e.g.,
structurally and/or functionally similar to the compact per-
sonal flight vehicle 100 of FIGS. 1A and 1B) in a folded
configuration. In the embodiment of FIG. 9, four legs=910
are configured to fold into a compact position. In some
embodiments, the legs 910 are removed after removing 8 or
less bolts (not shown). Once the bolts are removed, the legs
slide off a corresponding leg mount. Each arm 910 has 8
bolts (not shown) which, when removed, allow the arm 910
to slide off of arm connector 912 (further shown in FIG. 3B).
In some embodiments, the arms 910 are hingedly coupled to
the frame to allow movement between a deployed configu-
ration and a folded configuration. For example, in the folded
configuration, arms 910 can be substantially parallel to the
central member(s) of the frame, or otherwise form an acute
angle with the central member(s) (e.g., an angle of less than
20 degrees, less than 10 degrees, less than 5 degrees, etc.)
[0080] High strength copper strand wires 914, e.g., 10
AWG, with extra slack are disposed inside the arm 910. The
wires 914 prevents the arm 910 from separating from the
arm connector 912 and allow the arm 910 to fold over and
be secured to the main frame via, for example, a strap, clip,
etc. In some embodiments, the wires 914 are coated in a
protective material. In some embodiments, the wires 914 are
coated in silicone. For example, the wires are coated in a
0.09 inch thick layer of silicone which is halogen-free on
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silicone basis. Silicone cables have a molecular structure
which are cross-linked to remain in their original shape after
high temperature operations. In some embodiments, the
hinge location or bending location on the wires is wrapped
in a high temperature self-fusing silicone. The insulation is
then wrapped in a final layer of solvent-free acrylic adhesive
which is naturally resistant to chemical, abrasion and heat
damage.

[0081] Some traveling does not require full disassembly of
the aircraft and therefore, in some embodiments, the pilot
may prefer the convenience of folding propellers instead of
the fixed propellers of FIG. 1A. FIGS. 10A, 10B, and 10C
are various views of the joints in a foldable propeller
according to embodiments. In some embodiments, the wires
914 and coating can be configured as tethers and operable to
support tension loads, for example, when the frame is in a
folded configuration. For example, in some embodiments,
moving arms from an extended configuration to a folded
configuration can include detaching arms from a socket or
other connector of a central member such that only wires
914 form a “hinge” or otherwise tether the arms to the
central member. The propellers 1020 (e.g., structurally and/
or functionally similar to the propellers 102 of FIGS. 1A and
1B) of FIGS. 10A, 10B, and 10C include joints 1002 which
allow the propeller 1020 to fold. Such propellers 1020 can
be removable and/or foldable while the aircraft is not in use.
In some embodiments, the vehicle uses propellers that do not
fold.

[0082] FIG.12Ais an assembly drawing of one illustrative
example embodiment of a power system for a compact
personal flight vehicle, according to an embodiment. The
example power system of FIG. 12A consists of one or more
batteries, e.g., battery 1202, arranged in one or more battery
units. e.g., battery unit 1200A and battery unit 1200B (e.g.,
functionally and/or structurally similar to the battery unit
120 of FIG. 1A), which store power for the vehicle. The
battery units 1200 (e.g., the battery unit 1200A and the
battery unit 1200B) can include any number of batteries. For
example, the battery units can include one, two, three, four,
five, 10, 15, 20, 25, or 50 batteries, inclusive of all ranges
and values therebetween.

[0083] In some embodiments, all of the aircraft’s systems
may use a DC voltage which is provided by the battery unit.
The storage chemistry for the batteries may be, for example,
lithium ion, but other battery chemistries may also be used.
In the illustrative example of FIG. 12A, battery 1202 is
displayed separate from the battery unit 1200A to illustrate
that battery unit 1200A is comprised of individual batteries.
In use, however, battery 1202 would be incorporated into
battery unit 1200A.

[0084] In some embodiments, each of the battery units
1200 consist of one or more cells which are connected in
series and/or parallel to build a single scalable unit. In some
embodiments, the batteries 1202 can be interconnected so
that a fault in one battery 1202 does not compromise the
entire battery system 1200. In some embodiments, in order
to provide the highest level of safety, the system operates
with multiple redundant battery units on board, with all
battery units connected in parallel. This allows current
sharing across all units in normal operation without inducing
a single point of failure. If one system fails, others will
remain in operation.

[0085] In some embodiments, the battery units are con-
figured to provide a specific voltage, performance output
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and/or capacity specifications to achieve desired motor
operation, which varies based on the specific requirements
(e.g., lift capacity, acceleration) of the pilot. The selection of
these requirements affects the selection of motors and pro-
pellers. In some embodiments, high voltage systems (e.g.,
45-70V) are used for the vehicle. In some embodiments,
performance output of the battery units 1200 may be 1500
amps (A) or more.

[0086] In some embodiments, the configuration for main
motor power may include an approximate weight of about
68 pounds, a maximum continuous current of about 1575A,
a power system storage capacity of about 148.75 amp hours
(Ah), a nominal voltage of about 46.8 volts (V), with an
operating voltage range of about 37.7-54.6V.

[0087] In some embodiments, all electronic controls use a
separate power system to prevent failures from the main
power system resulting in the failure of the controls systems
to increase safety. In some embodiments, the electronic
controls operate within a voltage range of 9-14V. In some
embodiments, the disclosed vehicle has a 2000 milliamp
hour (mAh) storage capacity to support, for example, three
flights before recharging.

[0088] Increasing storage capacity of either the main
motor or electronic controls power system will increase total
vehicles weight. The increased weight will affect the pro-
peller and motor selection as it requires the system to draw
more current while in operation. Therefore, in some embodi-
ments, the capacity of the power system can be varied to
achieve different performance or to achieve a desired flight.
[0089] If desired performance requires a weight reduction,
lithium polymer battery chemistry may be chosen over
lithium ion for its higher output current and may be used to
reduce the weight of the power system. However, when
stability is preferred, lithium ion may be chosen over lithium
polymer.

[0090] While lithium ion and lithium polymer chemistries
are discussed above, other types of batteries may be used.
Power storage options and chemistries such as aluminum
sulfur, aluminum ion, sodium ion, and additional power
sources, e.g., alternating current, liquid fuel, or the combi-
nation of multiple types for direct consumption (generators)
or storage, may also be used.

[0091] Insome embodiments, the batteries may be remov-
able. FIG. 12B illustrates one possible embodiment of a
removable battery unit, according to an embodiment. The
illustrative embodiment of FIG. 12B includes battery unit
1200A and battery unit 1200B of FIG. 12A, but the battery
units 1200A. 1200B are removable and held in place by
straps 1204. In some embodiments, the straps 1204 are
constructed of two inch wide synthetic nylon and polyester
fibers, but other sizes and materials may be used. Synthetic
fibers are selected due to their fire-resistant nature to melt
instead of igniting with low thermal conductivity. In some
embodiments, the straps can be tightened and then both ends
are secured together through a quick release mechanism
which slides one end into the other. The example of FIG.
12B shows three straps 1204 holding battery units 1200A,
1200B in place, but any number of straps 1204 may be used.
The use of removable battery units allows for easy exchange
of battery units between flights for continued operation with
additional battery units. The removable units are also
designed to create a scalable solution for accommodating
various performance requirements. The addition or removal
of batteries will modify performance specifications such as
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lift capacity and flight time. For example, the pilot may
desire more lift capacity and can remove a battery unit to
achieve more efficient and optimized flight with the addi-
tional load. In such an implementation, however, the dura-
tion of maximum power operation may be (more) limited
due to increased heat generation associated with decreased
total battery capacity. In some implementations, it may be
desirable to operate around 60% motor speed while hovering
as current draw non-linearly (e.g., exponentially) increases
past 60% motor speed and the system becomes less efficient.

[0092] FIG. 13 illustrates one illustrative example of a
hand-held controller 1300 for a compact personal flight
vehicle, according to an embodiment. Controller 1300 can
be operable to control motor RPM. In some embodiments, a
wireless controller is used. In some embodiments a wired
controller may also be used. A customized handheld grip
1302, constructed of, for example, carbon fiber, includes
trigger 1304 to allow for variable throttle control. In opera-
tion, the pilot holds the controller with one hand and uses his
or her index finger to pull the trigger. In some embodiments,
the motor RPM signal increases linearly as the trigger is
pulled back toward the pilot. Similarly stated position of the
throttle is proportional to a rotational speed of each propel-
ler. In other embodiments, a throttle response curve can
define a proportional relationship between throttle position
and the speed of each propeller. In some embodiments,
rotational speed of propellers via controller 1300 may be the
only electronic controlled parameter of the vehicle while in
flight. Similarly stated, in some embodiments, differential
propeller speed, attitude, and/or stability may not be elec-
tronically controlled via pilot or other computerized input
and may instead be controlled only via the pilot’s body
position and/or movements.

[0093] In some embodiments, the trigger is a gimbal that
uses an all-aluminum hall effect sensor which is less prone
to wear and more accurate than other solutions. In some
embodiments, the gimbal has a resolution of about 4500
discretization levels along the axis of travel. This hall-effect
sensor uses digital serial peripheral interface to output 16-bit
values, proportional to the magnetic flux density sensed
while traveling the length of its axis of movement. The
trigger 1304 may be communicatively coupled to a micro-
controller in the in the controller 1300 that provides circuitry
to transform the signal from the sensors to a channel output
with a precision of, for example, 16 bits. For enhanced
safety, the circuitry checks that the channel output is linear
and without drifts. For further safety and redundant mea-
sures, the circuitry includes an automatic detection of digital
hall gimbals. If the gimbal is not detected for a predeter-
mined period of time, e.g., of 85 ms, the circuitry reverts to
sampling analog sticks on a 3.3V analog rail.

[0094] The RPM signal from the trigger 1304 may be
transferred by the controller 1300 to the vehicle’s motors
104 through one or more signals. In some embodiments, two
signal transceivers may be used, one at 2.4 gigahertz (GHz)
and the other at 900 megahertz (MHz). The vehicle can have
2.4 GHz and 900 MHz transceivers which receives these two
signals and may prioritize the 900 MHz signal. If either of
the signals is disconnected at any time, an error may be
recorded and displayed to the pilot on the screen 1306 of
controller 1300. The pilot may be able to see if one of the
transceivers in the vehicle goes offline. The vehicle passes
this information to the speed controller(s) which controls the
motors 104 accordingly. The speed controllers are further
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discussed in reference to FIG. 14. In some embodiments, the
controller allows for the pilot to setup alarms with the
connected devices. For example, the pilot can set the con-
troller to send an alert if one transceiver goes offline.

[0095] In some embodiments, a Bluetooth® module is
connected to the controller to notify the pilot through in-ear
audio feedback. In some embodiments, other monitoring
devices which output analog and/or digital signals are able
to be connected to inputs on the 900 Mhz transceiver in the
vehicle. These analog and/or digital values can be trans-
ferred to the controller, which allows the pilot to assign
further names and notifications for these signals. For
example, temperature sensors can be placed throughout the
vehicle to monitor extreme temperatures, such as tempera-
tures on the motors 104 (e.g., 200° C.), the speed controllers
106 (e.g., 200° C.), and the battery units 120 (e.g., 150° C.).
The speed controllers output analog information on the
motor RPM. If the motors 104 are not operating within, for
example, 10% of the same rotational speed, an alarm may be
set.

[0096] In some embodiments, the battery is monitored
through voltage sensors. Once the vehicle decreases to 40%
battery power remaining, a landing may be recommended by
a signal displayed on screen 1306 of controller 1300, pro-
vided by in-ear feedback, in-helmet head-up display, or
other suitable user interface.

[0097] In some embodiments, vision sensor modules may
be placed in various locations around the vehicle. As the
vehicle gets closer to objects its pointing at, the analog value
will increase. An alarm is sent to the pilot via controller 1300
once objects are within, for example, three meters.

[0098] The compact personal flight vehicle 100 of FIG.
1A uses one or more electronic speed controllers 106. In
some embodiments, the vehicle may use one electronic
speed controller 106 per motor 104. In some other embodi-
ments, the vehicle may use one electronic speed controller
106 shared with multiple motors 104. In some embodiments,
the compact flight vehicle 100 can include more than one
electronic speed controller 106, each configured to control a
subset of the motors 104.

[0099] In the example of FIG. 1A, each motor 104 has an
electronic speed controller to control motor rotation. The
speed controller creates a rotating magnet field in the
associated motor 104 to control the speed. In some embodi-
ments, each motor 104 is coupled with an electronic speed
controller 106 rated for at least 300A continuous current. In
addition, the motor RPM can be monitored to ensure proper
function. The speed controller 106 is able to sense the back
electromotive force (back EMF) in order to determine RPM.
The actual motor speed is compared to the desired motor
speed as determined by the electronic speed controller 106.
If errors are detected, the motor 104 is determined to be
performing properly, and the pilot is notified. e.g., through
screen 1306 on controller 1300. In some other embodiments,
Hall effect sensors may be built into the brushless motor 104
in order to signal the speed controller exactly where the rotor
position is. Any alternative to Hall effect sensors, such as
reed switches, may also be used. In the event that detected
errors indicate imminent failure of a motor, that motor and
an opposite (e.g., normally operating) motor can be simul-
taneously powered down. Such symmetric automatic shut-
down procedures can enhance stability of the vehicle in the
event of an error.
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[0100] In some embodiments, the vehicle includes one or
more electric motors 104 with variable speed control
coupled to the frame via the motor mounts 108. The motors
104 may be brushless DC motors, but any other appropriate
motor may be used. In some embodiments, the motors 104
are supplied with a continuous current of up to about 300A.
The available continuous current should be about 20%
greater than the current drawn by the motor operating at
about 100%. In some embodiments, the motor may be able
to rotate at least about 15.000 RPM with various propeller
sizes under about 35" diameter.

[0101] Since the vehicle may be typically operated with
heavy loads which requires high motor speeds and high
current draw for sustained periods, this may lead to extreme
temperatures during operation. Therefore, in some embodi-
ments, cooling methods may be employed. One method that
may be employed for cooling the electronic speed controller
106 is to design cooling fins on the electronic enclosures, as
shown in various figures such as FIG. 5A. In addition,
designing the electronics enclosures from materials which
transfer heat more easily. e.g., copper, aluminum, etc., will
aid the heat transfer from the enclosure. In some embodi-
ments, the speed controllers are located within the path of air
flow for optimized cooling. FIG. 14 illustrates one possible
embodiment of using airflow from the propulsion system to
cool the electronics enclosure for electronic speed controller
106.

[0102] In some embodiments, the vehicle may use fans to
increase airflow on, around, or inside the electronic enclo-
sures. FIG. 15 illustrates one possible embodiment where
fan is mounted on top of an electronics enclosure and
directing air through the inside of the electronics enclosure.
In other embodiments, the fan mounted on top of the
electronics enclosure may be coupled with liquid cooling
methods where a cooling liquid is flowing through an area
to contact components and draw out heat.

[0103] FIG. 16 illustrates one possible embodiment of an
electronics enclosure 1600, according to an embodiment. In
some embodiments, a water resistant or waterproof design is
desirable to minimize damage occurs upon light or full
submersion in liquid. This enables pilots to train or operate
safety above bodies of water. In some embodiments, there-
fore, the moving parts of the DC motors, including the shaft
and bearings, are enclosed and sealed. In some embodi-
ments, corrosion resistant materials such as titanium, stain-
less steel, and/or treated aluminum may be used. In some
embodiments, all sensitive (e.g., capable of sustaining dam-
age during operation) electronics are open to atmospheric
air. Conduits exiting the controller (e.g., wires) may be
sealed using, for example, silicon type adhesives such as
Rutland 800 degree F. Flexible Latex Sealant to waterproof
the electronics enclosure 1600

[0104] In some embodiments, the enclosure 1600 water-
proof rating may be designed according to NEMA Type 6,
6P. The enclosures 1600 can be composed of materials
which enable rapid heat to transfer out of the box, such as
copper, lightweight aluminum, etc. The example of FIG. 16
illustrates an enclosure 1600 that consists of lid 1602,
enclosure base 1604, and O-ring seal 1606. The O-ring 1606
is designed into a groove in the top surface of the enclosure
base 1604 to prevent leakage through the fasteners 1608. In
some embodiments, the enclosure 1600 can be welded
and/or adhered shut.
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[0105] FIG. 17 illustrates one possible embodiment of a
waterproof electrical connector 1700, according to an
embodiment. As discussed above in FIG. 16, a water resis-
tant or waterproof design may be desirable to minimize
damage occurs upon light or full submersion in liquid. In
addition to sealing the electronics enclosures, in some
embodiments the electrical connectors, including the battery
connectors, may be a waterproof construction. This may
include gold plated bullet plugs to prevent corrosion, and all
detachable plugs include waterproof seals, e.g., silicone
seals. In the example of FIG. 17, electrical connector 1700
includes socket 1702 and plug 1704 which couples into
socket 1702 to make an electrical connection. Electrical
connector 1700 includes seal 1704, which couples with the
outer wall of plug 1704 and the inner wall of socket 1702 to
create a waterproof seal. It should be noted that the connec-
tors are rated for the total current output of the system. In
some embodiments where a repetitive submersion may take
place, an ultra-thin film of dielectric coating may be applied
to the outside of all enclosures, seals, and metals, to displace
moisture.

[0106] FIGS. 18, 19, and 20 illustrate various examples of
movements by a person that can modulate the attitude,
velocity, and/or steer a compact personal flight vehicle
disclosed herein. In some embodiments, the vehicle is
controlled by either the electronic controller 1300, body
movements, or both. The pilot is able to move the vehicle in
any direction through various upper body movements.
While in flight, the pilot is effectively inside a wind tunnel
created by the vehicles propulsion system. The pilot can lean
their upper body in any direction. Doing so reduces the
amount of airflow in that section, causing the corresponding
side to drop. As the vehicle drops, it travels in that direction.
As the pilot leans further, the vehicle will increasingly rotate
which may cause the vehicle to lose altitude. Therefore, pilot
may also increase motor throttle as they lean to maintain
altitude and continue progression toward the chosen direc-
tion of travel and/or rotation. This concept is illustrated in
FIG. 18.

[0107] In some embodiments, yaw rotation can be
achieved two ways. The pilot reaches out with either of their
hands with fingers extended and palm parallel with the
ground. To start yaw rotation, the pilot can tilt their palm,
creating an angle for the airflow. For example, the pilot tilts
the palm of their right hand, to the right. As shown in FIG.
19, this increases airflow to the pilots right, causing the
vehicle to yaw rotate to the left.

[0108] The same principles may apply with the pilot’s
upper body. When the pilot twists their upper body and then
leans, their back may act as a surface to displace airflow in
both forward direction and yaw movements. This is illus-
trated in FIG. 20.

[0109] In some embodiments, the compact personal flight
full control of the vehicle, other than altitude and/or pro-
peller speed, is dependent upon movements of the pilot’s
body. In these embodiments, the vehicle is in a mode which
does not use sensors to stabilize or fly (e.g., devoid of an
active stabilization system), the pilot is only adjusting the
output of the motors, and the pilot controls all other move-
ments manually (i.e., non-electronically). Manual control
provides the pilot with control with nearly each movement
of the vehicle.

[0110] In some other embodiments, the compact personal
flight vehicle can provide assisted control. The vehicle may
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assist the pilot in tasks such as take off and stabilized flight,
but the pilot remains in active in control of motion. Sensors
such as those configured to measure vehicle tilt and the
presence of surrounding objects can be used with this type
of flight. In these embodiments, active electronic controls
can place constraints on the pilot’s controls can be limited,
thus reducing the likelihood of mistakes that may lead to a
crash. An example would be if the vehicle is tilting at an
angle at or approaching a limit (e.g., a threshold associated
with a limit of safe and/or recoverable flight), and the pilot
uses the controller 1300 to tilt further, the pilot’s command
can be electronically overridden so that the vehicle does not
exceed a predetermined tilt threshold. In some embodi-
ments, another type of assisted control includes the use of
sensors within the controller 1300. The pilot is able to tilt the
controller 1300 with his hand and have the vehicle move in
that same direction.

[0111] In some embodiments, where the pilot is in an
assisted flight control configuration, the pilot can request for
the vehicle to take off. While using sensors to monitor the
surroundings, the vehicle then automatically takes off and
hovers. The pilot then takes control of directional move-
ments with the gimbal stick. If the pilot releases the direc-
tional control, the vehicle hovers in place. The pilot can
signal the vehicle to land once flight is over.

[0112] In some embodiments, the compact personal flight
vehicle is controllable partially or fully by the controller
1300. In these embodiments, the pilot is not restricted to
controlling motor RPM only and relying on human body
movements for steering but can fully control the vehicle by
controller 1300. In some embodiments, this can take place
with or without the pilot on board. For example, the vehicle
can fly to the pilot, the pilot can get on and fly the vehicle.
[0113] Although the methods and systems have been
described relative to specific embodiments, they are not so
limited. Many modifications and variations may become
apparent in light of the above teachings. Many additional
changes in the details, materials, and arrangement of parts,
herein described and illustrated, may be made by those
skilled in the art.

[0114] As used in this application and in the claims, a list
of items joined by the term “and/or” can mean any combi-
nation of the listed items. For example, the phrase “A. B
and/or C” can mean A; B; C; A and B; A and C; B and C;
or A. B and C. As used in this application and in the claims,
a list of items joined by the term “at least one of” can mean
any combination of the listed terms. For example, the
phrases “at least one of A, B or C” can mean A; B; C; A and
B;Aand C; B and C; or A. B and C.

[0115] It will be appreciated by those skilled in the art that
any block diagrams herein represent conceptual views of
illustrative circuitry embodying the principles of the disclo-
sure. Similarly, it will be appreciated that any block dia-
grams, flow charts, flow diagrams, state transition diagrams,
pseudocode, and the like represent various processes which
may be substantially represented in computer readable
medium and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown. Software modules, or simply modules which are
implied to be software, may be represented herein as any
combination of flowchart elements or other elements indi-
cating performance of process steps and/or textual descrip-
tion. Such modules may be executed by hardware that is
expressly or implicitly shown.
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[0116] The functions of the various elements shown in the
figures, including any functional blocks labeled as a con-
troller or processor, may be provided through the use of
dedicated hardware as well as hardware capable of execut-
ing software in association with appropriate software. The
functions may be provided by a single dedicated processor,
by a single shared processor, or by a plurality of individual
processors, some of which may be shared. Moreover,
explicit use of the term controller or processor should not be
construed to refer exclusively to hardware capable of
executing software, and may implicitly include, without
limitation, digital signal processor (DSP) hardware, network
processor, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read-only memory
(ROM) for storing software, random access memory
(RAM), and non-volatile storage. Other hardware, conven-
tional and/or custom, may also be included.
[0117] The term “coupled” as used herein refers to any
connection, coupling, link or the like by which signals
carried by one system element are imparted to the “coupled”
element. Such “coupled” devices, or signals and devices, are
not necessarily directly connected to one another and may be
separated by intermediate components or devices that may
manipulate or modify such signals.
[0118] Unless otherwise stated, use of the word “substan-
tially” may be construed to include a precise relationship,
condition, arrangement, orientation, and/or other character-
istic, and deviations thereof as understood by one of ordi-
nary skill in the art, to the extent that such deviations do not
materially affect the disclosed methods and systems.
Throughout the entirety of the present disclosure, use of the
articles “a” and/or “an” and/or “the” to modify a noun may
be understood to be used for convenience and to include one,
or more than one, of the modified noun, unless otherwise
specifically stated. The terms “comprising”. “including” and
“having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements.
[0119] As used herein, in particular embodiments, the
terms “about” or “approximately,” when preceding a
numerical value indicates the value plus or minus a range of
10%. Where a range of values is provided, it is understood
that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise,
between the upper and lower limit of that range and any
other stated or intervening value in that stated range is
encompassed within the disclosure. That the upper and
lower limits of these smaller ranges can independently be
included in the smaller ranges is also encompassed within
the disclosure, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included in the disclosure.
[0120] Although the methods and systems have been
described relative to a specific embodiment thereof, they are
not so limited. Obviously, many modifications and varia-
tions may become apparent in light of the above teachings.
Many additional changes in the details, materials, and
arrangement of parts, herein described and illustrated, may
be made by those skilled in the art.

1-30. (canceled)

31. A personal flight vehicle, comprising:

a frame including a central member coupled at a first end

to a first one or more arms and at a second end to a
second one or two arms;
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a first foot binding for securing a pilot to the frame
coupled to the central member at the first end and a
second foot binding for securing the pilot to the frame
coupled to the central member at the second end;

one or more batteries coupled to the central member;

at least two propellor assemblies each of which is coupled
to the distal end of one of the first one or more arms or
the second one or more arms and each of which is
electrically coupled to at least one of the one or more
batteries, wherein each of the at least two propellor
assemblies includes
a propellor,

a motor coupled to the propeller at one end and coupled
to an arm of the first one or more arms or of the
second one or more arms at the other end, and

a speed controller coupled to the frame and electrically
coupled to the motor; and

a controller used by the pilot communicatively coupled to
the at least two propellor assemblies that allows the
pilot to control the rotational speed of propellors of the
at least two propellor assemblies, which is used to
generate lift for flight.

32. The vehicle of claim 31, wherein the central member

comprises one or more parallel central bars.

33. The vehicle of claim 31, wherein an enclosure of the
speed controller includes cooling fins and the speed con-
troller is located on an arm of the frame within a path of
airflow produced by the propellor to provide cooling to the
speed controller.

34. The vehicle of claim 31, wherein the first foot binding
and the second foot binding comprise ratcheting straps.

35. The vehicle of claim 31, wherein the first foot binding
and the second foot binding comprise ski boot type bindings.

36. The vehicle of claim 31, wherein the first foot binding
and the second foot binding comprise bicycle clip-in type
bindings.

37. The vehicle of claim 31, wherein the first one or more
arms and the second one or more arms are disposed sym-
metrically about the frame.

38. The vehicle of claim 31, wherein at least one battery
of'the one or more batteries is coupled to the central member
on a top of the frame.

39. The vehicle of claim 31, wherein at least one battery
of'the one or more batteries is coupled to the central member
on a bottom of the frame.

40. The vehicle of claim 31, wherein the one or more
batteries produce 1500 A or more.

41. The vehicle of claim 31, wherein the one or more
batteries comprise lithium ion batteries.

42. The vehicle of claim 31, wherein the one or more
batteries comprise lithium polymer batteries.

43. The vehicle of claim 31, wherein the one or more
batteries are removable.

44. The vehicle of claim 31, wherein a speed controller of
each of the at least two propellor assemblies creates a
rotating magnet field in an associated motor to control the
speed of the associated motor in response to an electrical
signal from the controller used by the pilot and allows the
pilot to control the rotational speed of an associated propel-
lor.

45. The vehicle of claim 44, wherein the speed controller
of each of the at least two propellor assemblies also senses
an electromagnetic force (EMF) of the associated motor and
determines an actual motor revolutions per minute (RPM).
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46. The vehicle of claim 44, wherein propellors of at least
two of the at least two propellor assemblies overlap.

47. The vehicle of claim 45, wherein the speed controller
of'each of the at least two propellor assemblies compares the
actual motor RPM to a desired motor RPM.

48. The vehicle of claim 47, wherein the pilot is notified
through the controller used by the pilot if an error is detected
from the comparison.

49. The vehicle of claim 44, wherein propellors of at least
two of the at least two propellor assemblies include an offset
in a vertical plane.

50. The vehicle of claim 44, wherein propellors of at least
two of the at least two propellor assemblies rotate in
different directions.

51. The vehicle of claim 45, wherein two motors of at
least two of the at least two propellor assemblies are
mounted to arms through a motor mount and wherein the
motor mounts of the two motors have different lengths.

52. The vehicle of claim 44, wherein propellors of the at
least two propellor assemblies are configured to rotate at
between 5,000 and 20,000 rotations per minute (RPM).

53. The vehicle of claim 44, wherein propellors of the at
least two propellor assemblies comprise ducted fans.
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54. The vehicle of claim 31, wherein the controller used
by the pilot is communicatively coupled to the at least two
propellor assemblies using one or more wires.

55. The vehicle of claim 31, wherein the controller used
by the pilot is communicatively coupled to the at least two
propellor assemblies wirelessly.

56. The vehicle of claim 55, wherein the controller used
by the pilot is wirelessly coupled to the at least two propellor
assemblies using two different transceivers.

57. The vehicle of claim 56, wherein the two different
transceivers comprise a 2.4 gigahertz (GHz) transceiver and
a 900 megahertz (MHz) transceiver.

58. The vehicle of claim 31, wherein the controller used
by the pilot comprises a handheld grip and trigger to control
the rotational speed of propellors of the at least two propellor
assemblies.

59. The vehicle of claim 58, wherein the trigger comprises
a hall effect sensor.

60. The vehicle of claim 31, wherein propellors of the at
least two propellor assemblies are coupled to the frame to
provide airflow over the standing pilot in a direction from
head to toe that allows the pilot to control attitude, velocity,
and direction of a flight with body movements.
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