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Forward Swept Wing VTOL Aircraft with Embedded Lift Propulsors

RELATED APPLICATIONS
This application claims the benefit of U.S. provisional application no. 63/599,870
filed November 16, 2023, the contents of which are hereby incorporated by reference in

their entirety.

TECHNICAL FIELD
The present invention relates to aircraft design. In one aspect, the present
invention relates to a fixed wing vertical takeoff and landing forward swept wing aircraft
design that incorporates tilting wingtip propulsors and embedded centerline propulsors
to create a symmetrical layout of propulsors about the vehicle center of gravity during
VTOL flight.

BACKGROUND ART
It is desirable to maximize aircraft handling qualities and disturbance rejection

during VTOL flight, while minimizing coupling of control axis.

SUMMARY OF INVENTION

The present inventors have found that a symmetrical layout of propulsors about
the aircraft center of gravity (CG) is desired. One method to achieve such a
configuration is to use a combination of propulsors embedded in the fuselage along the
vehicle centerline, and tilting wingtip propulsors for dual use in VTOL and fixed wing
flight.

Such a configuration can be achieved using a forward swept wing, with the
sweep angle selected such that the wingtip, and as a result wing tip propulsors, are
laterally aligned with the vehicle center of gravity. Embedded lift propulsors are placed
along the vehicle centerline to create longitudinal symmetry of propulsors about the CG.

The forward swept configuration combined with wingtip propulsors allows the
aircraft to minimize drag producing effects caused by wingtip vortices, increasing the
effective aspect ratio and efficiencies during fixed wing flight. Further, this combination
reduces the risk of tip stall and enables excellent control authority at the high angles of
attack required for maximum endurance flight conditions.

The present invention relates to an aircraft capable of VTOL and fixed wing flight,

using a combination of thrust symmetrical embedded lift propulsors along the fuselage
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centerline and tilting wingtip propulsors. The aircraft is designed to provide a thrust
symmetrical layout of propulsors about their respective axis during VTOL flight.

Embodiments of the present invention may use a forward swept wing, with the
sweep angle of the wing selected such that the two wingtip motors are laterally aligned
about the vehicle center of gravity. The wingtip propulsors augment lift of the vehicle in
VTOL flight and provide control of the vehicle’s roll axis. The embedded lift propulsors
consist of propellers shrouded by a duct, embedded in the fuselage, and located along
the vehicle centerline, longitudinally symmetric about the center of gravity. The
embedded lift propulsors provide the majority thrust during VTOL flight, and aid in pitch
control.

The resulting VTOL flight control system decouples pitch and roll control axis.
The embedded lift propulsors may provide pitch control, while the wingtip propulsors
may stabilize the roll axis. The large lever arm provided by the wingtip propulsors further
aids stability and disturbance rejection during VTOL maneuvers. The tilting actuation of
the wingtip propulsors may allow for yaw control via thrust vectoring, as well as
longitudinal velocity control.

During fixed wing flight, the aircraft may use tilting wingtip propulsors in a forward
configuration to provide thrust. Retracting doors may be used to cover the ducts
surrounding the embedded lift propulsors to reduce drag during fixed wing flight. A
canard located near the front of the aircraft may provide a balancing moment, and the
incidence angle of the entire surface can be adjusted for trim. Fixed wing flight controls
are provided by control surfaces along the trailing edge of the main wing, adjustment of
canard incidence angle, and differential thrust from the wingtip propulsors.

In some aspects, the techniques described herein relate to a vertical take-off and
landing (VTOL) aircraft including: a fuselage defining fore and aft sections, left side and
right side, topside and bottom side, and having a longitudinal centerline and a center of
gravity; a forward swept wing extending from said left side and right side of the fuselage
having a left wing tip and a right wingtip; a left wing tip propulsor and a right wing tip
propulsor disposed at the left wing tip and right wing tip respectively, said left and right
wing tip propulsors incrementally tiltable between a forward thrust position and a vertical
thrust position; fore and aft vertical ducts, each having a top opening and a bottom
opening; fore and aft propulsors disposed within the fore and aft vertical ducts,
respectively, configured to provide vertical lift, wherein the fore and aft propulsors define

a longitudinal axis through the center of gravity; a plurality of actuable doors configured
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to close the top openings and bottom openings of the fore and aft ducts; and a canard
extending from the fuselage forward of the forward swept wing; wherein a sweep angle
of the forward swept wing is such that the left wing tip propulsor and right wing tip
propulsor, when in vertical thrust position, define a lateral axis through the center of
gravity; wherein the aircraft is configurable in a VTOL flight mode having the doors in
actuated in open positions and the left and right wingtip propulsors are tilted in vertical
thrust positions; and wherein the aircraft is configurable in a fixed wing flight mode
wherein the doors are actuated in closed positions and the left and right wingtip
propulsors are tilted in a forward thrust position.

In some aspects, the techniques described herein relate to a VTOL aircraft
wherein each of the propulsors is configured for direct drive from a respective motive
source and the motive sources are electrically powered, use internal combustion, and/or
use a hybrid power system.

In some aspects, the techniques described herein relate to a VTOL aircraft
wherein each of the propulsors is mechanically coupled to a drive power source and a
drive power source is electrically powered, uses internal combustion, and/or uses a
hybrid power system.

In some aspects, the techniques described herein relate to a VTOL aircraft
wherein the doors for each duct opening include a pair of doors pivotably hinged to the
fuselage and may be operated by a door actuator mechanism having: a dual arm servo;
a first lever arm coupled to a first door of a pair of doors; a second lever arm coupled to
a second door of the pair of doors; and push/pull linkages coupling the first and second
lever arms to the dual arm servo.

In some aspects, the techniques described herein relate to a VTOL aircraft
wherein thrusts of the fore and aft propulsors are configured to be controlled
independently to effect a pitch control of the aircraft; incremental tilting and thrust of the
left and right wing tip propulsors are independently controllable to effect a yaw control of
the aircraft; and thrust of the left and right wing tip propulsors are independently
controllable to effect a roll control of the aircraft in the VTOL flight mode.

In some aspects, the techniques described herein relate to a VTOL aircraft,
further including aircraft flight control surfaces along a trailing edge of the forward swept

wings.
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In some aspects, the techniques described herein relate to a VTOL aircraft,
wherein the canard includes an elevator control surface and/or an incidence angle of
the canard is adjustable.

In some aspects, the techniques described herein relate to a vertical take-off and
landing (VTOL) aircraft including: a fuselage defining fore and aft sections, left side and
right side, topside and bottom side, and having a longitudinal centerline and a center of
gravity; a forward swept wing extending from said left side and right side of the fuselage
having a left wing tip and a right wingtip; a left wing tip propulsor and a right wing tip
propulsor disposed at the left wing tip and right wing tip respectively, said left and right
wing tip propulsors incrementally tiltable between a forward thrust position and a vertical
thrust position; fore and aft vertical ducts, each having a top opening and a bottom
opening; fore and aft propulsors disposed within the fore and aft vertical ducts,
respectively, configured to provide vertical lift, wherein the fore and aft propulsors define
a longitudinal axis through the center of gravity; a canard extending from the fuselage
forward of the forward swept wing; wherein a sweep angle of the forward swept wing is
such that the left wing tip propulsor and right wing tip propulsor, when in vertical thrust
position, define a lateral axis through the center of gravity; wherein the aircraft is
configurable in a VTOL flight mode having the left and right wingtip propulsors are tilted
in vertical thrust positions; and wherein the aircraft is configurable in a fixed wing flight

mode wherein the left and right wingtip propulsors are tilted in a forward thrust position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a planform view of an exemplary embodiment of the aircraft in a
VTOL configuration showing the layout of the aircraft and propulsors.

FIG. 2 illustrates an isometric view of an exemplary embodiment of the aircraft in
a VTOL configuration.

FIG. 3 illustrates an isometric view of an exemplary embodiment of the aircraft in
a fixed wing flight configuration.

FIG. 4 illustrates a detailed semi-transparent isometric view of the left wingtip
propulsor tilt mechanism in an exemplary embodiment.

FIG. 5 illustrates a front section view along cut line 5-5 shown in FIG. 1 of the

rear embedded lift propulsor mechanism in the fuselage in an exemplary embodiment.



10

15

20

25

30

WO 2025/106962 PCT/US2024/056366
DETAILED DESCRIPTION

As used herein any reference to an “embodiment” or “some embodiments”
means that a particular element, feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the inventive
concepts disclosed herein. The appearances of the phrase “in some embodiments” in
various places in the specification are not necessarily all referring to the same
embodiment, and embodiments of the inventive concepts disclosed may include one or
more of the features expressly described or inherently present herein, or any
combination of sub-combination of two or more such features, along with any other
features which may not necessarily be expressly described or inherently present in the
instant disclosure.

FIG. 1 is a planform view of an exemplary embodiment of the aircraft 90 in a
VTOL configuration showing the layout of the aircraft and propulsors. The arrangement
of the aft embedded lift propulsor 100 and forward embedded lift propulsor 110 within
aft duct 102 and forward duct 112, respectively, along the vehicle centerline can be
seen with symmetric placement about the vehicle center of gravity 140. The two
embedded lift propulsors are shrouded by a duct and fully embedded in the fuselage.
The forward swept wing 150 is shown, with the sweep angle of the wing selected such
that the right wingtip motor 120 and left wingtip motor 130 are laterally aligned about the
vehicle center of gravity 140.

FIG. 2 is an isometric view of the aircraft 90 in a VTOL configuration. Here, the
left wingtip propulsor 130 and right wingtip propulsor 120 are rotated into a vertical
configuration to provide lift during VTOL flight and roll control. In one embodiment, the
aircraft 90 may have forward upper duct doors 220, forward lower duct doors 222, aft
lower duct doors 232, and aft upper duct doors 230 illustrated here in an open position
to enable air flow to and lift from the embedded lift propulsors 100 and 110.

FIG. 3 is an isometric of the aircraft 90 in a fixed wing flight configuration. The
aircraft 90 uses the propulsors 120 and 130 on the right wingtip tilt mechanism 300 and
left wingtip tilt mechanism 310, respectively, tilted forward to provide thrust and yaw
control in fixed wing flight. During fixed wing flight, ailerons 320 located along the trailing
edges of the wing 150 provide roll control. Forward upper duct doors 220 and forward
lower duct doors 222 and aft upper duct doors 230 and aft lower duct doors 232 are
used to cover duct 102 and duct 112 surrounding the embedded lift propulsors, creating

a streamlined fuselage to reduce drag. A canard 350 is located near the front of the
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aircraft and may provide a balancing moment and trim the aircraft pitch axis. The entire
canard 350 may rotate and/or an elevator 360 on a trailing edge of the canard may
provide the balancing moment and aircraft pitch trim.

FIG. 4 is a semi-transparent isometric detail view of the left wingtip tilt
mechanism 310. The mechanism 310 may consist of a left wingtip propulsor 130 with
attached wingtip propulsor fairing 400. The propulsor 130 and fairing 400 rotate about a
protruding cylindric spar 410 located at the end of the main portion of the swept wing
150. Rotation is achieved by using a geared servo mechanism 430. A right wingtip tilt
mechanism is similar in design.

FIG. 5 is a front section view taken along cut-line 5-5 shown in FIG. 1 of an aft
embedded propulsor door mechanism. A forward embedded propulsor door mechanism
may be similar in design. Each mechanism may include a set of top doors 230 and
bottom doors 232 of the fuselage. Operation of the doors may use a configuration of
adjustable linkages 520 that push/pull lever arms 530 that are attached to each door
segment. Actuation of the linkages may be made using a dual arm servo 540.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, by way of illustration and example only, it
is clearly understood that the present invention is not to be construed as limiting the
present invention, and various changes and modifications may be made by those skilled
in the art within the protective scope of the invention without departing off the spirit of

the present invention.
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WHAT IS CLAIMED IS:

1. A vertical take-off and landing (VTOL) aircraft comprising:

a fuselage defining fore and aft sections, left side and right side, topside and bottom side,
and having a longitudinal centerline and a center of gravity;

a forward swept wing extending from said left side and right side of the fuselage having a
left wing tip and a right wingtip;

a left wing tip propulsor and a right wing tip propulsor disposed at the left wing tip and
right wing tip respectively, said left and right wing tip propulsors incrementally tiltable between
a forward thrust position and a vertical thrust position;

fore and aft vertical ducts, each having a top opening and a bottom opening;

fore and aft propulsors disposed within the fore and aft vertical ducts, respectively,
configured to provide vertical lift, wherein the fore and aft propulsors define a longitudinal axis
through the center of gravity;

a plurality of actuable doors configured to close the top openings and bottom openings of
the fore and aft ducts; and

a canard extending from the fuselage forward of the forward swept wing;

wherein a sweep angle of the forward swept wing is such that the left wing tip propulsor
and right wing tip propulsor, when in vertical thrust position, define a lateral axis through the
center of gravity;

wherein the aircraft is configurable in a VTOL flight mode having the doors in actuated
in open positions and the left and right wingtip propulsors are tilted in vertical thrust positions;
and

wherein the aircraft is configurable in a fixed wing flight mode wherein the doors are
actuated in closed positions and the left and right wingtip propulsors are tilted in a forward thrust

position.

2. The VTOL aircraft of claim 1 wherein each of the propulsors is configured for

direct drive from a respective motive source.

3. The VTOL aircraft of claim 2 wherein the motive sources are electrically
powered.

4. The VTOL aircraft of claim 2 wherein the motive sources use internal
combustion.
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5. The VTOL aircraft of claim 2 wherein the motive sources use a hybrid power

system.

6. The VTOL aircraft of claim 1 wherein each of the propulsors is mechanically

coupled to a drive power source.

7. The VTOL aircraft of claim 6 wherein a drive power source is electrically
powered.

8. The VTOL aircraft of claim 6 wherein a drive power source uses internal
combustion.

9. The VTOL aircraft of claim 6 wherein a drive power source uses a hybrid power
system.

10.  The VTOL aircraft according to claim 1 wherein the doors for each duct opening

comprise a pair of doors pivotably hinged to the fuselage.

11. The VTOL aircraft according to claim 10, further comprising a door actuator
mechanism having:

a dual arm servo;

a first lever arm coupled to a first door of a pair of doors;

a second lever arm coupled to a second door of the pair of doors; and

push/pull linkages coupling the first and second lever arms to the dual arm servo.

12.  The VTOL aircraft according to claim 1 wherein thrusts of the fore and aft

propulsors are configured to be controlled independently to effect a pitch control of the aircraft.

13. The VTOL aircraft according to claim 1, further comprising aircraft flight control

surfaces along a trailing edge of the forward swept wings.

14.  The VTOL aircraft according to claim 1, wherein the canard comprises an

elevator control surface.

15.  The VTOL aircraft according to claim 1, wherein an incidence angle of the canard

is adjustable.
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16.  The VTOL aircraft according to claim 1, wherein incremental tilting and thrust of
the left and right wing tip propulsors are independently controllable to effect a yaw control of the

aircraft.

17. The VTOL aircraft according to claim 1, wherein thrust of the left and right wing
tip propulsors are independently controllable to effect a roll control of the aircraft in the VTOL

flight mode.

18. A vertical take-off and landing (VTOL) aircraft comprising:

a fuselage defining fore and aft sections, left side and right side, topside and bottom side,
and having a longitudinal centerline and a center of gravity;

a forward swept wing extending from said left side and right side of the fuselage having a
left wing tip and a right wingtip;

a left wing tip propulsor and a right wing tip propulsor disposed at the left wing tip and
right wing tip respectively, said left and right wing tip propulsors incrementally tiltable between
a forward thrust position and a vertical thrust position;

fore and aft vertical ducts, each having a top opening and a bottom opening;

fore and aft propulsors disposed within the fore and aft vertical ducts, respectively,
configured to provide vertical lift, wherein the fore and aft propulsors define a longitudinal axis
through the center of gravity;

a canard extending from the fuselage forward of the forward swept wing;

wherein a sweep angle of the forward swept wing is such that the left wing tip propulsor
and right wing tip propulsor, when in vertical thrust position, define a lateral axis through the
center of gravity;

wherein the aircraft is configurable in a VTOL flight mode having the left and right
wingtip propulsors are tilted in vertical thrust positions; and

wherein the aircraft is configurable in a fixed wing flight mode wherein the left and right

wingtip propulsors are tilted in a forward thrust position.

19. The VTOL aircraft of claim 18 wherein each of the propulsors is configured for

direct drive from a respective motive source.

20.  The VTOL aircraft of claim 19 wherein the motive sources are electrically

powered.
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21. The VTOL aircraft of claim 19 wherein the motive sources use internal
combustion.

22. The VTOL aircraft of claim 19 wherein the motive sources use a hybrid power
system.

23. The VTOL aircraft of claim 18 wherein each of the propulsors is mechanically

coupled to a drive power source.

24, The VTOL aircraft of claim 23 wherein a drive power source is electrically
powered.

25. The VTOL aircraft of claim 23 wherein a drive power source uses internal
combustion.

26. The VTOL aircraft of claim 23 wherein a drive power source uses a hybrid power
system.

27.  The VTOL aircraft according to claim 18 wherein thrusts of the fore and aft

propulsors are configured to be controlled independently to effect a pitch control of the aircraft.

28. The VTOL aircraft according to claim 18, further comprising aircraft flight

control surfaces along a trailing edge of the forward swept wings.

29.  The VTOL aircraft according to claim 18, wherein the canard comprises an

elevator control surface.

30.  The VTOL aircraft according to claim 18, wherein an incidence angle of the

canard is adjustable.

31.  The VTOL aircraft according to claim 18, wherein incremental tilting and thrust
of the left and right wing tip propulsors are independently controllable to effect a yaw control of

the aircraft.

32.  The VTOL aircraft according to claim 18, wherein thrust of the left and right
wing tip propulsors are independently controllable to effect a roll control of the aircraft in the

VTOL flight mode.

10
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