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CTAHOBWWE
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LJleTatenHa cuctema c nepucepHo CBBLP3aHU KacKagHU CbOCHU
BUTIa OKOJI0O POTOPHM BanoBe*

BX. Ne CnNC-1227/24.10.2022 r.

[MpoyyBaHETO € HanpaBeHO Bb3 OCHOBA Ha NpeAcTaBEHUTE NaTeHTHW npeTeHumn 1-17,
onucaHue n npunoxeHaTa KbM Hero curypa.

MaTeHTHUTe MpeTeHUMM ce OTHAcAT A0 neTaTenHa cuctema ¢ nepudepHo CBbp3aHm
KackagHM CbOCHM BWTNA OKOMO POTOPHM BanoBe, BK/OYBALLA: OCHOBHO TANO, NMOHE eaHa
pOTOpHa oropa, Bas, MHOXeCTBO BMTNA, NepudepHn NEHTOBUAHU CbeaMHUTENM, 3aABUKKa,
N3MbIHUTENHU MEXaHU3MK, ONTUMMU3MpALL, YnpaBreHckM Onok, KOMOWHMpaH [daTyuk 3a
METEOPOSIOrMYHNTE  MapaMeTpu, KOMOWHMpaH [aTyvMk 32 NeTaTenHutTe napameTpu,
KOMYHMKaLMOHEH BXOA Ha TenenpenaBaTen, Bb3AylHW KOpMUIa, TAroBO AByKackagHO GOKC-
BUTNO, ObrOBUOHM MepudepHU CbeauHUTENMU, BbPTSLW, Ce Ban Ha TSroB MoOTop, [ABe
MbTHUYECKN Ceaankv u egHa nunoTcka ceaarnka.

OGekT Ha HacToALLETO Npoy4YBaHe e Aa ce obe3neyn netaTenHa cuctema ¢ nepudepHo
CBbP3aHM KackagHW CbOCHM BMTMA OKOMO POTOPHM Barose, 3a Aa ce u3berHat nepudepHuTe
M 3arybu n egHOBPEMEHHO [a Ce YBENWMYM NOAEMHATa cuna u Tarata, KakTo , Aa ce nogodpu
CTPYKTypHaTa YCTONYMBOCT Ha pOTOpUTE 1 Aa ca C H1UCKa cebeCTOMHOCT.

B pesyntaT Ha U3BbLPLUEHOTO MNpoyyBaHe Bsixa HaMepeHu crefHuTe LOKYMEHTU, KOUTO
ca OTpas3eHu B [okfaga OT MpOoyyYBaHETO, OTHACALWM ce fleTaTenHa cucTteMa c nepudepHo
CBbp3aHN KackaZHW CbOCHM BMTIIA OKOJIO POTOPHM BaroBe.

B nateHTteH gokymeHT WO02017081668 (Al) e paskputo 6e3nunoTHO YCTPOWCTBO 3a
N3nnTaHe, KOeTo ce CbCTON OT MOAYMHO BOAOYCTONYMBO TAMO, LWACcK, BanoBse, BbHLUIHA 06BMBKa
Ha TANOTO, CUCTEMa 3a 3adBMXKBaHe, cUCTeMa 3a 3almTta Ha BMTNOTO, nnatdopma ot
NOBBPXHOCTEH MaTepuan 3a nnb3raHe M KauaHe, KOHTPOMHM NOBBbPXHOCTKN, 6OpAOB Bb3QyLUEH
komnpecop, 6opaoBa cucTeMa 3a enekTponu3a, BOAOYCTONYMB NPOBOAHUK Mpe3 Koprnyca unu
aHTeHa, 0GaTepwusa, enekTpopasnpegenutenHo Ttabno, mogyn 3a rnobanHa cuctema 3a
NO3MLMOHUPAHE, OXnaxgallo YyCTPOMCTBO, PbYHO WM aBTOMaTUYHO pa3rbBall Ce napaLiuyrT,
YCTPOWCTBO 3a BBLHLUHO 3akpernBaHe W BbTPELHO MOMECTBaHE Ha ToBap W YNTpa3ByKOB
pagjapeH CeH3op.

B nateHTeH gokymeHT KR20200100352 (A) e pa3kpuT APOH, BKIIOYBALL: MUIOTHA YacT,
YyacT 3a KavsaHe, Barl, erfieKTpPUYECcKN MOTOP, erieKTpUYEecKn UMNUHABLP, BUTMA, 3aABukBalla
YacT W1 XMPOCKON.
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(54) AUTONOMOUS MULTI-ROTOR AIRPLANE

(57)  Anautonomous multi-rotor airplane (100) com-
prises a body frame (102) with a chamber (103). The
chamber (103) is configured to provide space for one or
more skydivers or jumpers (106), a lifting platform (108)
having an onboard computer and an avionic system. The
airplane (100) comprises one or more propulsion sys-
tems (112) operably coupled to the lifting platform (100).
The airplane (100) is configured to find and execute the
optimal flight path based on given information by the op-
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erator. The airplane comprises one or more user inter-
faces securely positioned inside the chamber. The user
interfaces are configured to enable the skydiver to view
the location and the optimal flight path, and adjust the
angle of the autonomous multi-rotor airplane against the
wind direction. The userinterface is configured to enable
the skydiver to operate and land the autonomous mul-
ti-rotor airplane at a landing zone.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Danish Patent
Application No. 201900797, titled "AUTONOMOUS
MULTI-ROTOR AIRPLANE" filed on July 01, 2019. The
specification of the above referenced patent application
is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
A. Technical field

[0002] Theinventiondisclosedhereingenerallyrelates
to a multi-rotor airplane. More particularly, the present
invention relates to an autonomous multi-rotor airplane
used for skydiving.

B. Description of related art

[0003] Skydiving or parachute jump is a stimulating
pleasurable sport activity and extremely popular around
the world. Generally, skydivers or jumpers are reached
to a desired high altitude by an airplane or aircraft and
jump from the high altitude to get maximum flying time.
Skydive airplanes or jump planes are used to pick up and
carry a number of skydivers or jumpers from different
locations to the desired high altitude for skydiving or par-
achute jump.

[0004] Currently, the skydive airplanes or jump planes
are incorporated with a single turbo engine or dual/twin
turbo engines. The skydive planes are capable of taking
at least 10-15 skydivers simultaneously to the high alti-
tude, for example, 3,000 to 15,000 feet in about 10 to 20
mins. The skydivers or jumpers could jump from an exit
door of the skydive planes from the high altitude. How-
ever, the existing skydive planes are difficult to operate
and control by one or more pilots or operators in bad
weathers. This difficulty arises from the decrease in the
situational awareness of the operator, which in turn, sig-
nificantly decreases working efficiency and at the same
time increasesrisks. The existing skydive planes are very
expensive to operate and maintenance due to low effi-
ciency. Further, the existing skydive planes are not com-
fortable for picking and dropping the new and experi-
enced skydivers at different locations. In addition, the
existing autonomous airplanes are used for different pur-
poses, for example, transporting goods. The autono-
mous airplanes may be remotely controlled or self-con-
trolled by remote or onboard computers.

[0005] The skydive airplanes or jump planes carry ex-
cess fuel above the minimum needed to compensate de-
lays for each flight. The amount of fuel burned by an
aircraft during aflight depends on many factors thatrange
from the age and type of aircraft to the specific flight plan
approved by air traffic control and any excess fuel re-
quired to be carried. The burning of liquid hydrocarbon
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fuels releases greenhouse gases such as carbon dioxide
{CO,) and methane into the atmosphere and causes glo-
bal warming.

[0006] A priorart, WO 2017/173159 A1 of Russell Dav-
id Wayne discloses Unmanned Aerial Vehicles also
known as UAVs or Drones, either autonomous orremote-
ly piloted, are classified as drones by the US Federal
Aviation Administration (FAA) as weighing under 212
pounds. The system described herein details Autono-
mous Flight Vehicles (AFV) which weigh over 212
pounds but less than 1,320 pounds which may require
either a new classification or a classification such as
Sport Light Aircraft, but without the requirement of a pilot
due to the safe autonomous flight system such as the
Safe Temporal Vector Integration Engine. Another prior
art, US 2019/0106206 A1 of Shi Xichen et al., discloses
an automated flying transport vehicle that capitalizes on
the strengths and complexities of a fixed and rotary
winged aircraft. The air transport vehicle comprises a
body aerodynamically designed to generate lift and a plu-
rality of rotors that can generate lift as well as forward
thrust from which a fixed wing portion of the air transport
vehicle will begin to generate additional lift allowing for a
sustained flight.

[0007] Further, in another prior art, WO 2018/122821
A2 of Alshdaifat Wasfi, discloses a City Autonomous Air-
port (CAA) and means to handle autonomously booking
of Aero-cars aerial containers reception and parcels de-
livery according to a specific selected root managed via
GPS and controlled path programs. The CAA consists
of: Terminal 1 to manage passenger’s flights via multiple
types of Aero-cars through a landing or take-off yards or
elevator terminal, and handling aerial containers in the
same. Terminal 2 handles the reception of the dropped
containers from remotely controlled aircrafts toward ele-
vator inlets to be distributed by pick-up drones to shelves
and autonomous ground stations in multiple floors, and
handled as aerial parcel sets to delivery drones on top
of elevator ends. Terminal 3 is a yard type handling of
containers and distributing their parcels content via
UAVs. However, above-mentioned prior arts fail to pro-
vide optimal and safe solution for a skydiver or jumper
using the autonomous multi-rotor airplane with an user
interface enabling the skydiver to view the location and
the optimal flight path, and adjust the angle of the auton-
omous multi-rotor airplane against the wind direction,
thereby flying to desired altitudes with the skydivers for
a freefall using a parachute via an optimal flight path
based on a control input given by an operator via an on-
board computer positioned in a lifting platform of the au-
tonomous multi-rotor airplane.

[0008] In the light of above-mentioned problems, it is
need to provide a multi-rotor autonomous airplane for
skydivers or jumpers that executes an optimal flight path
based on the information, such as, wind direction, wind
speed, and the desired altitude, given by the operator
who is in direct contact with the flight controllers. There
is also a need to provide a multi-rotor autonomous air-
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plane, capable of picking and carrying one or more sky-
divers at a time to the desired high altitude within few
minutes. Further, there is also a need to provide an en-
vironment-friendly multi-rotor autonomous airplane to
safely pick up and comfortably drop the skydivers or
jumpers at different locations and altitudes.

SUMMARY OF THE INVENTION

[0009] The present invention generally discloses a
multi-rotor airplane. Further, the present invention dis-
closes to an autonomous multi-rotor airplane used for
skydiving.

[0010] The present invention discloses an autono-
mous multi-rotor airplane for skydiving. An autonomous
multi-rotor airplane comprises a body frame with a cham-
ber. The chamber is configured to provide space for one
or more skydivers or jJumpers, a lifting platform having an
onboard computer and an avionic system. The lifting plat-
form is configured to securely affixed to a top portion of
the body frame via a plurality of supporters. The auton-
omous multi-rotor airplane comprises one or more pro-
pulsion systems operably coupled to the lifting platform
viaaplurality of supporting arms. The propulsion systems
are configured to lift the autonomous multi-rotor airplane,
thereby flying and climbing to desired altitudes with the
skydivers for a freefall using a parachute via an optimal
flight path based on a control input given by an operator
via the onboard computer positioned in the lifting plat-
form. The airplane is configured to find and execute the
optimal flight path based on given information by the op-
erator. The information includes wind direction, wind
speed, and desired altitudes, confirmation of take-off po-
sition and landing position, and confirmation of the sky-
diver’s exit point/drop zone and desired landing position.
The autonomous multi-rotor airplane comprises one or
more user interfaces securely positioned inside the
chamber of the body frame, wherein the user interfaces
are configured to enable the skydiver to view the location
and the optimal flight path, and adjust the angle of the
autonomous multi-rotor airplane against the wind direc-
tion, and wherein the user interface is at least any one
of a display and control buttons, are further configured
to enable the skydiver to operate and land the autono-
mous multi-rotor airplane at a landing zone.

[0011] Other objects, features and advantages of the
present invention will become apparent from the follow-
ing detailed description. It should be understood, how-
ever, that the detailed description and the specific exam-
ples, while indicating specific embodiments of the inven-
tion, are given by way of illustration only, since various
changes and modifications within the spirit and scope of
the invention will become apparent to those skilled in the
art from this detailed description.

BRIEF DESCRIPTION OF DRAWINGS

[0012] Theforegoing summary, aswell as the following
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detailed description of the invention, is better understood
when read in conjunction with the appended drawings.
For the purpose of illustrating the invention, exemplary
constructions of the invention are shown in the drawings.
However, the invention is not limited to the specific meth-
ods and structures disclosed herein. The description of
a method step or a structure referenced by a numeral in
a drawing is applicable to the description of that method
step or structure shown by that same numeral in any
subsequent drawing herein.

FIG. 1 exemplarily illustrates a perspective view of
an autonomous multi-rotor airplane used to fly sky-
divers in an embodiment of the present invention.

FIG. 2 exemplarily illustrates an exploded view of
the autonomous multi-rotor airplane in an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] A description of embodiments of the present in-
vention will now be given with reference to the Figures.
ltis expectedthat the presentinvention may be embodied
in other specific forms without departing from its spirit or
essential characteristics. The described embodiments
are to be considered in all respects only as illustrative
and not restrictive.

[0014] Referring to FIG. 1, an autonomous multi-rotor
airplane 100 used by a skydiver 106 for a freefall is dis-
closed. In one embodiment, the multi-rotor airplane 100
is configured to fly and climb to one or more desired al-
titudes with one or more skydivers or jumpers 106 for a
freefall. In one embodiment, the multi-rotor airplane 100
is further configured to find and execute an optimal flight
path based on given information by an operator. The mul-
ti-rotor airplane 100 is pre-programmed to fly and climb
to the desired altitudes in the optimal flight path and land
at a landing zone. The information includes, but not lim-
ited to, altitude, wind direction, wind speed, confirmation
of take-off position and landing position, and confirmation
of the skydiver's exit point/drop zone and desired landing
position. The skydiver's exit point will be offset linearly
to the landing point due to wind speed and wind direction.
The wind speed and direction are must be taken into
consideration in order to land in the designated landing
area or drop zone. When the multi-rotor airplane 100
reached to the drop zone/point, the skydivers 106 could
jump or leap from the multi-rotor airplane 100 for a freefall
and land safely on the ground using a parachute and the
multi-rotor airplane 100 could safely land at the landing
zone. In one embodiment, the multi-rotor airplane 100
comprises a body frame 102, a lifting platform 108, one
or more propulsion systems 112, and an onboard power
system 116. In one embodiment, the lifting platform 108
is configured to securely affixed to the body frame 102
via a plurality of supporters 110.

[0015] Referring to FIG. 2, the autonomous multi-rotor
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airplane 100 is disclosed. In one embodiment, the multi-
rotorairplane 100 comprises a body frame 102. The body
frame 102 includes a chamber 103. In one embodiment,
the chamber 103 is configured to provide space for one
or more skydivers or jumpers 106 (shown in FIG. 1). The
skydiver 106 could sit and/or stand in the chamber 103
and comfortably and safely leap from the multi-rotor air-
plane 100 for a freefall using a parachute. In one embod-
iment, the multi-rotor airplane 100 further comprises a
lifting platform 108. The lifting platform 108 includes an
onboard computer and an avionic system. In one em-
bodiment, the onboard computer could be a flight con-
troller. In one embodiment, the lifting platform 108 is con-
figured to securely affixed to a top portion of the body
frame 102 via a plurality of supporters 110. In one em-
bodiment, the multi-rotor airplane 100 further comprises
one or more propulsion systems 112. The propulsion sys-
tems 112 are operably coupled to the lifting platform 108
via a plurality of supporting arms 104. The propulsion
systems 112 are configured to lift the multi-rotor airplane
100, thereby flying and climbing one or more desired al-
titudes with the skydivers for a freefall via the optimal
flight path based on a control input given by an operator
viathe onboard computer positioned in the lifting platform
108. In one embodiment, the operator could send the
control inputs to the onboard computer positioned in the
lifting platform 108 using a remote computing device.
[0016] In one embodiment, the plurality of arms 104
couldberadially and securely affixed to the lifting platform
102 of the multi-rotor airplane 100. In one embodiment,
each propulsion system 112 comprises a propulsion mo-
tor with a rotor and a propeller. The propeller is rotatably
affixed to the rotor of the propulsion motor. In one em-
bodiment, each propulsion system 112 is further config-
ured to apply thrust during operation in any direction. The
onboard computer positioned in the lifting platform 108
is configured to control the operation of the multi-rotor
airplane 100. in one embodiment, the onboard computer
is further configured to measure the orientation of the
autonomous multi-rotor airplane 100 and make adjust-
ments according to the desired orientation.

[0017] Inone embodiment, one ormore userinterfaces
are securely positioned inside the chamber 103 of the
body frame 102. The user interfaces are configured to
enable the skydiver 106 to view the location and the op-
timal flight path. The user interfaces are further config-
ured to enable the skydiver 106 to adjust the angle of the
multi-rotor airplane 100 against the wind direction to
reach the correct angle while leaping or jumping from the
chamber 103 for a freefall using a parachute. The sky-
diver 106 could operate and land the multi-rotor airplane
100 at the landing zone using the user interfaces. in one
embodiment, the user interface could be, but not limited
to, a display and control buttons/levers. In one embodi-
ment, the operator or ground crew could also operate
and control, for example, take-off, landing, or adjusting
the direction of the multi-rotor airplane 100 against the
wind direction, using the remote computing device.
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[0018] Inoneembodiment, the multi-rotor airplane 100
further comprises an onboard power system 116. The
onboard power system 116 is securely affixed to a bottom
portion of the body frame 102. The onboard power sys-
tem 116 is configured to supply power to the lifting plat-
form 108 and the one or more propulsion systems 112
using cables. In one embodiment, the onboard power
system 116 comprises, but not limited to, a plurality of
batteries. The onboard power system 116 is further con-
figured to provide a lowest gravity point and stability for
the multi-rotor airplane 100 during landing.

[0019] Inoneembodiment, the multi-rotor airplane 100
could require a small space on the ground for landing
and takeoff with the skydivers 106. The multi-rotor air-
plane 100 could fly and climb within the regulated air
space to reach the drop zones. The operator could ef-
fectively operate and control, for example, landing and/or
take-off the multi-rotor airplane 100 by giving the control
inputs to the onboard computer or a flight controller using
aremote computing device. In one embodiment, the mul-
ti-rotor airplane 100 further comprises a global position-
ing system (GPS) module and a built-in gyroscope. The
GPS module is configured to the geolocation of the multi-
rotor airplane 100 and allows the onboard computer to
follow the optimal flight plan. In one embodiment, the
built-in gyroscope is configured to adjust the speed of
the one or more propulsion systems 112 which always
keeps in a horizontal position. The navigation on three
axes occurs by adjusting the speed of the rotors of the
propulsion motors, individually. The airplane’s method-
ology is mostly reminiscent to modern drones that typi-
cally have, but not limited to, between 4 and 8 rotors with
individual propulsion system/engines 112. In one embod-
iment, the multi-rotor airplane 100 is further configured
to receive the control inputs from the operator during fly-
ing or climbing to the desired high altitudes. The skydiver
or jumper 106 could adjust the directions of the multi-
rotor airplane 100 using the user interface positioned in-
side the chamber 103 when the wind direction is different
than expected.

[0020] The advantages of the present invention in-
clude, the skydiver or jumper 106 could comfortably and
safely jump or leap from the multi-rotor airplane 100 for
a freefall using a parachute. The multi-rotor airplane 100
is environment-friendly and requires less space for land-
ing and take-off from the ground. The multi-rotor airplane
100 reduces the dependency on the staff or crew mem-
bers at the drop zone and creates greater operational
flexibility. The multi-rotor airplane 100 provides safety
and comfort for the skydivers 106 and prevents serious
injuries while jumping from the multi-rotor airplane 100.
[0021] Preferred embodiments of this invention are de-
scribed herein, including the best mode known to the
inventors for carrying out the invention. It should be un-
derstood that the illustrated embodiments are exemplary
only and should not be taken as limiting the scope of the
invention.

[0022] The foregoing description comprise illustrative
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embodiments of the present invention. Having thus de-
scribed exemplary embodiments of the present inven-
tion, it should be noted by those skilled in the art that the
within disclosures are exemplary only, and that various
other alternatives, adaptations, and modifications may
be made within the scope of the presentinvention. Merely
listing or numbering the steps of a method in a certain
order does not constitute any limitation on the order of
the steps of that method. Many modifications and other
embodiments of the invention will come to mind to one
skilled in the art to which this invention pertains having
the benefit of the teachings in the foregoing descriptions.
Although specific terms may be employed herein, they
are used only in generic and descriptive sense and not
for purposes of limitation. Accordingly, the presentinven-
tion is not limited to the specific embodiments illustrated
herein.

Claims

1. An autonomous multi-rotor airplane comprising a
body frame having a chamber, wherein the chamber
is configured to provide space for one or more sky-
divers or jumpers, a lifting platform having an on-
board computer and an avionic system, wherein the
lifting platform is configured to securely affixed to a
top portion of the body frame via a plurality of sup-
porters, and one or more propulsion systems oper-
ably coupled to the lifting platform via a plurality of
supporting arms, wherein the propulsion systems
are configured to lift the autonomous multi-rotor air-
plane, thereby flying and climbing to desired altitudes
with the skydivers for a freefall using a parachute via
an optimal flight path based on a control input given
by an operator via the onboard computer positioned
in the lifting platform, characterized by:

the airplane is configured to find and execute
the optimal flight path based on given informa-
tion by the operator, wherein the information in-
cludes wind direction, wind speed, and desired
altitudes, confirmation of take-off position and
landing position, and confirmation of the skydiv-
er’s exit point/drop zone and desired landing po-
sition, and

one or more user interfaces securely positioned
inside the chamber of the body frame, wherein
the user interfaces are configured to enable the
skydiver to view the location and the optimal
flight path, and adjust the angle of the autono-
mous multi-rotor airplane against the wind direc-
tion, and

wherein the userinterface is at least any one of
adisplay and control buttons, are further config-
ured to enable the skydiver to operate and land
the autonomous multi-rotor airplane at a landing
zone.
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The multi-rotor airplane of claim 1, wherein the plu-
rality of supporting arms are radially and securely
affixed to the lifting platform of the autonomous multi-
rotor airplane.

The multi-rotor airplane of claim 1, wherein each pro-
pulsion system comprises a propulsion motor with a
rotor and a propeller, wherein said propeller is rotat-
ably affixed to the rotor of the propulsion motor.

The multi-rotor airplane of claim 1, further comprises
an onboard power system securely positioned at a
bottom portion of the body frame, wherein the on-
board power system is configured to supply power
to the lifting platform and the one or more propulsion
systems.

The multi-rotor airplane of claim 1, is configured to
fly and climb to desired altitudes via the optimal flight
path based on the controlinput given by the operator
using a remote computing device via the onboard
computer positioned in the lifting platform.

The multi-rotor airplane of claim 1, wherein the on-
board computer positioned in the lifting platform is
configured to control the operation and measure the
orientation of the autonomous multi-rotor airplane
and make adjustments according to the desired ori-
entation.
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(57) ABSTRACT

The invention relates to an aircraft which can both take offand
land vertically and can hover and also fly horizontally at a
high cruising speed. The aircraft has a support structure, a
wing structure, at least three and preferably at least four
lifting rotors and at least one thrust drive. The wing structure
1s designed to generate a lifting force for the aircraft during
horizontal motion. To achieve this the wing structure has at
least one mainplane provided with a profile that generates
dynamic lift. The wing structure is preferably designed as a
tandem wing structure. Bach ofthe lifting rotors is fixed to the
support structure, has a propeller and is designed to generate
a lifting force for the aircraft by means of a rotation of the
propeller, said force acting in a vertical direction. The thrust
drive is designed to generate a thrust force on the support
structure, said force acting in a horizontal direction. The
lifting rotors can have a simple construction, i.e. they can have
asimple rigid propeller for example, and a vertical take-off or
hovering of the aircraft can be controlled, in a similar manner
to quadcopters, by a simple control of the speeds of the lifting
rotors. High cruising speeds can be achieved as a result of the
additional horizontally acting thrust drive.
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AIRCRAFT CAPABLE OF VERTICAL
TAKE-OFF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a National Stage of Inter-
national Application No. PCT/EP2014/068410, filed Aug.
29, 2014, which claims the priority of German patent appli-
cation No. 10 2013 109 392.2, filed on 29 Aug. 2013, the
entire disclosures of which is hereby incorporated by refer-
ence.

FIELD OF THE INVENTION

[0002] The present invention relates to an aircraft capable
of vertical take-off, for example similar to a tricopter or a
quadcopter.

BACKGROUND OF THE INVENTION

[0003] For many uses, it is desirable to have available an
aircraft which can take-off from a very small surface and
which therefore does not require a specific large airport for
example. Furthermore, for particular purposes of use, an air-
craft is required which is agile, which can be maneuvered
precisely and which can preferably hover on the spot and, in
this respect, can have good hover flight characteristics.
[0004] Forexample, aircraft are used for aerial surveillance
and aerial reconnaissance, which aircraft hover above an
object of interest and while so doing are able to record aerial
images, for example. In an alternative use, an aircraft capable
of vertical take-off, sometimes also called VTOL (vertical
take-off and landing), can be used to approach territories
which cannot be easily accessed by people or miscellaneous
machines, for example as part of a disaster management inter-
vention, to be able to transport goods, such as tools, food or
medicines, into such territories.

[0005] Aircraft have been developed for such uses, inter
alia, in which at least three, preferably four or more rotors
fitted with a propeller and a motor driving said propeller
respectively provide a substantially vertically upwardly
directed thrust to thereby allow the aircraft to be able to take
offvertically or to hover. An aircraft provided with four rotors
of this type is also known as a quadcopter, quadrocopter,
quadricopter, quadrotor or hover platform. Aircraft of this
type having more than three thrust-providing rotors are gen-
erally known as multicopters and, in addition to quadcopters,
variants with three rotors (tricopters), six rotors (hexacopters)
or eight rotors (octocopters) are also common. Aircraft of this
type are generally operated unmanned and thus can be small.
These aircraft are sometimes also called drones.

[0006] By slightly inclining the entire aircraft or one or
more rotors out of the horizontal, it is possible in aircraft of
this type to also provide a particular propulsion in which a
thrust generated by the rotors is inclined out of the vertical.
However, cruising speeds which are achievable in this man-
ner arerestricted to relatively low speeds oftypically less than
200 km/h, often even less than 100 km/h, due to physical
boundary conditions which arise in this type of aircraft. A
speed restriction of this type results, for example from the
physical boundary condition that the propellers used for lift
are operated at high rotational speeds, and therefore a propel-
ler blade moving forwards in the direction of flight of the
aircraft must move almost at sonic speed at least at the tips of
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the propeller blade even at relatively low cruising speeds, as a
result of which a high air resistance and a loud noise are
generated.

[0007] Therefore, although conventional multicopters have
good hover characteristics like helicopters in which only a
single rotor provides the necessary lift and complicated rotor
mechanics can be used together with a tail rotor for maneu-
vering the helicopter, they usually only achieve relatively low
cruising speeds.

[0008] KR 102012 006 05 90 A discloses a quadrocopter
which can take off and land vertically and in which a thrust
direction can be varied by propellers to be able to provide not
only lift, but also propulsion for the quadrocopter.

SUMMARY OF THE INVENTION

[0009] It can be considered as an object of the present
invention to provide an aircraft which allows both good hover
characteristics and high cruising speeds.

[0010] According to one aspect of the present invention, an
aircraft is proposed which has a support structure, a wing
structure, at least three lifting rotors and at least one thrust
drive. The wing structure is attached to the support structure.
The wing structure can also be part of the support structure of
the aircraft. The wing structure is configured to generate a
lifting force for the aircraft during horizontal motion of the
aircraft and for this purpose has at least one aerofoil which is
provided with a profile generating dynamic lift. Each of the
lifting rotors is attached to the support structure. Each lifting
rotor has a propeller and is configured to generate a lifting
force, acting vertically, for the aircraft by rotation of the
propeller. The thrust drive is configured to generate a thrust,
acting horizontally, on the support structure.

[0011] In short, one idea underlying the invention can be
seen, inter alia, in fitting an aircraft in the form of a multicop-
ter on the one hand with at least three lifting rotors which
generate a vertical thrust, by which the aircraft can take-off
and land vertically and can also hover, and also on the other
hand in providing a thrust drive which can generate a hori-
zontally acting thrust so that the aircraft can be accelerated to
a high cruising speed independently of the lifting rotors after
the rotors have stopped. The aircraft is also provided with a
wing structure in which at least one aerofoil provides
dynamic lift when the aircraft has been accelerated to a suf-
ficiently high cruising speed.

[0012] The aerofoil or aerofoils of the wing structure are
preferably configured such that they alone can provide
adequate lift for the aircraft at cruising speeds to be achieved
by the aircraft and it is thereby possible to dispense with a lift
generated by the lifting rotors at cruising speed.

[0013] The aerofoils can be attached swivelably or rotat-
ably, for example, to the support structure or to a fuselage so
that during a hover state or while hovering, they are in a
swivelled-out state and while cruising, they are in a swivelled-
in state. In this respect, the swivelling-out of the aerofoils
increases the sweep of the wing structure and the swivelling-
in reduces the sweep. The sweep describes an angle between
aleading edge of the respective acrofoil and a transverse axis
of the aircraft. With regard to the direction of flight, it is
possible to differentiate between negative sweep, i.e. for-
wardly swept aerofoils, and positive sweep, i.e. backwardly
swept aerofoils. This connection will be explained in more
detail in the description of the drawings.

[0014] Furthermore, configurations of the aircraft with
three aerofoils or pairs of aerofoils can be provided. The
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aerofoils can also be interconnected by connecting structures
or connecting elements, as is the case for coleopters, for
example. The propellers can be attached to the connecting
structures or connecting elements by arms or nacelles. The
propellers are preferably attached to the aerofoils, to the
support structure, to arms, connecting structures, connecting
elements or to nacelles.

[0015] An aircraft according to the invention, which is pro-
vided with a combination of at least three lifting rotors and at
least one thrust drive as well as a suitably configured wing
structure, can have the desired good hover characteristics and
can also achieve high cruising speeds. For example, during
take-off or landing or during hover flight, i.e. when there is a
lack of or only slight horizontal speed of the aircraft, the
lifting rotors can provide the necessary lift. Independently of
the lifting rotors, the thrust drive can accelerate the aircraft in
the horizontal direction and, with adequately high horizontal
speeds, a dynamic lift generated by the at least one aerofoil of
the wing structure can be high enough to support the aircraft.
[0016] The individual components of the proposed aircraft
can be configured and controlled relatively simply. In particu-
lar, the lifting rotors can be configured such that a plane of
rotation, in which rotor blades of a lifting rotor rotate, is
stationary relative to a motor-driven shaft of the lifting rotor.
[0017] In other words, the lifting rotors of the aircraft can
be of a simple mechanical construction and, for example, a
simple propeller can be directly coupled to a motor-driven
shaft. In particular, it is unnecessary to connect rotor blades of
the lifting rotor to a motor-driven rotor shaft by a complicated
mechanism, for example by a swash plate as in the case of a
helicopter. In particular, it is unnecessary to change an angle
of incidence or inclination angle of individual rotor blades
during a rotor revolution in order to thus also provide propul-
sion of the aircraft or rolling, pitching or yawing of the air-
craft. Instead, propulsion of the proposed aircraft can be
achieved by the additional thrust drive. Rolling, pitching or
yawing of the aircraft can be achieved by varying the lifting
forces respectively generated by the usually at least four
lifting rotors.

[0018] In a particularly simple configuration, the propeller
blades of a lifting rotor can be rigidly connected to the rotor
shaft. A propeller provided thus with rigid blades has no
movable parts. It is thus robust and, for example, does not
require any mechanism or control means to be able to control
a variable arrangement of propeller blades. In particular, the
propeller can be integral. The lifting force generated by a
simply constructed lifting rotor of this type mainly depends
on the rotation speed or speed at which the propeller is driven
and can thus be simply controlled by a suitable control of the
driving motor.

[0019] Alternatively, the lifting rotor can be more complex
and propeller blades of the lifting rotor can be connected
swivelably to the rotor shaft such that a pitch of the propeller
blades can be varied.

[0020] In other words, an angle which is included by the
propeller blades with the plane of rotation in which the pro-
peller blades rotate can be varied. Varying the pitch of the
propeller blades in this way can preferably be carried out for
all the propeller blades together. In particular, the pitch of the
propeller blades can be varied itrespective of a current posi-
tion of the rotating propeller blades, i.e. the propeller blades
are not varied in their pitch during a revolution, as with a
swash plate in the case of a helicopter, but the pitch of the
propeller blades remains substantially constant during a revo-
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lution. This type of relatively slow variation in the pitch of the
propeller blades can be realized simply and by means of a
robust mechanism.

[0021] Varying the pitch of the propeller blades can influ-
ence the thrust of the lifting rotor and hence the lifting force
generated thereby, without necessarily having to change the
rotational speed of the propeller. A lifting propeller of this
type provided with jointly swivellable propeller blades is also
known as a variable pitch propeller.

[0022] Inprinciple, it can suffice to fit the proposed aircraft
with only three lifting rotors. In this respect, each of the lifting
rotors should be separately controllable, i.e. it should be
possible to vary a thrust generated by one of the lifting rotors
independently of the other lifting rotors. The at least three
lifting rotors are attached to the aircraft in positions which
together clearly span a plane, i.e. the lifting rotors should not
be arranged linearly in tandem along a common straight line.
By appropriately controlling the three lifting rotors to gener-
ate different lifting forces, the plane spanned by the lifting
rotors and thereby the entire aircraft can be tilted.

[0023] As long as the lifting rotors are oriented such that the
sum of the thrusts which they have generated acts substan-
tially vertically downwards, the aircraft can hover in a sta-
tionary manner and the flight altitude of the aircraft can be
varied by varying the strength of this total thrust. If, starting
from a hover flight of this type, the thrust generated by indi-
vidual lifting rotors is changed, this can mean that the total
thrust acting on the aircraft no longer acts vertically down-
wards. Consequently, the aircraft can tilt forwards, back-
wards or to one side and can gain momentum or start to roll
forwards or backwards.

[0024] If the proposed aircraft is restricted to only three
lifting rotors, it is possible to save components and thereby to
reduce weight. However, in general it is difficult with only
three lifting rotors to allow the aircraft to rotate about its
vertical axis, 1.e. to yaw.

[0025] Therefore, it can be advantageous to fit the proposed
aircraft with at least four lifting rotors, similarly to the case of
a quadcopter. The four lifting rotors can preferably be con-
trolled independently of one another. Since the position or
inclination of the aircraft can already be determined by the
thrust generated by just three lifting rotors, providing an
additional fourth lifting rotor presents the possibility of also
allowing the aircraft to yaw. The aircraft can thus be brought
into any desired position and flight direction by appropriately
controlling the four lifting rotors. An aircraft of this type with
four or more lifting rotors can also be maneuvered in a precise
and agile manner, in addition to having good hover charac-
teristics.

[0026] The proposed aircraft is to have a support structure
and a wing structure. The support structure is to provide
structural strength to the aircraft so that both the wing struc-
ture and the lifting rotors can be attached in a stable manner to
the aircraft. The wing structure is to be able to provide
dynamic lift by means of suitably configured aerofoils when
the aircraft adopts a sufficiently high cruising speed.

[0027] 1t should be noted that the fact that two separate
terms are used for the support structure and the wing structure
does not mean that the functions to be performed by the
support structure and by the wing structure do not necessarily
have to be performed by separate actual structures. For
example, functions of the support structure and functions of
the wing structure can be performed by different structural
components of the proposed aircraft or even by the same
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structural components of the aircraft. As an example, a wing
of an aircraft can simultaneously function as an aerofoil gen-
erating a dynamic lift and thereby as part of a wing structure
and it can also mechanically interconnect other components
of the aircraft and can thus function as part of a support
structure. For example, the wing can have an outer skin which
provides a profile of an aerofoil formed thereby and is thus
part of the wing structure. At the same time, the wing can have
inner components such as struts which provide a mechanical
strength and to which, for example, the wing skin is attached
so that these can serve as a support structure.

[0028] Inan advantageous embodiment, the support struc-
ture together with the wing structure is configured as a tandem
wing structure. Provided in a tandem wing structure of this
typeis at least one elongate fuselage, from which two pairs of
aerofoils arranged horizontally in tandem project trans-
versely.

[0029] Inatandem wing structure of this type, the fuselage
together with supporting structures in the projecting pairs of
aerofoils can serve as a support structure. One of the lifting
rotors can be respectively arranged on each of the aerofoils. If,
for example, two pairs of aerofoils are provided, the first pair
of aerofoils and the second pair of aerofoils can have a dif-
ferent sweep. If the first pair of aerofoils has a negative sweep
and the second pair of aerofoils has a positive sweep, a plan
view of the aircraft can give the impression of an x-shaped
arrangement of the aerofoils. Furthermore, the aspect ratio
can be increased by attaching wing tip extensions to the
aerofoils which have already been integrated into the support
structure, thereby increasing the wingspan of the wing struc-
ture or of the pairs of aerofoils. A person skilled in aircraft
construction understands “aspect ratio” as meaning the ratio
of the square of wingspan of both aerofoils and of the wing
area which is revealed in a plan view of the aircraft.

[0030] The two pairs of aerofoils of a tandem wing struc-
ture can also be arranged, for example, offset relative to one
another along the vertical axis of the aircraft, i.e. in a z
direction.

[0031] Ttispointed out that a plurality of elongate fuselages
can also be provided as part of a support structure. For
example, two elongate fuselages are arranged next to one
another parallel to the direction of flight and are intercon-
nected by at least one further aerofoil or by a further pair of
aerofoils.

[0032] The lifting rotors are thus arranged distributed in a
planar manner over the aircraft and can thereby provide good
hover characteristics. The lifting rotors can preferably be
respectively arranged in end regions of the aerofoils, i.e.
laterally approximately at a maximum distance from the fuse-
lage. Furthermore, the four aerofoils of the two pairs of aero-
foils arranged in tandem can respectively provide a dynamic
lift at an adequate cruising speed. The aerofoils and the lifting
rotors can be configured such that they produce approxi-
mately identical lifting forces in hover flight or at a desired
cruising speed. The support structure of the aircraft can be
suitably configured and dimensioned to be able to absorb
lifting forces of this type. Accordingly, the support structure
can be optimized in respect of its strength and weight.
[0033] A nacelle, on which respectively one of the lifting
rotors is arranged, can be positioned on each of the aerofoils.
For example, a motor for the rotor can be accommodated in
the nacelle. The nacelle can be configured to be aerodynami-
cally efficient with regard to a rotor-generated air flow and/or
with regard to an air flow while cruising.
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[0034] Inparticular, a tail unit or rudder can be arranged on
each of the aerofoils. By means of such tail units or rudders,
the lift generated by the tandem wing structure can be appro-
priately influenced, for example during acceleration to cruis-
ing speed and as a consequence thereof during successive
throttling of the lifting rotors.

[0035] Inan alternative embodiment, the support structure
together with the wing structure can be configured as an
elongate fuselage with only two transversely projecting aero-
foils, similarly to a conventional aircraft. In this respect, one
ofthe lifting rotors can be respectively arranged on each of the
aerofoils and at least one further lifting rotor, preferably two
further lifting rotors can be respectively arranged on the ends
of the fuselage.

[0036] In a further alternative, the support structure
together with the wing structure can be configured as a flying
wing structure. In such a flying wing structure, the entire
support structure and the entire wing structure are formed by
a single aerofoil-shaped wing with inner, mechanically sta-
bilizing supporting components. In this respect, the wing can
have a swept form in a plan view. The lifting rotors and the
thrust drive can be arranged in suitable regions of this type of
flying wing structure.

[0037] Furthermore, it can be advantageous particularly in
the case of an aircraft which is configured with this type of
flying wing structure, but also in the case of the aircraft
described above with a tandem wing structure or with a struc-
ture similar to a conventional aircraft, to expand the support
structure around projecting nacelles to which the lifting rotors
and/or the thrust drive can be attached.

[0038] Particularly in the case of an aircraft which is con-
figured with a tandem wing structure as described above, but
also in the case of other configurations of the support structure
and of the wing structure, it can be advantageous or even
compulsory to configure and arrange the lifting rotors and to
select the wing structure such that the sum of the thrusts
which can be generated by the lifting rotors passes substan-
tially through a center of gravity of the aircraft and a neutral
point of the wing structure relative to the center of gravity of
the aircraft is suitably positioned for horizontal flight. A
stable hover flight can be achieved by this type of arrange-
ment of the lifting rotors. A stable flight state can also be
achieved in aerodynamic flight at cruising speed by an appro-
priate configuration of the wing structure.

[0039] The lifting rotors of the aircraft can be configured to
stop respective propeller blades of a lifting rotor in a particu-
lar rotational position. This stopping of the propeller blades
can be particularly advantageous when the aircraft moves
horizontally at a high cruising speed, driven by the thrust
drive, and when the aerofoils of the wing structure generate
enough dynamic lift so that it is unnecessary for any further
lift to be generated by the lifting rotors. In a flight situation of
this type, it is advantageous to stop the propeller blades of the
lifting rotors in a rotational position such that on the one hand
they generate the lowest possible air resistance while cruis-
ing, and on the other hand the lowest possible forces, acting
horizontally and/or vertically on the propeller blades due to
the air flowing past the blades, are generated.

[0040] The propeller of a lifting rotor can have, for
example, exactly two blades. Such a propeller has on the one
hand a high efficiency and on the other low imbalances.
Furthermore, such a propeller with two blades is particularly
advantageous for the proposed aircraft because, during a
cruising position, it can be stopped in a rotational position
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such that the propeller extends parallel to the direction of
flight. The arrested propeller generates minimal air resistance
in such a rotational position.

[0041] However, a single blade propeller can also be pro-
vided. On an end projecting beyond its rotor shaft, the single
blade propeller has a weight which acts as a counter-weight to
the single blade propeller. For example, the single blade pro-
peller can be part of a lifting rotor of the aircraft which
contributes towards the lift of the aircraft in the hover state.
For the cruising state, the single blade propeller can be ori-
ented parallel to an elongate nacelle, so that when stationary,
the single blade propeller is oriented substantially parallel to
the flight direction or to the longitudinal direction of the
aircraft. The single blade propeller and the nacelle are then
oriented in alignment with one another, which reduces the air
resistance while the aircraft is cruising. In turn, the nacelle
can be attached to one end of an aerofoil.

[0042] In the proposed aircraft, the lifting rotors and the
thrust drive are preferably driven by motors which can be
controlled independently of one another. Due to motors of
this type which can be controlled separately from one another,
in the aircraft, lift generated by the lifting rotors on the one
hand and propulsion generated by the thrust drive on the other
can be controlled independently of one another. In particular,
rolling or yawing of the aircraft to be produced by the lifting
rotors can be controlled independently of the horizontal pro-
pulsion to be produced by the thrust drive. In this respect, with
an increasing cruising speed, the lifting rotors can also be
controlled accordingly for a reduced lift generation to take
into account the dynamic lift produced by the aerofoil of the
wing structure.

[0043] Each of the lifting rotors can preferably be driven by
an electric motor. Electric motors can be controlled precisely
and quickly in respect of their rotational speed so that the lift
generated by a lifting rotor can be varied quickly and pre-
cisely to initiate or control particular flight movements of the
aircraft. Particularly in the case of an aircraft similar to a
multicopter, the precise and rapid control of the vertical
thrusts generated by the individual lifting rotors can be impor-
tant for safe, stable and, if required, effortlessly maneuvered
flight characteristics.

[0044] 1In a specific embodiment of the proposed aircraft,
the thrust drive can be driven by an internal combustion
engine and the internal combustion engine can also be
coupled to a generator to supply electrical energy for the
electric motors provided on the lifting rotors. In the case of
suchan aircraft provided with a type of hybrid drive, the thrust
acting in the horizontal direction can be produced by the
internal combustion engine of the thrust drive. The internal
combustion engine can be realized as a piston motor or as ajet
engine or the like. Fuel for an internal combustion engine of
this type can be carried in the aircraft in adequate quantities so
that the thrust drive can be operated for relatively long periods
of time and the aircraft can thus fly at cruising speed for a
lengthy period of time, for example in order to reach a remote
target. However, unlike the thrust drive, the lifting rotors are
preferably driven by electric motors in order to be able to use
the simpler and more precise controllability compared to an
internal combustion engine during hover flight or during take-
off or landing. The electrical energy for these electric motors
can be provided by the generator coupled to the internal
combustion engine, it being possible for the electrical energy
1o either be supplied directly by the generator to the electric

Jul. 21,2016

motors or to be firstly stored in an electrical energy storage,
such as in a battery, to then be released by the electric motors
when required.

[0045] Tt is pointed out that possible features and advan-
tages of the aircraft according to the invention are described
herein with reference to different embodiments. A person
skilled in the art will understand that the different features can
be suitably combined or interchanged in order to arrive at
further embodiments of the aircraft according to the inven-
tion.

[0046] In an alternative embodiment, the aircraft can have
at least one aerofoil which is attached to the support structure
such that it can swivel or rotate about a rotational axis. The
rotational axis is oriented, for example, parallel to the vertical
axis or to the yaw axis of the aircraft.

[0047] Inan alternative embodiment, the aircraft has a sec-
ond aerofoil which is attached to the support structure such
that it can swivel about the rotational axis, the at least one
aerofoil and the second aerofoil being in a swivelled-out state
for hover flight.

[0048] Furthermore, the at least one aerofoil and the second
aerofoil can be in a swivelled-in state for cruising, in which
state leading edges of the aerofoils are oriented such that they
are at least partly aligned with one another.

[0049] The support structure together with the wing struc-
ture can also be configured as a tandem wing structure with an
elongate fuselage and two pairs of aerofoils which are
arranged horizontally intandem and project from the fuselage
such that the first pair of aerofoils has a first sweep which
differs from a second sweep of the second pair of aerofoils. In
this respect, the sweep defines an angle between a transverse
axis of the aircraft and the leading edge of the aerofoils.
[0050] Inanalternative embodiment of the aircraft, the first
pair of aerofoils and the second pair of aerofoils are connected
by at least one connecting structure. The at least one connect-
ing structure has an elongate form and is oriented parallel to
the elongate fuselage. Furthermore, the at least one connect-
ing structure can have a tail unit.

[0051] Inan alternative embodiment, the first pair of aero-
foils and the second pair of aerofoils are arranged vertically
offset from one another. The vertical direction describes an
axis parallel to the vertical axis or yaw axis of the aircraft and
is oriented vertically, for example, to the transverse axis and
to a longitudinal direction of the aircraft.

[0052] In a further alternative embodiment, the propellers
of the lifting rotors are configured as single-blade propellers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Inthe following, embodiments of the present inven-
tion are described with reference to the accompanying draw-
ings, although neither the drawings nor the description are to
be construed as limiting the scope of the invention.

[0054] FIG. 1is a perspective view of an aircraft according
to the invention with a tandem wing structure.

[0055] FIG. 2 is a plan view of the aircraft from FIG. 1.
[0056] FIG. 3 is a perspective view of an aircraft according
to the invention with forces acting thereon.

[0057] FIG. 4 shows a possible configuration of drives for
an aircraft according to the invention.

[0058] FIG. 51s a plan view of an aircraft according to the
invention with two aerofoils in a swivelled-out state.

[0059] FIG. 6 is a plan view of an aircraft according to the
invention with two aerofoils in a swivelled-in state.
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[0060] FIG.7 is a perspective view of an aircraft according
to the invention with a tandem wing structure in which the
aerofoils are swept.

[0061] FIG. 8 is a plan view of an aircraft according to the
invention with a further tandem wing structure in which the
aerofoils are swept.

[0062] FIG.9is a plan view of an aircraft according to the
invention with six lifting rotors.

[0063] FIG. 101is a plan view of an aircraft according to the
invention with two mutually parallel elongate fuselages and
two pairs of aerofoils on which lifting rotors are fitted.
[0064] FIG. 111isa planview of an aircraft according to the
invention with two pairs of aerofoils and two mutually paral-
lel elongate fuselages on which lifting rotors are fitted.
[0065] FIG. 12 is a perspective view of an aircraft accord-
ing to the invention with a support structure which has two
pairs of aerofoils with different sweeps.

[0066] FIG. 13 is a plan view of an aircraft according to the
invention with a support structure which has two pairs of
aerofoils with different sweeps.

[0067] FIG. 14 1s a plan view of an aircraft according to the
invention in which the fuselage is integrated into the aero-
foils.

[0068] FIG. 151sa plan view of an aircraft according to the
invention with a support structure which has an elongate
fuselage, a pair of aerofoils and lifting rotors attached to
connecting elements.

[0069] FIG.161isa plan view of an aircraft according to the
invention with a support structure which has an elongate
fuselage, a pair of aerofoils and connecting elements which
are arranged in the center of the aerofoils and to which lifting
rotors are attached.

[0070] FIG. 17 is a perspective view of an aircraft with a
support structure which has a fuselage, two pairs of aerofoils
arranged in tandem in the longitudinal direction and two
elongate connecting elements arranged parallel to the longi-
tudinal direction.

[0071] FIG. 18isa perspective view of an elongate nacelle,
attached to an aerofoil, with a single-blade propeller.

[0072] The figures are merely schematic and are not true to
scale. Identical reference signs in the figures identify identical
or identically functioning features.

DESCRIPTION OF ADVANTAGEOUS
EMBODIMENTS OF THE INVENTION

[0073] FIGS.1and2 are aperspective view and a plan view
of an aircraft 1 according to an embodiment of the present
invention.

[0074] In the embodiment shown, the aircraft 1 has a tan-
dem wing structure and, similarly to a quadcopter, one of four
lifting rotors 5, fitted with a propeller 7, is arranged at both
ends of each of the aerofoils 3. The lifting rotors are arranged
on nacelles 6 at the ends of the aerofoils 3.

[0075] The aircraft 1 has a support structure 27 and a wing
structure 15.

[0076] The support structure 27 provides the aircraft 1 with
the necessary mechanical strength, for example, to transfer
forces generated by the lifting rotors 5 or by the aerofoils 3
between individual regions of the aircraft 1. For this purpose,
the support structure 27 has, for example, struts, stringers and
formers which can form, inter alia, an elongate fuselage 13 as
well as supporting parts of the aerofoils 3. The support struc-
ture can also beused to hold a camera system 30, for example,
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[0077] The wing structure 15 forms, inter alia, the plurality
of aerofoils 3 of the aircraft. Each of the aerofoils 3 of the
wing structure 15 has a suitable profile to generate a lifting
force onto the aircraft 1 by dynamic lift during horizontal
motion of the aircraft 1.

[0078] Inthe example shown in FIGS. 1 and 2, the support
structure 27 together with the wing structure 15 is formed as
a tandem wing structure in which an elongate fuselage 13 is
provided having two pairs of aerofoils 3 which are arranged
horizontally in tandem and project transversely at the sides,
approximately at a right angle from the fuselage 13.

[0079] The aerofoils 3 of the wing structure 15 are config-
ured and attached to the fuselage 13 in suitable positions such
that a neutral point of the wing structure 15 relative to a centre
of gravity of the aircraft 1 is in a suitable position for hori-
zontal flight of the aircraft 1. A neutral point of an aerofoil
profile or of a wing structure having a plurality of aerofoil
profiles can be understood as meaning a fixed point with
constant torque in the region of moderate angles ofincidence.

[0080] Tail units 21,23 in the form of flaps or rudders which
can be used as elevators or horizontal tails at high cruising
speeds in the horizontal direction similarly to a conventional
aircraft can also be provided both on the aerofoils of a front
pair of aerofoils 3a and on the aerofoils of a rear pair of
aerofoils 35. Furthermore, a rudder unit or rudder 25 can be
provided on the tail of the fuselage 13.

[0081] Provided at the ends or end regions of each of the
aerofoils 3a, 3b is a respective lifting rotor 5 on a nacelle 6 so
that the total of four lifting rotors 5 are arranged ina common
plane and at the four corners of a virtual square.

[0082] Each of the lifting rotors 5 has a propeller 7 which
can be driven in rotation by a rotor shaft 19 and a motor. The
propeller 7 can be a rigid, preferably integral propeller so that
a lift generated by the lifting rotor 5 can merely be varied by
varying the rotational speed of the propeller 7. Alternatively,
the propeller 7 can be a variable pitch propeller in which
propeller blades 29 can be varied in pitch and, in this manner,
lift generated by the lifting rotor 5 can be varied even at a
constant rotational speed.

[0083] As shown in FIG. 3, each of the lifting rotors 5 is
configured to generate a lifting force F1, F2, F3, F4. In this
respect, the lifting rotors 5 should be positioned and oriented
on the aircraft 1 such that the sum of the lifting forces gener-
ated thereby passes approximately through a center of gravity
of the aircraft 1, particularly when all the lifting rotors 5 are
operated uniformly at the same time. The thrust which can be
generated overall by the lifting rotors 5 should be sufficient to
lift the aircraft 1 and to allow it to hover. Some of the lifting
rotors 5 rotate in opposite directions, as indicated by arrows in
FIG. 3, so that the moments generated by the lifting rotors 5
substantially cancel each other out.

[0084] By varying the lifting forces F1, F2, F3, F4 gener-
ated by the individual lifting rotors 5, it is possible to vary the
magnitude and direction of the total thrust which is generated
overall and which acts on the aircraft 1, and in this manner the
aircraft 1 can ascend or descend, can tilt forwards and back-
wards or to one side, or can rotate about a vertical axis of the
aircraft, thereby making it possible to produce flight move-
ments such as forwards flight, rolling and/or yawing.

[0085] Thus it is possible in principle with the proposed
aircraft 1, similarly to a quadcopter, for all flight movements
to be realized by appropriately controlling the various lifting
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rotors 5. However, an achievable cruising speed at which the
aircraft 1 can move horizontally is restricted here due to
physical effects.

[0086] Therefore, to achieve high cruising speeds, the pro-
posed aircraft 1 is additionally fitted with a thrust drive 9, by
which a thrust F5 acting in the horizontal direction (see FIG.
3) can be produced.

[0087] Intheexampleshown, the thrustdrive 9 is formed by
a thrust propeller 11, driven by an additional motor, and is
arranged on the tail of the fuselage 13. However, the thrust
drive 9 can also use other drive mechanisms, such as a jet
engine. The thrust drive 9 should be adequately configured,
1.e. it should allow adequate output power to enable the air-
craft 1 to accelerate to high cruising speeds of, for example,
up to 800 km/h.

[0088] In the aircraft 1 which has been accelerated by the
thrust drive 9, an increasing dynamic lift is generated on the
profiled aerofoils 3 as the cruising speed increases. This
dynamic 1ift helps to hold the aircraft 1 in the air so that the
lifting forces F1, F2, F3, F4 generated by the lifting rotors 5
can be successively reduced until the aircraft 1 has reached an
adequately high cruising speed in the horizontal direction at
which the total lift for the aircraft required to maintain the
flight altitude is generated by the aerofoils 3.

[0089] Thelifting rotors 5 can be stopped at such a cruising
speed. It is provided in particular to stop the propellers 7 of the
lifting rotors 5 in a position in which they generate the lowest
possible air resistance and in which the lowest possible forces
act on a propeller 7.

[0090] In the example shown, the propellers 7 are fitted
merely with two blades 29 for this purpose, so that the linearly
extending propeller 7 can be oriented with its blades 29 in the
flight direction while cruising and can be stopped in this
orientation. Alternatively, it would also be conceivable to
retract the propeller 7 while cruising or, while cruising, to
lower the propeller 7 or the entire lifting rotor 5, for example
into a nacelle 17 provided on arespective end of an aerofoil to
reduce the flow resistance.

[0091] FIG. 4 shows a possibility of an advantageous
hybrid drive system for an aircraft 1 according to the inven-
tion.

[0092] Here, a main motor 31 is used to drive a thrust
propeller 11. Thus, together with the thrust propeller 11, the
main motor 31 forms the thrust drive 9 to generate the thrust
F5 acting horizontally on the aircraft. The main motor 31 can
be any type of motor capable of allowing sufficient power for
horizontal flight at desired high cruising speeds. For example,
the main motor 31 can be a diesel engine, a petrol engine, a
Wankel engine, a gas turbine, a fuel cell-powered electric
motor, etc.

[0093] Inadditionto the thrust propeller 11, the main motor
31 also drives an electrical generator 33. The generator 33
converts the mechanical drive energy provided by the main
motor 31 into electrical energy and supplies this via lines 35
10 a plurality of electric motors 37. The electric motors 37 are
part of the lifting rotors 5, provided on the ends of the aero-
foils, of the quadrocopter-like aircraft 1. The electric motors
37 can respectively drive the propeller 7 attached thereto via
arotor shaft 19. The torque acting on the propeller 7 and thus
the rotational speed assumed by the propeller 7 can be varied
very precisely and quickly by the electric motor 37. To be able
to electrically power and control the four electric motors 37,
anelectronic power control 39 is provided in the generator 33.
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[0094] As an alternative to the hybrid drive system
described above, the proposed aircraft 1 can also be operated
by other drive systems. For example, the lifting rotors 5 can
also be driven by internal combustion engines. Alternatively,
it is possible to provide a central motor for the entire drive
system and the plurality of lifting rotors can be coupled to this
motor by power transmission shafts, it being optionally pos-
sible for couplings and/or gears to be provided in the associ-
ated drive trains. A lift to be generated by a lifting rotor 5 can
be varied by changing the rotational speed and/or by changing
an adjustable pitch of the propeller blades of the lifting rotor.
Each of the lifting rotors 5 can also be driven by a separate
electric motor, it being possible for the electric motors them-
selves to be driven by a main motor.

[0095] The described drive possibilities, such as the hybrid
drive system, can be combined with all the embodiments
described above and below. This is possible because in the
described embodiments, at least one thrust drive 9 and at least
three lifting rotors 5 are always provided.

[0096] FIG.51isa plan view of the aircraft 1 with a support
structure 27 which has two aerofoils 3 which are swivellable
relative to one another. In the configuration shown, the air-
craft 1 is in a hover flight state 40 in which the aerofoils 3 are
ina swivelled-out state. The aerofoils 3 are mounted such that
they can swivel or rotate about a rotational axis 42. The
rotational axis 42 is arranged, for example, parallel to the
vertical axis and/or yaw axis of the aircraft 1 and passes
through the elongate fuselage 13 of the aircraft 1. In a plan
view, the aerofoils 3 respectively project beyond the elongate
fuselage 13 so that the two aerofoils 3 intersect in the region
of the rotational axis 42. In other words, the left aerofoil
extends beyond the elongate fuselage 13 on the right-hand
side of the aircraft 1 and the right aerofoil extends beyond the
elongate fuselage 13 on the left-hand side of the aircraft 1. In
this respect, itis to be borne in mind that the left aerofoil of the
fuselage 13 means the aerofoil positioned on the left-hand
side in the direction of flight, the direction of flight describing
the horizontal direction in which the thrust of the thrust drive
9 acts with the thrust propeller 11. Analogously, the right
aerofoil of the fuselage 13 means the aerofoil positioned on
the right-hand side in the direction of flight. The part of the
left aerofoil projecting on the right-hand side of the fuselage
13 can be smaller in terms of area than the part of the left
aerofoil located on the left-hand side of the fuselage 13.
Analogously, the part of the right aerofoil projecting on the
left-hand side of the fuselage 13 can be smaller in terms of
area than the part of the right aerofoil located on the right-
hand side of the fuselage 13.

[0097] A wingleading edge 45 or aerofoil leading edge can
be arranged inclined at a predetermined sweep angle ¢ to a
transverse axis 60 of the elongate fuselage 13. A person
skilled in aircraft construction understands a transverse axis
60 as meaning an axis oriented vertically to the longitudinal
direction 50 of the fuselage 13 and to the vertical axis of the
aircraft. The sweep angle ¢ is measured, for example,
between the transverse axis 60 of the fuselage 13 and the
leading edge 45 of the aerofoil 3. The sweep of the aerofoils
3 or the sweep angle ¢ can be adapted, for example, to the
flight speed of the aircraft 1 during horizontal flight. For this
purpose, during the transition from a hover flight state 40 to a
cruising state, which will be described in detail below, the
sweep angle ¢ can be continuously reduced. The arrows 44
show the movement of the aerofoils 3 during the transition
from a hover flight state 40 into the cruising state, i.e. from the
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swivelled-out state into a swivelled-in state. A locking of the
aerofoils 3 in a particular sweep can be provided by an appro-
priate locking device for the aerofoils 3. The transverse direc-
tion 60 of the elongate fuselage 13 can be oriented vertically
to the rotational axis 42 and/or vertically to the horizontal
direction. The horizontal direction is, for example, parallel to
the longitudinal direction 50 of the elongate fuselage 13 of the
aircraft 1. The swivellable aerofoils each have two lifting
rotors 5, each of the lifting rotors 5 having a propeller 7. In the
swivelled-out state, the lifting rotors 5 are positioned and
oriented on the aircraft 1 such that the sum of the lifting forces
generated thereby passes approximately through the center of
gravity of the aircraft 1, particularly when all the lifting rotors
5 are operated uniformly at the same time. This allows a hover
flight state 40 in which the aircraft 1 does not move, or moves
only slightly, in the horizontal direction. For example, a lift-
ing rotor 5 of the left aerofoil is fitted on the left-hand side of
the fuselage 13 and a further lifting rotor 5 is fitted on the part
of the left aerofoil projecting on the right-hand side of the
fuselage 13. Analogously, a lifting rotor 5 of the right aerofoil
1s fitted on the right-hand side of the fuselage 13 and a further
lifting rotor 5 is fitted on the part of the right aerofoil project-
ing on the left-hand side of the fuselage 13. During the tran-
sition from the hover flight state 40 to the cruising state, the
rotational speed of the propellers 7 of the lifting rotors 5 can
be continuously decelerated so that they are finally stationary
in the cruising state.

[0098] FIG. 6 is a plan view of the aircraft 1 with a support
structure 27 which has two aerofoils 3 which are swivellable
relative to one another. In the configuration shown, the air-
craft 1is inthe cruising state 41 in which the aerofoils 3 are in
a swivelled-in state. In the cruising state 41, the sweep angle
¢ 1s smaller than in the hover flight state 40. In the swivelled-
in state, the leading edge 45 of the left aerofoil can be oriented
to align with the leading edge of the part of the right aerofoil
projecting over the fuselage 13. Analogously, in the swiv-
elled-in state, the leading edge 45 of the right aerofoil can be
oriented to align with the leading edge of the part of the left
aerofoil projecting over the fuselage 13. In the swivelled-in
state, the propellers 7 of the lifting rotors 5 are stationary and
are oriented such that, in the cruising state 41, they generate
the lowest possible air resistance. For example, the elongate
propellers 7 are then oriented in their longitudinal direction
parallel to the horizontal direction or longitudinal direction
50 of the fuselage 13.

[0099] Thesweep angle ¢ of the aerofoils 3 can be between
0 degrees and 90 degrees both in the swivelled-out state and in
the swivelled-in state. A positive sweep is defined by a sweep
angle ¢ of morethan 0 degrees. A negative sweep is defined by
asweep angle ¢ of less than 0 degrees. [f the sweep angle ¢ is
equal to 0 degrees, there is no sweep. In the aircraft 1 accord-
ing to the invention, both positive and negative sweeps of the
aerofoils 3 are possible. The aerofoils 3 can also be unswept.
A positive sweep and a negative sweep can be provided in all
embodiments described above and below.

[0100] FIG.7 is a perspective view of the aircraft 1 with a
tandem wing structure. In this respect, the elongate fuselage
13 and two pairs of aerofoils 3, arranged horizontally in
tandem and projecting from the fuselage 13, are formed. The
first pair of aerofoils 3¢ has a negative sweep with a sweep
angle ¢ of between 0 and -90 degrees and the second pair of
aerofoils 34 has a positive sweep with a sweep angle ¢ of
between 0 and 90 degrees. In the embodiment shown, the first
pair of aerofoils 3a is arranged in front of the second pair of
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aerofoils 3, bearing in mind the flight direction, so thata plan
view of the aircraft 1 gives the impression of an x-shaped
arrangement of the first pair of aerofoils 3a and of the second
pair of aerofoils 3. The first pair of aerofoils 3a and the
second pair of aerofoils 35 are interconnected by connecting
structures 46. In this respect, the right aerofoil of the first pair
of aerofoils 3a is connected to the right aerofoil of the second
pair of aerofoils 34 by a connecting structure 46. Analo-
gously, the left aerofoil of the first pair of aerofoils 3a is
connected to the left aerofoil of the second pair of aerofoils 35
by a further connecting structure 46. Thus, two connecting
structures 46 are preferably provided, but it is possible to
provide any number of connecting structures 46. One con-
necting structure 46 can be attached, for example, to one end
of the left aerofoil of the first pair of aerofoils 3a and another
connecting structure 46 can be attached, for example, to one
end of the right aerofoil of the first pair of aerofoils 3a. The
connecting structures 46 can have an elongate form and can
be oriented parallel to the longitudinal direction 50 of the
fuselage 13. The connecting structures 46 can also be inter-
connected by a tail unit 23. The tail unit 23 is, for example, a
rudder unit or a horizontal tail or a combination of rudder unit
and horizontal tail. The connecting structures 46 can be
arranged such that the aerofoils of the second pair of aerofoils
3b intersect the connecting structures 46 and the aerofoils of
the first pair of aerofoils 34 end in the connecting structures
46. Furthermore, the connecting structures 46 can have lifting
rotors 5 with propellers 7. In this case, two lifting rotors 5 are
attached in each case to both connecting structures 46. The
lifting rotors 5 are positioned and oriented on the aircraft 1
such that the sum of the lifting forces generated thereby
passes approximately through the center of gravity of the
aircraft 1, particularly when all the lifting rotors 5 are oper-
ated uniformly at the same time. A respective lifting rotor 5 is
attached to the connecting structures 46 in the region of the
first pair of aerofoils 3a and a respective lifting rotor 5 is
attached to the connecting structures 46 in the region of the
second pair of aerofoils 3b. Due to the arrangement of the
lifting rotors 5, the aircraft 1 can be brought into a hover flight
state 40. Bearing in mind the flight direction of the aircraft 1,
the connecting structures 46 can project to beyond the thrust
drive 9 fitted to the fuselage 13, where the two connecting
structures 46 are interconnected by the tail unit 23. Thus, the
connecting structures 46 oriented in the longitudinal direction
50 are interconnected by the first pair of aerofoils 3a, by the
second pair of aerofoils 35 and by the tail unit 23. The con-
necting structures 46 thus have no direct contact with the
fuselage 13, but are connected thereto via the pairs of aero-
foils.

[0101] FIG.8isaplanview ofaconfiguration of the aircraft
1 in which the first pair of aerofoils 3a is arranged in front of
the second pair of aerofoils 35, bearing in mind the flight
direction. The first pair of aerofoils 3a has a positive sweep
and the second pair of aerofoils 35 has a negative sweep, so
that the plan view gives the impression of an o-shaped
arrangement of the first pair of aerofoils 3a and of the second
pair of aerofoils 35 when the ends of each of the aerofoils are
interconnected by connecting structures 46. Thus, all the
aerofoils 3 are connected at their ends to connecting struc-
tures 46, so that two connecting structures 46 are oriented
parallel to the longitudinal direction 50 of the fuselage 13. A
first connecting structure 46 connects the right aerofoils of the
first pair and of the second pair of aerofoils 3a, 3b, and a
second connecting structure 46 connects the left aerofoils of
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the first pair and of the second pair of aerofoils 3a, 35. The
aerofoils can also each have tail units 23 and/or high lift
systems, such as landing flaps. The two connecting structures
can each have two ends on which a respective lifting rotor 5 is
arranged. The four lifting rotors 5 are positioned and oriented
on the aircraft 1 such that the sum of the lifting forces gener-
ated thereby passes approximately through the center of grav-
ity of the aircraft 1, particularly when all the lifting rotors 5
are operated uniformly at the same time, so thata hover flight
state 40 of the aircraft 1 is possible.

[0102] FIG.9isaplanview ofa configuration of the aircraft
1 withsix lifting rotors 5. For this purpose, the aircraft has one
pair of aerofoils 3 and two connecting structures 46, the
connecting structures 46 being oriented parallel to the trans-
verse axis 60 of the aircraft. Based on the flight direction of
the aircraft 1, the connecting structures 46 are arranged offset
relative to one another so that one connecting structure 46 is
arranged in front of the aerofoils 3 and one connecting struc-
ture 46 is arranged behind the aerofoils 3. The connecting
structures 46 can be provided, for example, with a profile
which generates dynamic lift, so that the transverse arrange-
ment of the connecting structures 46 provides the advantage
of generating a lift by the connecting structures 46 in addition
1o the aerofoils 3. The lifting rotors 5 are attached to the
respective ends of the connecting structures 46 and aerofoils
3 oriented parallel to the transverse axis 60. The six lifting
rotors 5 are positioned and oriented such that the sum of the
lifting forces generated thereby passes approximately
through the center of gravity of the aircraft 1, particularly
when all the lifting rotors 5 are operated uniformly at the same
time. As a result, the aircraft 1 can hover 40. A thrust drive 9
can be provided on the tail for the propulsion of the aircraft 1
in the cruising state 41. It can also be provided that the two
connecting structures 46 are interconnected at their ends in
each case by two further connecting elements 47, in which
case the two further connecting elements 47 are oriented
parallel to the longitudinal axis 50 of the elongate fuselage 13
and vertically to the two connecting structures 46.

[0103] FIG. 10 is a plan view of an aircraft 1 which has a
support structure 27 with two mutually parallel elongate fuse-
lages 13 and two pairs of aerofoils 3a, 3b, at the ends of which
1s attached a respective nacelle 6 with a respective lifting rotor
5. The required lift can be generated by the lifting rotors 5 in
ahover flight state 40. The first pair of aerofoils 3a is arranged
in front of the second pair of aerofoils 35, bearing in mind the
flight direction of the aircraft 1. Furthermore, provided
between the two fuselages 13 are two aerofoils 3¢, 3d which
are arranged offset relative to one another in the flight direc-
tion and which interconnect the two fuselages 13. Like the
wo pairs of aerofoils 3a, 3b, the aerofoils 3¢, 3d arranged
between the fuselage 13 can have a profile which generates a
dynamic lift. All the aerofoils of the aircraft 1 can be unswept
in this case, i.e. they do not have a sweep. A thrust drive 9 for
generating the propulsion of the aircraft 1 in the cruising state
41 can be attached to each of the two elongate fuselages 13 in
the rear region of the fuselage 13, i.e. on the tail, based on the
flight direction. This means that one thrust drive 9 can be
provided on the tail on each of the two fuselages 13, so that the
configuration shown here has two thrust drives 9. High lift
systems, for example landing flaps, can be provided on both
pairs of aerofoils 3a, 35.

[0104] FIG. 11 is a plan view of an aircraft 1 which has a
support structure 27 with two mutually parallel elongate fuse-
lages 13 and two pairs of aerofoils 3a, 3b. Furthermore, two
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aerofoils 3¢, 34, arranged offset relative to one another in the
flight direction are provided between the two fuselages 13 and
they interconnect the two fuselages 13. Like the two pairs of
aerofoils 3a, 35, the aerofoils 3¢, 34 arranged between the
fuselage 13 can also have a profile which generates a dynamic
lift. Each of the two elongate fuselages 13 has two lifting
rotors 5 arranged offset to one another along the longitudinal
axis 50 of a fuselage 13. For example, a respective lifting rotor
5 is attached to each end of the elongate fuselage 13. Thus,
overall, four lifting rotors 5 can be provided on the aircraft 1
which generate lift in a hover flight state 40. It is possible to
provide on one of the two aerofoils 3¢, 3d arranged between
the fuselage 13 a thrust drive 9 which generates a thrust in the
cruising state. The thrust drive 9 is preferably arranged in the
rear region, based on the flight direction, i.e. between the two
tails of the fuselages 13 of the aircraft 1 on aerofoil 3d. In this
respect, the thrust drive 9 is arranged centrally between the
two fuselages 13 to transfer the propulsion as uniformly as
possible onto the aircraft 1.

[0105] FIG. 12 is a perspective view of an aircraft 1 with a
support structure 27 which has two pairs of aerofoils 3a, 35,
each of the two pairs of aerofoils 3a, 36 having a different
sweep. The front pair of aerofoils 3a, based on the flight
direction, has a negative sweep and the rear pair of aerofoils
3bhas apositive sweep so that a plan view, as in FIG. 13, gives
the impression of an x-shaped arrangement of the aerofoils
3a, 3b. However, it is pointed out that the two pairs of aero-
foils 3a, 36 do not necessarily have to have the same wingspan
or aspect ratio. For example, the rear pair of aerofoils 35 has
a greater wingspan than the front pair of aerofoils 3a to thus
achieve a higher aerodynamic efficiency. Likewise, the wing
area of the rear pair of aerofoils 35 can be greater than that of
the front pair of aerofoils 3@ and vice versa. A nacelle 6 with
arespective lifting rotor 5 can be attached to the ends of each
aerofoil 3a, 34 so that when all the lifting rotors 5 are operated
uniformly at the same time, the lifting forces generated
thereby pass approximately through the center of gravity of
the aircraft 1. However, the nacelles 6 with the lifting rotors 5
do not necessarily have to be arranged at the ends of the pairs
of aerofoils 3a, 3b. They can be provided in any position on or
under the pairs of aerofoils 3a, 35, for example also in the
vicinity of the fuselage. Furthermore, the support structure 27
has an elongate fuselage 13 to which the two pairs of aerofoils
3a, 3b are attached so that the lift required for a hover flight
state 40 can be generated. A thrust drive 9 is attached in the tail
region of the aircraft 1 to generate propulsion in a cruising
state 41. The aerofoils 3a, 35 can be attached in the upper
region of the fuselage 13, based on a vertical axis or yaw axis
ofthe aircraft 1, so that during ground operation of the aircraft
1, a relatively great distance is provided between the ground
and the aerofoils 3a, 3. As a result, the lifting rotors 5 can
also be arranged under the aerofoils 3a, 3b. The aerofoils 3a,
3b can also be oriented anhedrally. A person skilled in aircraft
construction understands the term “anhedrally” as meaning a
negative V position of aerofoils 3¢, 35 when viewed in the
longitudinal direction 50 of the fuselage 13 or in the flight
direction. This means that the aerofoils 3a, 356 are lowered
from the fuselage 13 to their ends based on the vertical axis of
the aircraft 1. The maneuverability in particular of the aircraft
1 can be increased by a negative V position. Both anegative V
position and a positive V position of the aerofoils can be
provided in all the embodiments described above and below.
In the positive V position, the aerofoils 3 ascend from the
fuselage 13 to their ends based on the vertical axis of the
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aircraft 1 so that a view in the longitudinal direction 50 gives
the impression ofa V shape of the aerofoils 3. It is possible for
the front pair of aerofoils 3a to have a different wingspan
compared to the rear pair of aerofoils 3b. Consequently, a
greater aerodynamic effectiveness can be achieved with a
suitable arrangement of the aerofoils. For example, the front
pair of aerofoils 3a has a smaller wingspan than the rear pair
of aerofoils 3b. Furthermore, the front pair of aerofoils 3a can
be provided on the fuselage 13 at a different height along the
vertical axis of the aircraft 1. For example, the front pair of
aerofoils 3a is arranged higher on the fuselage 13 with respect
to the vertical axis than the rear pair of aerofoils 35, as a result
of which with a possible separation of the flow on the front
pair of aerofoils 35, the rear pair of aerofoils 35 continues to
generate lift so that the aircraft 1 is able to perform an aero-
dynamically or mechanically stable flight.

[0106] In all the embodiments with a tandem wing struc-
ture, i.e. with two pairs of aerofoils, the first pair of aerofoils
3a and the second pair of aerofoils can have a different wing
area. A person skilled in aircraft construction understands
“wing area” as meaning the area which is described by the
wing outline, for example in a plan view.

[0107] FIG. 14 is a plan view of an aircraft 1 in which the
fuselage 13 simultaneously forms the aerofoils 3. This means
that the fuselage 1 is integrated into the aerofoils 3. This type
of configuration is also known as a flying wing configuration.
Ina plan view of the aircraft 1, the fuselage 13 or the aerofoils
3 have a delta shape or triangular shape. In other words, the
trailing edge sweep of the aerofoils 3 is significantly smaller
than the leading edge sweep. It is possible to provide on the
fuselage 13 or on the aerofoils 3 four lifting rotors 5 which are
arranged such that the aircraft 1 can be brought into a hover
flight state 40. In this respect, one lifting rotor 5 is attached to
a front point and one lifting rotor 5 is attached to a rear edge
ofthe fuselage 13. Two further lifting rotors 5 are respectively
attached to the two ends of the aerofoils in a wingspan direc-
tion of the aerofoils 3 or in a transverse direction 60 to the
flight direction. To keep the aircraft 1 balanced during the
hover flight state 40, the lifting rotors 5 can be operated at
different intensities. In other words, the thrust of each lifting
rotor 5 can be adjusted individually so that in addition to
allowing a balanced state during hover flight, a tilting of the
aircraft 1, for example about the longitudinal direction 50 or
about a transverse axis 60 of the aircraft 1, is also possible.
Furthermore, a respective thrust drive 9 can be provided on
each of the aerofoils 3, said thrust drives 9 being attached to
the respective leading edges of the aerofoils 3. However, the
thrust drives 9 can also be attached to the respective trailing
edges of the aerofoils 3. In any case, the thrust drives 9 are
arranged such that propulsion is generated in the longitudinal
direction 50 of the aircraft 1.

[0108] FIG.151s a plan view of an aircraft 1 with a support
structure 27, the support structure 27 having an elongate
fuselage 13, a pair of aerofoils 3 and connecting elements 47.
The connecting elements 47 are fitted, for example as bar-
shaped elements or beam-shaped elements, to the ends of the
aerofoils 3 of the pair of aerofoils 3 and are oriented parallel
to the longitudinal direction 50 or parallel to the elongate
fuselage 13 of the aircraft 1. Two lifting rotors 5 are respec-
tively attached, offset relative to one another in the longitu-
dinal direction 50, to the connecting elements 47, i.e. to the
bar-shaped elements. Four lifting rotors 5 thereby generate
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the corresponding lift for ahover flight state 40. A thrust drive
9 for the propulsion of the aircraft 1 while cruising 41 is
attached to the fuselage 13.

[0109] Asshown in FIG. 16, instead of being attached to the
ends of the aerofoils 3, the connecting elements 47 can also be
attached to approximately the center of each of the aerofoils
3. In other words, a first connecting element 47 is attached, for
example, parallel to the longitudinal direction 50 or parallel to
the elongate fuselage 13 approximately centrally between the
fuselage 13 and the end of the first aerofoil of the pair of
aerofoils 3 such that a first end of the first connecting element
47 projects beyond the leading edge of the first acrofoil 3 and
a second end of the first connecting element 47 projects
beyond the trailing edge of the first aerofoil 3. Correspond-
ingly, a second connecting element 47 is attached parallel to
the longitudinal direction 50 or parallel to the elongate fuse-
lage 13 approximately centrally between the fuselage 13 and
the end of the second aerofoil 3 of the pair of aerofoils 3 such
that a first end of the second connecting element 47 projects
beyond the leading edge of the second aerofoil 3 and a second
end of the second connecting element 47 projects beyond the
trailing edge of the second aerofoil 3. Two lifting rotors 5 are
respectively attached, being offset relative to one another in
the longitudinal direction 50, to the connecting elements 47,
i.e. to the bar-shaped or beam-shaped elements. These lifting
rotors 5 are attached, for example, to the respective ends,
projecting beyond the aerofoils 3, of the two connecting ele-
ments 47 so that the lifting rotors 5 are not located above the
aerofoils 3, but they project beyond them along the longitu-
dinal direction 50 of the fuselage 13. The region above the
aerofoils 3 describes the region over the acrofoils 3 in respect
of the vertical axis usually used in aircraft construction.

[0110] FIG. 17 is a perspective view of an aircraft 1 with a
support structure 27, comprising a fuselage 13, two pairs of
aerofoils 3a, 3b arranged in tandem in the longitudinal direc-
tion 50, and two elongate or bar-shaped connecting elements
47 arranged parallel to the longitudinal direction 50. The pair
of aerofoils 3a attached in the front region of the elongate
fuselage 13 with respect to the flight direction or the longitu-
dinal direction 50 has a positive sweep, whereas the pair of
aerofoils 35 attached in the rear region of the elongate fuse-
lage 13 does not have a sweep or has a smaller sweep com-
pared to the sweep of the pair of acrofoils 3a attached in the
front region of the elongate fuselage 13. For example, the
sweep of the first pair of aerofoils 34 is between 20 and 30
degrees. The pairs of aerofoils 3a, 35 can be attached to the
fuselage 13 at different heights with respect to the vertical
axis of the aircraft 1. In other words, this means that to an
observer who is looking in the longitudinal direction 50 or in
the flight direction of the aircraft 1, the first pair of aerofoils
3a is arranged under the second pair of aerofoils 34. The
aerofoils of the two pairs of aerofoils 3a, 3 are thus arranged
offset along the vertical axis of the aircraft 1. Four connecting
elements 47 are attached to the respective ends of the aero-
foils 3a, 35, which connecting elements extend parallel to the
longitudinal direction 50 of the fuselage 13. Since the aero-
foils 3a, 35 are attached to the fuselage 13 at different heights
along the vertical axis on a first side of the fuselage, for
example on the left fuselage side, the connecting elements 47
which are attached to the ends of the aerofoils 3a, 356 on the
left fuselage side are also located at different heights. In this
respect, a connecting piece 48 can be provided which inter-
connects the connecting elements 47 on one side of the fuse-
lage. The connecting piece 48 can be a plate-shaped or disc-
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shaped component which comprises a tail unit 23 in
particular, such as the rudder unit of the aircraft 1. The height
difference between the two pairs of aerofoils 3a, 3b, which
results in respect of the vertical axis, can be bridged by the
provision of the connecting piece 48 to accommodate the
rudder unit. Lifting rotors 5 are again respectively provided
on the connecting elements 47. One lifting rotor 5 is attached
to each of the four connecting elements 47. Two lifting rotors
5, offset relative to one another in the longitudinal direction
50, are thus positioned and oriented on both sides of the
elongate fuselage 13 such that a sum of the lifting forces
generated by the lifting rotors passes approximately through
a center of gravity of the aircraft 1, particularly when all the
lifting rotors 5 are operated uniformly at the same time.
Furthermore, a thrust drive 9 to generate the propulsion of the
aircraft 11is provided in the tail region of the elongate fuselage
13.

[0111] FIG. 181is a perspective view of an elongate nacelle
6 with a single-blade propeller 7a. This view also shows a
rotational direction 70 of the single-blade propeller 7a. The
single-blade propeller 7a has on an end projecting beyond its
rotor shaft 19 a weight 756 which acts as a counter-weight to
the single-blade propeller. Thus, the single-blade propeller 7a
has a first portion between the weight 75 and the rotor shaft 19
and a second portion between the end of the blade of the
single-blade propeller 7a and the rotor shaft 19. Both portions
of the single-blade propeller 7a are therefore on different
sides of the rotor shaft 19. The length of the first portion of the
single-blade propeller 7a measures, for example, between a
quarter and a third of the overall length of the single-blade
propeller 7a, whereas the length of the second portion of the
single-blade propeller 7a measures between two-thirds and
three-quarters of the overall length of the single-blade pro-
peller 7a. The single-blade propeller 7a can be, for example,
part of a lifting rotor 5 of the aircraft 1 which contributes
towards the lift of the aircraft 1 for a hover flight state 40. The
single-blade propeller 7a can be brought into a parallel ori-
entation to the elongate nacelle 6 for a cruising state 41, so
that when stationary, the single-blade propeller 7a is oriented
substantially parallel to the flight direction or to the longitu-
dinal direction 50 of the aircraft 1. The single-blade propeller
7a and the nacelle 6 are then oriented in alignment with one
another, which reduces the air resistance while the aircraft 1
is cruising. In turn, the nacelle 6 can be attached to one end of
anaerofoil 3. In a cruising state, the lift can be generated by an
aerofoil 3 provided with a profile which generates a dynamic
lift. Propulsion is ensured by a thrust drive not shown in FIG.
18. The single-blade propeller 7a shown in FIG. 18 can be
used in all the previously described embodiments, for
example as part of a lifting rotor 5.

[0112] Two propellers can also be arranged one above the
other. This applies to single-blade propellers and to double-
blade propellers or multi-blade propellers. During hover
flight, the lower propeller can rotate, for example, in the same
and/or in the opposite rotational direction as the upper pro-
peller. The angular momentum can be reduced by an opposite
rotational direction. Two superimposed propellers each with
its own motor can also be provided, thereby making it pos-
sible to increase redundancy and thus safety. If one motor
fails, the aircraft 1 could continue to hover. In a further
embodiment, it can be provided that the propellers can be
stowed behind an aerodynamic casing, for example by mov-
ing into the nacelle 6, so that the resistance can be further
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reduced. For this purpose, for example, flaps can be provided
on the nacelles 6 which can be closed after the propeller has
moved into the nacelles 6.

[0113] In a further embodiment, the propeller can be
mounted in an articulated manner. This can be advantageous
particularly during forwards flight of the aircraft 1, since
rolling moments due to an asymmetrical flow on the propel-
lers are not transferred thereby onto the aircraft 1. Further-
more, bending moments arising in the propeller blade would
stress the motor hub to a lesser extent, because the bending
moments would remain in the blade. This applies both to a
double-blade propeller and to a single-blade propeller.
[0114] Embodiments of the proposed aircraft 1 can be con-
figured with a very lightweight structure, particularly com-
pared to conventional aircraft capable of vertical take-off, and
at the same time they can allow high cruising speeds. The
multicopter-like configuration with a plurality of lifting
rotors can allow a simple and efficient hover flight mode.
Furthermore, it is easily possible to change from a vertical to
a horizontal flight mode. The controls and control algorithms
proposed for this purpose can be configured relatively simply.
The proposed aircraft concept can be implemented with
simple, economical and robust drive motors and power trans-
mission mechanisms. For example, the lifting rotors can be
operated by simple electric motors, only the speed of which
has to be controlled, The thrust drive can be driven by any type
of simple motor and, compared to conventional aircraft, can
have a substantially lower power, since in particular the hori-
zontal maximum thrusts required for the take-off of an air-
craft do not have to be delivered. Overall, the proposed air-
craft can have a high payload capacity.

1-24. (canceled)

25. An aircraft, comprising;

a suppotrt structure;

a wing structure;

at least three lifting rotors; and

at least one thrust drive;

wherein the wing structure is attached to the support struc-

ture or is part of the support structure,

wherein the wing structure is configured to generate a

lifting force for the aircraft during horizontal motion of
the aircraft using at least one aerofoil which is provided
with a profile generating a dynamic lift,

wherein each of the at least three lifting rotors is attached to

the support structure, has a propeller and is configured to
rotate the propeller to generate a lifting force, acting in
the vertical direction, for the aircraft,

wherein the propeller of each of the at least three lifting

rotors has exactly two propeller blades, and

wherein the at least one thrust drive is configured to gen-

erate a thrust force, acting in the horizontal direction, on
the support structure.

26. The aircraft according to claim 25, wherein the support
structure, together with the wing structure, is configured as a
tandem wing structure with an elongate fuselage and two
pairs, arranged horizontally in tandem, of aerofoils which
project transversely from the fuselage.

27. The aircraft according to claim 26, wherein one of the
at least three lifting rotors s respectively arranged on each of
the at least one aerofoil.

28. The aircraft according to claim 26, further comprising
a nacelle, arranged on each of the at least one aerofoil, on
which one of the at least three lifting rotors is respectively
arranged.
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29. The aircraft according to claim 26, wherein a tail unit is
arranged on each of the aerofoils.

30. The aircraft according to claim 25, wherein the at least
three lifting rotors are configured such that a plane of rotation
in which the propeller blades of a respective lifting rotor
rotate is stationary relative to a motor-driven rotor shaft of the
respective lifting rotor.

31. The aircraft according to claim 30, wherein the propel-
ler blades of the respective lifting rotor are rigidly connected
1o the motor-driven rotor shaft.

32. Aircraft according to claim 30, wherein the propeller
blades of the respective lifting rotor are swivelably connected
to the motor-driven rotor shaft such that a pitch of the propel-
ler blades can be varied.

33. The aircraft according claim 25, having at least four
lifting rotors.

34. The aircraft according to claim 25, wherein the sum of
the lifting forces which can be generated by the at least three
lifting rotors passes substantially through a center of gravity
of the aircraft; and

wherein a neutral point of the wing structure relative to the

center of gravity of the aircraft can be suitably posi-
tioned for a horizontal flight.

35. The aircraft according to claim 25, wherein the at least
three lifting rotors are each configured to stop respective
propeller blades of a respective lifting rotor in a position
relative to the support structure.

36. The Aircraft according to claim 25, wherein the at least
three lifting rotors and the thrust drive are driven by motors
which are controllable independently of one another.

37. The aircraft according to claim 25, wherein each of the
at least three lifting rotors is driven by an electric motor.

38. The aircraft according to claim 37, wherein the thrust
drive is driven by an internal combustion engine and the
internal combustion engine is coupled to a generator to pro-
vide electrical energy to the electric motors of the at least
three lifting rotors.
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39. The aircraft according to claim 25, wherein the at least
one aerofoil is attached to the support structure such that it is
swivelable about a rotational axis.

40. The aircraft according to claim 39, wherein a second
aerofoil is attached to the support structure such that it is
swivelable about the rotational axis, and wherein the at least
one aerofoil and the second aerofoil are in a swivelled-out
state for hover flight.

41. The aircraft according to claim 40, wherein the at least
one aerofoil and the second aerofoil are in a swivelled-in state
for cruising in which leading edges of the aerofoils are ori-
ented in alignment with one another.

42. The aircraft according to claim 25, wherein the support
structure together with the wing structure is configured as a
tandem wing structure with an elongate fuselage and two
pairs of aerofoils which are arranged horizontally in tandem
and project from the fuselage.

43. The aircraft according to claim 42, wherein the first pair
of aerofoils has a first sweep which differs from a second
sweep of the second pair of aerofoils.

44. The aircraft according to claim 42, wherein the first pair
of aerofoils and the second pair of aerofoils are connected by
at least one connecting structure.

45, The aircraft according to claim 44, wherein the at least
one connecting structure has an elongate form and is oriented
parallel to the elongate fuselage, and wherein the at least one
connecting structure has a tail unit.

46. The aircraft according to claim 42, wherein the first pair
of aerofoils and the second pair of aerofoils are arranged
offset relative to one another in a vertical direction.

47. The aircraft according to claim 25, wherein the propel-
lers of the lifting rotors are configured as single-blade pro-
pellers.
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Multiple propeller blades may be joined by tip connectors to
form a closed propeller apparatus. The tip connectors may
create continuous structure between adjacent tips of a first
propeller and a second propeller. Use of the tip connectors

. may reduce vortices created near the tips of the propeller

(21)  Appl. No.: 14/973,610 blades, which cause drag and slow the rotation of the

(22) Filed: Dec. 17. 2015 propeller blades. The tip connectors may also reduce noise
: .17,

caused by rotation of propeller blades. Further, the tip
connectors reduce or eliminate deflection of the propeller

Publication Classification blades by creating a support structure to counteract forces

(51) Int. CL that would otherwise cause deflection of the propeller
B64C 11/48 (2006.01) blades, thereby improving propeller blade loading. In some
B64C 39/02 (2006.01) embodiments, the tip connectors may be formed of a mal-
B64C 1130 (2006.01) leable material and/or include one or more joints that enable
B64C 27/46 (2006.01) at least one of the propellers to modify a pitch of blades of
B64C 27/14 (2006.01) the propeller.
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REDUNDANT AIRCRAFT PROPULSION
SYSTEM USING CO-ROTATING
PROPELLERS JOINED BY TIP
CONNECTORS

BACKGROUND

[0001] Conventional rotor-craft sometimes use multiple
propellers (i.e., rotors) that are sometimes symmetrically
located relative to a center of mass of the aircraft. Each
propeller is coupled to a different drive shaft and powered by
a different single motor using an electronic speed control
(ESC), which controls the rotational speed of the motor, and
thus the rotational speed of the propeller. Some rotor-crafts
have four, six, eight, or more propellers.

[0002] When many propellers are used for propulsion of a
rotor-craft, the rotor-craft may have some level or redun-
dancy in case of failure of a motor or damage to a propeller.
For example, an octocopter may continue controlled flight in
the event of a failure of one of the motors that drive a
particular propeller or damage to the particular propeller
because the other seven propellers can typically maintain
flight of the octocopter even when one propeller is no longer
completely functional. However, rotor-craft having fewer
propellers may not be able to maintain controlled flight in
the event of a failure of a motor or damage to a propeller.
[0003] Propeller blades, like wings, create vortices during
rotation of the propeller blades. The vortices create drag,
which slows the propeller and causes inefficiency. In addi-
tion, propeller blades often create undesirable noise during
operation at high rotational speeds at least partly due to
airflow about the tips of blades of the propeller. When
heavily loaded, propeller blades may deflect, which may
reduce some efficiency of the propellers, and may even
result in failure of the propeller if the deflection compro-
mises the structural integrity of the propeller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The detailed description is described with refer-
ence to the accompanying figures. In the figures, the left-
most digit(s) of a reference number identifies the figure in
which the reference number first appears. The same refer-
ence numbers in different figures indicate similar or identical
items.

[0005] FIG. 1A is a perspective view of an illustrative
redundant aircraft propulsion system using multiple motors
to drive a single shaft coupled to a propeller.

[0006] FIG. 1B is an exploded perspective view of the
illustrative redundant aircraft propulsion system shown in
FIG. 1.

[0007] FIG. 2 is a perspective view of an illustrative
redundant aircraft propulsion system using stacked multiple
motors to drive a single shaft coupled to a propeller.
[0008] FIG. 3 is a perspective view of an illustrative
redundant aircraft propulsion system using multiple motors
that rotate cogwheels that engage a cogwheel on a shaft
coupled to a propeller.

[0009] FIG. 4 is a flow diagram of illustrative operation of
powering the motors of the redundant aircraft propulsion
system in response to detecting a failure of a motor.
[0010] FIG. 5A is a perspective view of an illustrative
redundant aircraft propulsion system using multiple motors
to drive a single shaft coupled to an illustrative closed
propeller apparatus.
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[0011] FIG. 5B is a side elevation view of the redundant
aircraft propulsion system shown in FIG. 5A. The motors are
positioned on opposite sides of the closed propeller appa-
ratus.

[0012] FIG. 6 is a side elevation view of a redundant
aircraft propulsion system having a single motor.

[0013] FIG. 7 is a side elevation view of a redundant
aircraft propulsion system having motors positioned
between the propellers.

[0014] FIG. 8 is a side elevation view of a redundant
aircraft propulsion system having a single motor positioned
between the propellers.

[0015] FIG. 9 is a side elevation view of a redundant
aircraft propulsion system having a plurality of joints that
enable variable pitch operation of at least one of the pro-
pellers.

[0016] FIG. 10A-10C show illustrative co-propellers hav-
ing an angle offset in the plane of rotation of the propellers.
FIG. 10A is a perspective view of the illustrative closed
propeller apparatus, FIG. 10B is a top plan view of the
illustrative closed propeller apparatus, and FIG. 10C is a
side elevation view of the illustrative closed propeller appa-
ratus.

[0017] FIG. 11A-11C show illustrative co-propellers hav-
ing different propellers blade profiles and configured in a
closed configuration. FIG. 11A is a perspective view of the
illustrative closed propeller apparatus, FIG. 11B is a top plan
view of the illustrative closed propeller apparatus, and FIG.
11C is a side elevation view of the illustrative closed
propeller apparatus.

[0018] FIG. 12 is a block diagram of an illustrative
unmanned aerial vehicle (UAV) 1200.

DETAILED DESCRIPTION

[0019] This disclosure is directed to aircraft propulsion
systems. In some embodiments, the aircraft propulsion sys-
tems may have redundancy based on use of multiple motors
to drive (rotate) a single shaft coupled to a propeller. The
motors may be selected such that a first motor is capable of
rotating the drive shaft in an event of a failure of a second
motor coupled to the drive shaft. A one-way clutch bearing,
or similar device, may interface between a motor and the
drive shaft to enable free rotation of the drive shaft in an
event of the motor becoming inoperable, such as the motor
freezing or locking in a position due to failure caused by
overheating or caused by other conditions or events. Use of
the second motor may secure a position of the drive shaft
which may support the propeller in radial eccentric loading.
[0020] In various embodiments, the aircraft propulsion
systems may have redundancy and/or achieve efficiencies
using multiple propeller blades that are joined by tip con-
nectors to form a closed propeller apparatus. The tip con-
nectors may create continuous structure between adjacent
tips of a first propeller and a second propeller. Use of the tip
connectors may reduce vortices created near the tips of the
propeller blades, which cause drag and slow the rotation of
the propeller blades. The tip connectors may also reduce
noise caused by rotation of propeller blades. Further, the tip
connectors reduce or eliminate deflection of the propeller
blades by creating a support structure to counteract forces
that would otherwise cause deflection of the propeller
blades, thereby improving propeller blade loading. Since
both propellers are coupled together, the propellers will
rotate at the same speed, which may eliminate a control
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feature used in some implementations that attempt to match
rotational speed of different propellers. In some embodi-
ments, the tip connectors may be formed of a malleable
material and/or include one or more joints that enable at least
one of the propellers to modify a pitch of blades of the
propeller.

[0021] The closed propeller apparatus may be employed
using multiple motors to create redundancy in both the
power source and also the physical structures, such as the
propeller blades, the drive shaft, and other physical struc-
tures. For example, the closed propeller apparatus has
increased structural rigidity due to the coupling of the
propellers by the tip connectors and possibly by coupling of
the propellers by the drive shaft. This increased structural
rigidity may increase a durability of the propeller blades in
the event that the propeller blades make contact with another
object. The motors may be located adjacent to outside
surfaces of the closed propeller apparatus or may be located
between the propeller blades.

[0022] The apparatuses, systems, and techniques
described herein may be implemented in a number of ways.
Example implementations are provided below with refer-
ence to the figures.

[0023] FIG. 1A is a perspective view of an illustrative
redundant aircraft propulsion system 100. The redundant
aircraft propulsion system 100 may include using multiple
motors 102 to rotate a drive shaft 104 coupled to a propeller
106. Although the propeller 106 is shown as having two
blades, the propeller 106 (and any other propeller described
herein) may have more propeller blades, such as three
blades, four blades, five blades, or more. The motors 102
may include a first motor 102(1) and a second motor 102(2);
however, additional motors may also be used in the redun-
dant aircraft propulsion system 100 to achieve similar
results. The motors 102 may be coupled to a frame 108, such
as a motor mounting spar, which enables the motors 102 to
impart rotation of the drive shaft 104 and the propeller 106
relative to the frame 108. The frame 108 may be a frame of
an aircraft, such as an unmanned aerial vehicle (UAV), a
helicopter, or other aircraft where the propeller 106 is used
to propel the frame through air vertically, horizontally, or
both. However, the frame 108 may be a frame for other
devices, such as ground vehicles, maritime vessels, and/or
stationary devices, such as fans.

[0024] Bearings 110 may be coupled to the drive shaft 104
and other structures, such as the motors 102 and/or the frame
108. In some embodiments, a first bearing set 110(1) is
coupled between the first motor 102(1) and the drive shaft
104 and a second bearing set 110(2) is coupled between the
second motor 102(2) and the drive shaft 104. The bearings
110 may enable free rotation of the drive shaft 104 in an
event of one of the motors 102 (e.g., the first motor 102(1))
becoming inoperable, such as the first motor 102(1) freezing
or locking in a position due to failure caused by overheating
or caused by other conditions or events. In some embodi-
ments, bearings may be coupled between the frame 108 and
the drive shaft 104 to secure the drive shaft 104 in an axis
112 of rotation. In various embodiments, the motors 102
and/or the bearings 110 may secure the drive shaft 104 in the
axis 112 of rotation. For example, use of the second motor
102(2) or the second bearing 102(2) in the configuration
shown in FIG. 1A may secure a position of the drive shaft
104 and support the propeller 106, via the drive shaft 104,
during radial eccentric loading.
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[0025] As shown in FIG. 1A, the first motor 102(1) may
be located on a first side 114 of the propeller 106 while the
second motor 102(2) may be located on the second side 116
of the propeller 106. However, the motors 102 may be
located in other positions relative to the frame 108 and
propeller. For example, the motors 102 are shown as located
between opposing structures of the frame 108; however, the
motors 102 may be located outside the opposing structures
of the frame 108, for example. As another example, two
more motors may be stacked on a same side of the propeller
106.

[0026] During operation, the drive shaft 104 is subject to
rotation up to a threshold number of revolutions per minute
and up to a threshold torque, due to resistance caused by the
propeller 106 moving air or other gases or fluids. The first
motor 102(1) and/or the second motor 102(2) may be
selected to operate at a maximum threshold torque that is
less than the threshold torque, such that the combination of
the motors 102 in operation reach or exceed design require-
ments for long term operation (e.g., continuous rotation of
the drive shaft 104 and propeller 106 for up to a predeter-
mined amount of time or indefinitely). In the event that one
of the motors 102 becomes inoperable, the operational
motor may continue to rotate the drive shaft 104 and the
propeller 106, but possibly for a time less than the prede-
termined amount of time. For example, a single motor may
be operated for short periods of time at a capacity that results
in excess heat, which if continued for more than a threshold
amount of time, may cause the single motor to also fail and
become inoperable. Thus, operation with a single motor may
enable operations to be performed that do not require peak
or near peak output (e.g., do not require lifting or climbing
an aircraft in altitude), but may be used at lower outputs
(e.g., to maintain a cruising altitude and/or successfully land
an aircraft).

[0027] In some embodiments, three or more motors may
be coupled to the drive shaft 104. When one of the motors
becomes inoperable, multiple motors may still operate to
cause the rotation, which may enable use of motors having
less power, such that a sum of the maximum output of the
motors reaches or exceeds the threshold torque, but possibly
exceeds the threshold torque by less than implementations
where fewer motors are used in the redundant aircraft
propulsion system 100.

[0028] FIG. 1B is an exploded perspective view of the
illustrative redundant aircraft propulsion system 100 shown
in FIG. 1, which show an illustrative assembly of compo-
nents of the redundant aircraft propulsion system 100. As
shown in FIG. 2B, the first motor 102(1) may be located
proximate to a first portion 104(1) of the drive shaft 104
while the second motor 102(2) may be located proximate to
a second portion 104(2) of the drive shaft 104.

[0029] The bearings 110(1) and 110(2) may include bear-
ing housings 118 and a one-way clutch bearing 120, which
is configured to rotate freely in one direction and prevent
rotation in a second direction that is opposite the first
direction. Thus, the one-way clutch bearing 120 may prevent
rotation (in the second direction), which enables a motor to
impart rotational force to the drive shaft 104 via the one-way
clutch bearing 120. When a motor fails, the bearing freely
rotates in the first direction as the other motor rotates the
drive shaft 104. The bearings 110(1)-(2) may be barrel
shaped or formed in other shapes to create a compact
assembly or form-factor of the redundant aircraft propulsion



US 2017/0174323 Al

system 100. In some embodiments, the bearings 110 may be
integrated with the motors 102 in a custom motor imple-
mentation. Thus the motors 102 may include the one-way
clutch bearing 120, which may be coupled to the motor and
possibly integrally formed with the motor prior to assembly
of the redundant aircraft propulsion system 100.

[0030] The motors 102 may be brushless direct current
(DC) motors and/or other types of motors that generated a
desired speed of rotation of the drive shaft at a torque
experienced during typical operation (e.g., a maximum
operational torque). However, other types of motors may be
used, such as DC brush motors, alternating current (AC)
motors, gasoline engines, and/or other types of rotation
generating devices. In some embodiments, the first motor
102(1) may be a different type of motor than the second
motor 102(2). As discussed below, gearing systems may also
be used, which may be included in the motors or driven by
the motors.

[0031] The various components of the redundant aircraft
propulsion system 100 may be coupled using any one of
known coupling mechanisms and/or features, including
threaded fasteners, adhesives, friction couplings, and/or
other types of coupling mechanism/features.

[0032] FIG. 2 is a perspective view of an illustrative
redundant aircraft propulsion system 200 using a stacked
configuration of multiple motors to rotate the drive shaft 104
coupled to the propeller 106. The first motor 102(1) and the
second motor 102(2) may be located on a same side of the
propeller 106, such as on the second side 116 of the propeller
106. The motors 102(1)-(2) may be coupled to the frame
108, possibly using a coupling support device 202. The
coupling support device 202 may secure a position of the
first motor 102(1) relative to the second motor 102(2) and/or
relative to the frame 108. The redundant aircraft propulsion
system 200 may include the bearings 110(1)-(2), which may
be located between the respective motors and the drive shaft
104 to enable rotation of the drive shaft 104 in the event that
one of the motors becomes inoperable. The motors 102(1)-
(2) and/or the bearings 110(1)-(2) may secure the drive shaft
104 in the axis 112 of rotation.

[0033] The redundant aircraft propulsion system 200 may
be used in configurations where a first side 114 of the
propeller is not adjacent to the frame 108, as shown in FIG.
2. For example, when the propeller is used on a fore and/or
aft side of a wing or fuselage of an aircraft and where the
axis 112 is substantially aligned with the horizon of Earth
during forward flight of the aircraft, the frame 108 may only
be available for coupling on a single side of the propeller
106.

[0034] FIG. 3 is a perspective view of an illustrative
redundant aircraft propulsion system 300. The redundant
aircraft propulsion system 300 may include the first motors
102(1) and the second motor 102(2) which may rotate a first
cogwheel 302(1) and a second cogwheel 302(2), respec-
tively, directly or using a shaft coupled to a respective
cogwheel. The cogwheels 302(1)-(2) may engage a drive
shaft cogwheel 304 and cause rotation of the drive shaft
cogwheel 304 when at least one of the motors 102(1)-(2) is
operational. The drive shaft cogwheel 304 is coupled to the
drive shaft 104, which is coupled to the propeller 106. Thus,
rotation of one or more of the cogwheels 302(1)-(2) results
in rotation of the propeller. The drive shaft 104 may be
secured in the axis 112 of rotation by bearings 306, which
may be coupled to the frame 108. Although both motors are
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shown in FIG. 3 as being located proximate to the second
side 116 of the propeller 106, the motors could be located on
either side or on both sides (using another drive shaft
cogwheel), and/or in other locations relative to the propeller
106 or the frame 108.

[0035] The cogwheels 302(1)-(2) may include cogs 308
that engage corresponding drive shaft cogs 310 on the drive
shaft cogwheel 304. The cogs 308 may be configured to
engage the drive shaft teeth 310 during rotation of the
cogwheels 302(1)-(2) in a first direction 312 and not engage
the drive shaft teeth 310 during rotation of the cogwheels
302(1)-(2) in a second direction that is opposite the first
direction 312 (from the perspective of the drive shaft cog-
wheel 304). For example, the cogs 308 may be spring loaded
and may only cause rotation of the drive shaft cogwheel 304,
via the drive shaft teeth 310, during rotation in the first
direction, but may be compressed by the drive shaft cogs
310 and not cause rotation of the drive shaft cogwheel 304
during rotation in the second direction (from the perspective
of the drive shaft cogwheel 304). Using the spring loaded
cogs, or other mechanisms that create a similar effect, the
drive shaft 104 may rotate even when one of the motors
102(1)-(2) becomes inoperable. Other mechanisms may
enable the drive shaft 104 may rotate even when one of the
motors 102(1)-(2) becomes inoperable, such as a mechanism
that moves the inoperable motor and/or corresponding cog-
wheel to prevent the corresponding cogwheel from inhibit-
ing rotation of the drive shaft cogwheel 304, such as a clutch
device.

[0036] In some embodiments, the cogwheels 302(1)-(2)
may use the one-way clutch bearings to enable rotation of a
first motor in the event that a second motor becomes
inoperable. The one-way clutch bearings may be employed
as described above, such as by interfacing between respec-
tive motors and corresponding shafts that drive the respec-
tive cogwheels.

[0037] In some embodiments, the at least one of the
cogwheel 302(1), the cogwheel 302(2), or both have a
different number of cogs than the drive shaft cogwheel 304
to create a geared system. The geared system may enable
gearing up or gearing down, and thus may increase or
decrease a rotational speed of the drive shaft 104 compared
to a rotational speed of one or both of the motors 102(1)-(2).
[0038] FIG. 4 is a flow diagram of illustrative process 400
of powering the motors of the redundant aircraft propulsion
system in response to detecting a failure of a motor. The
process 400 may be performed by any redundant aircraft
propulsion system described herein that uses two or more
motors to rotate a drive shaft coupled to a propeller. The
process 400 is illustrated as a collection of blocks in a logical
flow graph, which represent a sequence of operations that
can be implemented in hardware, software, or a combination
thereof. It should also be appreciated that the logical flow
path depicted in FIG. 4 is not to be construed to indicate that
the described process operations need be performed in any
particular order unless otherwise expressly and unambigu-
ously stated as such elsewhere herein. Stated alternatively,
the logical flow paths herein represent but a few of many
possible orders which the steps may be performed. In the
context of software, the blocks represent computer-execut-
able instructions stored on one or more computer-readable
storage media (e.g., machine readable storage media) that,
when executed by one or more hardware processors, per-
form the recited operations. Generally, computer-executable
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instructions include routines, programs, objects, compo-
nents, data structures, and the like that perform particular
functions or implement particular abstract data types.
Embodiments may be provided as a computer program
product including a non-transitory computer-readable stor-
age medium having stored thereon instructions (in com-
pressed or uncompressed form) that may be used to program
a computer (or other electronic device) to perform processes
or methods described herein. The computer-readable storage
medium may include, but is not limited to, hard drives,
floppy diskettes, optical disks, CD-ROMs, DVDs, read-only
memories (ROMs), random access memories (RAMs),
EPROMs, EEPROMs, flash memory, magnetic or optical
cards, solid-state memory devices, or other types of media/
computer-readable medium suitable for storing electronic
instructions. Further, embodiments may also be provided as
a computer program product including a transitory machine-
readable signal (in compressed or uncompressed form).
Examples of machine-readable signals, whether modulated
using a carrier or not, include, but are not limited to, signals
that a computer system or machine hosting or running a
computer program can be configured to access, including
signals downloaded. The order in which the operations are
described is not intended to be construed as a limitation, and
any number of the described blocks can be combined in any
order and/or in parallel to implement the process 400.
[0039] At 402, one or more controllers, such as electronic
speed controls (ESCs), may power the first motor 102(1) and
the second motor 102(2) to cause rotation of the drive shaft
104 and rotation of the propeller 106 as described above.
The motors may be powered at a first power setting.
[0040] At 404, the one or more controllers, a feedback
circuit, and/or other device may detect failure of a motor,
such as the first motor 102(1). However, the process works
similarly upon failure of the second motor 102(2). The
failure of the motor may cause the motor to be inoperable,
and possibly be jammed, frozen, or otherwise incapable of
rotation.

[0041] At 406, the one or more controllers may increase a
power setting of the second motor 102(2) in response to the
detection at the operation 404. The increase may cause the
second motor to operate at more revolutions per minute for
a given input than the first power setting used at the
operation 402. By increasing the power setting for the
second motor, the second motor may continue to rotate the
drive shaft at a rotational speed that maintains a desired
operation, such as continued flight of an aircraft, for
example. In some embodiments where a feedback loop is
used to determine a rotational speed of the drive shaft, the
operation 406 may be omitted.

[0042] At 408, the one or more controllers, such as elec-
tronic speed controls (ESCs), may power the second motor
102(2) at the increased power setting to cause rotation of the
drive shaft 104 and rotation of the propeller 106 as described
above, even when the first motor 102(1) is inoperable (e.g.,
frozen, nonfunctional, etc.). As described above, one-way
clutch bearings, or other devices described herein that pro-
duce a similar effect, may enable the drive shaft to freely
rotate despite the inoperability of the first motor.

[0043] At 410, the one or more controllers may update a
flight plan when the motors operate a propeller of an aircraft.
The update of the flight plan may include causing aircraft to
execute a landing and/or limiting or updating performance
expectations/thresholds for the aircraft (e g, limiting climb-
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ing and/or limiting other power intensive operations). In
some embodiments, the second motor 102(2) may be pow-
erful enough to continue flight of an aircraft without any
change or without any significant change in the flight plan,
such as when the second motor 102(2) is configured to
operate at a maximum threshold torque that is less than a
threshold torque, where the drive shaft is subject to rotation
up to a threshold number of revolutions per minute and up
to the threshold torque.

[0044] FIG. 5A is a perspective view of an illustrative
redundant aircraft propulsion system 500. The redundant
aircraft propulsion system 500 includes a closed propeller
apparatus 502 that includes a first propeller 504 (sometimes
referred to herein as a top propeller) coupled to a second
propeller 506 (sometimes referred to herein as a bottom
propeller) by a first tip connector 508(1) and a second tip
connector 508(2). The first tip connector 508(1) may couple
a first tip 510 of the first propeller 504 to a second tip 512
of the second propeller 506 to create a continuous structure
joining the first propeller 504 to the second propeller 506.
Likewise, the second tip connector 508(2) may couple
adjacent tips of the propellers 504, 506. A cross-section of
the tip connectors may resemble a tear drop or other aero-
dynamic profile that has minimal drag while having struc-
tural rigidity.

[0045] Although the first propeller 504 and the second
propeller 5069 are shown as having two blades, the propel-
lers (and any other propeller described herein) may have
more propeller blades, such as three blades, four blades, five
blades, or more, which may be coupled together in a similar
manner using corresponding tip connectors. A distance
between the first propeller 504 and the second propeller 506
may be selected to create optimal thrust from the respective
propellers.

[0046] Use of the tip connectors 508(1)-(2) may reduce
vortices created near the tips 510, 512 of the propellers 504,
506, which cause drag and slow the rotation of the propeller
blades. The tip connectors 508(1)-(2) may also reduce noise
caused by rotation of propellers. Further, the tip connectors
508(1)-(2) reduce or eliminate deflection of the propellers by
creating a support structure to counteract forces that would
otherwise cause deflection of the propellers, thereby improv-
ing propeller blade loading. Since both propellers are
coupled together, the propellers will rotate at the same
speed, which may eliminate a control feature used in some
implementations that attempt to match rotational speed of
different propellers. In some embodiments, the tip connec-
tors 508(1)-(2) may be formed of a malleable material
and/or include one or more joints that enable at least one of
the propellers to modify a pitch of blades of the propeller.
[0047] As shown in FIG. 5A, the first propeller 504 and
the second propeller 506 may rotate about the same axis 112
and may rotate in rotational planes that are parallel to one
other. The closed propeller apparatus 502 may include the
drive shaft 104, which may be coupled to the closed pro-
peller apparatus 502, and possibly integrally formed with the
closed propeller apparatus 502. The drive shaft 104 may
create additional supporting structure for the closed propel-
ler apparatus 502, which is in addition to the tip connectors
508(1)-(2), which also provide supporting structure for the
closed propeller apparatus 502.

[0048] The drive shaft 104 may be coupled to the motors
102(1)-(2), possibly via the one-directional clutch bearings
110(1)-(2), as discussed above with reference to FIG. 1A. In
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some embodiments, the redundant aircraft propulsion sys-
tem 500 may include a single motor to rotate the drive shaft
104 and, therefore, may not have the motor redundancy as
described above with reference FIG. 1A.

[0049] FIG. 5B is a side elevation view of the redundant
aircraft propulsion system 500 shown in FIG. SA. The first
propeller 504 may include a first pitch 514 while the second
propeller 506 may include a second pitch 516. The pitch may
be an angle of propeller blades rotated about an axis that is
perpendicular to a line tangent to the drive shaft. The greater
the pitch, the more air the propeller blades move during
rotation.

[0050] In some embodiments, the first pitch 514 and the
second pitch 516 may be fixed pitches and thus not config-
ured for movement of propeller blades with respect to a
spinner (hub) or axis of rotation. The first pitch 514 and the
second pitch 516 may or may not be equivalent. For
example, the first pitch 514 may have a lesser angle (and
thus move less air) than the second pitch 516. However, the
first pitch 514 may be greater than the second pitch 516 in
some implementations. Use of propellers having different
blade designs or profiles is discussed in more detail with
reference to FIGS. 11A-C.

[0051] In various embodiments, the first propeller 504, the
second propeller 506, or both may be configured for variable
pitch, such as by use of actuators that cause a pitch (or angle)
of propeller blades to change relative to the spinner (hub) by
mechanically rotating the blades about an axis that is per-
pendicular to a line tangent to the drive shaft. In such
embodiments, the tip connectors 508(1)-(2) may include
malleable portions 518 which may enable a change in the
pitch of the blades of the first propeller 504, the second
propeller 506, or both. The malleable structure 518 may be
formed of rubber, plastic, and/or other malleable substances
that enable some deformation while still providing compres-
sion forces against the respective propellers and while
generally maintaining a design profile, such as curved radi-
uses 520. The curved radiuses 520 may be seclected to
minimize drag and/or minimize noise caused during rotation
of the closed propeller apparatus 502. Thus, the malleable
structure 518 enables movement of the pitch of the blades
while maintaining the continuous structure joining the first
propeller 504 and the second propeller 506. In various
embodiments, the malleable structure 518 may enable a
dynamic change to an offset between the first blade 504 and
the second blade 506, which may be performed based on a
rotational speed of the closed propeller apparatus, for
example. Actuators may be used to move the propellers
together or apart to vary the offset.

[0052] FIG. 6 is a side elevation view of a redundant
aircraft propulsion system 600 having a single motor 602. As
shown, the redundant aircraft propulsion system 600 may
include the frame 108 on a first side of the closed propeller
apparatus 502 that is used in part to secure the motor 602.
The drive shaft 104 may or may not extend between the first
propeller 504 and the second propeller 506. For example,
when the drive shaft 104 does not extend between the
propellers, the tip connectors 508(1)-(2) may transfer rota-
tion imparted by the motor 602 to the first propeller 504
when the motor 602 causes the second propeller 506 to
rotate.

[0053] FIG. 7 is a side elevation view of a redundant
aircraft propulsion system 700. The redundant aircraft pro-
pulsion system 700 may include the first motor 102(1) and
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the second motor 102(2) located between the first propeller
504 and the second propeller 506. Location of the motors
between the propellers may enable a smaller form factor (or
envelope) to contain the redundant aircraft propulsion sys-
tem 700. In some embodiments, the redundant aircraft
propulsion system 700 may include the one-way clutch
bearings 110(1)-(2), which may be located between the
motors and the propellers.

[0054] The redundant aircraft propulsion system 700 may
include bearings 702 to secure a drive shaft 704 along the
axis 112 of rotation. The drive shaft 704 may include a fixed
body, possibly within a rotatable exterior body of the drive
shaft 704, which is stationary and used to fix the motors to
the frame 108. The fixed body may be used to power the
motors while the rotatable exterior body may be coupled to
the propellers and/or the one-way clutch bearings 110(1)-(2)
to cause rotation thereof. However, other configurations may
be used for the drive shaft 704, such as a configuration that
has the fixed body outside of a rotating inner body.

[0055] FIG. 8 is a side elevation view of a redundant
aircraft propulsion system 800 having a single motor 802
positioned between the co-rotating propellers. In some
embodiments, the single motor may be located outside of the
closed propeller apparatus 502 rather than between the
propellers 504, 506. In such instances, the frame 108 may
not include a support on each side of the closed propeller
apparatus 502.

[0056] FIG. 9 is a side elevation view of a redundant
aircraft propulsion system 900 having a plurality of joints
that enable variable pitch operation of at least one of the
propellers. In various embodiments, the first propeller 504,
the second propeller 506, or both may be configured for
variable pitch, such as by use of actuators that cause a pitch
(or angle) of propeller blades to change by mechanically
rotating the blades about an axis that is perpendicular to a
line tangent to the drive shaft. In such embodiments, a first
joint 902 may be located on the tip connector 508(1) or
between the tip connector 508(1) and the first tip 510. A
second joint 904 may be located on the tip connector 508(2)
or between the tip connector 508(2) and the second tip 512.
Additional joints may be used to enable a smooth and
continuous shape of'the tip connectors 508(1)-(2), even after
a change in pitch of one or more propeller blades. The
additional joints may also be used to create a linkage as
discussed below. In some embodiments, the joints may form
a chain-like linkage that comprises many different movable
parts.

[0057] The joints 902, 904 may enable a change in the
pitch of the blades of the first propeller 504, the second
propeller 506, or both. The joints 902, 904 may permit a
change in the pitch of blades while generally maintaining a
design profile of the closed propeller apparatus 502, such as
the curved radiuses 520. The curved radiuses 520 may be
selected to minimize drag and/or minimize noise caused
during rotation of the closed propeller apparatus 502. Thus,
the joints 902, 904 enable movement of the pitch of the
blades while maintaining the continuous structure joining
the first propeller 504 and the second propeller 506. In some
embodiments, the joints 902, 904 may create a linkage
system that enables a single actuator or actuators of the first
propeller 504 to modify the pitch of blades of the second
propeller 506 by mechanically transferring the changes of
the pitch from the first propeller 504 to the second propeller.
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[0058] In some embodiments, the joints 902, 904 may
enable rotation of the tip connector 508(1), the tip connector
504(2), or both in a way that causes an air break, which may
act to slow the rotational speed of the closed propeller
apparatus 502. In various embodiments, modifications to the
angle or orientation of the tip connectors relative to the
propellers 504,506 may also result in different amounts of
noise being generated during rotation of the closed propeller
apparatus 502. In various embodiments, the joints 902, 904
may enable a dynamic change to an offset between the first
blade 504 and the second blade 506, which may be per-
formed based on a rotational speed of the closed propeller
apparatus, for example. Actuators may be used to move the
propellers together or apart to vary the offset.

[0059] FIG.10A-10C show an illustrative closed propeller
apparatus 1000. FIG. 10A is a perspective view of the closed
propeller apparatus. As shown in FIG. 10A, the closed
propeller apparatus 1000 may include the first propeller 504
and the second propeller 506 that are connected at tips via
tip connectors 1002(1) and 1002(2), which create a continu-
ous structure, similar to the tip connectors 508(1)-(2).
[0060] The first propeller 504 may include a first longi-
tudinal axis 1004 while the second propeller 506 may
include a second longitudinal axis 1006. As shown in FIG.
10B, which is a top plan view of the closed propeller
apparatus 1000, the first longitudinal axis 1004 may include
an angle offset a 1008 such that the second propeller 506
trails the first propeller 504 during rotation of the closed
propeller apparatus 1000. However, in some embodiments,
the angle offset a 1008 may be configured such that the first
propeller 504 trails the second propeller 506 during rotation
of the closed propeller apparatus 1000. FIG. 10C is a side
elevation view of the closed propeller apparatus 1000.
Stated another way, the angle offset a 1008 is an angular
difference of the first propeller 504 and the second propeller
506 in a plane of rotation of the propellers. When the angle
offset a 1008 is greater than zero, the first longitudinal axis
1004 is not parallel to the second longitudinal axis 1006.
[0061] The angle offset a 1008 may cause the second
propeller 506 to move thorough laminar or “cleaner” air than
would otherwise happen when no angular offset is used (e.g.,
a=0). The angle offset a 1008 may be any angle up to 90
degrees, however, angles over 45 degrees may be imprac-
tical due to constraints in creating long versions of the tip
connectors 1002(1)-(2) to span across such a distance and
the extra weight and complexity involved with such a
design. The angle offset a 1008 may be seclected to create
optimal thrust from the respective propellers. The use of the
angle offset may also be incorporated with any of the other
features discussed herein, including use of variable pitch or
different propeller blade profiles (or designs), which is
discussed immediately below.

[0062] FIG. 11A-11C show illustrative closed propeller
apparatus 1100. The closed propeller apparatus 1100
includes different propellers blade profiles. FIG. 11A is a
perspective view of the closed propeller apparatus 1100. As
shown in FIG. 11A, the closed propeller apparatus 1100 may
include the first propeller 504 and the second propeller 506
that are connected at tips via tip connectors 1102(1) and
1102(2), which create a continuous structure, similar to the
tip connectors 508(1)-(2).

[0063] The first propeller 504 may include a first blade
profile (or design) 1104 while the second propeller 506 may
include a second blade profile (or design) 1106. The blade
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designs may cause the propeller to move air in a different
way, which when properly tuned, may increase thrust gen-
erated by the closed propeller apparatus 1100.

[0064] FIG. 11B is a top plan view of the closed propeller
apparatus 1100, while FIG. 11C is a side elevation view of
the closed propeller apparatus 1100. The blade designs for
the first propeller 504 and the second propeller 506 may be
selected to create optimal thrust from the respective propel-
lers. In some embodiments, the blade profile may include a
pitch of the blade, a length of the blade, a length of a pitched
portion of the blade, a radius of the blade’s leading edge
and/or trailing edge, and/or other design factors for propeller
blades.

[0065] FIG. 12 is a block diagram of an illustrative
unmanned aerial vehicle (UAV) 1200. The UAV 1200 may
be used to implement the various systems, devices, and
techniques discussed above. In the illustrated implementa-
tion, the UAV 1200 includes one or more processors 1202,
coupled to a non-transitory computer readable media 1220
via an input/output (I/0) interface 1210. The UAV 1200 may
also include a propeller motor controller 1204, power supply
module 1206 and/or a navigation system 1208. The UAV
1200 further includes an inventory engagement mechanism
controller 1212, a network interface 1216, and one or more
input/output devices 1218.

[0066] In various implementations, the UAV 1200 may be
implemented using a uniprocessor system including one
processor 1202, or a multiprocessor system including sev-
eral processors 1202 (e.g., two, four, eight, or another
suitable number). The processor(s) 1202 may be any suitable
processor capable of executing instructions. For example, in
various implementations, the processor(s) 1202 may be
general-purpose or embedded processors implementing any
of a variety of instruction set architectures (ISAs), such as
the x86, PowerPC, SPARC, or MIPS ISAs, or any other
suitable ISA. In multiprocessor systems, each processor(s)
1202 may commonly, but not necessarily, implement the
same ISA.

[0067] The non-transitory computer readable media 1220
may be configured to store executable instructions/modules,
data, flight paths, and/or data items accessible by the pro-
cessor(s) 1202. In various implementations, the non-transi-
tory computer readable media 1220 may be implemented
using any suitable memory technology, such as static ran-
dom access memory (SRAM), synchronous dynamic RAM
(SDRAM), nonvolatile/Flash-type memory, or any other
type of memory. In the illustrated implementation, program
instructions and data implementing desired functions, such
as those described above, are shown stored within the
non-transitory computer readable memory as program
instructions 1222, data storage 1224 and flight path data
1226, respectively. In other implementations, program
instructions, data and/or flight paths may be received, sent or
stored upon different types of computer-accessible media,
such as non-transitory media, or on similar media separate
from the non-transitory computer readable media 1220 or
the UAV 1200. Generally speaking, a non-transitory, com-
puter readable memory may include storage media or
memory media such as flash memory (e.g., solid state
memory), magnetic or optical media (e.g., disk) coupled to
the UAV 1200 via the I/O interface 1210. Program instruc-
tions and data stored via a non-transitory computer readable
medium may be transmitted by transmission media or sig-
nals such as electrical, electromagnetic, or digital signals,
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which may be conveyed via a communication medium such
as a network and/or a wireless link, such as may be imple-
mented via the network interface 1216.

[0068] In one implementation, the I/O interface 1210 may
be configured to coordinate I/O traffic between the processor
(s) 1202, the non-transitory computer readable media 1220,
and any peripheral devices, the network interface or other
peripheral interfaces, such as input/output devices 1218. In
some implementations, the /O interface 1210 may perform
any necessary protocol, timing or other data transformations
to convert data signals from one component (e.g., non-
transitory computer readable media 1220) into a format
suitable for use by another component (e.g., processor(s)
1202). In some implementations, the I/O interface 1210 may
include support for devices attached through various types
of peripheral buses, such as a variant of the Peripheral
Component Interconnect (PCI) bus standard or the Universal
Serial Bus (USB) standard, for example. In some imple-
mentations, the function of the /O interface 1210 may be
split into two or more separate components, such as a north
bridge and a south bridge, for example. Also, in some
implementations, some or all of the functionality of the I/O
interface 1210, such as an interface to the non-transitory
computer readable media 1220, may be incorporated
directly into the processor(s) 1202.

[0069] The propeller motor(s) controller 1204 communi-
cates with the navigation system 1208 and adjusts the power
of each propeller motor to guide the UAV along a deter-
mined flight path. The power supply module 1206 may
control the charging and any switching functions associated
with one or more power modules (e.g., batteries) of the UAV.
[0070] The navigation system 1208 may include a GPS or
other similar system that can be used to navigate the UAV
to and/or from a location. The inventory engagement mecha-
nism controller 1212 communicates with the actuator(s) or
motor(s) (e.g., a servo motor) used to engage and/or disen-
gage inventory. For example, when the UAV is positioned
over a level surface at a delivery location, the inventory
engagement mechanism controller 1212 may provide an
instruction to a motor that controls the inventory engage-
ment mechanism to release the inventory.

[0071] The network interface 1216 may be configured to
allow data to be exchanged between the UAV 1200, other
devices attached to a network, such as other computer
systems, and/or with UAV control systems of other UAVs.
For example, the network interface 1216 may enable wire-
less communication between numerous UAVs. In various
implementations, the network interface 1216 may support
communication via wireless general data networks, such as
a Wi-Fi network. For example, the network interface 1216
may support communication via telecommunications net-
works such as cellular communication networks, satellite
networks, and the like.

[0072] Input/output devices 1218 may, in some implemen-
tations, include image capture devices, infrared sensors,
time of flight sensors, accelerometers, lights, speakers, and
other input/output devices commonly used in aviation. Mul-
tiple input/output devices 1218 may be present and con-
trolled by the UAV 1200. One or more of these sensors may
be utilized to assist in landings as well as avoiding obstacles
during flight.

[0073] In various implementations, the parameter values
and other data illustrated herein as being included in one or
more data stores may be combined with other information
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not described or may be partitioned differently into more,
fewer, or different data structures. In some implementations,
data stores may be physically located in one memory or may
be distributed among two or more memories.

[0074] Those skilled in the art will appreciate that the
UAV 1200 is merely illustrative and is not intended to limit
the scope of the present disclosure. In particular, the com-
puting system and devices may include any combination of
hardware or software that can perform the indicated func-
tions, including computers, network devices, internet appli-
ances, PDAs, wireless phones, pagers, etc. The UAV 1200
may also be connected to other devices that are not illus-
trated, or instead may operate as a stand-alone system. In
addition, the functionality provided by the illustrated com-
ponents may in some implementations be combined in fewer
components or distributed in additional components. Simi-
larly, in some implementations, the functionality of some of
the illustrated components may not be provided and/or other
additional functionality may be available.

[0075] Those skilled in the art will also appreciate that,
while various items are illustrated as being stored in memory
or storage while being used, these items or portions of them
may be transferred between memory and other storage
devices for purposes of memory management and data
integrity. Alternatively, in other implementations, some or
all of the software components may execute in memory on
another device and communicate with the illustrated UAV
1200. Some or all of the system components or data struc-
tures may also be stored (e.g., as instructions or structured
data) on a non-transitory, computer-accessible medium or a
portable article to be read by an appropriate drive, various
examples of which are described above. In some implemen-
tations, instructions stored on a computer-accessible
medium separate from the UAV 1200 may be transmitted to
the UAV 1200 via transmission media or signals such as
electrical, electromagnetic, or digital signals, conveyed via
a communication medium such as a wireless link. Various
implementations may further include receiving, sending or
storing instructions and/or data implemented in accordance
with the foregoing description upon a computer-accessible
medium. Accordingly, the techniques described herein may
be practiced with other UAV control system configurations.
[0076] Although the subject matter has been described in
language specific to structural features and/or methodologi-
cal acts, it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described. Rather, the specific
features and acts are disclosed as illustrative forms of
implementing the claims.

What is claimed is:

1. A propulsion device comprising:

a drive shaft;

a top propeller coupled to the drive shaft, the top propeller
including a top first tip and a top second tip located at
opposite ends of the top propeller;

a bottom propeller coupled to the drive shaft, the bottom
propeller including a bottom first tip and a bottom
second tip located at opposite ends of the bottom
propeller;

a first tip connector that extends between the top first tip
and the bottom first tip;

a second tip connector that extends between the top
second tip and the bottom second tip, the first tip
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connector and the second tip connector creating con-
tinuous structure joining the top propeller and the
bottom propeller; and

a motor coupled to the drive shaft to rotate the drive shaft,
the top propeller and the bottom propeller.

2. The propulsion device as recited in claim 1, wherein at
least one of the top propeller or the bottom propeller is
configured to vary a pitch of blades, and wherein the first tip
connector and the second tip connector comprise at least one
of:

a malleable portion of structure that enables movement of
the pitch of the blades while maintaining the continu-
ous structure joining the top propeller and the bottom
propeller; or

one or more joints that enable movement of the pitch of
the blades while maintaining the continuous structure
joining the top propeller and the bottom propeller.

3. The propulsion device as recited in claim 1, wherein the
top propeller includes a top longitudinal axis and the bottom
propeller includes a bottom longitudinal axis that is non-
parallel to the top longitudinal axis.

4. The propulsion device as recited in claim 1, wherein the
top propeller includes a top blade profile that is different than
a bottom blade profile of the bottom propeller.

5. The propulsion device as recited in claim 1, wherein the
motor is a first motor, and further comprising second motor
coupled to the drive shaft, wherein the first motor is located
proximate to the top propeller and the second motor is
located proximate to the bottom propeller.

6. An apparatus comprising:

a first propeller including a first tip and a second tip
located at opposite ends of the first propeller, the first
propeller associated with a first plane of rotation;

a second propeller including a third tip and a fourth tip
located at opposite ends of the second propeller, the
second propeller associated with a second plane of
rotation that is parallel to the first plane of rotation;

a first tip connector that extends between the first tip and
the third tip; and

a second tip connector that extends between the second tip
and the fourth tip, the first tip connector and the second
tip connector creating continuous structure joining the
first propeller and the second propeller.

7. The apparatus as recited in claim 6, further comprising

a drive shaft that couples the first propeller to the second
propeller at an axis of rotation of the first and second
propeller.

8. The apparatus as recited in claim 7, wherein the drive
shaft includes a first portion that extends outward from a first
side of the first propeller and a second portion that extends
outward from a second side of the second propeller that is
opposite the first side of the first propeller, and further
comprising:

a first motor coupled to the first portion of the drive shaft;

and

a second motor coupled to the second portion of the drive
shaft.

9. The apparatus as recited in claim 8, further comprising:

a first one-way clutch bearing coupled between the first
motor and the drive shaft, wherein the first one-way
clutch bearing enables the second motor to rotate the
drive shaft when the first motor is inoperable; and

a second one-way clutch bearing coupled between the
second motor and the drive shaft, wherein the second

Jun. 22,2017

one-way clutch bearing enables the first motor to rotate

the drive shaft when the second motor is inoperable.

10. The apparatus as recited in claim 6, further compris-
ing:

a drive shaft that couples the first propeller to the second

propeller;

a first frame member;

a first motor coupled to the drive shaft and the first frame
member to cause rotation of the drive shaft relative to
the first frame member; and

a second frame member; and

a second motor is coupled to the drive shaft and the
second frame member to cause rotation of the drive
shaft relative to the second frame member,

wherein at least one of the first motor and the second
motor is located between the first propeller and the
second propeller.

11. The apparatus as recited in claim 6, wherein the first
propeller is configured to vary a pitch of blades, and wherein
the first tip connector and the second tip connector are
formed of a malleable material configured to permit move-
ment of the pitch of the blades while maintaining the
continuous structure joining the first propeller and the sec-
ond propeller.

12. The apparatus as recited in claim 6, wherein the first
propeller is configured to vary a pitch of blades, and wherein
the first tip connector and the second tip connector include
one or more joints that enable movement of the pitch of the
blades while maintaining the continuous structure joining
the first propeller and the second propeller.

13. The apparatus as recited in claim 6, wherein the first
propeller includes a first blade profile that is different than a
second blade profile of the second propeller.

14. The apparatus as recited in claim 6, wherein the first
propeller includes an angle offset from the second propeller
in the first plane of rotation of the first propeller, the angle
offset causing the first propeller to trail the second propeller
during rotation.

15. An unmanned aerial vehicle (UAV) comprising:

a frame;

a power source coupled to the frame; and

at least one propulsion unit coupled to the frame and
connected to the power source, wherein at least one
propulsion unit includes:

a first propeller including a first tip and a second tip
located at opposite ends of the first propeller, the first
propeller associated with a first plane of rotation;

a second propeller including a third tip and a fourth tip
located at opposite ends of the second propeller, the
second propeller associated with a second plane of
rotation;

a first tip connector that extends between the first tip
and the third tip;

a second tip connector that extends between the second
tip and the fourth tip, the first tip connector and the
second tip connector creating continuous structure
joining the first propeller and the second propeller;

a drive shaft that couples the first propeller to the
second propeller; and

a motor assembly coupled to the frame and the drive
shaft, the motor powered by the power source and
configured to rotate the drive shaft.
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16. The UAV as recited in claim 15, wherein:

the motor assembly comprises a first motor and a second

motor,

the drive shaft includes a first portion that extends out-

ward from a first side of the first propeller and a second
portion that extends outward from a second side of the
second propeller that is opposite the first side of the first
propeller, and

the first motor is coupled to the first portion of the drive

shaft; and

the second motor coupled to the second portion of the

drive shaft.

17. The UAV as recited in claim 15, wherein the first
propeller is configured to vary a pitch of blades, and wherein
the first tip connector and the second tip connector are
formed of a malleable material configured to permit move-
ment of the pitch of the blades while maintaining the
continuous structure joining the first propeller and the sec-
ond propeller.

18. The UAV as recited in claim 15, wherein the first
propeller includes blades having a first pitch that is different
than a second pitch of blades of the second propeller.

19. The UAV as recited in claim 15, wherein the first
propeller includes an angle offset from the second propeller
in the plane of rotation of the first propeller.

20. The UAV as recited in claim 15, wherein the first
propeller includes a first blade profile that is different than a
second blade profile of the second propeller.

#* #* #* #* #*
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FIG. 1

(57) Abstract: An amphibious vertical takeoff and landing unmanned device comprises a modular and expandable waterproof body
(802), a chassis (804), an outer body shell (806), a propulsion system, a propeller protection system, a surface skidding material plat -
form, a landing system, control surfaces, a ballast, an onboard air compressor, an onboard electrolysis system, a waterproof through-
body wire or antenna feed-through, a single or multiple-axis tilt-motor device (1025), a tilt fuselage device, a tilt wing device (1015),
a battery, a power distribution board, a Global Positioning System module, a lost model alett, a cooling device (1041), a detachable
impact absorbing skin or shell, vision aiding and orientative lights, hatches, quick connect payloads, a lap counter for racing, a flat
or inclined launch platform or footing, claws, an apparatus for externally attaching and internally housing a cargo, a charging station,
a partial vacuum device, a manually or automatically deployable parachute (1130), and an onboard or ground station electricity gen -
erator. A video capture, realtime broadcast, and video downlink system for an amphibious VTOL unmanned device and a collision
avoidance, tlight stabilization, and multi-rotor control system for an amphibious VTOL unmanned device are also provided.
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AMPHIBIOUS VERTICAL TAKEOFF AND LANDING UNMANNED
SYSTEM AND FLYING CAR WITH MULTIPLE AERIAL AND
AQUATIC FLIGHT MODES FOR CAPTURING PANORAMIC

VIRTUAL REALITY VIEWS, INTERACTIVE VIDEO AND
TRANSPORTATION WITH MOBILE AND WEARABLE APPLICATION

FIELD
[0001] This application relates generally to unmanned systems and,
more specifically, to tilt wing, tilt fuselage, and tilt rotor systems capable of
navigating underwater and in the air with mobile application and wearable

application.

BACKGROUND

[0002] Conventional unmanned fixed rotor aerial vehicles belong to
one of two categories: multi rotor or plane. A fixed rotor multi rotor
generates lift by propelling air below itself, thereby eliminating the need for
a runway or launching mechanism to take off. Fixed rotor multi rotors
move in the X and Y axis by variable thrust, and yaw on the Z axis by
counter rotating torque. When accelerating in the Y axis, multi copter
operators find their field of view dominated by the ground, because the
onboard cameras for first person view point downwards when the multi
copter pitches forwards by variable thrust. Traditional multi-copters do not
have control surfaces to change direction, thus simplifying design. Multi
copters can move by these methods because their rotors produce
downwards thrust to hover at the expense of speed and efficiency which are
characteristic of the second fixed rotor category, the plane.

[0003] Traditionally, planes produce thrust in the horizontal axis and
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use wings to generate lift. As a result, conventional planes require a runway
or launching mechanism to launch. Once airborne, planes expend
significantly less energy on staying airborne, whereas a multi rotor loses a
constant stream of energy to maintain altitude. Planes navigate the airspace
by using control surfaces to redirect airflow around their wings, thus
changing the vehicle’s course of direction.

[0004] Given a multi rotor’s limitation to singularly produce vertical
thrust, a vehicle of multi rotor design cannot efficiently maneuver
underwater, where horizontal thrust vectoring is required for locomotion.
A plane may be unsuitable, because its large wings can cause turbulence in
rougher waters.

[0005] Traditional remotely operated underwater vehicles receive
control inputs via a wired tether that can be caught on obstacles. Traditional
ROVs rely on their large mass to keep from being moved by heavy currents,

making them hard to transport.
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SUMMARY
[0006] This summary is provided to introduce a selection of concepts
in a simplified form that are further described below in the Detailed
Description. This summary is not intended to identify key features or
essential features of the claimed subject matter, nor is it intended to be used
as an aid in determining the scope of the claimed subject matter.
[0007] Provided is an amphibious vertical takeoff and landing
(VIOL) unmanned device. The amphibious VTOL unmanned device may
include a modular and expandable waterproof body, a chassis, an outer
body shell comprising one or more pieces, and a propulsion system selected
from a coaxial propulsion system and a single-axis propulsion system. The
propulsion system may comprise a plurality of motors and propellers
associated with the plurality of motors. The propellers may be selected
from clockwise propellers, counterclockwise propellers, and variable pitch
propellers. The amphibious VTOL unmanned device may further include a
propeller protection system, a surface skidding material platform, a landing
system that conforms to a landing surface, one or more control surfaces
selected from a group comprising: a rudder, an aileron, a flap, and elevator,
a ballast selected from a permanently fixed ballast and a detachable ballast,
an onboard air compressor, an onboard electrolysis system, at least one
waterproof through-body wire or antenna feed-through, a single- or
multiple-axis tilt-motor device, a tilt fuselage device, and a tilt wing device,
a battery. A shape of the battery may conform to an interior profile of the
modular and expandable waterproof body, a power distribution board one
or more of the following: a flight controller, electronic speed controllers, a
buzzer, an on screen display telemetry device, a video transmitter, and a

radio control receiver. The board may act as the chassis of the system.
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Furthermore, the amphibious VTOL unmanned device may include a
Global Positioning System module, a lost model alert, a cooling device
comprising at least one heat sink, fan, or duct, a detachable impact
absorbing skin or shell, vision aiding and orientative lights, wherein the
vision aiding and orientative lights include light emitting diodes, one or
more hatches, quick connect payloads, a lap counter for racing, a flat or
inclined launch platform or footing, one or more claws with at least one
degree of freedom, an apparatus for externally attaching a cargo and
internally housing the cargo, a charging station for multiple batteries, the
charging station comprising a fireproof bunker, a partial vacuum device
configured to perform cooling and increase buoyancy, a manually or
automatically deployable parachute, and an onboard or ground station
electricity generator comprising a plurality of solar cells, one or more wind
turbines, and one or more hydroelectric generators.

[0008] In further exemplary embodiments, modules, subsystems, or
devices can be adapted to perform the recited steps. Other features and

exemplary embodiments are described below.
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BRIEF DESCRIPTION OF DRAWINGS
[0009] Embodiments are illustrated by way of example and not
limitation in the figures of the accompanying drawings, in which like
references indicate similar elements and in which:
[0010] FIG. 1 illustrates an amphibious vertical takeoff and landing
unmanned device, according to an example embodiment.
[0011] FIG. 2 illustrates a fixed pitch propeller and a variable pitch
propeller, in accordance with some embodiments.
[0012] FIG. 3 illustrates a linkage for connection of servos or motors,
in accordance with some embodiments.
[0013] FIG. 4 illustrates an amphibious vertical takeoff and landing
unmanned device, in accordance with certain embodiments.
[0014] FIG. 5 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.
[0015] FIG. 6 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.
[0016] FIG. 7 shows modular electronics systems, in accordance with
some embodiments.
[0017] FIG. 8 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.
[0018] FIG. 9 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.
[0019] FIG. 10 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.
[0020] FIG. 11 shows an amphibious vertical takeoff and landing

unmanned device, in accordance with some embodiments.
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[0021] FIG. 12 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0022] FIG. 13 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0023] FIG. 14 shows onboard cameras for providing a real-time first-
person video and a real-time first-person view, in accordance with some
embodiments.

[0024] FIG. 15 shows a headset configured to enable the real-time
tirst-person video and a real-time first-person view, in accordance with
some embodiments.

[0025] FIG. 16 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0026] FIG. 17 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0027] FIG. 18 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0028] FIG. 19 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0029] FIG. 20 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0030] FIG. 21 shows an amphibious vertical takeoff and landing
unmanned device, in accordance with some embodiments.

[0031] FIG. 22 shows an amphibious vertical takeoff and landing

unmanned device, in accordance with some embodiments.
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DETAILED DESCRIPTION
[0032] In the following description, numerous specific details are set
forth in order to provide a thorough understanding of the presented
concepts. The presented concepts may be practiced without some or all of
these specific details. In other instances, well known process operations
have not been described in detail so as to not unnecessarily obscure the
described concepts. While some concepts will be described in conjunction
with the specific embodiments, it will be understood that these
embodiments are not intended to be limiting.
[0033] An amphibious vertical takeoff and landing (VTOL) unmanned
vehicle to enable wireless aerial and underwater navigation using a tilt rotor
mechanism is described herein. The vehicle may orient rotors perpendicular
to a launching surface and take off vertically like a helicopter. The vehicle
may further transition into a full forward flight mode by orienting the rotors
into a fixed horizontal position. In another aerial setting, the vehicle may tilt
the rotor in dynamic increments when the vehicle receives an input from an
operator to move forwards or backwards. To move in the Y-axis, the speed
of motors may remain constant, and the motors may tilt forwards or
backwards as opposed to using methods involving differential thrust. The
same tilt rotor locomotion techniques may be applied to the X-axis for
efficient lateral motion. By tilting the motors of the vehicle to move, a body
of the vehicle may stay at a predetermined level with respect to the ground
or floor and all motors of the vehicle may reach a full throttle volume, thus
allowing for faster speed and acceleration. The vehicle may still hover by
tilting the rotors back into a vertical position.
[0034] The amphibious VTOL unmanned vehicle may load one of many

downloaded flight profile parameters according to a given environmental
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and mechanical state.  The onboard flight controller may detect
automatically or by manual input whether the vehicle is airborne or
submerged. If the vehicle is airborne, the flight controller may detect
whether the vehicle is in a hover mode, a full forward flight, or uses a
dynamic tilting rotors function. Depending on the state of the vehicle,
different tlight and dive control parameters may be loaded. The sets of
parameters are also referred to herein as tlight profiles.

[0035] In the case of a failure of the vehicle when submerged, the vehicle
may have a slight positive buoyancy so that the vehicle can float to the
surface. The vehicle may include a gas powered or mechanically actuated
ballast to add underwater stability and maneuverability while maintaining
the overall light weight of the vehicle. The vehicle may use a counter-
rotating torque influenced by differential motor speed and the tilt rotor
functionality to navigate underwater with fixed pitch or variable pitch
propellers. The amphibious VTOL unmanned vehicle may comprise a
multi-rotor propulsion system. Propellers may be either directly attached to
a motor shaft, or driven by a belt mechanism. The number of motors may
be less than the number of propellers. The propellers may be fixed pitch
propellers to reduce weight, or variable pitch propellers to optimize the
vehicle for pressure changes. Furthermore, variable pitch propellers or
collective pitch propellers may enable three-dimensional acrobatic
maneuvers and sustained inverted flight. In the case of a tilt rotor VTOL
vehicle, the rotors may be attached to the ends of a movable shaft to enable
the tilt rotor functionality. In turn, the shaft may be actuated by a direct
drive, a belt drive, or rigid links attached to a brushless motor or a geared
motor. Access to the internal mechanisms of the vehicle may require at least

one waterproof hatch. Mechanisms within the body of the vehicle may
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include a tilt actuator of at least one tilt axis, and an integrated modular
electronics system.

[0036] Referring now to the drawings, FIG. 1 illustrates an amphibious
VTOL unmanned device, according to an example embodiment. The
amphibious VTOL unmanned vehicle also referred herein to as the
amphibious VTOL unmanned device may be used for photography and
video capturing. The amphibious VIOL unmanned device is described
herein with reference to post-recording media editing services.

[0037] As shown on FIG. 1 the amphibious VTOL unmanned device 100
may be single axis or coaxial rotor system and may be propelled by a direct
drive, for example when propellers 102 are directly attached to a motor
shaft, or by belts and pulleys, chains and sprockets, magnets, and/or rigid
links, where the propellers 102 may be indirectly linked to the motor shaft.
The motors may be powered by electricity or high pressure fluid, including
gas.

[0038] The propellers 102 may be fixed pitch propellers or variable pitch
propellers. FIG. 2 represents schematic diagrams 200 and 250 of a fixed
pitch propeller 205 and a variable pitch propeller 255. The variable pitch
propeller may be are actuated by servos, motors, pistons, or linear actuators
which move a slider 260 axially. The servos or motors may be attached to
the slider 260 directly, or by linkages. FIG. 3 shows a schematic diagram 300
of a linkage 305 for connection of the servos or motors to the slider. In
further embodiments, the servos or motors may be attached to the slider 260
by frictionless magnet gears, conventional gears, chains, and/or pulleys.
[0039] Referring back to FIG. 1, a Y-axis tilt mechanism of the device 100
may require the rotors to be mounted on opposite ends of a shaft

perpendicular to the center of the device 100. The shaft may be linked
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directly or indirectly to a motor or servo which tilts the shaft, thus tilting the
rotors attached to the shaft. The X-axis tilt mechanism may require the
rotors to be mounted on opposite ends of a shaft perpendicular to the center
of the device 100. The shaft may be linked directly or indirectly to a motor
or servo that may move a slider axially, thus enabling the variable pitch of
the propellers. The Y-axis tilt mechanism may also work by employing rotor
pair separately, directly or motors or servos to tilt each singular rotor or
coaxial indirectly. The X-axis tilt mechanism may also work by employing
motors or servos to move each singular rotor slider or coaxial rotor slider
pair separately, directly or indirectly. Y- and X-axis tilt movements may be
combined by implementing a ball and socket joint for each rotor or coaxial
rotor pair component. Moving the rotor systems and landing gear
components in the Z-axis may involve raising the rotor arms higher than the
body of the device 100, or lowering the body below the rotor arms. On case
of a direct motor attachment, the direct motor attachment includes the
embodiment when the motor or servo are aided by a supported extension
shaft. The tilting mechanisms may utilize waterproof ball bearings at the
point where the body meets the tilting arms.

[0040] The amphibious VTOL device 100 may comprise a ballast to enhance
stability underwater while still able to stay light in the sky. The device 100
may utilize a gas ballast system, piston ballast system, vented ballast
system, pressure ballast system, compressed air ballast system, and a
recirculating compressed air ballast system. The device 100 may further
include a static diving systems that may utilize a filler valve, a flood valve, a
blow valve, a charge valve, a pressure vessel, a vent, a vent valve, or
multipurpose valve. The static diving systems may utilize at least one air

pump, a water pump, an air compressor, an electrolysis machine, a piston,
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and/or a motor to increase or decrease the buoyancy of the device 100.

[0041] The device 100 may further include a camera stabilization device that
may compensate for the wobble of the device 100 up along three axes by
using separate servos to control camera pan, tilt, and roll. The servos or
motors may be used for stabilization and manipulating camera direction as
instructed by at least one operator. The camera positioning system may be
capable of switching between positions below, above, and to the sides of the
sides of the device 100 not limited to a single central axis. The device 100
may further include a photography and videography system that may
utilize a mobile camera positioning system that moves the camera
stabilization device or the lone camera and accessories between the top and
bottom of the device 100. Camera positioning system may also include an
extendable arm. The camera positioning system may move laterally,
unrestricted by the central axis of the device 100.

[0042] The device 100 may further include a skid-resistant under-body
material component, which may be useful in such cases as low altitude
multirotor racing where the vehicle is susceptible to contact the ground for a
short period of time. The under-body material component may be replaced
when damaged.

[0043] FIG. 4 shows a schematic diagram 400 of another example
embodiment of the device 100. The device 100 may include control surfaces
405. The control surfaces 405 may include an elevator, a rudder, a sail, v-tail
surfaces, ailerons, tailplanes, and foreplanes to allow for sharp cornering.
The device 100 may include one or many wings 410 to generate lift without
needing much thrust compensation for body inclination.

[0044] FIG. 5 shows a device 500 being another example embodiment of the

device 100. The device 500 is a multirotor vehicle having rotors 510, 520,

11
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530, and 540.

[0045] FIG. 6 shows a device 600 being another example embodiment of the
device 100. The device 600 is a multirotor vehicle having rotors 610, 620,
630, 640, 650, and 660. The device 600 may have a two-axis tilting
mechanism 670 configured to tilt each of the rotors 610, 620, 630, 640, 650,
and 660.

[0046] FIG. 7 shows schematic views of modular electronics systems 700 and
750, in accordance to some embodiments. The modular electronics systems
700 and 750 may be used in the device 100.

[0047] The device 100 may further include a tilt fuselage device, a tilt wing
device, and a tilt rotor device. Additionally, the device 100 may include a
battery. The shape of the battery may conform to the interior shape of the
device 100 to maximize the use of the internal volume of the device 100. The
device 100 may include through-wall wire and antenna feedthroughs which
may be sealed to prevent water leakage. The two-way telemetry transmitter
may send GPS coordinates back to the operator in the case of the device 100
is lost. Referring back to FIG. 1, the device 100 may include a cooling
system 104. The cooling system 104 may be selected from ventilation
cooling units, heat sink cooling units, liquid cooling units, and fan cooling
units. The device 100 may further include a detachable skin or shell for
impact absorption and scratch protection. Furthermore, device 100 may
include lights for clear camera vision or lights for signaling, such as for the
reception of a command, warning messages, and/or status reports. In case
the device 100 is a multirotor vehicle, the device 100 may utilize a lap
counter that may function by communication between a sensor and an
onboard transponder. The multirotor vehicle may utilize a quick connect

payload system which may operate by a click in place, snap in place, screw
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in place, or slide in place mechanism. The device 100 may comprise at least
one claw for grasping instruments used to observe or capture specimens,
handle specimens, and transportation. The device 100 may comprise an
inclined launching platform. In example embodiments, device 100 may be
launched at an obtuse angle to the ground for expedient takeoff. The
multirotor vehicle may embody a charging station that may recharge
multiple batteries at the same time, and a sustainable green electricity
generator onboard or at the ground station. Additionally, the device 100
may be configured to be launched from a body of a user, such as from
hands. The device 100 may be controlled by the user using a mobile and
wearable device, such as a smartwatch or a phone, via motion gestures,
buttons, and a touch screen of the a mobile and wearable device. In
particular, the mobile and wearable device may enable to user to submit a
trip request. The trip request may be routed to the device 100 to initiate a
peer-to-peer pick up service or a cargo transportation.

[0048] The device 100 may further include a deployable parachute in case of
the failure of the device 100 when airborne.

[0049] The multirotor vehicle may include devices for internally housing or
externally attaching a payload of goods. As an example of an externally
housed payload, the device 100 may comprise a motorized or pressurized
latch mechanism attached onto the payload or payload housing for an
impermanent time period. As an example of an internally housed payload,
the device 100 may comprise an empty internal storage area that may be
accessed by a motorized or pressurized hatch. The payload may be left at
the destination by ways involving the device 100 to descend to an altitude
below 15 feet. The payload may also be left at the destination by a free fall

parachute or a guided parachute.
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[0050] The device 100 may further include an integrated modular electronics
system that may include a central flight control component (including
sensors and control parameters), electronic speed controllers, a power
distribution harness or board, a telemetry module, a radio control receiver,
and a video transmitter. The power distribution board may serve as the
platform upon which the other electronics components may be linked to
each other and the power distribution board by numerous pins, soldering
connections, and a minimal amount of wires. The various components may
be arranged to compact within a single board that can be serviced with
hardware updates. Individual electronics components may be substituted if
broken or outdated, simply by desoldering a one part solder connection or
detaching a two part pin connection or plug connection.

[0051] The plurality of hatches of the internal components of the device 100
serve a double purpose: the first purpose is an internal access and system
modification, the second purpose is to allow subsequent hardware
upgrades. For example, the transmitter or receiver antennas, which come in
different sizes per frequency, must have a specifically sized exit hole per
desired antenna upgrade. The original antennas exit may be substituted
with another hatch having different hole sizes. The upgraded antennas may
exit soundly.

[0052] In another example embodiment, increased battery capacity may be
desired for endurance flights. The swappable hatches may accommodate a
battery within a waterproof shell, and may be substituted with the hatch to
fasten the described dual purpose battery hatch-module.

[0053] The device 100 may further include a radio control and video systems
that may run on different very high frequency (30-300 MHz), ultra-high
frequency (300 MHz - 3 GHz), or super high frequency (3-30 GHz) channels.

14
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The very high and ultra-high frequency categories offer the best obstacle
penetration and may be used with high gain (10-30 dBic) antennas and high
power (800 mw — 10 w) transmitter/receiver sets for wireless underwater
communication and long range aerial communication.

[0054] The device 100 may include onboard or separate media editing
systems for virtual reality views, interactive video, or stitched photos. If the
onboard media editing systems are used, a transformed footage may be
downlinked to the operator in real time with low latency. When low latency
footage cannot be achieved, the onboard media editing systems may
transform the media before or shortly after landing. If onboard media
editing systems are not implemented, post-capture media editing methods
may be applied.

[0055] FIG. 8 represents diagrams 820, 830, 840, 860, and 880 that show
amphibious VTOL unmanned devices, according to example embodiments.
As represented on the diagrams 820, 830, 840, 860, and 880, an amphibious
VTOL unmanned device 800 may be configured as a flying car and may
include a modular and expandable waterproof body 802. A chassis 804 may
be attached to the body 802. Furthermore, the device 800 may include an
outer body shell 806. The outer body shell 806 may include one or more
pieces 812. The device 800 may further include a door 808, 810 connected to
the modular and expandable waterproof body. The door 808, 810 may be
selected from a gull wing door and a falcon wing door.

[0056] In further example embodiments, the device 800 may include a
propulsion system. The propulsion system may be selected from a coaxial
propulsion system and a single-axis propulsion system. The propulsion
system may comprise a plurality of motors. Each of the motors may be

associated with a plurality of propellers 814, 816, 818, 822, 824, and 828
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associated with the plurality of motors. The propellers 814, 816, 818, 822,
824, and 828 may be selected from clockwise propellers, counterclockwise
propellers, variable pitch propellers. The propellers 814 and 818 may be
mounted on lateral sides of the device 800, as shown on diagrams 820, 830,
840, 860, and 880. Furthermore, several propellers, such as the propellers
822 and 824, may be located in a rear portion of the device 800, as shown on
diagrams 830 and 840. In further embodiments, only one propeller may be
located in the rear portion of the device 800, such as the propeller 816.
Additionally, the propeller 828 may be located in a front portion of the
device 800. Diagrams 820 and 860 show propellers 814, 816, 818 in a first
mode when the device 800 is operable to perform a vertical takeoff.
Diagram 860 shows propeller 828 in a first mode when the device 800 is
operable to perform the vertical takeoff. Diagram 830 shows propellers 824,
822 in the first mode when the device 800 is operable to perform the vertical
takeoff. Diagrams 840 and 880 show propellers 814, 818 in a second mode
when the device 800 is operable to perform flying. Diagram 880 shows
propellers 816, 828 in the second mode when the device 800 is operable to
perform flying. Diagram 840 shows propellers 822, 824 in the second mode
when the device 800 is operable to perform flying.

[0057] In an example embodiment, the plurality of motors and propellers
may include ducted propellers, such as multi-blade ducted fans, fixed pitch
propellers, controllable pitch propellers, two-position propellers, full
feathering propellers, and tilted propellers. In a further example
embodiment, the plurality of motors and propellers may include two motors
and propellers, three motors and propellers, four motors and propellers, five
motors and propellers, and six motors and propellers. In an example

embodiment, at least one of the plurality of motors and propellers is located
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on a foldable wing, the foldable wing folding in a ground mode and
unfolding in a flight mode.

[0058] In a further embodiment, the motor may be a solar turbine powered
master impeller motor disposed centrally in the device 800. The solar
turbine powered master impeller motor may include an electric-drive
impeller. The electric-drive impeller may be contained in a compression
chamber and may have an axis of rotation oriented perpendicularly to an
axis of the device 800. The solar turbine powered master impeller motor
may be powered by a solar film. The solar film may be integrated on an
upper surface of the device, a lower surface of the device, and the at least
one wing of the device. The solar turbine powered master impeller motor
may be further powered by the electrical power storage device.

[0059] The at least one wing of the device 800 may include a left forward
swept wing and a right forward swept wing. The left forward swept wing
and the right forward swept wing may be mounted on the chassis.

[0060] The propellers may further include a first brushless ducted fan and
a second brushless ducted fan integrated left and right of the chassis. The
first brushless ducted fan and the second brushless ducted fan may be
powered by the solar film. Furthermore, the first brushless ducted fan and
the second brushless ducted fan may be associated with a brushless electric
motor operable to spin the electric-drive impeller to provide at least one air
accelerator ring with compressed forced air thrust. The solar film also may
recharge capacitors for the propulsion of the device 800 with persistent
flight endurance targeted for 7-30 days.

[0061] FIG. 9 represents diagrams 905, 920, 930, 940, 950, 960, 970, and 980
showing a further example embodiment, according to which the device 800

may have a propeller protection system 910. The propeller protection
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system 910 may include a wing tip folding mechanism. Diagrams 905 and
920 show the propeller protection system 910 in an unfolded mode.
Diagram 950 shows a front view of the propeller protection system 910 in
the unfolded mode. Diagram 980 shows a rear view of the propeller
protection system 910 in the unfolded mode. Diagram 960 shows a right
side view of the propeller protection system 910 in the unfolded mode.
Diagram 970 shows a left side view of the propeller protection system 910 in
the unfolded mode. Diagram 930 shows the propeller protection system 910
in a semi-folded mode. Arrow 915 show a direction of folding of the
propeller protection system 910. Diagram 940 show the propeller protection
system 910 in a folded mode. Arrow 925 shows a direction of folding of the
propeller protection system 910 to transform the propeller protection system
910 from the semi-folded state to the folded state.

[0062] The propeller protection system 910 may fully or partially
surrounds any type of propellers, such as self-tightening fixed pitch
propellers and variable pitch propellers.

[0063] In further example embodiments, the device 800 may include a
surface skidding material platform and a landing system. The lending
system may conforms to a landing surface. Additionally, the device 800
may include one or more control surfaces selected from a group comprising:
a rudder, an aileron, a flap, and elevator. The device 800 may be operable to
perform an automatic landing and an automatic takeoft.

[0064] In an example embodiment, the device 800 further includes a
ballast. The ballast may be a permanently fixed ballast or a detachable
ballast. ~ Additionally, the device 800 may include an onboard air
compressor, an onboard electrolysis system, at least one waterproof

through-body wire or antenna feed-through.
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[0065] In a further example embodiment, the device 800 may include a
single- or multiple-axis tilt-motor device. FIG. 10 shows diagrams 1010,
1020, 1030, and 1040, on which the device 800 includes a tilt-motor device
1025, a tilt wing device 1015, and a tilt fuselage device (not shown). The
device 800 may further include at least one tilt rotor device embedded into
the door 808, 810. The tilt-motor device 1025 may tilt the propellers 1035
and the tilt wing device 1015 tilt the propellers 1045. Arrows 1055 show a
direction of rotation of the tilt-motor device 1025. Diagrams 1010, 1020, and
1030 show propellers 1035, 1045 located in a first mode when the device 800
may perform a vertical takeoff. Diagram 1040 shows propellers 1035, 1045
in a second mode when the device 800 may perform flying.

[0066] In an example embodiment, the device 800 may further include a
battery. A shape of the battery may conform to an interior profile of the
modular and expandable waterproof body. The battery may be a lithium
ion polymer (Li-Po or Li-Poly) battery that conforms to the interior profile,
and includes a built-in battery charge indicator.

[0067] Additionally, the device 800 may include a power distribution
board. The power distribution board may be associated with one or more of
the following devices: a flight controller, electronic speed controllers, a
buzzer, an onscreen display telemetry device, a video transmitter, a radio
control receiver, and so forth. In some embodiments, the power distribution
board may act as the chassis of the device 800.

[0068] In a further example embodiment, the device 800 may include a
Global Positioning System (GPS) module, a lost model alert, a cooling
device, such as a heat sink, a fan, or a duct, a detachable impact absorbing
skin or shell, vision aiding and orientative lights, such as light emitting

diodes, one or more hatches, quick connect payloads, a lap counter for
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racing, a flat or inclined launch platform or footing, one or more claws with
at least one degree of freedom, an apparatus for externally attaching a cargo
and internally housing the cargo, a charging station for multiple batteries.
Therefore, the device 800 may serve as a vehicle for carrying people or
cargos. In further example embodiments, the device 800 may be configured
as one of the following: an autonomous vehicle, a multi-blade ducted fan
roadable electric aircraft, an uncrewed vehicle, a driverless car, a self-
driving car, an unmanned aerial vehicle, a drone, a robotic car, a commercial
goods and passenger carrying vehicle, a private self-drive vehicle, a family
vehicle, a military vehicle, and a law enforcement vehicle.

[0069] The autonomous vehicle may be configured to sense environmental
conditions, navigate without human input, and perform autopiloting. The
sensing of the environmental conditions may be performed via one or more
of the following: a radar, a lidar, the GPS module, and a computer vision
module. The processor of the device 800 may be operable to interpret
sensory information to identify navigation paths, obstacles, and signage.
The autonomous vehicle may be also operable to update maps based on
sensory input to keep track of a position when conditions change or when
uncharted environments are entered.

[0070] The multi-blade ducted fan roadable electric car may be propelled
by one or more electric motors using electrical energy stored in the electrical
power storage device.

[0071] The charging station of the device 800 may include a fireproof
bunker. The device 800 may include a partial vacuum device configured to
perform cooling and increase buoyancy. Furthermore, the device 800 may
include an onboard or ground station electricity generator that may

comprise a plurality of solar cells, one or more wind turbines, and one or
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more hydroelectric generators.

[0072] Additionally, the device 800 may include a parachute. FIG. 11
shows diagrams 1110 and 1120, which represent the device 800 having a
parachute 1130. The parachute 1130 may be a manually deployable
parachute or an automatically deployable parachute.

[0073] In a further example embodiment, the device 800 may include one
or more modules attached to the modular and expandable waterproof body.
The one or more modules may include a waterproof battery module, a
turbine, a solar panel, a claw, a camera stabilization device, a thermal
inspection device, an environmental sample processor, a seismometer, a
spectrometer, an osmosampler, a night vision device, a hollow waterproof
module for upgrades, third party gear, and hardware upgrades.

[0074] In a further example embodiment, the battery may be partially or
completely modular. The electronic speed controllers may be configured to
detach from an electronic speed controller stack. The video transmitter and
the radio control receiver may be removable for upgrade. The onscreen
display telemetry device may be removable for upgrade. The plurality of
motors may be removable for upgrade. The flight controller may be
configured to detach from the power distribution board.

[0075] In a further example embodiment, the modular and expandable
waterproof body may have a back portion and a front portion. The back
portion and the front portion may show colors for ease of user orientation.
[0076] In a further example embodiment, the propulsion system may be
powered by a high pressure gas and direct current brushless motors. The
propellers may be attached directly to a motor shaft associated with one or
more of the plurality of motors or may be mechanically linked to one or

more of the plurality of motors through a series of pulley belts.
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[0077] In a further example embodiment, the device 800 may include a
landing gear system configured to retract, absorb shock, conform to the
landing surface or a launching surface, and house or carry antennas.

[0078] In further example embodiments, the variable pitch propellers may
be actuated by servoactuators or one or more of the plurality of motors.
Additionally, the propellers may be foldable or removable. FIG. 12 shows
diagrams 1210, 1220, 1230, 1240, which represent the device 800 that has
foldable propellers 1205. The foldable propellers 1205 may be attached to
arms 1215. The arms 1215 may be permanently attached, removable, or
foldable. Arrows 1225 show a direction of rotation of the arms 1215.

[0079] Additionally, a retractable wing 1245 may be connected to the
device 800. Arrows 1235 show a direction of rotation of the retractable wing
1245.

[0080] FIG. 13 shows diagrams 1310, 1320, 1330 that show the device 800
having the retractable wing 1245 in an extended mode. Arrow 1305 shows a
direction of movement of the retractable wing 1245 from a folded mode into
the extended mode. Additionally, the foldable propellers 1205 may be
tilted. Diagrams 1310 and 1320 show the foldable propellers 1205 in an
initial position and diagram 1330 shows the foldable propellers 1205 in a
tilted position.

[0081] In further example embodiments, the motors of the device 800 may
include a brushless motor, a brushed motor, an outrunner motor, and an
inrunner motor. The motors may spin with 1800-2400 revolutions per volt
to be paired with the propellers having 4-8 inch diameter and 3-6 inches of
pitch per rotation, or 80-700 revolutions per volt to be paired with larger
propellers with larger pitch, such as 10-18 inch diameter propellers with 4-

12 inches of pitch per rotation.
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[0082] In further example embodiments, the device 800 may include a
plurality of rotors that may be operable to tilt on a three axis. The motors
may be attached to at least one arm. A mating tilt mechanism to the at least
one arm may be actuated by one or more motors or a servomotor drive
train. The servomotor drive train and the one or more motors may be
connected to the at least one arm. The motors may be non-aligned on at
least one axis.

[0083] In the device 800, a position of the pulley belts may be set by guide
rails, grooved guide pulleys, or cylindrical guide pulleys, and tightened
with a tensioner clamp. The pulley belt may be configured to connect
pulleys on the arms with a servo pulley.

[0084] The present disclosure also refers to a video capture, realtime
broadcast, and video downlink system for an amphibious VTOL unmanned
device. The system may include a camera stabilization device, a camera
movement device configured move the camera, and one or more onboard
cameras for providing a real-time first-person video and a real-time first-
person view and normal footage video recording and 360-degree panoramic
video recording used for virtual reality views and interactive video. FIG. 14
shows a kit 1400 of one or more onboard cameras for providing a real-time
first-person video and a real-time first-person view.

[0085] The system may further include a video transmitter and receiver
device configured to perform high definition low latency real time video
downlink. The video transmitter and receiver device may be a high power,
high gain, and ultra-high frequency device. The system may further include
a one way and two way telemetry device, a live broadcast device, and a
headset configured to enable the real-time first-person video and a real-time

first-person view. FIG. 15 shows a headset 1500 configured to enable the
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real-time first-person video and a real-time first-person view.

[0086] In further example embodiments, the system may further include a
public database for viewing flight or dive activity, software for licensing
videos with a watermarked preview, software for autonomously extracting
usable footage and compiling the usable footage into a video montage
synced to music, onboard or separate software for stitching photos to form a
modified photo, and onboard or separate software for stitching videos to
form virtual reality views or interactive video.

[0087] In an example embodiment, the one or more onboard cameras may
be configured to adjust one or more of the following parameters: zoom,
shutter speed, aperture, ISO, focal length, depth of field, exposure
compensation, white balance, video or photo frame size and orientation,
camera resolution and frame rates; switch cameras used for live streaming,
digitally stabilize video; capture panoramic photos, capture thermal
measurements, edit color correction, produce night vision images and video,
produce flash. The cameras may have one or more lens filters. The cameras
may be configured to be mounted on surfaces of the amphibious VTOL
unmanned device on a motorized camera stabilization device or a vibration
free mount. The motorized camera stabilization device may be actuated by
a brushless motor, a brushed motor, a coreless motor, or a geared motor.
[0088] Additionally, the cameras for capturing panoramic views may be
mounted on a multi-camera spherical rig. The multi-camera spherical rig
may be mounted onto a camera stabilization device or a fixed mounting
device. A content captured by the cameras may be combined to create a
panoramic video. The headset 1500 shown on FIG. 15 may be used by a
user to view the panoramic video. A viewing angle may be controlled by

one or more of the following: head tracking, pressing arrow keys, dragging
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a screen of the headset, and clicking and dragging a compass icon.
Additionally, the headset 1500 may include a video receiver, such as an
internally housed video receiver, an externally mounted video receiver, and
a separate video receiver, and an integrated camera to enable a user to see
surroundings.

[0089] Furthermore, the video transmitter and receiver device of the
system may be configured to control one or more of the following: an
omnidirectional or directional antenna, a low pass filter, a ninety degree
adapter, head tracking and eye tracking to manipulate movement of the
camera stabilization device for video capture or live playback, antenna
tracking on the ground station or onboard.

[0090] In an example embodiment, the one way and two way telemetry
device may be configured to control an on screen display to inform a user of
battery voltage, current draw, signal strength, minutes flown, minutes left
on battery, joystick display, flight and dive mode and profile, amperage
draw per unit of time, GPS latitude and longitude coordinates, an operator
position relative to a position of the amphibious VTOL unmanned device,
number of GPS satellites, and artificial horizon displayed on a wearable
device, such as a tablet, a phone, and the headset. Additionally, the one way
and two way telemetry device may be configured to provide a follow-me
mode when the amphibious VTOL unmanned device uses the wearable
device as a virtual tether to track the user via the camera when the user
moves. In an example embodiment, a first person may carry a ground
station and may be followed by the amphibious VITOL unmanned device,
and a second person may carry a controller and may be ready to regain
manual control at any time. The follow-mw mode may require a GPS

enabled wearable device. The follow-me mode may make it possible

25



WO 2017/081668 PCT/IB2016/056829

for the user to have a flying car follow the user as the user moves by
using a telemetry radio and a ground station. The follow-me mode
may be implemented by using the wearable device as the ground
station.

[0091] In an example embodiment, the live broadcast device may
include an onboard High Definition Multimedia Input port operable to
transmit standard definition, high definition, virtual reality, and interactive
video to one or more bystanders. The interactive video may be broadcasted
on at least one of the following: a screen, a projector, a split screen, a switch
screen, and the headset. The live broadcast device may further comprise an
aerial, ground, and marine vehicle for filming the amphibious VTOL
unmanned device.

[0092] The present disclosure also refers to a collision avoidance, flight
stabilization, and multi-rotor control system for an amphibious VTOL
unmanned device. The system may be configured as a flying car and may
include a flight and dive control device configured to perform one or more
of the following: auto level control, altitude hold, return to an operator
automatically, return to the operator by manual input, operating auto-
recognition camera, monitoring a circular path around a pilot, and
controlling autopilot, supporting dynamic and fixed tilting arms. The
system may further include one or more sensors and one or more cameras
configured to control one or more of the following: obstacle avoidance,
terrain and Geographical Information System mapping, close proximity
flight including terrain tracing, and crash resistant indoor navigation. The
system may additionally include an autonomous takeoff device, an auto-fly
or dive to a destination with at least one manually or automatically

generated flight plan, an auto-fly or dive to the destination by tracking
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monuments, a direction lock, a dual operator control device, a transmitter
and receiver control device. The transmitter and receiver control device
may include one or more antennas. The antennas may be high gain
antennas. The transmitter and receiver control device may further include a
lock mechanism operated by one or more of the following: numerical
passwords, word passwords, fingerprint recognition, face recognition, eye
recognition, and a physical key. The system may further include at least one
electronic speed controllers (ESC) selected from a standalone ESC and an
ESC integrated into a power distribution board of the amphibious VTOL
unmanned device. The ESC may be operable to program a motor spin
direction without reconnecting wires by the user via spinning a motor in a
predetermined direction, and record an input.

[0093] In an example embodiment, the device 800 may further include
a first rotor operable to rotate about a first axis and tilt about a second axis
between a helicopter mode and an aeroplane mode. The first rotor may
include a shaft operable to rotate about the first axis and tilt about the
second axis between the helicopter mode and the aeroplane mode. The first
axis may be transversal to a longitudinal direction of the device 800 in the
helicopter mode and may be substantially parallel to the longitudinal
direction in the aeroplane mode. The device 800 may further include a
second rotor operatively connected to the shaft of the first rotor. The device
800 may further include an electrical power storage device and an electrical
machine. The electrical machine may include a stator electrically connected
to the electrical power storage device. The electrical machine may act as an
electric motor for driving rotation of the first rotor by using the electrical
power storage device. The electrical machine may further act as an electrical

power generator for re-charging the electrical power storage device by
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causing the rotation of the second rotor under action of a wind current.
[0094] The one or more sensors are selected from a group of the
following sensors: individual sensors, stereo sensors, ultrasonic sensors,
infrared sensors, multispectral sensors, optical flow sensors, and volatile
organic compound sensors. The one or more sensors may be provided for
intelligent positioning, collision avoidance, media capturing, surveillance,
and monitoring.

[0095] In some embodiments, the system may include an open source code
and an open source software development kit. The system may further
include a processor. The processor may include a flight controller. The
flight controller may include an external micro controller or an internal
micro controller, and a barometer, an accelerometer, a gyroscope, a GPS,
and a magnetometer.

[0096] The flight and dive control device may be configured to perform
stable transitions between a hover mode, a full forward flight mode, and an
underwater mode, enable or disable a GPS, record flight parameters, allow
inverted flight, aerial and aquatic rolls and flips, and stabilize proportional,
integral, and derivative gains above water and below water. Additionally,
the flight and dive control device may be configured to restrict the
amphibious VTOL unmanned device to fly-safe locations, receive and enact
force shut-off commands associated with a manufacturer, receive software
updates from the manufacturer, activate the amphibious VTOL unmanned
device after a user inputs an arming action or an arming sequence,
Furthermore, the flight and dive control device may be configured to
provide thrust compensation for body inclination by acting as a body pitch
suppressor to maintain an altitude in forward flight and compensate yaw

and roll mixing when rotors of the amphibious VTOL unmanned device tilt.

28



WO 2017/081668 PCT/IB2016/056829

[0097] The system may further include a radio control device operable to
control an omnidirectional or directional antenna, antenna tracking on a
ground station or onboard the amphibious VITOL unmanned device tilt, a
low pass filter, ninety degree adapter, a detachable module for RC
communication on a channel having a frequency selected from 72MHz,
75MHz, 433MHz, and 1.2/1.3GHz, adjustable dual rates and exponential
values, at least one dial or joystick for controlling the movement of a camera
stabilization device, one or more foot pedals, a slider, a potentiometer, and a
switch to transition between a flight profile and a dive profile. The radio
control device may be controlled by stick inputs and motion gestures. In
further embodiments, the radio control device may be further operable to
perform automatic obstacle avoidance and automatic maneuvering around
an obstacle when the amphibious VTOL unmanned device performs a flight
in a predetermined direction. For example, when the user wants the
amphibious VTOL unmanned device to fly forwards through obstacles,
such as trees, the user needs only to signal the amphibious VTOL unmanned
device to go forwards, and the amphibious VTOL unmanned device may
autonomously dodge through the obstacles. Additionally, the radio control
device may be operable to turn on a swarm follow-me function by
instructing a plurality of amphibious VTOL unmanned devices to follow a
single subject and capture a plurality of views of the subject, where different
amphibious VTOL unmanned devices capture different views of the same
subject.
In further example embodiments, the system may further include a

navigation device. The navigation device may be configured to enable
autonomous flying at low aliitude and avoiding obstacles, evaluate and

select landing sites in an unmapped terrain, and land safely using a
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compuiterized self-generated approach path. Furthermore, the system may
be configured to enable a pilot aid 1o help a pilot to avoid obstacles, such as
power lines, and select landing sites in urdmproved areas, such as
emergency scenes, during operating in low-light or low-visibility conditions.
Furthermore, the system may be configured to detect and maneuver arcund
a man lift during fiying, detect high-tension wires over a desert terrain, and
enable operation in a near earth obstacle rich environment, The system may
also include a navigation sensor configured to map an unknown area where
obstructions limited landing sites and identify level landing sites with
approach paths that are accessible for evacuating a simulated casualty, The
navigation sensor may be configured to build three-dimensional maps of a
ground and find obstacles in a path, detect four-inch-high pallets, chain link
tences, vegetation, people and objects that block a landing site, enable
continuously identitying potential landing sites and develop landing
approaches and abort paths. Additionally, the navigation senisor may be
configured to select a safe landing site being closest to a given set of
coordinates. The navigation sensor may include an inertial sensor and a
laser scanner configured to look forward and down. The navigation sensor
may be paired with mapping and obstacle avoidance software. The
mapping and obstacle avoidance software may be operable to keep a
running rank of the landing sites, approaches and abort paths to enable
responding to unexpected circumstances. Additionally, the amphibious
VTOL unmanned device may include a light detection and ranging lidar
and an ultrasonic radar sensor.

[0098] Further example embodiments of an amphibious VTOL unmanned
device 800 configured as a flying car are represented on FIGs. 16-21. More
specifically, FIG. 16 shows diagrams 1610, 1620, 1630, 1640, which represent
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the device 800 that has a rotatable propulsion system 1605. The rotatable
propulsion system 1605 may include a retractable wing 1615, arms 1625, and
propellers 1635. Diagram 1610 shows the rotatable propulsion system 1605
in a folded position. Diagram 1620 shows the rotatable propulsion system
1605 in a folded rotated position. Diagram 1630 shows the rotatable
propulsion system 1605 in an unfolded position. Diagram 1640 shows the
rotatable propulsion system 1605 in an unfolded rotated position.

[0099] FIG. 17 shows diagrams 1710, 1720, which represent the device 800
having a retractable wing 1705 and rotatable propellers 1715. Diagram 1710
shows the rotatable propellers 1715 in a first mode when the device 800 may
perform a vertical takeoff. Diagram 1720 shows the rotatable propellers
1715 in a second mode when the device 800 may perform horizontal flying.
The rotatable propellers 1715 may be rotated using rotatable arms 1725.
[00100] FIG. 18 shows diagrams 1810, 1820, 1830, 1840, which represent the
device 800 having a rotatable wing 1805 and rotatable propellers 1815.
Diagram 1810 shows a folded position of the rotatable wing 1805. Diagram
1820 shows an unfolded position of the rotatable wing 1805. Arrows 1825
show a direction of rotation of the rotatable wing 1805. Diagram 1830 shows
the rotatable propellers 1815 in a first mode when the device 800 may
perform a vertical takeoff. Diagram 1840 shows the rotatable propellers
1815 in a second mode when the device 800 may perform horizontal flying.
The rotatable propellers 1715 may be rotated using rotatable arms 1835.
[00101] FIG. 19 shows diagrams 1910, 1920, which represent a multi-axis
propulsion system 1905 of the device 800. Diagram 1910 shows rotatable
propellers 1915 in a first mode when the device 800 may perform a vertical
takeoff. Diagram 1920 shows the rotatable propellers 1915 in a second mode

when the device 800 may perform horizontal flying. The rotatable
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propellers 1915 may be rotated using rotatable arms 1925.

[00102] FIG. 20 shows diagrams 2010, 2020, which represent the device 800
being a radio controlled toy. The device 800 may be operated using a radio
communication channel. The device 800 may have rotatable propellers
2005. The device 800 in a form of the toy may be used for capturing first
person views, recording video, performing photography, and so forth.
[00103] FIG. 21 shows diagrams 2110, 2120, 2130, 2140, and 2150, which
represent the device 800 having extruded wheels 2105 and rotatable
propellers 2115. Diagrams 2110 and 2120 show a folded position of the
rotatable propellers 2115. Diagrams 2130, 2140, 2150 show an unfolded
position of the rotatable propellers 2115. Arrows 2125 show a direction of
unfolding of the rotatable propellers 2115. Diagram 2130 shows the
rotatable propellers 2115 in a first mode when the device 800 may perform
flying. Diagrams 2130, 2140, and 2150 show the rotatable propellers 2115 in
a second mode when the device 800 may perform a vertical takeoff. The
rotatable propellers 2115 may be rotated from the first mode to the second
mode by rotating the rotatable propellers 2115 in a direction shown by
arrows 2135.

[00104] FIG. 22 shows diagrams 2210 and 2220, which represent the device
800 that has two wings 2205 and 2210. Each of the wings 2205 and 2210 may
have a propeller 2215. Diagram 2210 shows a folded position of the
propellers 2215. Diagram 2220 shows an unfolded position the propellers
2215.

[00105] Thus, various an amphibious VTOL unmanned devices have
been described. Although embodiments have been described with reference
to specific example embodiments, it will be evident that various

modifications and changes may be made to these embodiments without
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departing from the broader spirit and scope of the system and method
described herein. Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. An amphibious vertical takeoff and landing (VTOL) unmanned
device comprising:

a modular and expandable waterproof body;

a chassis;

an outer body shell comprising one or more pieces;

a propulsion system selected from a coaxial propulsion system and a
single-axis propulsion system, the propulsion system comprises a plurality
of motors and propellers associated with the plurality of motors, wherein
the propellers are selected from clockwise propellers, counterclockwise
propellers, and variable pitch propellers, wherein the propellers include at
least a multi-blade ducted fan;

a propeller protection system;

at least one wing;

a surface skidding material platform;

a landing system that conforms to a landing surface;

one or more control surfaces selected from a group comprising: a
rudder, an aileron, a flap, and elevator;

a ballast selected from a permanently fixed ballast and a detachable
ballast;

an onboard air compressor;

an onboard electrolysis system;

at least one waterproof through-body wire or antenna feed-through;

a single- or multiple-axis tilt-motor device;
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a tilt fuselage device;

a tilt wing device;

a door connected to the modular and expandable waterproof body,
wherein the door is selected from a gull wing door and a falcon wing door;

at least one tilt rotor device embedded into the door;

a battery, wherein a shape of the battery conforms to an interior
profile of the modular and expandable waterproof body;

a power distribution board comprising one or more of the following:
a flight controller, electronic speed controllers, a buzzer, an on screen
display telemetry device, a video transmitter, and a radio control receiver,
wherein the power distribution board acts as the chassis;

a first rotor operable to rotate about a first axis and tilt about a second
axis between a helicopter mode and an aeroplane mode, wherein the first
rotor comprises a shaft operable to rotate about the first axis and tilt about
the second axis between the helicopter mode and the aeroplane mode; the
first axis being transversal to a longitudinal direction of the amphibious
VTOL unmanned device in the helicopter mode and being substantially
parallel to the longitudinal direction in the aeroplane mode;

second rotor operatively connected to the shaft of the first rotor;
an electrical power storage device;

an electrical machine comprising a stator electrically connected to the
electrical power storage device, wherein the electrical machine acts as an
electric motor for driving rotation of the first rotor by using the electrical
power storage device, and wherein the electrical machine acts as an
electrical power generator for re-charging the electrical power storage
device by causing the rotation of the second rotor under action of a wind

current;
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a Global Positioning System (GPS) module;

a lost model alert;

a cooling device comprising at least one heat sink, fan, or duct;

a detachable impact absorbing skin or shell;

vision aiding and orientative lights, wherein the vision aiding and
orientative lights include light emitting diodes;

one or more hatches;

quick connect payloads;

a lap counter for racing;

a flat or inclined launch platform or footing;

one or more claws with at least one degree of freedom;

an apparatus for externally attaching a cargo and internally housing
the cargo;

a charging station for multiple batteries, the charging station
comprising a fireproof bunker;

a partial vacuum device configured to perform cooling and increase
buoyancy;

a manually or automatically deployable parachute;

an onboard or ground station electricity generator comprising a
plurality of solar cells, one or more wind turbines, and one or more
hydroelectric generators;

a 3D or 4D printed parts;

a carbon fiber hybrid solar cells;

a light detection and ranging lidar; and

an ultrasonic radar sensor;

wherein at least one motor of the plurality of motors includes a solar

turbine powered master impeller motor disposed centrally in the device,
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solar turbine powered master impeller motor comprising an electric-drive
impeller contained in a compression chamber and having an axis of rotation
oriented perpendicularly to an axis of the device, the solar turbine powered
master impeller motor being powered by a solar film, the solar film being
integrated on an upper surface of the device, a lower surface of the device,
and the at least one wing of the device, and the solar turbine powered
master impeller motor being powered by the electrical power storage
device;

wherein the at least one wing includes a left forward swept wing and
aright forward swept wing, the left forward swept wing and the right
forward swept wing being mounted on the chassis,

wherein the propellers further include a first brushless ducted fan
and a second brushless ducted fan integrated left and right of the chassis,
the first brushless ducted fan and the second brushless ducted fan being
powered by the solar film, the first brushless ducted fan and the second
brushless ducted fan being associated with a brushless electric motor
operable to spin the electric-drive impeller to provide at least one air

accelerator ring with compressed forced air thrust.

2. The device of claim 1, wherein the plurality of motors and propellers
includes ducted propellers, fixed pitch propellers, controllable pitch
propellers, two-position propellers, full feathering propellers, and tilted

propellers.

3. The device of claim 1, wherein the plurality of motors and propellers

includes two motors and propellers, three motors and propellers, four
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motors and propellers, five motors and propellers, and six motors and

propellers.

4. The device of claim 1, wherein at least one of the plurality of motors
and propellers is located on a foldable wing, the foldable wing folding in a

ground mode and unfolding in a flight mode.

5. The device of claim 1, further comprising one or more modules
attached to the modular and expandable waterproof body, the one or more
modules are selected from a group comprising: a waterproof battery
module, a turbine, a solar panel, a claw, a camera stabilization device, a
thermal inspection device, an environmental sample processor, a
seismometer, a spectrometer, an osmosampler, a night vision device, a
hollow waterproof module for upgrades, third party gear, and hardware

upgrades.

6. The device of claim 1, wherein the battery is partially or completely
modular, and wherein the electronic speed controllers is configured to
detach from an electronic speed controller stack, the video transmitter and
the radio control receiver are removable for upgrade, the on screen display
telemetry device is removable for upgrade, the plurality of motors are
removable for upgrade, and the flight controller is configured to detach
from the power distribution board, wherein the battery is a lithium ion
polymer battery that conforms to the interior profile, and includes a built-in

battery charge indicator.
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7. The device of claim 1, wherein the modular and expandable
waterproof body has a back portion and a front portion, wherein the back
portion and the front portion show colors for ease of user orientation,
wherein the device is configured to be launched from a body of a user,
wherein the device is controlled by the user using a mobile and wearable
device via motion gestures, buttons, and a touch screen, wherein the device
is operable to perform an automatic landing and an automatic takeoff,
wherein the device is configured in a form of one of the following: a people-
carrying vehicle, a cargo-carrying vehicle, a radio controlled toy, an
autonomous vehicle, a multi-blade ducted fan roadable electric aircraft, an
uncrewed vehicle, a driverless car, a self-driving car, an unmanned aerial
vehicle, a drone, a robotic car, a commercial goods and passenger carrying
vehicle, a private self-drive vehicle, a family vehicle, a military vehicle, and
a law enforcement vehicle;

wherein the autonomous vehicle is configured to sense
environmental conditions, navigate without human input, and perform
autopiloting; wherein the sensing is performed via one or more of the
following: a radar, a lidar, the GPS module, and a computer vision module;
wherein the processor is operable to interpret sensory information to
identify navigation paths, obstacles and signage; wherein the autonomous
vehicle is operable to update maps based on sensory input to keep track of a
position when conditions change or when uncharted environments are
entered;

wherein the multi-blade ducted fan roadable electric car is propelled
by one or more electric motors using electrical energy stored in the electrical

power storage device; and
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wherein the mobile and wearable device enables to user to submit a
trip request, the trip request being routed to the device to initiate a peer-to-

peer pick up service or a cargo transportation.

8. The device of claim 1, wherein the propulsion system is powered by:
a high pressure gas; and
direct current brushless motors, wherein the propellers are attached
directly to a motor shaft associated with one or more of the plurality of
motors or are mechanically linked to one or more of the plurality of motors

through a series of pulley belts.

9. The device of claim 8, wherein a position of the pulley belts is set by
guide rails, grooved guide pulleys, and cylindrical guide pulleys, and
tightened with a tensioner clamp, wherein the pulley belts are configured to

connect pulleys on arms with a servo pulley.

10.  The device of claim 1, wherein the propeller protection system fully
or partially surrounds the propellers, wherein the propellers are selected

from self-tightening fixed pitch propellers and variable pitch propellers.

11.  The device of claim 1, further comprising a landing gear system
configured to:

retract;

absorb shock;

conform to the landing surface or a launching surface; and

house or carry antennas.
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12. The device of claim 6, wherein the variable pitch propellers are

actuated by servoactuators or one or more of the plurality of motors.

13.  The device of claim 1, wherein the propellers are foldable or
removable, the propellers being attached to arms, and wherein the arms are

permanently attached, removable, or foldable.

14.  The device of claim 1, wherein the plurality of motors include one or
more of a brushless motor, a brushed motor, an outrunner motor, and an
inrunner motor, wherein the plurality of motors spin with 1800-2400
revolutions per volt to be paired with the propellers having 4-8 inch
diameter and 3-6 inches of pitch per rotation, or spin with 80-700
revolutions per volt to be paired with the propellers having 10-18 inch
diameter with 4-12 inches of pitch per rotation, and wherein the plurality of

motors are non-alighed on at least one axis.

15.  The device of claim 1, further comprising a plurality of rotors, the
plurality of rotors being operable to tilt on a three axis, the one or more of
the plurality of motors is attached to at least one arm, and a mating tilt
mechanism to the at least one arm is actuated by one or more motors or a
servomotor drive train, wherein the servomotor drive train and the one or

more motors are connected to the at least one arm.

16. A video capture, realtime broadcast, and video downlink system for
an amphibious VTOL unmanned device, the system comprising:
a camera stabilization device;

a camera movement device configured move the camera;
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one or more onboard cameras for providing a real-time first-person
video and a real-time first-person view and normal footage video recording
and 360-degree panoramic video recording used for virtual reality views
and interactive video;

a video transmitter and receiver device configured to perform high
definition low latency real time video downlink, wherein the video
transmitter and receiver device is a high power, high gain, and ultra-high
frequency device;

a one way and two way telemetry device;

a live broadcast device;

a headset configured to enable the real-time first-person video and a
real-time first-person view;

a public database for viewing flight or dive activity;

software for licensing videos with a watermarked preview;

software for autonomously extracting usable footage and compiling
the usable footage into a video montage synced to music;

onboard or separate software for stitching photos to form a modified
photo; and

onboard or separate software for stitching videos to form virtual

reality views or interactive video.

17.  The system of claim 16, wherein the one or more onboard cameras
are configured to:

adjust one or more of the following parameters: zoom, shutter speed,
aperture, ISO, focal length, depth of field, exposure compensation, white
balance, video or photo frame size and orientation, camera resolution and

frame rates; switch cameras used for live streaming, digitally stabilize video;
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capture panoramic photos, capture thermal measurements, edit color
correction, produce night vision images and video, produce flash; and
wherein the one or more cameras have one or more lens filters;
wherein the one or more cameras are configured to be mounted on
surfaces of the amphibious VTOL unmanned device on a motorized camera
stabilization device or a vibration free mount, the motorized camera
stabilization device being actuated by a brushless motor, a brushed motor, a

coreless motor, or a geared motor.

18. The system of claim 16, wherein the one or more cameras for
capturing panoramic views are mounted on a multi-camera spherical rig,
wherein the multi-camera spherical rig is mounted onto a camera
stabilization device or a fixed mounting device, wherein a content captured
by the one or more cameras are combined to create a panoramic video,
wherein the headset is used by a user to view the panoramic video, wherein
a viewing angle is controlled by one or more of the following: head tracking,
pressing arrow keys, dragging a screen of the headset, and clicking and

dragging a compass icon.

19. The system of claim 16, wherein the video transmitter and receiver
device is configured to control one or more of the following: an
omnidirectional or directional antenna, a low pass filter, a ninety degree
adapter, head tracking and eye tracking to manipulate movement of the
camera stabilization device for video capture or live playback, antenna

tracking on a ground station or onboard.
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20.  The system of claim 16, wherein the one way and two way telemetry
device is configured to control an on screen display to inform a user of
battery voltage, current draw, signal strength, minutes flown, minutes left
on battery, joystick display, flight and dive mode and profile, amperage
draw per unit of time, GPS latitude and longitude coordinates, an operator
position relative to a position of the amphibious VTOL unmanned device,
number of GPS satellites, and artificial horizon displayed on a wearable
device, the wearable device being selected from a tablet, a phone, and the
headset, wherein the one way and two way telemetry device is configured
to provide a follow-me mode when the amphibious VTOL unmanned
device uses the wearable device as a virtual tether to track the user via the

camera when the user moves.

21. The system of claim 16, wherein the live broadcast device comprises
an onboard High Definition Multimedia Input port operable to transmit
standard definition, high definition, virtual reality, and interactive video to
one or more bystanders, wherein the interactive video is broadcasted on at
least one of the following: a screen, a projector, a split screen, a switch
screen, and the headset, wherein the live broadcast device further comprises
an aerial, ground, and marine vehicle for filming the amphibious VTOL

unmanned device.

22.  The system of claim 16, wherein the headset comprises a video
receiver selected from an internally housed video receiver, an externally
mounted video receiver, and a separate video receiver, and an integrated

camera to enable a user to see surroundings.
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23. A collision avoidance, flight stabilization, and multi-rotor control
system for an amphibious VIOL unmanned device, the system comprising:

a flight and dive control device configured to perform one or more of
the following: auto level control, altitude hold, return to an operator
automatically, return to the operator by manual input, operating auto-
recognition camera, monitoring a circular path around a pilot, and
controlling autopilot, supporting dynamic and fixed tilting arms;

one or more sensors and one or more cameras configured to control
one or more of the following: obstacle avoidance, terrain and Geographical
Information System mapping, close proximity flight including terrain
tracing, and crash resistant indoor navigation;

an autonomous takeoff device;

an auto-fly or dive to a destination with at least one manually or
automatically generated flight plan;

an auto-fly or dive to the destination by tracking monuments;

a direction lock;

dual operator control;

a transmitter and receiver control device comprising one or more
antennas, the one or more antennas including high gain antennas, ;

the transmitter and receiver control device further comprising a lock
mechanism operated by one or more of the following: numerical passwords,
word passwords, fingerprint recognition, face recognition, eye recognition,
and a physical key; and

at least one electronic speed controllers (ESC) selected from a
standalone ESC and an ESC integrated into a power distribution board of

the amphibious VTOL unmanned device.
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24, The system of claim 23, further comprising;:

a processor, wherein the processor includes a flight controller,
wherein the flight controller is selected from an external micro controller or
an internal micro controller; and

a barometer;

an accelerometer; a gyroscope;

a GPS; and

a magnetometer.

25.  The system of claim 23, wherein the flight and dive control device is
configured to:

perform stable transitions between a hover mode, a full forward
flight mode, and an underwater mode;

enable or disable a GPS;

record flight parameters;

allow inverted flight, aerial and aquatic rolls and flips;

stabilize proportional, integral, and derivative gains above water
and below water;

restrict the amphibious VTOL unmanned device to fly-safe
locations;

receive and enact force shut-off commands associated with a
manufacturer;

receive software updates from the manufacturer;

activate the amphibious VTOL unmanned device after a user inputs
an arming action or an arming sequence;

provide thrust compensation for body inclination by acting as a

body pitch suppressor to maintain an altitude in forward flight; and
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compensate yaw and roll mixing when rotors of the amphibious

VTOL unmanned device tilt.

26.  The system of claim 23, further comprising a radio control device
operable to control one or more of the following: an omnidirectional or
directional antenna, antenna tracking on a ground station or onboard the
amphibious VTOL unmanned device tilt, a low pass filter, ninety degree
adapter, a detachable module for RC communication on a channel having a
frequency selected from 72MHz, 75MHz, 433MHz, and 1.2 GHz and
1.3GHz, adjustable dual rates and exponential values, at least one dial or
joystick for controlling movement of a camera stabilization device, one or
more foot pedals, a slider, a potentiometer, and a switch to transition
between a flight profile and a dive profile, and wherein the radio control
device is further operable to perform automatic obstacle avoidance and
automatic maneuvering around an obstacle when the amphibious VTOL
unmanned device performs a flight in a predetermined direction, wherein
the radio control device is operable to instruct a plurality of amphibious
VTOL unmanned device to follow a single subject and capture a plurality of
views of the subject, wherein the radio control device is controlled by stick

inputs and motion gestures.

27. The system of claim 23, further comprising;:
a navigation device corfigured to:
enable autonomous flying at low altitude and avoiding
obstacles;

evaluate and select landing sites in an unmapped terrain;
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land safely using a computerized self-generated approach
pathy;

eniable a pilot aid to help a pilot to avold obstacles and select
landing sites in unimproved areas during operating in low-light or
low-visibility conditions;

detect and maneuver around a ran it during flying;

detect high-tension wires over a desert terrain; and

enable operation in a near earth obstacie rich environment; and
a navigation sensor configured to

map an unknown area where obstructions imited landing
sites;

identify level landing sites with approach paths that are
accessible for evacuating a sirmulated casualty;

build three-dimensional maps of a ground and find obstacles
in a path;

detect four-inch-high pallets, chain link fences,

7

vegetation,
people and objects that block a landing site;

enable contirwiously identitying potential landing sites and
develop landing approaches and abort paths;

select a safe landing site being closest {o a given set of
coordinates;

wherein the navigation sensor includes an inertial sensor and a
taser scanner contigured to look forward and dowiy,

wherein the navigation sensor is paired with mapping and
obstacle avoidance software, the mapping and obstacle avoidance

software being operable to keep a running rank of the landing sites,
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approaches and abort paths to enable responding to unexpected

circumstances.

28.  The system of claim 23, wherein the ESC are further operable to
program a motor spin direction without reconnecting wires by a user via

spinning a motor in a predetermined direction, and record an input.

29.  The system of claim 23, wherein the system includes an open source

code and an open source software development kit.

30.  The system of claim 23, wherein the one or more sensors are selected
from a group comprising: individual sensors, stereo sensors, ultrasonic
sensors, infrared sensors, multispectral sensors, optical flow sensors, and
volatile organic compound sensors, wherein the one or more sensors are
provided for intelligent positioning, collision avoidance, media capturing,

surveillance, and monitoring.
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