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HIGH SPEED MULTI - ROTOR VERTICAL 
TAKEOFF AND LANDING AIRCRAFT 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 

[ 0001 ] This application claims priority to and is a con 
tinuation of U . S . patent application Ser . No . 14 / 554 , 892 , 
filed on Nov . 26 , 2014 , the entire contents of which are 
incorporated herein by reference . 

BACKGROUND 
[ 0002 ] The field of aviation encompasses many different 
versions of manned and unmanned aircraft . The vast major 
ity of readily accessible , affordable manned and unmanned 
aircraft are fixed wing designs that require the use of a 
hangar or ramp space for storage , and an air strip for take - off 
and landing . To obviate this need , in some cases , tools are 
used to minimize the need for ramps or landing areas 
through the use of sling - shot mechanisms ( for takeoff ) or 
landing catches ( for landing ) . In either case , the ease and 
efficiency of fixed wing design is often off - set by the need 
of ramp space or these additional tools . These requirements 
increase the overall cost of operating the aircraft , and can 
render it inaccessible to the average citizen . In addition , 
most manned and unmanned aircraft rely on traditional 
controls and require training and expertise to operate them . 
The degree of difficulty and knowledge required to operate 
these aircraft is often multiple times that of driving a 
traditional automobile , which may limit access to and 
growth in the industry . 
[ 0003 ] In contrast , High Speed vertical takeoff and landing 
( VTOL ) aircraft can be operated without use of an air strip . 
A large number of VTOL aircraft in use today are in the form 
of tilt - rotor , ducted , and dedicated lift system aircraft , and 
are employed by various militaries throughout the world . 
The overall complexity of the tilt - rotor aircraft generally 
limits their use to well trained , professional pilots . However , 
the many advantages of the tilt - rotor platform , including 
vertical lifting capabilities combined with the speed and 
efficiency of a conventional fixed wing aircraft , if available 
to the general public , could revolutionize the aviation indus 

[ 0008 ] FIG . 4 is a top view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIG . 1A . 
[ 0009 ] FIG . 5 is a top view of an illustrative High Speed 
VTOL aircraft with an illustrative propulsion system . 
10010 ] . FIG . 6 is a top view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIG . 1A , showing 
various components that may be selectively included in the 
High Speed Multi - Rotor VTOL aircraft . 
10011 ] FIG . 7 is a side view of an illustrative manned High 
Speed Multi - Rotor VTOL aircraft with pusher - type rotors . 
FIG . 7 depicts the VTOL aircraft in a landed position . 
[ 0012 ] FIGS . 8A - 8C are vertical views of an unmanned 
version of the illustrative High Speed Multi - Rotor VTOL 
aircraft shown in FIG . 7 , in flight . FIG . 8A depicts the VTOL 
aircraft in the vertical flight configuration . FIG . 8B depicts 
the VTOL aircraft in the horizontal flight configuration with 
main wing - loading . FIG . 8C depicts the VTOL aircraft in the 
horizontal flight configuration with vertical wing - loading . 
[ 0013 ] FIG . 9 is a side view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIGS . 8A - 8C in the 
vertical flight configuration . FIG . 9 depicts the VTOL air 
craft hovering in a nose - down configuration . 
[ 0014 ] FIG . 10 is a schematic diagram showing a transi 
tion of flight of an illustrative High Speed Multi - Rotor 
VTOL aircraft from the horizontal flight mode to a transition 
mode to landing . 
[ 0015 ] FIGS . 11A - 11C are various views of a foldable 
rotor . FIG . 11A is a perspective view of an illustrative High 
Speed Multi - Rotor VTOL aircraft in forward flight , with two 
rotors folded and two rotors extended . FIG . 11B is perspec 
tive view of the foldable rotor in the extended position . FIG . 
11C is a perspective view of a foldable rotor in a folded 
position . 
[ 00161 FIGS . 12A and 12B are perspective views of a 
variable pitch rotor , such as the rotors depicted in FIGS . 1 - 4 
and 6 - 11 , mounted on a High Speed Multi - Rotor VTOL 
aircraft . 
[ 0017 ] FIGS . 13A - 13D are isometric views of an illustra 
tive rotating assembly that connects a cockpit to the fuse 
lage , the main wing , and / or the vertical wing of the illus 
trative VTOL aircraft . 
[ 0018 ] FIG . 14 is a flow diagram showing a transition 
from takeoff , through a transition mode , to a forward flight 
mode . 
[ 0019 ] FIG . 15 is an illustrative environment in which the 
VTOL aircraft , such as VTOL aircraft 100 may operate . 

try . 

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 ] FIGS . 1A and 1B are perspective views of an 
illustrative High Speed Multi - Rotor vertical takeoff and 
landing ( VTOL ) aircraft . 
10006 . FIG . 2 is a schematic diagram showing a transition 
of flight of an illustrative High Speed Multi - Rotor VTOL 
aircraft from takeoff to a transitional mode to a forward 
flight mode . 
100071 FIGS . 3A and 3B are side elevation views of an 
illustrative High Speed Multi - Rotor VTOL aircraft in for 
ward flight mode . FIG . 3A shows the VTOL aircraft with 
main wing loading . FIG . 3B shows the VTOL aircraft with 
vertical wing loading . 

DETAILED DESCRIPTION 
[ 0020 ] Overview 
[ 0021 ] This disclosure is generally directed to a vertical 
takeoff and landing ( VTOL ) aircraft that includes fixed wing 
flight capabilities . As discussed above , various types of 
VTOL aircraft exist in the aviation industry . Some types , 
such as the V - 22 Osprey , employ large rotating nacelles to 
effect a transition from a vertical to a horizontal flight 
configuration . Other embodiments employ rotating exhaust 
ports to effect the transition . Still others , such as tail sitters 
use thrust generating sources across different planes to effect 
a transition from vertical to horizontal flight . However , 
various embodiments described herein provide an improved 
design in the VTOL aircraft market . For example , in at least 
one embodiment , the VTOL aircraft may include multiple 
variable speed and variable pitch rotors mounted on the 
same plane , equidistant from each other . Each of the mul 
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control management system , the flight plan directing the 
configuration and / or navigation of the VTOL aircraft . Addi 
tionally or alternatively , the VTOL aircraft may be capable 
of fully autonomous flight in an emergency situation . For 
example , if an operator becomes incapacitated , the VTOL 
aircraft may be configured for an automatic recovery func 
tion in which the aircraft may establish a hover and land in 
the vertical flight configuration without input from an opera 
tor . For another example , the VTOL aircraft may enable the 
automatic recovery function upon lost contact with a remote 
operator . 
[ 0026 ] The apparatuses , systems , and techniques 
described herein may be implemented in a number of ways . 
Example embodiments are provided below with reference to 
the following figures . 
[ 0027 ] It is understood that the vertical flight configuration 
may encompass a hover and / or hovering the VTOL aircraft . 
The terms may vertical flight configuration , vertical flight 
mode , and hover mode may be used interchangeably . Addi 
tionally , or alternatively , the horizontal flight configuration 
is equivalent to a forward flight mode ; and the two terms 
may be used interchangeably . 

tiple rotors may adjust speed and pitch independently of the 
other rotors , allowing for rotation and control about any 
aircraft axis . Various embodiments of the VTOL aircraft 
described herein may also transition between different ori 
entations , such as , for example , between a primary wing 
loading orientation and a secondary wing loading orienta 
tion , which may permit different aircraft limits , such as , for 
example , an increased airspeed limitation in the secondary 
wing loading orientation . 
[ 0022 ] Various embodiments of the VTOL aircraft may 
include a propulsion system comprising at least two engines 
and / or motors located equidistant from a longitudinal axis of 
the aircraft on a main wing , and at least two engines and / or 
motors located equidistant from a longitudinal axis of the 
aircraft on a vertical wing . The propulsion system may be 
driven by electric motors . However , other power sources 
may be used such as combustion or hybrid engines . By 
adjusting the power generated by each motor and / or engine , 
the aircraft may transition from a vertical flight configura 
tion to a horizontal flight configuration and back . The 
aircraft may take off without use of an airstrip by liftoff into 
the vertical flight configuration . While in the vertical flight 
configuration , the propulsion system may generate thrust 
that is directed primarily perpendicular to the horizon . Once 
the aircraft has gained altitude in the vertical flight configu 
ration , the aircraft may transition to a forward - flight mode 
where the propulsion system generates centerline thrust 
directed primarily toward the aft end of the aircraft . The 
propulsion system may later transition back to the vertical 
flight configuration to enable the aircraft to land without use 
of an airstrip . 
[ 0023 ] The VTOL aircraft may be a manned aircraft , an 
unmanned aerial vehicle ( UAV ) or a remote - controlled 
aircraft . The VTOL aircraft may include main ( i . e . , primary ) 
and vertical ( i . e . , secondary ) wings to enable prolonged 
forward flight with lift generated by the wings . The main and 
vertical wings may have a symmetrical or asymmetrical 
camber . The aircraft may sustain the forward flight with the 
main wings as the primary lift surface . In some embodi 
ments , the aircraft may transition from the main wing to the 
vertical wing as the primary lift surface , for example , by 
rotating approximately 90 degrees about a centerline axis . 
The rotors may provide directed thrust to provide pitch , roll , 
and yaw control of the aircraft . In some embodiments , the 
wings may include control surfaces such as ailerons , eleva 
tors , rudders , elevons , flaps , flaperons , and any other control 
surfaces necessary to control the aircraft in forward flight . 
[ 0024 ] In accordance with various embodiments , the 
VTOL aircraft may employ a control management system 
that controls and sustains flight in various flight configura 
tions ( including , but not limited to , vertical flight , transition , 
horizontal flight , and combinations thereof ) . The VTOL 
aircraft may be flown in both semi - autonomous and fully 
autonomous flight modes . In semi - autonomous flight , opera 
tion of the aircraft may be performed by providing simple 
directional commands from operator controls to the control 
management system , which in turn executes the commands 
while taking other necessary action to sustain flight and / or 
avoid objects in the surrounding environment . Thus , control 
of the aircraft from the operator ' s perspective may be akin 
to control of an aircraft in a video game , and may be made 
possible with minimal training or aviation expertise . 
0025 ] In various embodiments of fully autonomous flight , 

the VTOL aircraft may have a flight plan loaded into the 

Illustrative Embodiment 
[ 0028 ] FIGS . 1A and 1B are perspective views of an 
illustrative High Speed Multi - Rotor vertical takeoff and 
landing ( VTOL ) aircraft . 
10029 ] . FIG . 1A is a perspective view of an illustrative 
High Speed Multi - Rotor VTOL aircraft 100 while the air 
craft is in a vertical flight configuration . The aircraft in FIG . 
1 has a main wing 102 ( i . e . , a first wing ) and a vertical wing 
104 ( i . e . , a second wing ) . The structure of the VTOL aircraft 
100 may be monocoque , semi - monocoque , or may include 
trusses , unibodies , and / or stressed skin . The VTOL aircraft 
100 may be made of carbon fiber , titanium , aluminum , or 
any other material appropriate for aircraft construction . The 
aircraft skin may be a low friction surface that may include 
built - in solar cells . 
0030 ] In various embodiments , the VTOL aircraft 100 
may include storage pod 106 on the aircraft . In such embodi 
ments , the storage pod 106 may be used to house cameras 
( i . e . , still , video , digital , forward - looking infra - red , range , 
electronically stabilized platforms , etc . ) , communication 
equipment ( i . e . , computers , antennae , etc . ) , collision avoid 
ance systems , or any other reasonable payload . In the 
illustrative example , the storage pod 106 is located at the 
nose of the aircraft . However , the storage pod may be 
located at another position in the VTOL aircraft 100 , such as 
in a wing , in a fuselage , at an aft end , etc . 
[ 0031 ] In various embodiments , storage pod 106 may be 
encapsulated by a canopy . In such embodiments , the canopy 
may be made of a plastic material ( e . g . , high - density poly 
ethylene , acrylic , melamine , polycarbonate , etc . ) , a glass 
material , or any other transparent material capable of with 
standing a potential impact . The canopy may provide a 
weatherproof environment to protect the equipment in the 
storage pod 106 . In some embodiments , the storage pod 106 
may be encapsulated by the aircraft skin , and may include a 
window for the camera , antennae , etc . 
[ 0032 ] FIGS . 1A and 1B depict VTOL aircraft 100 con 
figured for unmanned flight . In some embodiments , the 
VTOL aircraft 100 may include a cockpit . In such embodi 
ments , the cockpit may include space for one or more 
passengers and / or other payload . The cockpit may include a 
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cockpit canopy that provides a weatherproof and relatively 
quiet environment . The cockpit canopy may be formed of a 
plastic material , a glass material , or any other transparent 
material capable of withstanding a potential impact . 
[ 0033 ] As illustrated in FIGS . 1A and 1B , VTOL aircraft 
100 may include at least four motors 108 , two on the main 
wing and two on the vertical wing . In some embodiments , 
aircraft 100 may include more than two motors on the main 
wing and more than two motors on the vertical wing . In 
some embodiments , aircraft 100 may include fewer than two 
motors on the main wing and fewer than two motors on the 
vertical wing . In various embodiments , motors 108 may 
comprise electric motors . However , other propulsion sys 
tems are imagined , such as full combustion engines ( e . g . , 
gas turbine , jet engine , diesel engine , etc . ) , or hybrid engines 
( i . e . , an engine used to convert liquid fuel to electrical 
energy to drive an electric motor and / or a fuel powered 
generator used to provide electrical power to the electric 
motors ) . 
[ 0034 ] In various embodiments , motors 108 may be 
coupled to rotors 110 via a rotor shaft . In such embodiments , 
the motors 108 may produce power which is transmitted to 
rotors 110 via the rotor shaft in order to produce thrust for 
propulsion . The rotor shaft may be made of a metal material 
( e . g . , aluminum , steel , stainless steel , titanium , alloys 
thereof , etc . ) , a plastic material ( e . g . , high - density polyeth 
ylene , acrylic , melamine , polycarbonate , etc . ) , a composite 
material ( e . g . , fiberglass , carbon fiber , etc . ) , and combina 
tions of the foregoing , among others . 
[ 0035 ] The rotors 110 may be made of a composite 
material , a wood material , a plastic material , a nylon mate 
rial , a metallic material , or a combination thereof . In various 
embodiments , rotors 110 may be variable speed , fixed pitch 
rotors . In other embodiments , rotors 110 may be variable 
speed , variable pitch rotors . In yet other embodiments , 
rotors 110 may be fixed speed , variable pitch rotors . Addi 
tionally or alternatively , various embodiments may include 
one or more of the foregoing rotors used in combination with 
one or more of a different foregoing rotor , or other propul 
sion systems . 
[ 0036 ] As discussed above , the rotors 110 may be variable 
pitch rotors . In such embodiments , the rotors 110 may 
reverse thrust to hover inverted and / or slow down rapidly 
during horizontal flight . Additionally , the rotors 110 may be 
set to a high angle of attack to increase flight speed in the 
horizontal flight configuration . 
[ 0037 ] In the illustrative example , rotors 110 is coupled to 
motors 108 in a pull configuration . In other embodiments , 
rotors 110 may be coupled to motors 108 in a push con 
figuration . In yet other embodiments , two rotors 110 may be 
coupled to each motor 108 in a push - pull configuration . 
[ 0038 ] In various embodiments , the rotors 110 coupled to 
the motors 108 on the main wing 102 may rotate clockwise , 
while the rotors 110 coupled to the motors 108 on the 
vertical wing 104 may rotate counterclockwise , or vice 
versa . In other embodiments , the rotors on either end of the 
main wing 102 may be counter rotating , such that one rotates 
clockwise and the other rotates counter - clockwise . In such 
embodiments , the rotors 110 on either end of the vertical 
wing 104 may also be counter - rotating . 
[ 0039 ] FIG . 1A depicts aircraft 100 in the hover mode . In 
the hover mode , each rotor 110 may spin at substantially the 
same speed and at substantially the same pitch in order to 
produce similar lift at each position of the rotors 110 . 

However , each rotor 110 may adjust pitch and / or speed 
independently of one another , based on signals from a 
control management system . The control management sys 
tem , as depicted in FIG . 6 , may comprise a computer system 
capable of receiving and processing signals from an operator 
( on board operator , remote operator , or both ) and a plurality 
of sensors ( e . g . , accelerometers , gyroscopes , distance sen 
sors , cameras , etc . ) . In some embodiments , the control 
management system may send output signals to each of the 
rotors 110 , directing each of the rotors 110 to increase and / or 
decrease speed and / or pitch as necessary to maintain the 
desired flight regime . In some embodiments , the control 
management system may send output signals to each motor 
108 , directing the motors to turn on , turn off , idle , fold , 
feather , increase or decrease power . In some embodiments , 
the control management system may adjust and / or control 
the orientation of the VTOL aircraft 100 via the speed and / or 
pitch of the rotors 110 and / or via adjustments to the control 
surfaces ( i . e . , flaps , elevons , etc . ) . 
[ 0040 ] In various embodiments , the components of the 
VTOL aircraft 100 may be manufactured via traditional 
manufacturing techniques . In some embodiments , the com 
ponents may be manufactured by 3 - D manufacturing tech 
niques , injection molding , composite manufacturing , or any 
other method of manufacturing . 
[ 0041 ] FIG . 1B shows the illustrative VTOL aircraft 100 
in a forward flight mode . To transition from the hover mode 
as depicted in FIG . 1A to the forward flight mode depicted 
in FIG . 1B , an operator may send a signal and / or provide an 
input to the control management system indicating the desire 
to make the transition . In various embodiments , the control 
management system may then send a signal to the propul 
sion systems oriented along an axis to increase and / or 
decrease the speed and / or pitch of the opposing rotors . In the 
illustrative example , the control management system sends 
signals to the propulsion systems on the main wing 102 to 
effect a rotation about a lateral axis 112 . In various embodi 
ments , the control management system may also send sig 
nals to the control surfaces to aid in and / or effect the rotation 
about the lateral axis 112 . 
0042 ] In some embodiments , the control management 
system may send signals to increase and / or decrease the 
rotor speed of the propulsion systems on the vertical wing 
104 to affect a rotation about a longitudinal axis . In some 
embodiments , the transition may be effected by the control 
management system sending signals to increase and / or 
decrease the pitch of the rotors along the lateral axis 112 or 
the longitudinal axis 114 . In various embodiments , the 
control management system may also send signals to the 
control surfaces to aid in and / or effect the rotation about the 
lateral axis 112 or the longitudinal axis 114 . 
[ 0043 ] While in the forward flight mode depicted in FIG . 
1B , the aircraft may rotate about a centerline axis 116 by 
adjusting the speed and / or the pitch of opposing rotors along 
an axis . The rotation along the centerline axis 116 may 
enable the VTOL aircraft 100 to fly with the main wing 102 
as the primary lifting surface or with the vertical wing 104 
as the primary lifting surface . 
10044 ] FIG . 2 is a schematic diagram showing an illustra 
tive transition of flight of an illustrative VTOL aircraft from 
takeoff to a transitional mode to a forward flight mode . 
10045 ] At position 202 , the VTOL aircraft 100 , such as 
High Speed Multi - Rotor VTOL aircraft , may be in a 
grounded ( i . e . ; landed ) position . In the grounded position , 
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the rotors , such as rotors 110 , may be spinning , with engines , 
such as engines 108 , in an idle position . In the grounded 
position , the rotors may produce little to no thrust . Addi 
tionally , in the grounded position , the rotors may produce a 
downward thrust to keep the VTOL aircraft 100 grounded 
and / or stable in certain situations , such as in strong or 
gusting winds . 
[ 0046 ] At position 204 , the VTOL aircraft launches , 
departing from the landing surface and beginning the tran 
sition to the horizontal flight configuration . In the illustrative 
example , the rotors on the main wing may be stationary 
rotors and the rotors on the vertical wing may be transition 
ing rotors . In various embodiments , the stationary rotors 
may increase speed and / or pitch simultaneously at substan 
tially the same rate to produce relatively equal thrust . The 
relatively equal thrust produced by the stationary rotors may 
provide a consistent thrust for takeoff , hover , climb , and to 
establish and maintain forward flight . The stationary rotors 
may also provide for roll control while in a hover , during the 
transition , or in forward flight . 
10047 ] Transitioning rotors may adjust speed and / or pitch 
to effect a transition from a vertical flight regime in which 
the VTOL aircraft is oriented substantially perpendicular to 
the horizon to a horizontal flight configuration in which the 
VTOL aircraft is oriented substantially parallel to the hori 
zon . In some embodiments , the transition may be effected by 
a pitching motion about the longitudinal axis , such that the 
main wing becomes the primary lift generating surface in 
horizontal flight . In some embodiments , the transition may 
be effected by a rolling motion about the lateral axis , such 
that the vertical wing becomes the primary lift generating 
surface in horizontal flight . 
0048 ] In some embodiments , the transition may be 

effected by increasing the speed and / or pitch of one transi 
tioning rotor . In some embodiments the transition may be 
effected by increasing the speed and / or pitch of one transi 
tioning rotor , while simultaneously decreasing the speed 
and / or pitch of the opposite transitioning rotor . 
[ 0049 ] In various embodiments , the VTOL aircraft may 
takeoff into a hover prior to beginning the transition to the 
vertical flight configuration . In such embodiments , the tran 
sitioning and stationary rotors may spin at substantially the 
same rate and / or pitch . 
[ 0050 ] At position 206 , the VTOL aircraft continues 
through the transition to the horizontal flight regime . At this 
position , one transitioning rotor maintains a different rate 
and / or pitch than the other . As the VTOL aircraft progresses 
through the transition , the thrust generated by the stationary 
rotors transitions from a vertical thrust to a horizontal thrust . 
At position 206 , the vectors of vertical and horizontal thrust 
generated by the stationary rotors may be substantially 
equal . 
[ 0051 ] At position 208 , the VTOL aircraft is close to 
completing the transition to the horizontal flight configura 
tion . In various embodiments , the transitioning rotors may 
be set to relatively equivalent speeds and / or pitches , allow 
ing the momentum to carry the VTOL aircraft through last 
few degrees of transition . In some embodiments , the tran 
sitioning rotors may make adjustments to increase and / or 
decrease speed and / or pitch to effectively stop the pitching 
or rolling motion , and establish the VTOL aircraft in the 
horizontal flight configuration . 
[ 0052 ] At position 210 , the VTOL aircraft has completed 
the transition to the horizontal flight configuration . At this 

position , the transitioning and stationary rotors may be set to 
substantially equivalent speed and / or pitch to maintain con 
stant thrust in a direction substantially parallel to the hori 
zon . 

[ 0053 ] FIGS . 3A and 3B are side elevation views of an 
illustrative High Speed Multi - Rotor VTOL aircraft in for 
ward flight mode . FIG . 3A shows the VTOL aircraft with 
main wing loading . FIG . 3B shows the VTOL aircraft with 
vertical wing loading . 
[ 0054 ] VTOL aircraft 300 , like VTOL aircraft 100 , com 
prises a main wing 302 and a vertical wing 304 . The main 
wing 302 may have a larger , smaller , or identical wingspan 
as compared to the vertical wing 304 . In some embodiments , 
the main wing 302 and the vertical wing 304 may have 
identical symmetry and / or camber . In various embodiments , 
the main wing 302 and the vertical wing 304 may have 
different symmetry . For example , the main wing 302 may be 
a delta wing design , and the vertical wing 304 may be a high 
aspect ratio design . 
[ 0055 ] In the illustrative example , main wing 302 and 
vertical wing 304 have thrust - producing rotors 306 , such as 
rotor 106 , mounted to the main wing 302 and the vertical 
wing 304 . As shown in FIG . 3 , the rotors are pull - type rotors 
mounted to the leading edge of the wings . In some embodi 
ments , the rotors 306 may be push - type rotors mounted to 
the trailing edge of the wings . In some embodiments , rotors 
306 may be mounted to the leading edge and the trailing 
edge of the wings in a push - pull type configuration . 
[ 0056 ] . In the illustrative example , rotors 306 are mounted 
to the ends of each wing . However , the rotors 306 may be 
mounted at any position along the wing . In some embodi 
ments , opposing rotors 306 on the same wing , such as rotors 
306 ( 1 ) and 306 ( 2 ) , may be mounted equidistant from a 
centerline axis . In some embodiments , all rotors 306 may be 
mounted the same distance from the centerline axis . 
[ 0057 ] In the illustrative example , each rotor 306 is 
coupled to a motor 308 . As shown in FIGS . 3A and 3B , the 
motor ( s ) 308 are coupled directly to the rotor ( s ) 306 , at the 
end of each wing . However , it is imagined that the rotor ( s ) 
306 may be coupled to one or more motors located in a 
separate position . For example , one or more motor ( s ) 308 
may be located inside the skin of the VTOL aircraft . In such 
an example , one motor 308 may drive one or more rotor ( s ) 
306 . 
10058 ] In some embodiments , motor 308 may be an elec 
tric motor . In some embodiments , motor 308 may be a 
combustion engine or a hybrid engine . For example , motor 
308 may be a jet engine , which may produce thrust . In such 
an example , the jet engine may replace the rotor 306 . 
[ 0059 ] FIG . 3A depicts the VTOL aircraft 300 in the 
horizontal flight configuration , with the main wing 302 
acting as the primary lift - generating source . In the horizontal 
flight configuration , rotors 306 driven by motors 308 may 
produce thrust in a direction substantially parallel to the 
horizon . In some embodiments , adjustments to the speed 
and / or pitch of each rotor may provide for pitch , roll , and 
yaw control of the aircraft . For example , yaw control may be 
effected by adjusting the thrust of rotors 306 ( 1 ) and / or 
306 ( 2 ) . In some embodiments , VTOL aircraft 300 may 
comprise flight control surfaces ( e . g . , ailerons , elevons , 
flaperons , rudders , etc . ) to assist in the pitch , roll , and / or yaw 
control of the aircraft . 
[ 0060 ] In various embodiments , the VTOL aircraft 300 
may transition from main wing loading orientation shown in 
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FIG . 3 A to vertical wing loading orientation shown in FIG . 
3B . In some embodiments , the VTOL aircraft may transition 
by adjusting the speed and / or pitch of two or more rotors to 
effect a rolling motion about the centerline axis . In various 
embodiments , the VTOL aircraft may transition by adjusting 
the control surfaces . In some embodiments , the VTOL 
aircraft may transition by adjusting the speed and / or pitch of 
two or more rotors and by adjusting the control surfaces . The 
roll may be a 90 degrees roll clockwise or counter - clock 
wise . In some embodiments , flight control surfaces , such as 
ailerons may assist in the rolling motion to establish the 
aircraft in a vertical wing loading orientation . The vertical 
wing loading orientation may allow VTOL aircraft 300 to 
achieve higher speeds than the main wing loading orienta 
tion , due at least in part to reduced induced drag . 
[ 0061 ] FIG . 4 is a top view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIG . 1 A , As depicted , 
the VTOL aircraft is in a vertical flight configuration . 
[ 0062 ] The VTOL aircraft 400 , such as VTOL aircraft 100 , 
may comprise a main wing 402 and a vertical wing 404 . In 
the illustrative example , the main wing 402 may have a 
longer wingspan and a larger root than vertical wing 404 . In 
other examples , the main wing 402 may have the same 
wingspan and / or root as the vertical wing 404 . 
10063 ] VTOL aircraft 400 may have a plurality of rotors 
406 coupled to and driven by at least one motor , such as 
motor 108 . The rotors 406 may be variable speed and / or 
variable pitch rotors . In the illustrative example , rotors 
406 ( 1 ) , 406 ( 2 ) , 406 ( 3 ) and 406 ( 4 ) are the same size and 
shape . In some embodiments , rotors 406 ( 1 ) and 406 ( 2 ) may 
be of a different wingspan and / or shape than rotors 406 ( 3 ) 
and 406 ( 4 ) . 
[ 0064 ] As illustrated in FIG . 4 , rotors 406 ( 1 ) and 406 ( 2 ) 
are mounted on the main wing , and rotors 406 ( 3 ) and 406 ( 4 ) 
are mounted on the vertical wing . In various embodiments , 
rotors 406 ( 1 ) and 406 ( 2 ) may be mounted a distance X from 
the centerline axis , while rotors 406 ( 3 ) and 406 ( 4 ) may be 
mounted a distance Y from the centerline axis , where X > Y . 
In some embodiments , X = Y , such that each of the rotors 406 
is mounted equidistant from the centerline axis . In various 
embodiments , it may be beneficial to mount each of the 
rotors 406 equidistant from the centerline axis . However , in 
other embodiments , it may be beneficial to mount the rotors 
406 on opposing wings at different distances from the 
centerline axis . 
[ 0065 ] In the illustrative example , the rotors 406 ( 1 ) and 
406 ( 2 ) rotate counterclockwise , while the rotors 406 ( 3 ) and 
406 ( 4 ) rotate clockwise . In other examples , the rotors 406 ( 1 ) 
and 406 ( 2 ) may rotate clockwise , and the rotors 406 ( 3 ) and 
406 ( 4 ) may rotate counterclockwise . In still yet other 
examples , the rotors 406 ( 1 ) and 406 ( 2 ) may counter - rotate , 
such that one rotates clockwise and the other rotates coun 
terclockwise , or vice versa . In such examples , the rotors 
406 ( 3 ) and 406 ( 4 ) may also counter - rotate . In various 
embodiments , two rotors 406 may counter - rotate , and two 
rotors 406 may rotate in the same direction . 
[ 0066 ] FIG . 5 is a top view of the illustrative High Speed 
Multi - Rotor VTOL aircraft in a horizontal flight configura 
tion , with jet engines as the propulsion system . As depicted , 
the VTOL aircraft is in a horizontal flight configuration . 
[ 0067 ] VTOL aircraft 500 may include a main wing 502 
and a vertical wing 504 . In some embodiments , the vertical 
wing 504 may be offset 90 degrees from the main wing 502 . 
In some embodiments , the vertical wing 504 may be offset 

at an angle less than 90 degrees from the main wing 502 . In 
such examples , the offset angle may be between 80 - 90 
degrees , between 60 - 80 degrees , or between 45 - 60 degrees . 
[ 0068 ] The VTOL aircraft 500 may include a propulsion 
system . In the illustrative example , the propulsion system 
comprises four jet engines 506 . In other examples , the 
propulsion system may comprise one or more rotor systems 
coupled to and driven by an electric motor , a turbo propeller 
engine , a hybrid engine , or the like . Each jet engine 506 may 
generate thrust independently or in conjunction with one or 
more other jet engine 506 . 
[ 0069 ] In various embodiments , VTOL aircraft 500 may 
takeoff into a vertical flight configuration by increasing the 
thrust generated by one or more of the jet engines 506 . 
VTOL aircraft 500 may transition from the vertical flight 
configuration to the horizontal flight configuration depicted 
in FIG . 5 by varying the thrust generated by one or more jet 
engines 506 . For example , the vertical wing of VTOL 
aircraft 500 may have a first and a second jet engine 
mounted at opposite ends . The VTOL aircraft 500 may 
transition by increasing the thrust generated by the first jet 
engine , while maintaining a constant thrust with the second 
jet engine . The VTOL aircraft 500 may transition by increas 
ing the thrust generated by the first jet engine and decreasing 
the thrust generated by the second jet engine . In some 
embodiments , the VTOL aircraft 500 may transition by 
maintaining a constant thrust from the first jet engine , and 
decreasing the thrust generated by second jet engine . Addi 
tionally , the transition may facilitated by increasing and / or 
decreasing the thrust generated by a third and a fourth jet 
engine , the third and fourth jet engines being mounted on a 
different wing than the first and second jet engines ( i . e . , if the 
first and second jet engines may be mounted on the vertical 
wing , the third and fourth jet engines may be mounted on the 
main wing , or vice versa ) . 
[ 0070 ] In various embodiments , jet engine 506 may com 
prise a thrust vectoring system 508 . In some embodiments , 
the thrust vectoring system 508 may be mounted in the 
exhaust of the jet engine 506 . In some embodiments , the 
thrust vectoring system 508 may be mounted outside the jet 
engine 506 . In various embodiments , the thrust vectoring 
system 508 may direct the flow of the exhaust generated by 
jet engine 506 , thereby adjusting the thrust vector . The thrust 
vectoring system 508 may provide increased stability and 
maneuvering while in the vertical and horizontal flight 
configurations . 
10071 ] In the illustrative example , thrust vectoring system 
508 may include multiple vanes 510 , each of the vanes being 
adjustable together to direct the exhaust in a particular 
direction . In some embodiments , the thrust vectoring system 
508 may comprise an adjustable nozzle which can direct the 
exhaust . In some embodiments the adjustable nozzle may be 
mounted on a gimbal in the exhaust . 
[ 0072 ] The VTOL aircraft 500 may include landing gear 
512 that is fixed or retractable . In the illustrative example , 
the landing gear 512 is rigid - type landing gear . In various 
embodiments , the landing gear 512 may comprise a tire 
and / or a strut system . 
100731 . FIG . 6 is a top view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIG . 1A , showing 
various components that may be selectively included in the 
High Speed Multi - Rotor VTOL aircraft . 
[ 0074 ] VTOL aircraft 600 , similar to VTOL aircraft 100 , 
may comprise a main wing and a vertical wing , with rotor 
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systems mounted at the end of each of the main wing and the 
vertical wing . The rotor systems may be coupled to and 
driven by one or more motors powered by electricity . 
[ 0075 ] In various embodiments , VTOL aircraft 600 may 
comprise solar panels 602 to provide electricity to power the 
motors . In such embodiments , the solar panels may be 
incorporated into the skin of the VTOL aircraft 600 ( i . e . , 
glued or painted on , manufactured with the skin ) , and / or 
mounted on the aircraft . In some embodiments , VTOL 
aircraft 600 may comprise an alternator , a wind turbine 
generator , or any other method for generating electricity . In 
such embodiments , VTOL aircraft 600 may comprise a 
turbine configured to spin in the ram air to generate elec 
tricity . In some embodiments , the VTOL aircraft 600 may 
utilize a disengaged spinning rotor to generate electricity . 
The electricity to power the motors may be stored in one or 
more batteries 604 inside VTOL aircraft 600 . The batteries 
604 may be nickel - cadmium , lead - acid , zinc - bromine , 
lithium - ion , nickel hydrogen , or any other type of recharge 
able battery . 
[ 0076 ] In various embodiments , VTOL aircraft 600 may 
comprise a cockpit 606 . In some embodiments , cockpit 606 
may include space for one or more passengers and / or other 
payload . The cockpit 606 may be made of a metal material , 
a plastic material , a glass material , or a combination thereof . 
The cockpit 606 may include a canopy that provides a 
weatherproof and relatively quiet environment . The canopy 
may be formed of acrylic , plastic , glass , or any other 
transparent material . 
[ 0077 ] In various embodiments , the cockpit 606 may be 
mounted in a rotating assembly , thereby allowing the cockpit 
606 to rotate about a cockpit axis 608 in a transition from the 
vertical flight configuration to the horizontal flight configu 
ration . In some embodiments , the rotating assembly may 
allow cockpit 606 to rotate about the cockpit axis 608 and 
about a second axis to maintain an upright position of the 
cockpit 606 upon transition from main wing loading hori 
zontal flight configuration to a vertical wing loading hori 
zontal flight configuration . 
[ 0078 ] In some embodiments , the cockpit 606 may be 
mounted on a gimbaled chassis and / or a pivoting chassis . 
Each of the rotating assembly , gimbaled chassis , and pivot 
ing chassis may allow freedom of movement between a first 
position in the vertical flight configuration and a second 
position in the horizontal flight configuration . The first 
position may be 90 degrees offset from the second position . 
In some embodiments , the first position may allow the one 
or more passengers to sit upright in the VTOL aircraft during 
the vertical flight configuration . In some embodiments , the 
second position may allow the one or more passengers to sit 
upright in the VTOL aircraft during the horizontal flight 
configuration . 
[ 0079 ] In various embodiments , the VTOL aircraft 600 
may include one or more stability augmentation sensors 610 
that monitor a position , angle , acceleration , and / or orienta 
tion of a portion of the VTOL aircraft . For example , the 
stability augmentation sensors 610 may comprise gyro 
scopes and / or accelerometers that monitor the pitch , roll , 
and yaw of the VTOL aircraft 600 , and changes of each over 
time . The stability augmentation sensors 610 may provide 
input via signals to a control management system 612 . 
[ 0080 ] The control management system 612 may com 
prise a computer system with one or more processor ( s ) 614 , 
one or more memories 616 , an operating system 618 , control 

logic 620 , and / or one or more parameters 622 . The control 
management system 612 may process the signals from the 
stability augmentation sensors 610 , input from an operator 
( pilot ) via operator controls , and / or input stored in the one 
or more memories 616 to determine how to direct and power 
the rotors to maintain flight in the vertical flight mode , the 
transition mode 204 - 206 , and the forward - flight mode 210 . 
10081 ] For example , the stability augmentation sensors 
610 may detect a sudden tilt of the aircraft due to a gust of 
wind or other force exerted on the VTOL aircraft 600 . In 
response , the stability augmentation sensors 610 may trans 
mit a signal to the control management system 612 . The 
control management system 612 may cause an increase or 
decrease in thrust generated by one or more rotors to cancel 
the exerted force , and thus stabilize flight of the VTOL 
aircraft 600 . Meanwhile , the control management system 
612 may also process commands from the operator . The 
control management system 612 may prioritize control input 
from the stability augmentation sensors 610 and the operator 
to maintain stable flight . For example , when an operator 
provides a command that may compromise sustained flight , 
the control management system 612 may ignore the com 
mand and / or only execute the command for a limited 
duration before issuing another command ( possibly in 
response to a signal from the stability augmentation sensors 
610 ) to take action to sustain flight . 
[ 0082 ] The operator , using flight controls , sends input 
signals to the control management system 612 . In turn , the 
control management system 612 receives the signals from 
the flight controls and / or the stability augmentation sensors 
610 . The control management system 612 prioritizes the 
inputs from the stability augmentation sensors 610 and 
inputs from the operator and then adjusts a thrust and / or 
direction / orientation of the thrust generated by each rotor . 
[ 0083 ] The control management system 612 may adjust 
the orientation and / or control of the VTOL aircraft 600 
semi - autonomously and / or fully autonomously . In semi 
autonomous flight , operation of the aircraft may be per 
formed by providing simple directional commands from 
operator controls to the control management system 612 , as 
well as input from the stability augmentation sensors 610 . In 
the semi - autonomous mode , the inputs may mixed , and the 
control management system 612 may apply the proper 
signals to the rotors and / or control surfaces to effect the 
desired flight configuration and / or orientation . 
[ 0084 ] In fully autonomous flight , the VTOL aircraft 600 
may have a flight plan loaded into the control management 
system , the flight plan directing the configuration and / or 
navigation of the VTOL aircraft 600 . Additionally , the 
VTOL aircraft 600 may be capable of fully autonomous 
flight in an emergency situation . For example , if an operator 
becomes incapacitated , the VTOL aircraft 600 may be 
configured for an automatic recovery function in which the 
aircraft may establish a hover and land in the vertical flight 
configuration without input from an operator . For another 
example , the VTOL aircraft 600 may enable the automatic 
recovery function upon lost contact with a remote operator . 
[ 0085 ) FIG . 7 is a side view of an illustrative manned High 
Speed Multi - Rotor VTOL aircraft with pusher - type rotors . 
FIG . 7 depicts the VTOL aircraft in a landed position . 
[ 0086 ] VTOL aircraft 700 may comprise a monocoque 
structure , made of carbon fiber and / or other composite 
material , titanium , aluminum , or any other material appro 
priate for aircraft construction . In another embodiment , the 
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structure may comprise a semi - monocoque design , with a 
shell and longerons made of carbon fiber , titanium , alumi 
num , or any other material appropriate for aircraft construc 
tion . The aircraft skin is a low friction surface that may 
include built - in solar cells . 
[ 0087 ) In various embodiments , VTOL aircraft 700 may 
comprise a fuselage 702 , a main wing 704 , and a vertical 
wing 706 . The fuselage 702 may include a cockpit 708 
configured to hold one or more passengers and / or other 
payload . In some embodiments , the cockpit 708 may be 
mounted on a rotating assembly , a gimbaled and / or a piv 
oting chassis , thereby allowing movement about its own 
axis . In the illustrative example , the passengers in the 
cockpit 708 are seated in a first position , the first position 
being substantially upright while the aircraft is in the landed 
position . The cockpit 708 may remain this position while in 
the vertical flight configuration . However , when the VTOL 
aircraft 700 transitions to forward flight , such as through 
positions 204 - 210 , the cockpit may rotate about its axis to a 
second position , wherein the first and the second positions 
are substantially similar in that the passengers remain in the 
substantially upright position in the horizontal flight con 
figuration . 
[ 0088 ) In some embodiments , the cockpit 708 may be 
mounted in the fuselage 702 . In some embodiments , the 
cockpit 708 may be mounted in the main wing 704 and / or 
vertical wing 706 . 
100891 In various embodiments , motors 710 may be 
mounted in the main wing 704 and the vertical wing 706 . In 
the illustrative example , motors 710 are each mounted 
equidistant from a centerline axis . The motors 710 may be 
electrically driven , gas driven , or a hybrid of electric and 

FIG . 7 while in the vertical and horizontal flight configura 
tions . FIG . SA is a vertical view of the VTOL aircraft in the 
vertical flight configuration . FIG . 8B is a vertical view of the 
VTOL aircraft in the horizontal flight configuration with 
main wing - loading . FIG . 8C is a vertical view of the VTOL 
aircraft in the horizontal flight configuration with vertical 
wing - loading . 
[ 0095 ] As previously discussed , VTOL aircraft 800 may 
comprise a main wing , and a vertical wing . A propulsion 
system of VTOL aircraft 800 may comprise four rotors , such 
as rotors 712 , coupled to and driven by four motors , such as 
motor 710 . As illustrated in FIGS . 8A - 8C , two of the motors 
are mounted on the main wing and two of the motors are 
mounted on the vertical wing . 
10096 ] In the illustrative example , each of the rotors are 
mounted equidistant from a centerline axis . In other 
examples , the rotors on the main wing may be mounted a 
different distance from the centerline axis than the rotors on 
the main wing , such as shown in FIG . 4 . The rotors may be 
push or pull type rotors . The rotors may be variable speed 
and / or variable pitch rotors . 
[ 0097 ] FIG . 8A is a vertical view of the VTOL aircraft 800 
in the vertical flight configuration . In the vertical flight 
configuration , each of the rotors may produce substantially 
the same thrust , so as to lift the VTOL aircraft 800 in a 
direction perpendicular to the horizon . However , each of the 
motors and rotors may act independently of the others . 
10098 ] A flight control management system may receive 
signals from the plurality of stability augmentation sensors , 
and may adjust the thrust produced by each rotor in order to 
maintain stability . In various embodiments , the flight control 
management system may also receive signals from an opera 
tor , such as a signal to transition from the vertical flight 
configuration to the horizontal flight configuration depicted 
in FIGS . 8B and 8C . 
[ 0099 ] VTOL aircraft 800 may in the horizontal flight 
configuration with main wing loading and / or vertical wing 
loading . FIG . 8B shows the VTOL aircraft 800 with main 
wing loading , while FIG . 8C shows the VTOL aircraft 800 
with vertical wing loading . The VTOL aircraft may transi 
tion between main wing and vertical wing loading , by 
rotating the aircraft 90 degrees about the centerline axis . The 
vertical wing loading may allow for higher velocities . 
f0100 ] FIG . 9 is a side view of the illustrative High Speed 
Multi - Rotor VTOL aircraft shown in FIGS . 8A - 8C in the 
vertical flight configuration . FIG . 9 depicts the VTOL air 
craft hovering in a nose - down configuration . 
[ 0101 ] In the horizontal flight configuration , VTOL air 
craft 800 may rotate about the lateral and / or longitudinal 
axes 180 degrees to effect a nose - down hover . In various 
embodiments , the rotors may adjust pitch to switch from a 
push - type rotor to a pull - type rotor . 
[ 0102 ] VTOL aircraft 800 may include storage pod 902 , 
such as storage pod 106 , at the nose of the aircraft . In such 
embodiments , the storage pod 902 may be used to house 
cameras , communication equipment , collision avoidance 
systems , electronically stabilized platforms , or any other 
reasonable payload . In various embodiments , storage pod 
902 may be encapsulated by a canopy . In such embodiments , 
the canopy may be made of a plastic material , a glass 
material , or any other transparent material capable of with 
standing a potential impact . The canopy may provide a 
weatherproof environment to protect the equipment in the 
storage pod 902 . In some embodiments , the storage pod 902 

gas . 
10090 ] The motors 712 may be coupled to and may drive 
rotors 712 . In the illustrative example , rotors 712 are push 
type rotors . In other examples , the rotors 712 may be 
pull - type rotors . 
[ 0091 ] VTOL aircraft 700 may include flight control sur 
faces 714 , such as ailerons , flaperons , elevons , rudders , etc . 
The flight control surfaces 714 may facilitate pitch , roll , 
and / or yaw control of the aircraft . 
[ 0092 ] VTOL aircraft 700 may also include landing gear 
716 . The landing gear 716 may be fixed or retractable . As 
illustrated in FIG . 7 , the landing gear 716 may be a rigid 
pole - type landing system . In various embodiments , the 
pole - type landing system may be telescopic , thereby allow 
ing it to retract . In some embodiments , the rigid pole - type 
landing system may include a skid as a landing surface . In 
some embodiments , the landing gear 716 may comprise a 
strut and tire system . 
[ 0093 ] In various embodiments with retractable landing 
gear , the landing gear 716 may comprise a backup system to 
deploy the gear in an emergency situation . For example , if 
power is lost to the landing gear system , a hydraulic system 
may provide the force enough to deploy the landing gear 
716 . In some embodiments , the VTOL aircraft 700 may 
comprise an emergency parachute system , deploying a para 
chute to allow for recovery of the aircraft in an emergency , 
such as a total power loss . In such embodiments , the 
emergency parachute system may work in conjunction with 
the landing gear , thereby providing a stable landing platform 
after a descent controlled by the parachute . 
[ 0094 ] FIGS . 8A - 8C depict the unmanned version of the 
illustrative High Speed Multi - Rotor VTOL aircraft shown in 
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may be encapsulated by the same material as the aircraft 
skin . In such embodiments , the storage pod 902 may include 
one or more windows . 
[ 0103 ] FIG . 10 is a schematic diagram showing a transi 
tion of flight of the illustrative High Speed Multi - Rotor 
VTOL aircraft shown in FIG . 1 from the horizontal flight 
mode to a transitional mode to landing . 
[ 0104 ] At position 1002 , the VTOL aircraft 100 is estab 
lished in the horizontal flight configuration . In the horizontal 
flight configuration , each of the rotors may produce sub 
stantially equivalent thrust . The VTOL aircraft 100 may fly 
with main wing loading or vertical wing loading , and may 
transition between the two while in flight . As depicted , the 
VTOL aircraft 100 is in the horizontal flight configuration 
with vertical wing loading . Thus , the rotors on the main 
wing are the transitioning rotors and the rotors on the 
vertical wing are the stationary rotors . However , the VTOL 
aircraft is not limited to this configuration , and the transition 
to land may be made from the main wing loading configu 
ration . From the main wing loading configuration , the rotors 
on the vertical wing are the transitioning rotors and the 
rotors on the main wing are the stationary rotors . 
[ 0105 ] At position 1004 , the VTOL aircraft adjusts speed 
and / or pitch of the transitioning rotors . In various embodi 
ments , one transitioning rotor may increase thrust while the 
opposing transitioning rotor may decrease thrust to effect a 
rotation about a lateral or longitudinal axis . In some embodi 
ments , one of the transitioning rotors may increase or 
decrease thrust to effect the rotation about the lateral or 
longitudinal axes . 
10106 ] The stationary rotors may maintain , increase , or 
decrease thrust as necessary to maintain the desired flight 
path . Each of the stationary rotors may generate substan 
tially the same amount of thrust , thereby maintaining a 
stable heading . 
[ 0107 ] At position 1006 , the VTOL aircraft continues 
through the transition mode , with the horizontal and vertical 
thrust vectors produced by the stationary rotors being sub 
stantially equivalent . In this position , if a transition to a high 
hover is desired , the stationary rotors may increase thrust to 
maintain altitude . However , the VTOL aircraft is not limited 
to a high hover . In some embodiments , the VTOL aircraft 
may transition to land on a glideslope , such as in a no - hover 
landing . 
[ 0108 ] At position 1008 , the VTOL aircraft is in a vertical 
configuration . The VTOL aircraft may stabilize in this 
position , or the horizontal momentum may carry the aircraft 
through position 1008 to position 1010 before stabilizing 
back in the vertical configuration at position 1012 . In some 
embodiments , the VTOL aircraft may be positioned to 
cancel out the horizontal momentum , such as in position 
1010 , using reverse thrust to decelerate down to , but not 
past , zero horizontal speed . 
[ 0109 ] The VTOL aircraft fly vertically from position 
1012 to a landing at position 1014 . While flying vertically , 
each of the rotors may produce substantially the same thrust . 
The control management system may adjust the thrust 
produced by each of the rotors independently to maintain 
stability in vertical flight . In various embodiments , the 
landing may be flown by the control management system 
and / or an operator . From position 1012 to position 1014 , the 
thrust produced by the rotors may decrease to an idle 
position at position 1014 , in which the rotors produce little 

to no thrust . At position 1014 , the VTOL aircraft 100 rests 
on landing gear , such as landing gear 512 . 
[ 0110 ] FIGS . 11 A - 11C are various views of an illustrative 
foldable rotor . FIG . 11A is a perspective view of an illus 
trative High Speed Multi - Rotor VTOL aircraft in forward 
flight , with two rotors folded and two rotors extended . FIG . 
11B is perspective view of the foldable rotor in the extended 
position . FIG . 11C is a perspective view of a foldable rotor 
in a folded position . 
[ 0111 ] While in the horizontal flight configuration , VTOL 
aircraft 1100 may disengage one or more rotors . Various 
embodiments contemplate that this may help to save elec 
tricity and / or fuel . In the illustrative example , the engaged 
rotors 1102 may continue to spin , thereby producing thrust 
for VTOL aircraft 1100 , and the disengaged rotors 1104 may 
fold backward toward an aft end of the aircraft . In such 
examples , the control management system may adjust con 
trol surfaces in order to control the VTOL aircraft 1100 . In 
some embodiments , the disengaged rotors 1104 may be 
locked in the folded position . In some embodiments , the 
disengaged rotors 1104 may be free to spin in the folded 
position . 
[ 0112 ] As shown in FIG . 11A , VTOL aircraft 1100 may 
have two rotors disengaged , and two rotors engaged . How 
ever , other combinations of engaged and disengaged rotors 
are imagined . For example , VTOL aircraft 1100 may have 
one rotor disengaged and the remaining rotors engaged . For 
another example , VTOL aircraft 1100 may have one rotor 
engaged , and the remaining rotors disengaged . 
[ 0113 ] In various embodiments , the one or more disen 
gaged rotors may be free to spin in a feathered position . In 
the feathered position , the disengaged rotors may produce 
minimal amount of drag . In some embodiments , the rotors 
may produce electricity to charge one or more batteries 
when they spin in the feathered position . 
[ 0114 ] As depicted in FIG . 11A , the VTOL aircraft 1100 is 
flying in a main wing loading horizontal flight configuration . 
As such , the engaged rotors 1102 are the rotors mounted on 
the main wing , and the disengaged rotors 1104 are the rotors 
mounted on the vertical wing . However , the VTOL aircraft 
1100 may fly in the vertical wing loading horizontal flight 
configuration , with the rotors on the vertical wing engaged 
and the rotors on the main wing disengaged . 
[ 0115 ] VTOL aircraft 1100 may fold and unfold the rotors 
while in flight , in the horizontal flight configuration . FIG . 
11B shows a rotor , such as 1102 and 1104 , in the unfolded 
position . FIG . 11C shows a rotor , such as 1102 and 1104 , in 
the folded position . The rotor system may include a locking 
mechanism ( i . e . , a locking pin ) which may secure rotor 1104 
in the folded position depicted in FIG . 11C . The rotor system 
may also include an emergency system to destroy the 
locking mechanism in case of an emergency . The emergency 
system may include a shearing system , a localized explosive 
charge , etc . 
[ 0116 ] FIGS . 12A - 12B are perspective views of a variable 
pitch rotor . In various embodiments , the rotors , such as rotor 
110 , may be variable pitch . As discussed above with respect 
to FIG . 9 , the rotors may adjust pitch to change from a 
push - type rotor to a pull - type rotor . 
[ 0117 ] In various embodiments the rotors 1202 and 1204 
may move in the equivalent but opposite directions . In some 
embodiments , the rotors 1202 and 1204 may move inde 
pendently of one another . Each rotor 1202 and 1204 may be 
free to rotate 360 degrees about its own axis . 
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[ 0118 ] FIGS . 13A - 13D are isometric views of an illustra 
tive rotating assembly 1300 that moveably couples a rotor 
unit to the fuselage 102 of the illustrative VTOL aircraft 700 . 
[ 0119 ] FIG . 13A shows the illustrative rotating assembly 
1300 including a cockpit 1302 . The cockpit 1302 is mounted 
in a rotating chassis 1304 , which allows rotation about its 
lateral and longitudinal axis . The rotating chassis 1304 may 
include a pivot oint 1108 , which holds the cockpit 1302 in 
place . The pivot joint 1308 may include a locking mecha 
nism to lock cockpit 1302 in one position . The dashed line 
depicts the cockpit in the transition mode 204 - 208 . 
[ 0120 ] As illustrated in FIG . 13B , the rotating assembly 
may include a second pivot joint 1312 , which may allow 
rotation about the longitudinal axis of the cockpit 1302 . The 
rotation about the longitudinal axis may be desired during a 
transition from a main wing loading horizontal flight con 
figuration to a vertical wing loading horizontal flight con 
figuration , in which case , the cockpit 1302 may rotate about 
the longitudinal axis to maintain an upright position . 
[ 0121 ] FIG . 13C shows the illustrative rotating assembly 
1300 with an outer frame 1314 supporting the cockpit 1302 . 
The outer frame 1314 and the cockpit 1302 are rotatable 
with respect to each other about the lateral axis , as shown in 
FIG . 13D , The fuselage , the main wing , and / or the vertical 
wing of the VTOL aircraft 700 may provide the outer frame 
1314 , or the outer frame 1314 may be coupled to the 
fuselage , the main wing , and / or the vertical wing . In some 
embodiments , the rotating chassis may be a gimbaled chas 
sis and / or a pivoting chassis . 
[ 0122 ] FIG . 14 is a flow diagram showing a transition 
from takeoff , through a transition mode , to a forward flight 
mode . 
[ 0123 ] At block 1402 , the VTOL aircraft rotates a first 
variable speed rotor and a second variable speed rotor . The 
first and the second variable speed rotors may rotate at 
substantially the same speed . However , the first and the 
second variable speed rotors may rotate independently of 
one another . 
[ 0124 ] At block 1404 , the VTOL aircraft rotates a third 
variable speed rotor and a fourth variable speed rotor . The 
third variable speed rotors may rotate at substantially the 
same speed as the fourth variable speed rotor . However , the 
third and the fourth variable speed rotors may rotate inde 
pendently of one another , and independently of the first and 
the second variable speed rotors . In some embodiments , the 
third and the fourth variable speed rotors may rotate at 
substantially the same speed as the first and second variable 
speed rotors . In some embodiments , the third and the fourth 
variable speed rotors may rotate at a different speed than the 
first and the second variable speed rotor . 
[ 0125 ] Prior to takeoff , the first , second , third and fourth 
variable speed rotors may rotate at a speed to produce 
minimal thrust ( i . e . , not enough thrust to overcome the 
weight of the VTOL aircraft ) . In various embodiments , at 
least two of the first , second , third , and fourth variable speed 
rotors may be configured to produce downward thrust to 
keep the aircraft grounded and / or stable . 
[ 0126 ] At block 1406 , the VTOL aircraft may increase the 
speed of the first , second , third , and fourth variable speed 
rotors to induce a hover . The speed of the rotors may be 
sufficient to provide thrust to overcome the weight of the 
VTOL aircraft . While in a hover , the first , second , third , and 
fourth variable speed rotors may rotate at substantially the 
same speed . The speed of each of the first , second , third , and 

fourth variable speed rotors may be adjusted by the control 
management system to maintain a stable hover with little to 
no horizontal movement . 
10127 ] At block 1408 the control management system may 
adjust the speed of at least one variable speed rotor to effect 
a transition to forward flight . In some embodiments , the 
control management system may increase or decrease the 
speed of one variable speed rotor to effect a roll about the 
lateral or longitudinal axis of the VTOL aircraft . In some 
embodiments , the control management system may increase 
the speed of one rotor while decreasing the speed of the 
opposite rotor on the same wing to effect a roll about the 
lateral or longitudinal axis . For example , the third variable 
speed rotor may increase rotation speed while the fourth 
variable speed rotor may decrease rotation speed , thereby 
effecting the transition . 
10128 ] . At block 1410 , the control management system 
may adjust the speed of the at least one variable speed rotor 
from block 1408 to substantially the same speed as the other 
variable speed rotors . In some embodiments , the rotor 
opposite the at least one variable speed rotor adjusted in 
block 1408 may rotate at a speed necessary to counter the 
rotation of the VTOL aircraft about the longitudinal or 
lateral axis . 
[ 0129 ] At block 1412 , the VTOL aircraft may stabilize in 
the forward flight mode , with the first , second , third and 
fourth variable speed rotors rotating at substantially the 
same speed and producing thrust substantially parallel with 
the horizon . 
0130 ] FIG . 15 is an illustrative environment in which the 
VTOL aircraft , such as VTOL aircraft 100 may operate . 
[ 0131 ] As illustrated in FIG . 15 , the VTOL aircraft 1502 
may communicate with an operator 1504 via one or more 
networks 1506 . The network may be controlled by one or 
more servers , such as server 1508 . The network 1506 can 
include public networks such as the Internet , private net 
works such as an institutional and / or personal intranet , or 
some combination of private and public networks . Network 
( s ) 1506 can also include any type of wired and / or wireless 
network , including but not limited to local area networks 
( LANS ) , wide area networks ( WANS ) , personal area net 
works ( PAN ) , near field communications ( NFC ) , cable 
networks , Wi - Fi networks , WiMax networks , mobile com 
munication networks ( e . g . , 3G , 4G , and so forth ) , or any 
combination thereof . 
[ 0132 ] Communication between the operator 1504 and the 
VTOL aircraft 1502 may be possible via a wired or a 
wireless signal , including but not limited to , Bluetooth , radio 
control , voice control , electromagnetic waves , Wi - Fi sig 
nals , cell phone signals , or some combination thereof . 
Operator 1504 may send the signals via network 1506 to a 
control management system , such as control management 
system 612 . Upon receiving the signals , control manage 
ment system may adjust the propulsion system and / or flight 
controls as necessary to reflect the desire of the operator 
1504 . 

CONCLUSION 
[ 0133 ] 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 
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specific features or acts described . Rather , the specific 
features and acts are disclosed as illustrative forms of 
implementing the claims . 

I / We claim : 
1 . A vertical take - off and landing ( VTOL ) aircraft com 

prising : 
a first wing ; 
a second wing ; 
a first propulsion system coupled to the first wing , the first 

propulsion system coupled to the first wing configured 
to produce vertical lift while the aircraft is in a hover 
regime and longitudinal thrust when the aircraft is in a 
forward flight regime , the first propulsion system 
coupled to the first wing configured to provide thrust 
vectoring ; 

a second propulsion system coupled to the second wing , 
the second propulsion system coupled to the second 
wing configured to produce vertical lift while the 
aircraft is in the hover regime and longitudinal thrust 
when the aircraft is in the forward flight regime , the 
second propulsion system coupled to the second wing 
configured to provide thrust control ; and 

a control management system configured to direct the 
thrust control to adjust the orientation of the aircraft . 

2 . The aircraft as claim 1 recites , at least one of the first 
propulsion system or second propulsion system comprising : 

a power system ; and 
a rotor coupled to the power system , the rotor being a 

variable speed rotor . 
3 . The aircraft as claim 2 recites , wherein the power 

system comprises : 
an electric motor ; and 
a power source to provide power to the electric motor . 
4 . The aircraft as claim 3 recites , wherein the power 

source comprises at least one of : 
a battery ; 
a solar panel ; 
a fuel cell ; or 
a wind turbine generator . 
5 . The aircraft as claim 2 recites , wherein the power 

system comprises one of a combustion engine or a hybrid 
engine . 

6 . The aircraft as claim 2 recites , wherein the aircraft is 
configured to transition between the hover and the forward 
flight regime by adjusting a speed of at least one of the 
variable speed rotors of the first propulsion system , the 
second propulsion system , or a combination thereof . 

7 . The aircraft as claim 2 recites , wherein the rotor is a 
variable pitch rotor . 

8 . The aircraft as claim 7 recites , wherein the aircraft is 
configured to transition between the hover and the forward 
flight regime by adjusting a pitch of at least one of the 
variable pitch rotors . 

9 . The aircraft as claim 1 recites , wherein the thrust 
control from at least one of the first propulsion system or 
second propulsion system adjusts at least one of the pitch , 
roll , and yaw of the aircraft . 

10 . The aircraft as claim 1 recites , the second wing being 
coupled to the first wing at a 90 - degree angle , wherein the 
second wing has a smaller wingspan than the first wing , the 
aircraft being configured to fly : 

with the first wing producing lift in the forward flight 
regime ; or 

with the second wing producing lift in the forward flight 
regime . 

11 . The aircraft as claim 1 recites , further comprising at 
least one of : 
an elevon ; and 
a rudder ; 
wherein the control management system is further con 

figured to adjust the at least one elevon and the at least 
one rudder . 

12 . The aircraft as claim 1 recites , the control manage 
ment system further comprising one or more of : 

an accelerometer ; 
a gyro ; 
a magnetometer ; 
a GPS receiver ; or 
an optical sensor , wherein the accelerometer , the gyro , the 
magnetometer , the GPS receiver , and the optical sensor 
provide input to the control management system to 
allow autonomous flight . 

13 . The aircraft as claim 1 recites , further comprising : 
the first propulsion system ; 
the second propulsion system ; 
a third propulsion system coupled to the first wing ; and 
a fourth propulsion system coupled to the second wing ; 
wherein the first , second , third , and fourth propulsion 

systems each comprises an engine and at least one 
rotor , and each of the first , second , third and fourth 
propulsion systems being configured to operate inde 
pendently . 

14 . The aircraft as claim 13 recites , wherein the rotors of 
the first , second , third , and fourth propulsion systems are 
pusher - type rotors . 

15 . The aircraft as claim 1 recites , further comprising a 
passenger compartment configured to hold at least one 
person . 

16 . The aircraft as claim 1 recites , further comprising a 
storage pod , the storage pod housing at least one camera 
configured to transmit imagery to at least an operator of the 
aircraft . 

17 . A method for flying a vertical takeoff and landing 
( VTOL ) aircraft comprising : 

rotating a first variable speed rotor and a second variable 
speed rotor , the first and second variable speed rotors 
being coupled to a main wing and configured to rotate 
independently of each other ; 

rotating a third variable speed rotor and a fourth variable 
speed rotor , the third and fourth variable speed rotors 
being coupled to a vertical wing and configured to 
rotate independently of each other ; 

inducing a hover mode by rotating the first , second , third , 
and fourth variable speed rotors at a rate sufficient to 
create lift to overcome a weight of the aircraft ; 

transitioning from the hover mode to a forward flight 
mode by adjusting the speed of at least the third or the 
fourth variable speed rotor ; and 

upon approaching the forward flight mode , adjusting the 
speed of at least the third or the fourth variable speed 
rotors to substantially match the speed of the first and 
second variable speed rotors . 

18 . The method as claim 17 recites , further comprising : 
transitioning from the forward flight mode to the hover 
mode by adjusting the speed of at least the third or the 
fourth variable speed rotors ; and 
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landing the aircraft by reducing the speed of the first , 
second , third and fourth variable speed rotors when the 
aircraft is in the hover mode . 

19 . The method as claim 17 recites , further comprising : 
inducing a yaw motion by varying the speed of at least 

one of the first and second variable speed rotors ; and 
inducing a pitch motion by varying the speed of at least 

one of the third and fourth variable speed rotors . 
20 . A system for maneuvering a vertical takeoff and 

landing ( VTOL ) aircraft comprising : 
a first propulsion system coupled to a first wing at a first 

distance from a longitudinal axis , the first propulsion 
system comprising a first engine and a first rotor ; 

a second propulsion system coupled to the first wing at the 
first distance from the longitudinal axis , the second 
propulsion system comprising a second engine and a 
second rotor ; 

a third propulsion system coupled to a second wing at a 
second distance from the longitudinal axis the third 
propulsion system comprising a third engine and a third 
rotor ; 

a fourth propulsion system coupled to the second wing at 
the second distance from the longitudinal axis , the 
fourth propulsion system comprising a fourth engine 
and a fourth rotor ; 

a control management system coupled to the first , second , 
third , and fourth propulsion systems causing the air 
craft to : 

spin the first , second , third , and fourth rotors at a hover 
rate or a hover pitch , the hover rate or hover pitch 
being sufficient to provide thrust to overcome the 
weight of the aircraft ; 

spin the first and second rotors at different rates or 
pitches than the third and fourth rotors while in a 
hover , wherein the spinning the first and second 
rotors at different rates or different pitches from the 
third and fourth rotors produces a roll motion of the 
aircraft ; 

spin the third and fourth rotors at different rates or 
different pitches than the first and second rotors 
while in the hover , wherein the spinning the first and 
second rotors at different rates or different pitches 
from the first and second rotors produces a pitch 
motion of the aircraft ; 

spin the first and second rotors at different rates or 
different pitches than the third and fourth rotors 
while in a forward flight regime , wherein the spin 
ning the first and second rotors at different rates or 
different pitches from the third and fourth rotors 
produces a yaw motion of the aircraft ; and 

spin the third and fourth rotors at different rates or 
different pitches than the first and second rotors 
while in the forward flight regime , wherein the 
spinning the first and second rotors at different rates 
or different pitches from the first and second rotors 
produces a pitch motion of the aircraft . 

* * * * * 


