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AIRCRAFT WITH TILTING FAN ASSEMBLIES

RELATED APPLICATIONS

{6601} This application claims benefit under 35 USCE 119(e) to U.S. Provisional Patent
Apphication No. 62/968 852 filed January 31, 2020 and entitled "Aircraft with Tilting Fans",

the disclosure of which is incorporated by reference hersin in their entirety for all purposes.
FigLb

{8002] The described embodiments relate generally to an aircraft with vertical takeoff and
landing capability. In particular, the embodiments provide an aircraft with one or more tilting
fan assemblies which provide vertical and horizontal thrust in a controlled fashion for hover,

transition and cruise flight.

BACKGROUND

[0003] Aircrafis with vertical takeoft and landing capability need lift fans to be able to
hover, takeoft and land vertically, However, such aircrafts also need forward thrust to be
able to cruise in the air. Thrust produced in the vertical direction provides lift to the vehicle;
thrust produced horizontally provides forward movement. A vertical takeoff and landing
{(VTOL) aircraft should produce both vertical and horizontal thrust, and be able to contro}

these forces in a balanced fashion.
SUMMARY

[0004] Various embodiments provide an aircraft configured for vertical takeoff and
landing. The aircraft comprises a fuselage, a pair of wings coupled to opposiie sides of the
fuselage, a plurality of lift fan assemblies coupled to the pair of wings, a plurality of tilting
fan assemblies and a control system. The plurality of 1ift fan assemblies are configured to
create a vertical [ift. The plurality of tilting fan assemblies are configured to move between a
vertical fift position and a forward flight position. The control system is configurable to
control the plurality of tilting fan assemblies between the vertical 1ift position and the forward

flight position.
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[8005] Some embodiments provide an aircraft configured for vertical takeoff and landing.
The aircraft comprises a fuselage, a pair of wings coupled to opposite sides of the fuselage, a
plurality of tilting fan assemblies coupled to the pair of wings configured to move between a
vertical Hift position and a forward flight position, and a control system configurable to
control the plurality of tilting fan assemblies between the vertical Iift position and the forward
flight position. The plurality of tilting fan assemblies are configured to create a vertical lift
when in the vertical 1ift position. The atrcraft further includes one or more battery units
including a plurality of battery ceils configured to power the plurality of tilting fan

assemblies.

[8086] Embodiments provide a method performed by a conirol system coupled to an
atrcraft configured for vertical takeoff and landing for controlling one or more tilting fan
assemblies of the aircraft. The control system receives a flight instruction, determines a
position of a plurality of tilting fan assemblies coupled to the aircraft, controls one or more of
the plurality of tiliing fan assemblies between a vertical lift position and a forward flight
position based on the flight instruction; and continuously monitors the position of the

plurality of tilting fan assemblies in view of the flight instruction.

[6667] If the flight instruction is a takeoff instruction or a landing instruction, the controf
system controls the one or more of the plurality of tilting fan assemblies that are in the
forward flight position to the vertical lift position. If the flight instruction is a forward flight
instruction, the control system controls the one or more of the plurality of ilting fan

assemblies that are in the vertical lift position to the forward flight position.
[8008] These and other embodiments are described in further detail below.

BRIEY DESCRIPTION OF THE DRAWINGS

[8009] FIG. 1A depicts a simplified schematic of an exemplary VTOL aircraft, according
to various embodiments.

{8616} FIG. 1B illustrates top, planar, side and front views {clockwise starting from the top
{eft corner) of the VTOL aircraft with a pair of tlting fan assemblies in the forward flight
position, according to various embodiments.

{0011} FIG. 1C illustrates top, planar, side and front views (clockwise starting from the top
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{eft corner) of the VTOL aircraft with a pair of tilting fan assemblies in the vertical ift

position, according to various embodiments.

[6612] FIG. 2B illustrates top, planar, side and front views {clockwise starting from the top
left corner} of the VTOL aircraft with front tilting fan assemblies in the vertical lift position,

according to various embodiments.

{80131 FIG 3A illustrates top, planar, side and front views {clockwise starting from the top
{eft corner) of the VTOL aircraft with tilting fan assemblies in the forward tlight position,

according o various embodiments.

[8614] FIG 3B illusirates top, planar, side and front views {clockwise starting from the top
left corner} of the VTOL aircraft with tilting fan assernblies in the vertical 1ift position,

according to various embodiments.

[8015] FIG. 4 is a flow chart illustrating an embodiment of a process to control flight of a
VTOL aircraft through a transition between vertical and forward flight, according to various

embodiments.
DETAILED DESCRIPTION

[8016] Technigques disclosed herein relate generally o an aircraft with a plurality of' lift fan
assemblies, and at least one tilting fan assembly. More specifically, techniques disclosed
herein provide a VTOL aireraft with a plurality of 1ift fan assemblies for vertical moverent,
and one or more tilting fan assemblies that are configured to tilt between a forward flight
position and a vertical lift position for forward movement. Various inventive embodiments

are described hergin, including methods, processes, systems, devices, and the like,

[8617] In order to better appreciate the features and aspects of the fan assembly
orientations tor aircrafis according to the present disclosure, further context for the disclosure
is provided in the following section by discussing particular implementations of a2 VTOL
aircraft according to embodiments of the present disclosure. These embodiments are for
example only and other fan configurations can be employed in connection with the VTOL

aircraft described herein.
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[0018] FIG. 1A depicts a simplified schematic of an exemplary VTOL aircraft 100,
According to various embodiments, the VTOL aircraft 100 may be an electrically powered
aircraft. In some embodiments, the VTOL aircraft 100 may be configured to carry one or
more passengers and/or cargo, and may be controlled antomatically and/or remotely {e.g.
may not require an on-board pilot to operate the aircraft, and may be controlied based on a
control signal or instruction received from a remote entity). In the example shown in FIG,
1A, the VTOL aircraft 100 includes a fuselage 102 which may include a cabin section 140 for
carrying passengers and/or carge. For example, the cabin section 140 may be provided
toward a nose of the VTOL aircraft 100, The VTOL aircraft 100 may also include a
horizontal stabilizer (e g a tailplane) 130 coupled to a rear end of the fuselage 102, The
tailplane 130 may be in any suitable shape or form. For example, the tailplane 130 may be
V-shaped {e.g. V-tail}. A pair of wings {e.g. a first wing 106 and a second wing 108} are
coupled to opposite sides of the fuselage 102, In some embodiments, the pair of wings may
be coupled to the fuselage in a high-wing configuration. That is, the pair of wings may be
mounted ou an upper portion of the fuselage, as shown in FIG. 1A, A plurality of fan
assemblies {e.g. 1ift fan assemblies and/or tilting fan assemblies) may be coupled to the pair
of wings. For example, the VTOL atrcraft 100 may include a total of 12 fan assemblies (e g.
fans, rotors, propellers) divided equally between the wings. In some embodiments, the fan
assemblies may be coupled directly to the wings. In other embodiments, the fan assemblies
may be mounted on support structures 104, such as boorms that may be coupled to an

underside of the wings 106, 108.

[6019] According to some embodiments, each wing 106, 108 may include two support
structures {e.g. booms}y 104 each including a pair of lift tan assemblies (also known as “lift
fans”} 110 mounted thereon. For example, each lift fan assembly maybe coupled to an end of
the boom 104 such that a first Iift fav assembly 113 is 1o front of the wing 106, 108 and a
second ift fan assembly 110 is aft of the wing 106, 108, In some embodiments, the two lift
fan assemblies 110, 113 coupled to opposite ends of the booro 104 may bave their blades
mounted with opposite angles of attack and thus, the two 1ift fan assemblies 110, 113 may
spin in opposite directions. The lift fan assemblies 110, 113 are configured to create a

vertical 1ift for the VTOL aircraft 100
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[8028] According to various embodiments, each [ift fan assembly 110 may be in form of an
electric motor-driven rotor {e.g. a combined fan and motor), and may be configured to move
the aircraft 100 in the vertical direction during, for example, take-off, hovering and/or
landing. The rotor may comprise blades attached to a hub, or may be manufactured as a
single piece with an integral hub. The hub provides a central structure to which the blades
connect, and in some embodiments s made in a shape that envelops the motor. In some
embodiments the motor parts are low-profile so that the entire motor fits within the hub of the
rotor, presenting lower resistance to the air flow when flving forward. The rotor is attached to
the rotating part of the motor. The stationary past of the motor is attached to the boom 104, In
some embodiments the motor is a permanent magnet motor and 18 controlled by an electronic
motor controller. The electronic motor controller sends electrical currents to the motor in a

precise sequence to allow the rotor to turn at a desired speed or with a desired torgue.

[6021] The lift fan assembly 110 may have any suitable number of blades that may be
oriented in a predetermined manner. The orientation of the lift fan assemblies may be fixed
{e.g. the lift fan assemblies 110 may be mounted in a fixed position relative to the wings 106,
108). In some embodiments, one or more of the hift fan asserublies 110 may be configured to
be repositioned relative to the wings 106, 108 manually or in response to a control signal (e.g.
from a control system 150, such as a flight control system, controlling the VTOL aircraft
100}, According to various embodiments, the lift fan assembly 110 may have 2 blades
having a predetermined angle of attack. In some embodiments, two adjacent lift fan
assemblies {e.g. lift fan assembly 110 and lift fan assembly 111) may have opposite angle of
attacks such that the two adjacent fan assemblies spin in opposite directions. The two
adjacent lift fan assemblies may be on 3 same wing {e.g. lift fan assemblies 110 and 111 in
FIG. 1A) or on opposite wing {e.g. lift fan assemblies 117 and 119 in FIG. 1B). According to
various embodiments, a first subset of the 1ift fan asseroblies may spin in a first direction, and
a second subset {e.g. remainder) of the lift fan assemblies may spin in a second direction,

opposite to the first direction.

{86221  In some embodiments, each wing 106, 108 may include at least one support
structure {e.g. boom} 112 carrving at least one tilting fan assembly 114 {also known in
various embodiments as “propeller assembly” or “propelier fan assembly”). The tilting fan

assembly 114 is configured to move between a forward flight position (as iltustrated in FIG.
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1B) and a vertical lift position (as illustrated in FIG. 1C}). The boom 112 with the at least one
tilting fan assembly 114 may be n addition to ot instead of the boom(s) carrying Iift fan
assemblies. The tilting fan assembly 114 may be switched {e g. rotated) between a forward
flight position (illustrated in FIGs. 1A-1B) and a vertical lift position (illustrated in FIG. 1C).
The tilting fan assembly 114 may be coupled to the boom 112 via a tilting mechanism 116
including, for example, motors and coupling rechanisms. In the forward flight position, the
titting fan assembly 114 may be substantially in a vertical orientation with respect to the
fuselage 102, In the vertical 1ift position, the tilting fan assernbly 114 may be substantially in

a horizontal orientation with respect to the fuselage 102.

[8023] FEach tilting fan assembly 114 may include a combined rotor and motor. The rotor
may comprise blades attached to a hub, or may be manufactured as a single piece with an
integral hub. The hub provides a central structure to which the blades connect, and in some
embodiments 18 made in a shape that envelops the motor. In some embodiments the motor
parts are low-profile so that the entire motor fits within the hub of the rotor, presenting lower
resistance to the air flow when flying forward. The rotor is attached to the rotating part of the
motor. The stationary part of the motor is attached to the boom 112 or other part of the
fuselage 102, In some embodiments the motor is a permanent magnet motor and is controlled
by an electronic motor controiler. The electronic motor controlier sends elecirical currents o
the motor in a precise sequence to allow the rotor to turn at 2 desired speed or with a desired
torque. The tilting fan assembly 114 may have any suitable number of blades that may he
oriented in a predetermined manner. For example, the tilting fan assembly 114 may have 5

blades having a predetermined angle of attack.

[0024] According to various embodiments, the tilting fan assembly 114 on the first wing
108 may tilt simultanecusly with the tilting fan assembly 124 on the second wing 106. For
example, the control system 150 of the aircraft may control at least a subset of the plurality of
tilting fan assemblies simultaneously. That is, the control system 150 may operate the
respective tilting mechanisms 116 and 126 substantially at a same time. In some
embodiments, the tilting mechanisms 116 and 126 may be operated independently from each
other. According to some embodiments, the control system 150 may be configurable to
control the VTOL aircraft 100 {e.g. control the position of the tilting fan assemblies)

automatically and/or remotely (e.g. via a control signal received from a remote entity, such as
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a remote controller, a remote pilot or a remote control tower). In various embodiments, the

control systemn 150 comprises one or more processors configured to perform the processing

and control functions described herein.

[0025] In some embodiments, each wing 106, 108 may also include at least one support
structure {e.g. boom} 112 carrying one lift fan assembly 110 (e.g. an aft fan assembly} and
one tilting fan assembly 114. For example the lift fan assembly 110 may be coupled aft of
the wing 106, 108 and the tilting fan assembly 114 may be coupled forward of the wing 106,
108. According to various embodiments, a plurality of lift fan assemblies may be coupled to
a tailing edge of the pair or wings 106, 108 and/or a plurality of tilting fan assemblies may be

coupled to a leading edge of the pair of wings 106, 108 via one or more tilting mechanism(s).

[8026]  The exemplary VTOL aircraft 100 illustrated in FIGs. 1A-1C may include a total of
twelve fan assemblies: ten lift fan agsemblies and two tilting fan assemblies. In some
embodiments, at ieast one {or preferably a pair) of the fan assemblies of the exemplary VTOL
aircraft are tilting fan assemblies. The tilting fan assemblies 114 and 124, when in the
forward flight position, may provide the thrust for (and/or transition to) forward flight, climb,
descent, and cruise. The 1ift fan assemblies 110 provide encugh thrust to lift the aircraft off
the ground and maintain control, for example during takeoff, hovering and/or fanding,
According to various embodiments, the lift fan assemblies 110 may stop operating during the

forward flight of the VTOL aircraft 100

{8627]  Oue or roore battery units 135 may be coupled to the VTOL auveraft 100 to power
the fan assemblies (the lift fan assemblies and the tilting fan assemblies). More specifically,
the fan assemblies may be driven by electric motors that are powered by a power system
including the one or more battery units 135, In some embodiments, each fan assembly may
have a dedicated battery unit 135, The battery units 135 may be provided on booms carrying
the fan assemblies, within the fuselage or a combination thereof. Each battery unit 135 may
include a plurality of battery cells configured to power the fan assemblies. Accordingly, the
VTOL aircraft 100 may be an electric aircraft. In alternative embodiments, the VTOL

aircraft 100 may be a hybrid-electric aireraft.

[60628] FIG. 1B illustrates top, planar, side and front views {clockwise starting from the top
{eft corner) of the VTOL aircraft 100 with a pair of tilting fan assemblies 114, 124 in the

forward flight position.
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[8029] FIG. 1C illustrates top, planar, side and front views (clockwise starting from the top
left corner) of the VTOL aircraft 100 with a pair of tilting fan assemblies 114, 124 in the

vertical lift position.

[6036] The control system 150 (e.g. the flight control system} coupled to the aircraft 100
may be configured to conirol the plurality of tilting fan assemblies between the vertical lift
position and the forward flight position. For example, the control system 150 may be
configurable to control the tilting mechanism{s) 116, 126 to switch the positioning of the
tilting fan assemblies 114, 124 from the forward flight position (illustrated in F1Gs. 1A-1B)
to the vertical 1ift position (illustrated in FIG. 1C); as well as from the vertical 1ift position
{illustrated in FIG. 1C) to the forward flight position (Hlustrated in FIGs. 1A-1B). In some
embodiments, the control systern 150 may receive flight data from one or more sensors (e.g.
sensor measuring air temperature, electric motor temperature, airspeed of the aircraft, etc.),
computers, and other input/output devices coupled to the atrcraft. The control system 150
may then control the tilting fan assemblies 114, 124 between the two positions based on
sensor data and/or flight data received from the sensors (e.g. sensor measuring air
temperature, electric motor temperature, airspeed of the aireraft, ete.), computers, and other

input/output devices coupled to the aircraft.

[8031] According to various embodiments, the control system 150 may be configurable to
receive a flight instruction, such as a takeoff, hover, cruise or landing instruction. The
control system 150 may then determine a position of the plurality of tilting fan assemblies,
and control one or more of the plurality of tilting fan assemblies between the vertical Lift
position and the forward flight position based on the flight instruction. During the operation
of the VTOL aircraft 100, the control systern 150 may be configurable to continuously

monitor the position of the plurality of tilting fan assemblies in view of the flight instruction.

[8032] The exemplary VTOL aircraft 100 illustrated in FIGs. 1A-1C includes a pair of
filting fan assemblies 114, 124 one provided on each wing 106, 108, closer to the fuselage
102. Cne of ordinary skill the art will appreciate that the number and location of the tilting
fan assemblies is not limited to that illustrated in FIGs. 1A-1C and that the VTOL aircraft can
include less or more number of tilting fan assemblies and/or 1ift fan assemblies. For example,

according to an embodiment, the boom 112 may switch places with any one of the booms
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104. According to yet another embodiment, all front fan asserablies (or all aft fan

assemblies) may be tilting fan assemblies.

[6633] FIGs 2A-2B illustrate another exemplary embodiment of the VIOL aircraft with
tilting fan assemblies. In the exemplary embodiment illustrated in FIGs. 2A-2B, a plurality
of lift fan assemblies are provided at a tailing edge of the pair of wings and a plurality of
tilting fan assemblies are provided at a leading edge of the pair of wings. The exemplary
VTOL arcraft 200 thustrated in FIGs. 2A-2B includes all front fan assernblies configured as
tilting fan assemblies 204. Thus, in the exemplary VTOL aircraft 200, all booms 206 are
identical and each includes a tilting fan assembly 204 on ove end and a lift fan assembly 202
on the opposite end. Since ali booms 206 are identical, the booms 206 may be
interchangeable between the positions on the wings. For example, the first boom closer to
the fuselage may be interchangeable with the adjacent second boom {e.g. the middle boom on
the wing) or the third boom further away from the fuselage. In some embodirents, each
tilting fan assembly 204 may be coupled to the boom 206 via an individual iilting mechanism
208. For example, at least three tilting fan assemblies may be coupled to each of the pair of

wings, as shown in FIG. 2A.

[6634] FIG. 2A illustrates top, planar, side and front views {clockwise starting from the top
feft corner) of the VTOL aircraft 200 with front tilting fan assemblies 204 in the forward

flight position.

[8038] FIG. 2B illustrates top, planar, side and front views {clockwise starting from the top
left corner) of the VTOL aircraft 200 with front tilting fan assemblies 204 in the vertical lift

position {e.g. front tilting fan assemblies 204 facing upward toward the sky).

[8636] The control system 250 {e.g. a flight control system) coupled to the aircraft 200 may
be configured to control the tilting mechanisms 208 to switch the positioning of the tilting fan
asseroblies 204 from the forward flight position (Hustrated in FIG. 24) to the vertical lift
position (ilhustrated in FIG. 2B); as well as from the vertical lift position (illustrated in FIG.
2B) to the forward flight position (llustrated in FIG. 2A). According to various
embodiments, the control system 250 may control the tilting fan assemblies 204 between the
two positions based on sensor data and/or flight data received from the sensors (e.g. sensor
measuring air femperature, electric motor temperature, airspeed of the aireraft, etc ),

computers, and other input/output devices coupled to the aircraft.
9
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[0037] The tilting fan assemblies 204 may be coupled to the wings via one or more tilting
rechanisms, and the tilting fan assemblies 204 may be controlied individually via the tilting
mechanisms 208, The flight control system may be configured to control the tilting
mechanisms 208 simultaneously so as to position all tilting fan assemblies 204 in a same
position at the same time. Alternatively, the flight control system may be configured to
control the tilting mechanisms 208 independently from each other. This way, the flight
control system may identify one or more tilting fan assemblies 204 and conirol the identified
tilting fan assemblies 204 mdependently from the rest of the tilting fan assemblies.
According to various embodiments, the flight control system may use symmetric and/or
asymmetric tilting to augment control during hovering and transition {e.g. transition between
vertical 1ift and forward flight). The additional degree of freedom of tilting may augment

control during motor out and nominal conditions.

[6038] While FIGs. 2A-2B illustrate the tilting fan assemblies 204 on the front {e.g.
teading} edge of the wings and the lift fan assemblies 202 on the aft {e.g. tailing} edge of the
wings, this configuration is for illustrative purposes and should not be construed as limiting.
In some embodiments, the lift fan assemblies 202 may be provided on the leading edge of the

wings and the tilting fan assemblies 204 on the tailing edge of the wings.

[0039] Yet in other embodiments, the tilting fan assemblies 204 and the lift fan assemblies
202 may be alternated ou each one of the front and rear portions of the wings. For example,
the leading edge of the first wing may include a first tilting fan assembly 204, a litt fan
assembly 202 and a second tilting fan asserubly 204. The leading edge of the second wing
may include a tilting fan assembly 204, a lift fan assembly 202 and another tilting fan
assembly 204, Alternatively, the leading edge of the second wing may include a first lift fan
assembly 202, a tilting fan assembly 204, and a second Lift fan assembly 202. Similar

configurations may be applied to the tailing edge of the first and second wings as well.

[0048] While Figs. 1A-2B illustrate the plurality of tilting fan mechanisms coupled to the
wings, in alternative embodiments the plurality of tilting fan mechanisms may be coupled to
the fuselage. For example, the plurality of tilting fan mechanisms may be coupled to one or

more {ateral support structures {e.g. lateral booms} that are coupled to the fuselage.

[8041] FIiGs. 3A-3B ilustrate another embodiment of the VTOL aircrafi with tilting fan

assemblies. The VTICOL aircraft 300 llustrated in FIGs. 3A-3B ncludes a lateral boom 310

10
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provided in front of the wings, closer to a nose of the aircraft. One or more tilting fan
assemblies 314, 324 are coupled to the lateral boom 310, In some embodiments, the lateral
boom 310 may be a tilting boom tilting arcund an axis parailel to a lateral axis of the aircraft,
thereby moving the tilting fan assemblies 314, 324 at the same time between a forward flight
position (illustrated in FIG. 3A) and a vertical lift position (illustrated in FIG. 3B). In such
embodiments, it may not be necessary to couple the tilting fan assemblies 314, 324 to the
lateral boom 310 via tilting mechanisms if the lateral boom itself is a tilting boom. The
tilting of the lateral boom 310 may be controlled to modify the position of the tilting fan
assemblies 314, 324, In other embodiments, both the lateral boom and the tilting fan
assemblies may tilt independently from each other {e.g. the tilting fan assemblies 314 may be
coupled to the tilting lateral boom via one or more tilting roechanisms).

[8642] The lateral boom 310 may be formed as a single boom or may be formed as two
separate lateral booms coupled to opposiie sides of the fuselage. The lateral boom{s) 310

may be coupled to the fuselage forward of the pair of wings.

[8043]  Similar to the embodiment Hustrated in FIGs. 1A-1C, the exemplary VTOL aircraft
300 iliustrated in FIGs. 3A-3B includes two boors 304 each carrying a pair of lift fan
assemblies 302 on each wing. The exemplary VTOL atreraft 300 further includes a shortter
boom 306 coupled to each wing, extending only on one side of each wing (e.g. aft side)
carryving a stongle lift fan assembly 308, As illustrated in FIGs. 3A-3B, the exemplary VTOL

aircraft includes 10 lift fan assemblies and 2 tilting fan assemblies.

[8044] FIG. 3A illustrates top, planar, side and front views {clockwise starting from the top
left corner) of the VTOL aircraft 300 with tilting fan assemblies 314, 324 in the forward

flight position.

[0045] FIG. 3B illustrates top, planar, side and front views {clockwise starting from the top
left corner) of the VTOL aircraft 300 with tilting fan asseroblies 314, 324 in the vertical Lift

position,

[8046] The conirol system 350 (e g. the flight control system) coupled to the aircraft 300
may be configured to control the tilting fan assemblies 314, 324 from the forward flight
position {(ilustrated in FIG. 3A}) to the vertical lift position (illustrated in FIG. 3B); as well as

from the vertical lift position (illustrated in FIG. 3B) to the forward flight position {(illustrated

11
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in FIG. 3A). According to various embodiments, the control system may control the tilting of
the tilting fan assemblies 314, 324 between the two positions based on sensor data and/or
tlight data received from the sensors (e.g. sensor measuring air temperature, electric motor
temperature, airspeed of the aircraft, etc ), computers, and other input/output devices coupled

o the aircraft.

[0047] In embodiments where the lateral boom 310 is a tilting boom, the control system
350 may be configured to control the tdting of the lateral boow 310 to swiich the positioning
of the tilting fan assembiies 314, 324 from the forward flight position (illustrated in FIG. 3A)
to the vertical lift position (illustrated o FIG. 3B); as well as from the vertical 1ift position
{illustrated in FIG. 3B} to the forward flight position (illustrated in FIG. 3A). According to
various embodiments, the control system may control the tilting of the lateral boom 310
between the two positions based on sensor data and/or fight data received from the sensors
{e g sensor measuring air temperature, electric motor temperature, airspeed of the aircrafy,

eic.), computers, and other input/cutput devices coupled 1o the aircraft,

[8048]  In some embodiments, the lateral boom 310 may be provided behind the wings,
closer to a tail of the aircraft {or on the tail of the aircraft). In such embodiments, the shorter
boom 306 that extends only on one side of each wing carrying a single Iift fan assembly 308

may extend toward the leading edge of the wing{s).

[0049] According to an alternative embodiment, the tilting fan assemblies 314, 324 may be
coupled to the lateral boom 310 via respective tilting mechanisms. Thus, the lateral boom
310 itself may or may not be a tilting boom. In such embodiments, the tilting fan assemblies
314, 324 may be controlled to switch position (between the vertical ift position and forward
tlight position) individually. In such embodiments, it may still be possible to do an
emergency landing by elirvinating a failed (e.g. broken or stuck) tilting fan assembly, and
controlling the remaining tilting fan assemblies from a forward flight position to a vertical lift
position. For example, the tilting fan assemblies 314, 324 may be individually controlled to
switch position at the same time. Yet according to another example, the tilting fan
assernblies 314, 324 may be individually controlled to switch position at different times {(e.g.

consecutively, one after another}).

[8038] According to various embodiments, any number of Lift fan assemblies may be

coupled to the VTOL aircraft. For example, the aircraft may include 3 1ift fan assemblies

12
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coupled to each wing (as shown in FIG. 2A), or the aircraft may include S lift fan assemblies
coupled to each wing (as shown in FIGs. 1A and 3A). Other embodiments way include no
1ift fan assemblies (e.g. the lift is created using the tilting fan assemblies in the vertical
position, therefore the aircraft way include any nurober of tilting fan assemblies), 2 1ift fan
assemblies, 4 lift fan assemblies, or 6 {or more) lift fan assemblies. According to various
embodiments, the combined number of lift fan assemblies and the tilting fan asseroblies

coupled to the aircraft may be at least 12

[6051] In various embodiments, a control system such as the flight control system of the
aircraft may be configured to control the actuators {rotors, aerodynamic control surfaces, the
tilting fan assemblies, the lift fan assemblies} of the aircraft to cause the aircraft to transition
between a vertical lift {e.g. liftoff/hovering/landing) mode and a forward flight mode. For
example, the control system may be configured to receive a flight instruction, such as a liftoff
instruction, a hovering instruction, a landing instruction or a forward flight instruction. If the
flight instruction is a takeoff instruction or a landing instruction, the control system may
contral the one or more of the plurality of tilting fan assemblies that are in the forward flight
position to the vertical [ift position. Ifthe fight instruction is a forward flight instruction, the
control system may control the one or more of the plurality of tilting fan assemblies that are
in the vertical lift position to the forward flight position. The control systero may then
determing a position of a plurality of tilting fan assemblies coupled to the aircraft and control
one or more of the plurality of tilting fan assemblies between a vertical §ift position and a
forward flight position based on the flight instruction. The control system may continuously

monitor the position of the plurality of tilting fan assemblies in view of the flight instruction.

[0052] FIG. 415 aflow chart illustrating an embodiment of a process to control flight of a
VTOL aircraft configured for vertical takeoft and fanding through a transition between

vertical Hift and forward flight.

[0033] At step S400, the aircraft ruay be in a stationary position on the ground. For
example, the aircraft may be parked at a charging station for charging the batteries.
Alternatively, the atrcraft may be parked at a location awaiting to receive cargo or
passengers. The flight control system of the VTOL atreraft may receive a flight plan {e.g.
from the autopilot, a ptiot or a remote controller pilot} to arrive at a predetermined
destination. The flight plan may include an instruction to takeoff from the ground.

13
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[0054] At step 5402, the flight control system may determine whether all tilting fan
assemblies of the aircraft are in a vertical 1ift position. According to various embodiments, it
may be desirable to have all fan assemblies in the vertical lift position to create a vertical lift.
Tu sore embodiments, the aireraft may be configured to keep all tilting fan assembliesina
vertical Hft position when the aircraft is not in use {(e.g. is parked on the ground or is being

charged).

[8033] If it is determined, at step S402, that not all fan assemblies are 1o a vertical lift
position, the flight control system may control one or more of the tilting fan assemblies that
are in a forward flight postition to switch to a vertical 1ift position {(step S404). For example,
one or more of the tilting fan assemblies may have been switched to the forward flight

position while the aircraft was on the ground for testing or maintenance purposes.

[0036] At step S406, the flight control system may initiate a takeoft sequence to hift the
aircraft off of the ground. During the takeoff sequence, the lift fan mechanisms and the

tilting fan mechanisms in a vertical lift position may all be activated.

[0057) At step 5408, after a certain amount of time has passed since performiog step S406,
the flight control system may receive an instruction to transition to forward tlight. Before
switching to the forward flight mode, the control system may check one or more of the
altitude, speed and orientation of the aircraft to ensure that the parameters are within a
predetermined, desirable range. In some embodiments, the control system may communicate

the parameters to a remote entity {e.g. a remote control tower. a remote pilot).

[0058]  In various embodiments, transition to forward flight may be effected by attaining a
desired altitude (e.g., design minimum or greater than a threshold) and rotating the tilting fan
assemblies substantially continuously to a forward flight position, while adjusting power to
the rotors as required to maintain stability and altitude while increasing forward airspeed as
the tilting fan assemblies are rotated into the forward flight position and begin to generate
sufficient lift to maintain altitude.

[6039)  Upon receiving the instruction to transition to forward flight, at step 8410, the
control sysiem may conirol one or maore of the tilting fan assemblies to switch from g vertical
1ift position to a forward flight position. In some embodiments, the tilting fan assemblies

may be controlled substantially simultaneously.

14
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[8068] At step 8412, the control system may receive an instruction {e.g. from the autopilot,
a pilot or a remote entity) to bover ot to land. In response, at step $414, the flight countrol
system may control one or more of the tilting fan assemblies to switch from the forward flight
position to the vertical 1ift position. At step 5416, the flight contro] system may initiate a

hovering or landing sequence to hover or land the aircraft on the ground.

[0061] The various embodiments discussed herein are illustrated in FIGs. 1A-3B using an
aircraft with a specific tail. However, the embodumnents are not liraited to the specific tail or
aircraft configuration illustrated in the figures. One or ordinary skill in the art will appreciate
that the embodiments can be combined with aircraft with aliernative tails or with alternative
designs, including but not limited to an atreratt with a conventional tail, an aireraft with

multiple tails, or an aircraft with no tail.

{8062} For simplicity, various active and passive circuitry components are not shown in the
figures. In the foregoing specification, embodiments of the disclosure have been described
with reference to numerous specific details that can vary from implementation to
implementation. The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. The sole and exclusive indicator of the scope of the
disclosure, and what is intended by the applicants to be the scope of the disclosure, is the
literal and equivalent scope of the set of claims that issue from this application, in the specific
form in which such claims issue, including any subsequent correction. The specific details of
particular embodiments can be combined in any suttable manner without departing from the

spirit and scope of embodiments of the disclosure.

{8063} Electronic components of the described ernbodiments may be specially consiructed
for the required purposes, or may comprise one or more general-purpose computers
selectively activated or reconfigured by a computer program stored in the computer. Such a
computer program may be stored in a computer readable storage medium, such as, but is not
fimited to, any type of disk including floppy disks, optical disks, DVDs, CD-ROMs,
magnetic-optical disks, read-only memories (ROMs), random access memories {(RAMs),
EPROMs, EEPROMSs, magnetic or optical cards, application specific integrated circuits
{ASICs), or any type of media suitable for storing electronic instructions, and each coupled to

a computer system bus,
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[0064] Additionally, spatially relative terms, such as "front or "back” and the like can be
used to describe an element and/or feature's relationship to another element(s) and/or
feature(s) as, for example, illustrated in the figures. it will be understood that the spatially
relative terms are intended to encompass different orientations of the device in use and/or
operation in addition to the orientation depicted in the figures. For example, if the device in
the figures is turned over, elernents described as a "front" surface can then be oriented "back”
from other elements or features. The device can be otherwise oriented (e.g., rotated 90
degrees or at other orientations) and the spatially relative descriptors used herein interpreted

accordingly.
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