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(7) ABSTRACT

A disclosed flying craft includes a suspension structure
having a first end and a second end, a lift unit, and a payload
unit. The lift unit includes a nacelle and a tailboom, and
pivotally couples to the first end of the suspension structure,
and a payload unit couples to the structure’s second end.
Thus the tailboom can pivotally couple with respect to the
payload unit, which advantageously permits the tailboom to
assume an orientation desirable for a particular mode of
flight. During vertical flight or hover, the tailboom can hang
from the lift unit in an orientation that is substantially
parallel to the suspension structure and that minimizes
resistance to downwash from the lift unit. During horizontal
flight, the tailboom can be orthogonal to the suspension
structure, extending rearward in an orientation where it can
develop pitching and yawing moments to control and sta-
bilize horizontal flight. Advantageous variations and meth-
ods are also disclosed.
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1
TAILBOOM-STABILIZED VTOL AIRCRAFT

BACKGROUND OF THE INVENTION

Vertical Takeoff and Landing (VTOL) aircraft have long
been considered desirable because of their ability to hover in
flight and transition in and out of flight without a runway, in
addition to flying in a horizontal direction. The aircraft’s lift
unit or units have propulsors (e.g., rotor, tiltable jet engines)
that develop an aggregate aerial motive force. This aerial
motive force can be viewed as the combination of a vertical
(ie., countering gravity) and horizontal (i.e., parallel to
ground) vector passing through a single point herein called
the “center of lift.” For a VIOL aircraft to be stable and
controllable in hover or vertical flight, the vertical vector of
its aerial motive force must pass through its center of mass.

Conventional single-rotor helicopters satisfy this require-
ment by having their center of mass directly below the rotor.
(The number of rotors is typically considered the number of
rotor axes, irrespective of whether a given “rotor” contains
a single set of blades or a pair of counter-rotating sets.)
However, that configuration prevents such an aircraft from
tilting its rotor for axial flow in horizontal flight with lift
developed by a fixed wing. Instead, it must rely on the
rotor’s own inefficient lift in edgewise airflow, with only
enough rotor clearance available for a slight tilt to develop
some horizontal airspeed.

As a compromise, aircraft have been developed that
include tiltable rotors on opposite wingtips. This configu-
ration has significant drawbacks, perhaps primarily that the
prospect of blade interference with a centerline fuselage
limits the diameter of paired co-planar rotors to less than half
that of a comparable single rotor. The use of paired smaller
diameter rotors hurts efficiency, resulting in a hovering
propulsive force that is less than 70% of what a single rotor
would produce for comparable engine power, but with over
40% greater downwash velocity.

Accordingly, it would be desirable to have a VIOL
aircraft that could employ a single rotor for stable vertical
flight and hover as well as efficient axial airflow in horizon-
tal flight with lift provided by a fixed wing. It would also be
desirable to have a VTOL aircraft, regardless of the type of
lift unit employed, with improved control over transition
between horizontal flight and vertical or hovering flight.

SUMMARY OF THE INVENTION

A flying craft according to various aspects of the present
invention includes a substantially rigid suspension structure
having a first end and a second end, a lift unit, and a payload
unit. The lift unit includes a nacelle (typically housing one
or more engines) and a tailboom, and pivotally couples to
the first end of the suspension structure. A payload unit
couples to the structure’s second end. Thus the tailboom can
pivotally couple with respect to the payload unit, which
advantageously permits the tailboom to assume an orienta-
tion desirable for a particular mode of flight.

According to a particularly advantageous aspect of the
invention, the lift unit can employ a rotor as a propulsion
subsystem to provide an aerial motive force. In a mode of
flight where such force is predominantly countering gravity
(vertical flight or hover), the tailboom can hang from the lift
unit in an orientation substantially parallel to the suspension
structure and minimizing resistance to downwash from the
lift unit. During a mode of flight in which the rotor (or other
suitable propulsion subsystem) provides an aerial motive
force predominantly parallel to the ground (horizontal
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flight), the tailboom can be orthogonal to the suspension
structure, extending rearward in an orientation where it can
develop pitching and yawing moments to control and sta-
bilize horizontal flight.

In a method of the invention, a payload unit pivotally
couples to a lift unit having a propulsion subsystem (e.g., a
rotor) and tailboom such that the tailboom and payload unit
are free to independently pivot with respect to the lift unit
about parallel axes. The lift unit operates in multiple modes
during the method. In a first mode, the propulsion subsystem
provides an aerial motive force that predominantly counters
gravity. In other words, the force has a vertical vector that is
larger than any combination of horizontal vectors, given a
normal frame of reference with respect to the ground.
During at least a portion of this first mode, the tailboom
latches to the payload unit in a substantially vertical orien-
tation. At some point with lift provided by a fixed wing, the
lift unit transitions to a second mode in which its propulsion
subsystem provides an aerial motive force that is predomi-
nantly parallel to the ground, i.e., with a smaller vertical
vector than combined horizontal vectors. During at least a
portion of this second mode, the tailboom is released from
the payload unit and is allowed to pivot independently of the
payload unit. When released, the tailboom can assume the
rearward-extending orientation desirable for horizontal
flight.

The above summary does not include an exhaustive list of
all aspects of the present invention. Indeed, the inventor
contemplates that the invention includes all systems and
methods that can be practiced from all suitable combinations
of the various aspects summarized above, as well as those
disclosed in the detailed description below and particularly
pointed out in the claims filed with the application. Such
combinations have particular advantages not specifically
recited in the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a flying craft according to
various aspects of the present invention in transition
between vertical and horizontal modes of flight.

FIG. 2 is an exploded perspective view of the flying craft
of FIG. 1.

FIG. 3 is a perspective view of the flying craft of FIG. 1
in a stowed configuration.

FIG. 4 is a perspective view of the flying craft of FIG. 1
in a deployed configuration before operation of the lift unit.

FIG. § is a perspective view of the flying craft of FIG. 1
during initial operation of the lift unit.

FIG. 6 is a perspective view of the flying craft of FIG. 1
during operation of the lift unit hovering above a payload to
be transported.

FIG. 7 is a perspective view of the flying craft of FIG. 1
during operation of the lift unit in a vertical mode of flight
with the payload of FIG. 6 in transit.

FIG. 8 is a perspective view of the flying craft of FIG. 1
during operation of the lift unit in a horizontal mode of flight
with the payload of FIG. 6 in transit.

FIG. 9 including FIGS. 9A and 9B is a cut-away side view
of a fastener on the payload unit of the flying craft of FIG.
2 with the tailboom latched to, and released from, the
payload unit.

FIG. 10 including FIGS. 10A, 10B, and 10C, is a sche-
matic side view of the flying craft of FIG. 1 during hori-
zontal flight and two stages of transition to vertical flight.

DESCRIPTION OF PREFERRED EXEMPLARY
EMBODIMENTS

A VTOL flying craft according to various aspects of the
present invention employs a tailboom to facilitate efficient,
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stable flight in both vertical and horizontal modes. As may
be better understood with reference to FIG. 1, for example,
one such flying craft 100 includes a suspension structure
110, a payload unit 130, and a lift unit 120 that includes a
nacelle 128 and a tailboom 140. One end 113 of suspension
structure 110 pivotally couples to lift unit 120 while an
opposite end 115 pivotally couples to payload unit 130. Lift
unit 120 further includes an aerodynamic lift structure 150.

A lift unit according to various aspects of the invention
includes any heavier-than-air structure suitable for develop-
ing an aerial motive force including an upward component
without exerting a corresponding force on any external
supporting structure or relying on aerostatic buoyancy. A lift
unit can develop such a force from a suitably configured
propulsion subsystem, an acrodynamic lift structure, or both.
As illustrated in the exploded perspective view of FIG. 2, for
example, lift unit 120 includes both a rotor 200 mounted on
a hub 126 (which extends from one end of nacelle 128) and
an aerodynamic lift structure 150.

In accordance with various aspects of the invention, a
nacelle is a structure, typically having an aerodynamically
streamlined outer shell, that serves as a central point of
pivotal attachment between a lift unit and a suspension
structure, and between a tailboom and other portions of a lift
unit. A nacelle typically includes one or more engines, a
gearbox, and other structure that the lift unit can employ to
drive a propulsion subsystem. However, a nacelle can suit-
ably omit some or all of such structure if desired, e.g., where
the propulsion subsystem employs a rotor with tip-mounted
jet engines on its blades. As used herein, the term “nacelle”
includes an overall structure consisting not just of the outer
shell that is typically but not necessarily employed for
protection and aerodynamics, but also whatever internal
structure is employed to pivotally couple the lift unit to the
suspension structure and pivotally couple the tailboom to the
remainder of the lift unit.

A rotor, which is a particularly advantageous type of
propulsion subsystem, can include any configuration of
airfoil blades mounted on a hub in a configuration suitable
for the blades to rotate on an axis about the hub and thereby
generate an aerial motive force parallel to the axis. For
example, rotor 200 consists substantially of two sets 210,
220 of rotor blades. Set 210 consists of blades 212, 214, 216
while set 220 consists of blades 222, 224, 226. Blade sets
210, 220 are independently rotatable about hub 126, a
configuration that permits the sets to rotate in opposite
directions and thus neutralize the moment they individually
generate about the axis passing through nacelle 128 and hub
126. Separate turboshaft engines in nacelle 128 drive blade
sets 210, 220 of rotor 200.

Any structure suitable for supporting a set of rotor blades
for rotation about an axis can be employed as a hub. For
example, hub 126 includes a pair of coaxial torsional shafts
(not shown) and two sets 310, 320 (FIG. 3) of latchable pivot
couplings. Each torsional shaft couples mechanical energy
from a gear box driven by an engine or engines (not shown)
inside lift unit nacelle 128 to rotor blade sets 210, 220.

Many other types of propulsion subsystems can be suit-
ably employed to develop an aerial motive force including
an upward component, including those employed by
embodiments 10, 100, 200, and 1600 of commonly owned,
co-pending patent application Ser. No. 09/976,348, filed
Oct. 12, 2001 by the same inventor as the present
application, which is incorporated by reference and referred
to herein as the *348 application.

Lift structure 150 includes wing panels 152, 154, which
pivotally couple to opposite sides of a fixed central airfoil
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portion 141 of tailboom 140. Wing panels 152, 154 include
partial span flaps 155, 156 that can deploy for increased lift
during transition between vertical and horizontal modes of
flight. An aerodynamic lift structure according to various
aspects of the invention is not limited to exemplary wing
panels 152, 154 but can be any structure suitable for
developing a significant upward aerodynamic force, as
appropriate for the particular aircraft’s purposes, upon pass-
ing horizontally through a fluid medium, typically ambient
air. Examples of other aecrodynamic lift structures include
those employed by embodiments 10, 100, 200, and 6800 of
the °348 application.

Rotor 200 acts in a gyrodynamically neutral fashion while
generating an aerial motive force, powered by a suitable
converter of fuel (or any other suitable source of stored
energy, e.g., a battery) into mechanical energy. With such
neutrality, an aircraft has improved pitch and yaw control in
vertical flight. Gyrodynamic theory predicts that a
gyroscope, when acted upon by a moment, will move
through an angular displacement at a right angle to the
applied moment. One method to neutralize this effect is to
place a second gyroscope on the same axis as the first
gyroscope, with the gyroscopes spinning at the same rate in
opposite directions. Employing this method, the operation of
blade set 220 rotating counter to blade set 210 is for practical
purposes gyrodynamically neutral. Unlike a gyroscopic
rotor comprised of a single set of blades, a gyrodynamically
neutral system does not distort the effects of pitching and
yawing moments. Freedom from such distortion improves
pitch and yaw control.

As may be better understood with reference to FIG. 2,
tailboom 140 of exemplary flying craft 100 pivotally couples
to lift unit 120, at about the midpoint of the upper side of lift
unit nacelle 128, by mechanical structure not shown. Suit-
able structure for such coupling includes, for example, a
hinge at the leading edge of central airfoil 141.

Pivotal coupling between tailboom 140 and lift unit 120
is not strictly necessary for tailboom 140 to have the
desirable capability of orienting in the vertical direction for
vertical flight and extending horizontally for horizontal
flight because tailboom 140 is free to pivot (together with lift
unit 120) with respect to payload unit 130. However, tail-
boom 140 is capable of various orientations with respect to
rotor 200 when pivotally coupled to lift unit 120. As
illustrated in FIG. 1, for example, tailboom 140 can extend
mostly horizontal from lift unit 120 when rotor 200 (FIG. 2)
is oriented somewhat vertically but producing a mostly
horizontal air stream due to horizontal flight of craft 100.
Another benefit of pivotal coupling between tailboom 140
and lift unit 120 is that, as illustrated in FIGS. 3—4, nacelle
128 can be oriented vertically alongside payload unit 130
with tailboom 140 and suspension structure 110 oriented
substantially horizontal between nacelle 128 and payload
unit 130.

Lift unit 120 includes landing gear 229 (FIG. 2) that
supports lift unit 120 when craft 100 is in a stowed
configuration, as further discussed below with reference to
FIG. 3. Landing gear 229 can be, e.g., a set of wheels having
sufficient dimensions and structural integrity to support
weight of lift unit 120, or a fixed structure designed to fit into
a mated receptacle.

A suspension structure according to various aspects of the
invention includes any structure suitable for suspending a
payload unit from a lift unit. For example, suspension
structure 110 includes a pair of tensile members 112, 114
that are fabricated from suitable materials (e.g., carbon
























