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CONTROL FLOWS AND FORCES IN VTOL VEHICLES

[0001] This application claims priority from U.S. Provisional Application Serial No.
60/924,168, filed May 2, 2007, the entirety of which is incorporated herein by reference.

FIELD AND BACKGROUND OF THE INVENTION

[0002] The present application relates to VTOL vehicles with multi-function capabilities
and, specifically to ducted fan arrangements that facilitate the control of forces and flows
of air and control movement of the vehicle in six degrees of freedom. The invention also
relates to pitch control mechanisms for the lift propellers of VTOL vehicles: drive and
transmission arrangements; the control of exhaust gases from such vehiclés; and shock

absorbing characteristics in the landing gear of such vehicles.

[0003] VTOL vehicles rely on direct thrust from propellers or rotors, directed
downwardly, for obtaining lift necessary to support the vehicle in the air. Many different
types of VTOL vehicles have been proposed where the weight of the vehicle in hover is
carried directly by rotors or propellers, with the axis of rotation perpendicular to the
ground. One well known vehicle of this type is the conventional helicopter which includes
a large rotor mounted above the vehicle fuselage. Other types of vehicles rely on a
multitude of propellers that are either exposed (e.g., unducted fans), or installed inside
circular cavities, shrouds, ducts or other types of nacelle (e.g., ducted fans), where the flow
of air takes place inside ducts. Some VTOL vehicles (such as the V-22) use propellers
having their axes of rotation fully rotatable (up to 90 degrees or so) with respect to the
body of the vehicle. These vehicles normally have the propeller axis perpendicular to the
ground for vertical takeoff and landing, and then tilt the propeller axis forward for normal
flight. Other vehicles use propellers having nearly horizontal axes, but include
aerodynamic deflectors installed behind the propeller which deflect all or part of the flow

downwardly to create direct upward lift.

[0004] A number of VTOL vehicles have been proposed in the past where two or four
propellers, usually mounted inside ducts (i.e., ducted fans), were placed forwardly of, and
rearwardly of, the main payload of the vehicle. One typical example is the Piasecki VZ-8
‘Flying Jeep’ which had two large ducts, with the pilots located to the sides of the vehicle,
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in the central area between the ducts. A similar configuration was used on the Chrysler
VZ-6 and on the CityHawk flying car. The Bensen ‘Flying Bench’ uses a similar
arrangement. The Curtiss Wright VZ-7 and the Moller Skycar use four, instead of two,
thrusters where two are located on each side (forward and rear) of the pilots and the
payload, the latter being of a fixed nature at the center of the vehicle, close to the vehicle’s

center of gravity.

[0005] The foregoing existing vehicles are generally designed for specific functions and

are therefore not conveniently capable of performing a multiplicity of functions.

[0006] Patents owned by the present assignee that relate to VTOL vehicles include U.S.
Patent Nos. 6,464,166; 6,568,630; 6,817,570; 7,246,769, and 7,275,712. Printed U.S.
Publications relating to similar subject matter include 2006/0113426; 2007/0034734,
| 2007/0034739; 2007/0095971; and 2008/0054121.

SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a vehicle of a relatively simple

construction and yet capable of performing a multiplicity of different functions.

[0008] According to one exemplary embodiment, there is provided a vehicle comprising a
fuselage having a longitudinal axis and a transverse axis; at least one lift-producing
propeller (also synonymously referred to sometimes as a prime mover, fan, rotor, or
simply, propeller) mounted within a duct carried by the fuselage on each side of the
transverse axis, and , if the vehicle is manned, a pilot’s compartment fomed in the
fuselage between the lifi-producing propellers. The optional pilot’s compartment may be
aligned with the longitudinal axis, or offset to one side of the axis, and, optionally, another
compartment may be provided on the opposite side of the longitudinal axis.

[0009] Several exemplary embodiments are described below wherein the fuselage also
carries a pair of thrusters (fans or other means by which the vehicle is moved in a forward
direction) at the rear end of the fuselage, on opposite sides of the longitudinal axis. Various
drive arrangements are disclosed for powering the lift-producing propellers and possibly

the thrusters.
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[0010] The invention described herein also relates to controlling actuation forces related to
the vehicle lift-producing propellers and thrusters, including arrangements for changing

propeller pitch, and controlling exhaust gases exiting the engine.

[0011] Also described herein is a system whereby primary and secondary modes of

operation are provided for each of six degrees of freedom of VTOL vehicle movement.

[0012] Additional features relate to synchronizing and actuation of landing gears in order

to improve stability and reduce the forces acting on the vehicle upon landing,

[0013] Another feature relates to splitting the shafts of the transmission system to improve

stability and utilization of space in the vehicle design.

[0014] Further features and advantages of the invention will be apparent from the
description below. Some of those describe unique features applicable in any single or

multiple ducted fan and VTOL vehicles.

[0015] Accordingly, in one aspect, the invention relates to a ducted air flow vehicle
comprising: a fuselage having a longitudinal axis, said fuselage supporting at least one
forward duct and one aft duct having respective fore and aft mounted propellers arranged
to force surrounding air into the ducts, and out of the ducts through respective outlets at
lower ends of the ducts thereby creating a lift force; wherein the fore and aft mounted
propellers have a pitch control system including respective pitch-change levers, with a
mechanical connection between the pitch change levers configured such that when the
mechanical connection is shortened or lengthened, blade pitch angles of the fore and aft
propellers are caused to increase or decrease in a substantially similar direction and
magnitude to thereby control up and down (heave) motion of the vehicle; and when the
mechanical connection is externally acted upon substantially longitudinally so as to cause
it to translate in a fore-aft direction without being shortened or lengthened, the blade pitch
angles of the propellers are caused to change differentially and in opposite directions to

thereby control pitch of the vehicle.

[0016] In still another aspect, the invention relates to a ducted air flow vehicle comprising:
a fuselage having a longitudinal axis, the fuselage supporting at least one forward duct and

one aft duct having respective forward and aft mounted propellers arranged to force
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surrounding air into the ducts, and out of the ducts through respective outlets at lower ends
of the ducts thereby creating a lift force; wherein the forward and aft mounted propellers
have a pitch control mechanisms with a mechanical connection between the pitch control
mechanisms, the mechanical connection comprising a first dual action actuator for
controlling heave of the vehicle connected at one end to a push pull rod operatively
connected to the forward propeller and at an opposite end to another push pull rod
operatively connected to the aft propeller; and a second actuator for controlling pitch of the

vehicle connected at one end to the first actuator and at an opposite end to the fuselage.

[0017] In still another aspect, the invention relates to a ducted air flow vehicle comprising:
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts having respective lift producing propellers arranged to force surrounding air
through the ducts thereby creating a lift force, the respective lift producing propellers lying
in a common plane; and a substantially airfoil-shaped compartment located between the
forward and aft ducts, the forward duct having an opening adjacent the compartment, and
the compartment oriented upward such that a gap is created between the forward end of the
compartment and the tips of the blades of the forward propeller.

[0018] In still another aspect, the invention relates to a ducted air flow vehicle comprising;
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts having respective lift producing propellers arranged to force surrounding air
through the ducts thereby creating a lift force; a central area formed in the fuselage
between the forward and aft ducts housing a propulsion unit powering the lift-producing
propellers, the propulsion unit having an exhaust pipe opening through an upper surface of
the fuselage in the central area, wherein the exhaust pipe is formed with an outlet oriented
to flow exhaust gases in a rearward direction, substantially parallel to and along the upper

surface.

[0019] In still another aspect, the invention relates to a ducted air flow vehicle comprising:
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts having respective lift producing propellers arranged to force surrounding air
through the ducts thereby creating a lift force; a central area formed in the fuselage

between the forward and aft ducts, the central area having a substantially airfoil shape; and
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means for achieving a wing-in-ground (WIG) effect between the fuselage and ground or

other surface over which the vehicle is flying.

[0020] In still another aspect, the invention relates to a ducted air flow vehicle comprising
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts haQing respective lift producing propellers arranged to force surrounding air
through the ducts thereby creating a lift force; landing gear comprising at least two
ground-engaging components, each rotatably mounted on a strut secured to the fuselage for
pivoting movement, and each having a shock absorber including a piston and a cylinder,
the cylinder connected at one end to the fuselage and the piston connected at a free end
thereof to the strut, the shock absorber adapted to absorb landing impact; and means for
operating each said shock absorber to delay substantial shock absorption until both of said

ground-engageable components contact the ground.

[0021] In still another aspect, the invention relates to ducted air flow vehicle comprising:
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts having respective lifting fans arranged to force surrounding air into the ducts and
out of an outlet at a lower end of each of the ducts thereby creating a lift force; a pair of
thrusters supported at a rearward end of the vehicle, on opposite sides of the longitudinal
axis, driven by respective first and second engines; and a drive unit including first and
second transmissions connected between the first and second engines, respectively, and a
first gear box operatively connected to the aft lifting fan; and a three-segment drive shaft
extending between the first gear box and a second gear box operatively connected to the
forward lifting fan, the three-segment drive shaft comprised of forward, middle and

rearward segments, at least two of which lie in a different plane.
[0022] In still another aspect, the invention relates to ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, the ducts having respective lift producing propellers arranged to force surrounding
air through the ducts thereby creating a lift force, the ducts each having front, rear and side

openings selectively movable between open and closed positions;

a plurality of adjustable control vanes extending across inlets to the ducts, in a

direction substantially parallel to the longitudinal axis;
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a pair of thrusters supported in an aft location on the fuselage; and
control means for:

a. effecting motion in a first horizontal direction in a first longitudinal degree of
freedom (X) of the vehicle in a primary mode of operation through varying of thrust output
of the thrusters, and in a secondary mode of operation through tilting of the vehicle in Pitch
(@), thereby creating a horizontal and longitudinal vector component of the lift force in the
first direction;

b. effecting motion in a second horizontal direction substantially perpendicular to
the first direction, in a second lateral degree of freedom (Y) of the vehicle in a pimary
mode through deflecting the control vanes, and in a secondary mode of operation through
tilting of the vehicle in Roll (@), thereby creating a horizontal and lateral vector component

of the lift force in the second direction; and

c. effecting motion in a third vertical direction substantially perpendicular to the
first and second directions in a third vertical degree of freedom (Z) of the vehicle in a
primary mode through direct variation of the lift force generated by the lifi-producing
propellers, and in a secondary mode through adjusting the control vanes, or adjusting the
openings, to thereby affect flow of air through said ducts and the vertical lift force in the
third direction.

[0023] The invention further relates to control means for:

a. effecting yaw motion of the vehicle in a fourth degree of freedom (*¥) in a
primary mode of operation through adjustment of the control vanes, and in a secondary

mode of operation through asymmetric operation of the thrusters;

b. effecting roll motion of the vehicle in a fifth degree of freedom (@) in a primary
mode through similar symmetric adjustment of the control vanes in each of the fore and aft
ducts, and in a secondary mode through asymmetric adjustment of the control vanes;
through moving openings on one side of the ducts to an open position; or by adjustment of
openings in the front and rear openings of the forward and aft ducts differentially on one

side relative to the other side; and

c. effecting pitch motion of the vehicle in a sixth degree of freedom (®) in a
primary mode through control of the lift-producing propellers and in a secondary mode
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through adjusting the control vanes differentially between the fore and aft ducts; opening
or closing of the side openings uniformly in one of the forward and aft ducts; or through
opening or closing of the front and rear openings uniformly in one of the forward and aft

ducts.

[0024] In still another aspect, the invention relates to a ducted air flow vehicle comprising:
a fuselage having a longitudinal axis, supporting at least one forward duct and one aft duct,
the ducts having respective lift producing propellers arranged to force surrounding air
through the ducts thereby creating a lift force; a plurality of adjustable control vanes
extending across inlets to the ducts, in a direction substantially parallel to the longitudinal
axis; a pair of thrusters supported in an aft location on the fuselage; and control means for
producing movement of the vehicle in each of six degrees of freedom by a first group of
primary control elements, and alternatively, by a second group of secondary control

elements.

[0025] The invention will now be described in connection with the drawing figures

identified below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 is a perspective view of a VITOL vehicle in accordance with a known

configuration;

[0027] Figure 2 is a schematic cross section taken along the section line A-A in Figure 1,
but with the rear thrusters omitted;

[0028] Figure 3 is a schematic representation of an exemplary pitch adjustment
configuration that could be incorporated in the vehicle of Figures 1 and 2 in accordance

with an exemplary but nonlimiting embodiment of the invention;
[0029] Figures 3A, 3B and 3C illustrate an alternative pitch adjustment configuration

[0030] Figure 4 is a schematic representation of still another exemplary pitch adjustment

configuration;
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[0031] Figure 5 is a schematic representation of still another pitch adjustment

configuration;

[0032] Figures 6-9 schematically illustrate air flow patterns in variously arranged ducted

fan configurations in accordance with exemplary aspects of the invention;

[0033] Figure 10 is a top plan view of a ducted fan vehicle in accordance with another

exemplary embodiment;
[0034] Figure 11 is a side elevation view of the vehicle shown in Figure 10;
[0035] Figure 12 is a side elevation similar to Figure 11, but partly in section,

{0036] Figure 13 is a perspective view of a VTOL vehicle in accordance with the

invention,

[0037] Figure 14 schematically illustrates an exhaust gas flow configuration in the ducted

fan vehicle shown in Figure 13;

[0038] Figure 15 are plan and side views of an exhaust gas duct in accordance with an

exemplary embodiment of the invention;

[0039] Figures 16 A-16C show a plan view and a plan and aft enlarged section view of an
exhaust gas duct similar to that in Figure 15, but with turbulators added at and above the

outlet end thereof, and showing the effect of the turbulators on gas flow;

[0040] Figures 17A and 17B show primary and secondary control modes for vehicle

movement in a longitudinal direction, along an axis X;

[0041] Figures 18A and 18 B show primary and secondary control modes for vehicle

movement in a lateral direction along an axis Y;

[0042] Figures 19A and 19B show primary and secondary control modes for vehicle

movement in a vertical direction along an axis Z,

[0043] Figures 20A and 20 B show primary and secondary control modes for movement of

the vehicle in Roll;
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[0044] Figures 21A and 21B show primary and secondary control modes for movement of

the vehicle in Yaw;

[0045] Figures 22A and 22B show primary and secondary control modes for movement of

the vehicle in Pitch,

[0046] Figure 23 illustrates air flow through a duct with upper and lower control vanes
adjusted asymmetrically to restrict flow on one side of the duct;

[0047] Figure 24 illustrates air flow through a duct with upper and lower control vanes
adjusted symmetrically to restrict flow uniformly through the duct;

[0048] Figure 25 illustrates air flow through a duct with side openings in the duct in a

closed position;

[0049] Figure 26 illustrates air flow through a duct with side openings in the duct in an

open position;

[0050] Figure 27 illustrates air flow through a duct with one side opening in the open

position and an opposite side opening in the closed position;

[0051] Figure 28 is a side elevation of a ducted fan vehicle in accordance with another

embodiment of the invention, with flow barriers attached on opposite sides of the vehicle;
[0052] Figure 29 is a front elevation of the vehicle shown in Figure 28;

[0053] Figure 30 is a front right perspective view of the vehicle shown in figures 28 and
29;

b

[0054] Figure 31 is a schematic plan view showing a vehicle adjacent a building, with

separators employed to maintain a desired clearance;
[0055] Figure 32 is a front elevation of the vehicle shown in Figure 31;

[0056] Figure 33 is a perspective view of a ducted fan vehicle provided with shock-

absorbing landing gear in accordance with an exemplary embodiment of the invention,
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[0057] Figure 34 is a detailed view of a part of the landing gear in Figure 33, but also

showing a hydraulic circuit therefore;

[0058] Figures 35A and 35B schematically illustrate the influence of landing forces on the

vehicle;

[0059] Figure 36 is a schematic diagram of a transmission configuration for a ducted fan

vehicle in accordance with an exemplary embodiment of the invention;

[0060] Figure 37A and 37B illustrate optional locations for additional adjustable duct
openings on the left and right sides of the vehicle fuselage; and

[0061] Figure 38 shows a VTOL vehicle with forward and rearward adjustable duct

openings.

DETAILED DESCRIPTION OF THE INVENTION

[0062] Figures 1 and 2 schematically illustrate one example of a ducted fan vehicle 10
having an optional compartment 12 (which may or may not be a pilot’s cockpit) located
between a forward lift producing propeller 14 in a forward duct 16 and an aft lift producing
propeller 18 in an aft duct 20. Inlets to the ducts 16 and 20 are provided with adjustable
control vanes 17 and 21, respectively, which extend substantially parallel to the
longitudinal axis of the vehicle. At least one of the lift-producing propellers has variable
pitch which is controlled by means such as, for example, an actuator 22 with its moving
part connected to a rod (or shaft) 24 which is also linked to a bell crank 26, which is a
mechanism that changes the direction of the movement by transforming the motion of the
rod into a different motion at another point of the bell crank 26, which is in turn connected
to a push pull rod 28. The push pull rod 28 moves through an opening in a transmission
unit 30 (or by it) and is connected to a pitch control mechanism 32 of the propeller 18.
Similarly, the mechanism for the forward duct 16 includes an actuator 34 with its moving
part connected to rod (or shaft) 36 which is also linked to bell crank 38, transforming the
motion of the rod 36 into a different motion at the other point of the bell crank 38, which is
in turn connected to a push pull rod 40 that moves through an opening in transmission unit

42 (or by it) and is connected to a pitch control mechanism 44 of the propeller 14.
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[0063] It should be appreciated that both the pitch and heave of the vehicle can be
controlled by change in pitch angle of the propellers 14 and 18. In this regard, each of the
pitch control mechanisms of the forward and aft propellers is subject to substantial forces
acting on it while it must overcome the forces generated by the resistance of the rotating
propellers typically as high as 2000 pounds for a vehicle that features a similar typical
takeoff weight. The forces acting independently on each one of the actuation mechanisms
can be either of different magnitude when there is a need to differentiate between the aft
and the forward propellers for angular pitch control of the vehicle, or of similar magnitude
for heave control of the vehicle which requires substantially a similar pitch angle change at
both propellers. It should be also noted that, in general, the pitch control of the vehicle is
responsible for the stabilization of the vehicle in pitch and requires substantial rapidity in
action and sensitivity to response time, whereas heave control of the vehicle can be slower
in terms of response time as the requirements for precise height of the vehicle are not as
severe as for precise angularity. Since each of actuators 22 and 34 must both participate in
the pitch control of the vehicle, they therefore must be fast reacting as well as being

subjected to the high forces which means they must both endure high power requirements.

[0064] Figure 3 is a schematic cross section of a ducted fan vehicle 46 with a compartment
48 having a pitch control system in which the mechanisms of the forward propeller 50 and
the aft propeller 52 are connected between them by at least one part, which in this example
is a cable 54 connecting a bell crank 56 at the aft duct 58 to a bell crank 60 at the forward
duct 62; and two actuators corresponding to the two pitch control mechanisms wherein the
actuator 64, which is attached to cable 54 on one end and to actuator 66 on another end,
can move back and forth substantially parallel to the cable 54; and actuator 66 which
engages the cable 54 through a pulley 68 or through equivalent component enabling
relative freedom of motion, can move back and forth substantially vertically. Note that in

Figure 3, the transmission units and push pull rods are as shown in Figure 2.

[0065] In an alternative arrangement, the actuator 64 may be attached, for convenience, to
the vehicle body/compartment, and not necessarily to the moving rod of actuator 66.
While this may cause the actuator 64 to sway slightly from horizontal when actuator 66
moves, any secondary effect on pitch command (which will be small) will be corrected by

the flight control system.
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[0066] Cable 54 is kept at initial tension connecting the pitch control mechanisms 70, 72
of the two propellers, whereas the heave control of the vehicle is achieved by travel of
actuator 66 back and forth which changes the distance between the bell cranks 56, 60 of
the two rotors (or propellers) thereby activating in unison the pitch control mechanisms 70,
72 of the propellers, respectively, at substantially similar direction and magnitude. Pitch
control of the vehicle is achieved by travel of actuator 64 back and forth activating the
push pulls of the respective pitch control mechanisms 70 and 72 of the propellers
differentially at opposite directions to each other. In addition, the forces due to the forward
and aft propellers are cancelled out through the cable 54, and thus reducing substantially
the operating forces required of actuator 64. The heave control actuator 66 provides most
of the force required to change and sustain the rotor pitch angle; however, it requires
substantially less force (by traveling at longer distance) than would be required from each
of actuators 22 and 34 in the system described in Figure 2 hereinabove, as evident from the
geometry of the system, while the pitch control actuator 64 requires minimal force to
provide only for differential changes in the pitch of the propellers at any given position of
the heave control actuator. Another advantage of this configuration is that by separating
the tasks required from each of the actuators, they now require less power than would be
needed for the actuators in the system described in Figure 2 hereinabove. Another
advantage is the ability to mechaniéally control the pitch of both rotors in case of need or
emergency by a relatively simple two degrees of freedom means, such as, for example,
mechanical rods or cables added to the actuators externally and connected to levers to be
used mechanically by the pilot in the event of malfunction of one or more of the actuators

64 and 66, respectively.

[0067] Figure 3A schematically illustrates the actuator 66, which was vertically mounted
in Figure 3, mounted horizontally and engaging cable 54 through a double pulley
mechanism 68 including a control shaft 68 hinged to a fixed point in the fuselage at 69.
Figures 3B and 3C are schematic details of the double pulley mechanism 68 and cable 54
which has a fixed length L. In Figure 3B, cable 54 connecting between bell cranks 56 and
60 is straight and has a horizontal distance between the bell cranks d1 equal to the cable
length L. When the pulley mechanism 68 is tilted about pivot 69 due to the horizontal
movement (to the left in the Figure) of the piston of actuator 66 as shown in Figure 3C,

cable 54 is wrenched over the pulleys and is divided into two sections, with a vertical
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distance h between them. The “loss” of cable to the vertical component yields a horizontal

distance between the bell cranks d2 shorter than distance d1 of Figure 3B.

[0068] It will be understood that the “zero” or neutral position for the pulleys 68 relative to
the cable 54 does not necessarily have to be as shown in Figure 3B, with no cable
deformation. Instead, some angularity can be established in the cable via setting of the
control shaft 68’ at a neutral position that is offset from vertical, or by offsetting the pulleys
68 on the control shaft. In this way, higher gain in the transfer of motion between actuator
66 and the bell cranks 56 and 60 may be achieved. It will be also understood that hinge
point 69, as long as it is connected to the fuselage can be positioned also lower than the
compartment floor or anywhere, including in line with the cable 54, to obtain the desired
lever ratio for the actuator 66 and motion of pulleys 68.

[0069] Figure 4 schematically illustrates another preferred embodiment to achieve similar
effects to those described in Figure 3. The bell crank 74 of the aft rotor 76 and bell crank
78 of the forward rotor 80 are connected to push pull rods 82 and 84, respectively, such
rods linked to a connecting element 86 which is connected to actuator 88 which can
translate substantially longitudinally as shown schematically by cradle 90 and rollers 92
and 94, and which is also connected to another actuator 96. Actuator 88 can control the
vehicle's heave by pulling and pushing the element 86 which changes the geometric
distance between the bell cranks of the two rotors thereby activating the push pulls of the
pitch control mechanisms 98 and 100 of the propellers respectively at substantially similar
direction and magnitude, whereas actuator 96 can control the vehicle's pitch by pulling or
pushing the actuator 88 which is connected to element 86 causing it to travel back and
forth activating through bell cranks 74 and 78 respectively the push pulls of the pitch
control mechanisms 98 and 100 of the propellers differentially at opposite directions to
each other. In addition, the forces due to the forward and aft propellers are cancelled out
through rods 84 and 82, and thus reduce the operating forces required of actuator 96. The
various drive components including the transmission units, push pull rods, and propellers

are otherwise similar to those in Figures 2 and 3.

[0070] Figure 5 illustrates another preferred embodiment of the pitch control mechanism
of the vehicle in which the actuation mechanism common to the two propellers 102 and

104 consists of a substantially linear actuator 106 which, for example, can be a dual action
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actuator (or several combined actuators) able to control the heave of the vehicle, and
another actuator 108 connected to the first actuator 106 able to control the differential pitch
change whereas both actuators move substantially horizontally to affect through the
connecting rods 110 and 112, bell cranks 114 and 116, and push pull rods 118 and 120, the
respective pitch controls 122 and 124 of the propellers. The transmission units are similar

to those described above in connection with Figures 2, 3 and 4.

[0071] It should be appreciated that the control system examples described herein above
can be of different mechanisms forms and components such as, for example, mechanical,
hydraulic, electric, pneumatic or their combinations thereof, and the vehicle can also be

configured with its propellers fully or partially without ducts.

[0072] Figure 6 illustrates schematically a vehicle 126 having a compartment 128 located
between a forward duct 130 enclosing a lift producing propeller 132 and an aft duct 134
enclosing a lift producing propeller 136 while in forward flight with airflow streamlines
138 and 140 through the substantially top and bottom openings of the ducts, wherein
opening 142 in the forward facing side of the forward duct enables the external airflow
144 to penetrate the forward duct and opening 146 in the aft facing side of the aft duct 134
enables the internal airflow 148 to exit the aft duct 134. This embodiment allows for
improved airflow in forward flight resulting in reductions in airflow separation drag and
momentum drag, and the two lift producing propellers 132 and 136 are positioned in
different planes with respect to their vertical axes, and their ducts are tilted with respect to

the horizon in forward flight to further improve forward flight.

[0073] Figure 7 shows the vehicle described in Figure 6 in hover position wherein the side
openings 142 and 146 in the forward and the aft ducts 130, 134, respectively, are in closed
positions, hence air enters the ducts only through the upper inlet openings with streamlines

shown as 150 and 152, respectively.

[0074] Figure 8 illustrates a vehicle similar to that described in Figure 6 wherein the
forward propeller 154 is lowered to align with the aft propeller 156 so that they are
positioned substantially in the same plane with respect to their horizontal axes, and with>
corresponding lowering of the forward duct 158 with its upper outer wall projected as 160,

which configuration is advantageous over the arrangement of the propellers in different
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planes, as in Figure 6, with respect to the potential simplicity of the transmission system of
the vehicle in case, for example, that the two propellers are to be connected to the same
propulsion unit which may be located between the two propellers substantially aligned
with the longitudinal axis of the vehicle, enabling a relatively simple system with a 180°
shaft connecting the two propellers. It will be appreciated that in this configuration, the
forward propeller 154 is not anymore fully surrounded by a duct structure at its aft side but
has an unenclosed gap 156 below the compartment or cabin 162. It will be further
appreciated that the relocation of the propeller, which may simplify the transmission and
other related systems of the vehicle, does not materially change the local air streamlines in

forward flight which remain substantially similar to those described in Figure 6.

[0075] Figure 9 illustrates the vehicle shown in Figure 8 when in hover position with air
streamlines 164 by the gap 156 traveling downward in substantially uniform line due to the
download suction created by the rotor 154 as if there was a duct wall present instead of the
gap. It will also be appreciated that the low pressure zone 166 at the upper side of the
cabin is generally unaffected compared to zone 168 of the configuration of Figure 7.

[0076] Figures 10-12 illustrate respectively a top view, a side view and a cross section of a
ducted fan vehicle 170 which can be either manned or unmanned, comprising a fuselage
172 having a longitudinal axis and a transverse axis and including two lift-producing rotors
or propellers 174 and 176 carried at the opposite ends of the fuselage along its longitudinal
axis, and on opposite sides of its transverse axis, extending vertically through the fuselage
172 and rotatable about vertical axes to propel the air substantially downwardly and
thereby to produce an upward lift. The vehicle further includes a central area 178 formed
in the fuselage 172 between the lift-producing propellers 174 and 176 and substantially
about the longitudinal axis of the fuselage. The central area 178 may be sized so as to
accommodate a propulsion unit 180 with internal or external transmission unit 182
connecting to the two gearboxes 184 and 186 of the front and aft propellers respectively.
A pair of bays 188 and 190 are formed in the fuselage 172 laterally on the opposite sides of
the central area 178 and between the lift-producing propellers. The vehicle further
includes a landing gear 192 mounted below the fuselage which can be, for example, wheels
or skids, and a rear aerodynamic stabilizing surface 194 which can have movable flaps 195

generally placed between two thrusters 196 which can be ducted or unducted fans or other
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propulsion units. When the propulsion unit 180 is located inside a substantially closed
section of central area 178, a pipe or another channeling device with opening 198 is
provided about the top of the closed section of the central area 178 to enable the exhaust
gases to escape to the outside. The gases escape at high temperatures typically in the
ranges of 800 degrees Celsius. The upward exhausted gases exiting at high speed carry
with them a downward reaction force F on the vehicle which reduces the load carrying
capability of the vehicle and also disturb the substantially smooth airflow aligned with the
forward flight stream lines on the top of the vehicle when in forward flight as for example
was shown in Figure 6 hereinabove. It should be appreciated that if the hot exhaust gases
are alternatively channeled to exit towards the bottom side of the vehicle it may enhance
the load carrying capability of the vehicle but also increase the downward thermal
signature of the vehicle, which is a significant design factor in military applications
although of lesser significance in a civilian vehicle. The forward and aft ducts include
vanes 200 and 202 located towards the inlet and outlet sides of the ducts to provide for
control of the vehicle and side wall openings with louvers 204 and 206 to provide for
improved forward flight and hover. The vehicle may also have other openings in the sides
of the ducts walls for example pointing sideward such as 208 illustrated in Figure 26
described further below.

[0077] Figures 13 and 14 schematically illustrate a ducted fan vehicle 210 having a turbo
shaft propulsion unit 212 located between two ducted fans 214, 216 with simple 180° in
line power transmission shafts 218 and 220 connecting to two fan gearboxes 222 and 224.
Louvers 204, 206 and propulsion units 196 remain as shown in Figures 10-12. Also shown
is an exhaust chamber 226 which is arched backward in order to turn and tilt the exhaust
gases rearward and substantially parallel to the local upper surface of the vehicle. Figure 15
illustrates top and side views of the exhaust chamber 226 which has a portion 228 of
substantially rectangular cross section or of other shape as dictated by the engine exhaust
interface near the engine side, and widens resembling a funnel while maintaining a
substantially constant cross section or even expansion if required towards the outside
forming a slot like section 230 at the exit of the gases from the vehicle. The blowing of the
exhaust gases 232 substantially parallel to the upper surface of the central area 234
increases the local air velocity thereby reducing pressure and increasing the lift force L on

the vehicle. It has been found that blowing of air and gases over the top of an airfoil at the
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cord wise location between 0.2 and 0.6 chord length provides further lift augmentation
thereby increasing the total lift component compared to the lift where no blowing is
present. It should also be noted that the additional energy injected into the airflow by the
exhaust gases over the upper side of the central area 234 causes the separation if any to
occur further aft hence delay the separation at the aft end of the central area 234 thereby
reducing drag. Another advantage of the tilted gas flow embodiment is avoiding the
downward acting force F shown in Figure 12 and even gaining some propulsive forward
moving force due to the horizontal vector component of the gas flow. In case of the
propulsion unit 212 is able to accommodate a reduction in cross section area in the exhaust
plenum this would be accompanied by higher gas exit velocities hence the propulsive
force of said gases can be significantly increased. It will further be appreciated that the
widening of the exhaust chamber 226 as described hereinabove increases its surface area
which is in contact with the outside ambient air, hence increasing the heat transfer to better
cool the exiting gases which is advantageous in keeping a lower thermal signature of the
vehicle to lower its observability and at the same time increase its survivability against heat
seeking missiles. Furthermore, the reduced gas temperature is also favorable to structure

and other components of the vehicle especially the aft duct to lessen damage and wear.

[0078] Fig 16A-16C illustrate further mixing of the hot gases with the cold ambient
airflow achieved by adding a row of vortex generators 236 added to the top surface of the
exhaust chamber. Vortex generators are typically devices that create a usually small vortex
which flows with a moving fluid over a surface which result in mixing of the ambient air
with the exhaust gases, thereby further reducing the temperature of the exhaust gases, and
thus further reducing the thermal signature of the vehicle. Figure 16B is an enlarged detail
of the vortex generators shown in Figure 16A, illustrating how the exhaust gases are
caused to mix with ambient air. Figure 16C is an end view, showing the vortex generators

atop the outlet end of the exhaust chamber, looking into the slot 230.

[0079] Figures 17A through 22B schematically demonstrate various modes and controls in
up to the 6 primary degrees of freedom (DOF) X, Y, Z, ®, ‘P, © in which, for vehicles as
described herein, for each primary mode of control, there exists a secondary mode which
can be used to enhance the primary mode in case of need for excessive control, for

example when the primary mode is reaching its limits or when there is full or partial failure
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in the primary mode and the secondary mode is called in for augmentation; or when a
combined use of the primary and secondary modes may be considered advantageous to the

performance.

[0080] It should be understood on the context of the following discussion that VTOL
vehicles described herein may have duct openings in the front and rear of the forward and
aft ducts, respectively (see Figures 6, 8, 10-14, 28-30 and 38). These openings are
adjustable by utilizing means such as, for example, moveable panels or louvers that allow
the openings to be opened or closed with essentially infinite adjustments, and they may
also be adjusted differentially in that the panels or louvers on one side of the center axis
may be adjusted independently of the panels or louvers on the other side of the center axis.
In addition, other VTOL vehicles described herein may also have front and rear side
openings, i.e., openings in the forward and aft ducts that are located on the left and right
sides of the fuselage (see Figures 37A, B and Figures 25-27). Accordingly, control of the
movements of the vehicle in six degrees of freedom may be achieved at least in part,
through adjustment of the front and rear openings in the forward and aft ducts, with or

without additional openings in the sides of the ducts.

[0081] In Figure 17A, the primary mode is the thruster control pushing the vehicle forward
which in case of failure of one or more of the thrusters, or for purpose of increasing the
forward velocity beyond that which can be obtained by the thrusters even if there is no
malfunction. In Figure 17B, the secondary mode is introduced by way of deliberate
variations of the vehicle's pitch angle having a component of the lift vector aligned with

the forward X axis thus affecting the forward and backward motion of the vehicle.

[0082] In Figure 18A, the primary mode of control is the vanes controlling the lateral
moation of the vehicle by their various tilts. In Figure 18B, the secondary mode is rolling
the vehicle so that the side component of the lift vector generated by the rotors is adding a

lateral force component to move the vehicle.

[0083] In Figure 19A, the primary mode of control is the amount of lift produced by the
lift rotors controlling the vertical motion of the vehicle. In Figure 19B, the secondary
mode is the blocking effect of the vanes affecting the lift component by tilting the vanes

preferably towards or away from each other, for example, such that the outflow through
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them is reduced and the overall drag of the vanes is increased. Alternatively, it can also be
achieved by partially or completely opening in a uniform manner the openings in the duct
walls to allow for airflow through them, thus reducing the airflow through the duct inlet
over the ducts lips and hence reducing the lift augmentation of the ducts lips, thereby
reducing the overall lift of the vehicle, or also by changing the revolutions per minute
(RPM) of the rotors through the engine governor thereby affecting the lift. It should be
appreciated that if increasing the engine RPM to a value that is higher than the setting
necessary for a desired hover combined together with partial deployment of vanes
blockage to reduce through airflow as described hereinabove, then the overall net lift of the
vehicle can be maintained at substantially similar value as determined before increasing the
RPM and tilting of the vanes to disturb the airflow while still retaining the ability to both
climb and descend at will or to modulate the lift to obtain values both higher and lower

than the nominal.

[0084] In Figure 20A, the primary mode of control is the vanes controlling the roll rate of
the vehicle and the secondary mode, shown in Figure 20B, is asymmetric change of control
vanes angles, and hence asymmetric airflows through the right and left sides of the duct,
creating a roll moment about the longitudinal axis of the vehicle. It is also possible to use
the side openings in the side walls of the ducts as secondary modes by opening them at
only one side of the vehicle, hence causing asymmetric airflow over the duct lips of the
right and left sides of the vehicle and thus creating a roll moment about the longitudinal

axis of the vehicle,

[0085] In still another secondary mode, a partial asymmetric effect can be achieved by
(etther partially or fully) opening (if closed), or closing (if open) the front and rear louvers
on just one side of the front and rear openings in the forward and aft ducts. While not as
effective as having louvered openings on the sides of the ducts, this approach will
nevertheless achieve good results for vehicles with only front and rear duct openings in the

forward and aft ducts, respectively.

[0086] In Figure 21A, the primary mode of control is the vanes controlling the yaw angle
of the vehicle by different tilts of the forward and aft vanes, and the secondary mode,
shown in Figure 21B, is the asymmetric thrust from the thrusters achieved when operating

them unevenly creating yaw of the vehicle.
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[0087] In Figure 22A, the primary mode of control is the pitch control of the lift rotors
controlling the pitch rate of the vehicle, and the secondary mode of control, shown in
Figure 22B, is the vanes tilted to allow or block the airflow as explained in connection with
Figure 19B but in this case tilting only vanes of one of the ducts or by different tilts of the
two ducts in order to create asymmetry between the ducts creating pitch moment about the
transverse axis of the vehicle, or alternatively also by opening uniformly the openings in
the sides of one of the forward and aft ducts to allow for air flow into the duct, thus
reducing the airflow through the duct inlet over its lips, hence reducing the lift of the

vehicle.

[0088] An alternative secondary mode for vehicles having only front and rear louvered
openings in the forward and aft ducts, respectively, involves opening (or closing if open)

either the entire front or rear louvered openings in the forward or aft ducts, respectively.

[0089] Thus, the ability of the vertical louvers to generate control forces and contribute to
control in two degrees of freedom, coupled with the substantially lateral movement and
yaw of the vehicle, also enable the vertical louvers to be used as secondary control modes

for vehicle roll and pitch movement.

[0090] It should be appreciated that the designation of primary and secondary modes as
explained hereinabove is for purpose of exampie and other modes and variations are
possible, for example when for a given primary mode there exist more than one secondary
mode option such as those illustrated in Figure 19B for the vertical lift of the vehicle in
which case rules of activation preferences can be created among the different modes such
as sequence of activations or simultaneous activation of the secondary modes to gain
further enhancement of a desired mode. Also the name designation can be changed among
the modes so that a certain mode can be named primary at one point and secondary at
another point. It should be further appreciated that through the physical and aeronautical
features of the vehicle as illustrated for example in Figures 23-27 below, the flight control
system can be designed such that any and/or all axial and angular degrees of freedom of
movement have redundant modes of operation with at least one secondary mode, thereby

increasing vehicle maneuverability and survivability.
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[0091] Figures 23-27 illustrate several examples of part of the features which were
mentioned in Figures 17A-22B hereinabove namely various control possibilities which can
be achieved by the control vanes and the openings in the side walls of the ducts enabling
the redundancy of said primary and secondary modes. In Figure 23, the control vanes 238
at the left side of the duct 240 are substantially aligned with the airflow streamlines
flowing through the duct allowing substantially free unrestricted through airflow, whereas
vanes 242 at the right side of the duct, are tilted so that they do not align with the airflow
streamlines and partially block the flow, creating additional drag yielding force F on these
vanes and thereby creating a roll moment M on the vehicle as was also explained in
connection with Figures 20A and 20B hereinabove. It should be also noted that the
detachment of airflows streamlines over the vanes and vortices which may be created can
further reduce the efficiency of the propeller by disturbing the airflow inside the duct thus
creating also desired lift imbalance on the propellers themselves thereby further affecting
the moment M. In Figure 24, the vanes 242 and 238 at both sides of the duct 240 are tilted
similarly to produce disturbance of the airflow thus yielding substantial symmetric vertical
forces F acting on the vanes thereby affecting the motion in the vertical axis degree of
freedom. Figures 25 and 26 illustrate the effects of the openings 208 in the left and right
side walls of the ducts 247 (i.e., on opposite sides of the longitudinal axis) when in various
positions. In Figure 25, the openings 208 are closed thereby the strong airflow 246 over
the lips of the duct 247 creates low pressure area yielding upward forces F acting on the
vehicle substantially symmetric whereas in Figure 26, the openings 208 at the side wall of
the duct 247 (such as those shown at 332, 334, 336 and 338 in Figures 37A and 37B) are
open to allow airflow 248 through, thus reducing the airflow 246 over the ducts lips
thereby reducing the suction hence the vertical upward forces on the duct lips. Figure 27
illustrates an asymmetry in the duct 247 wherein the openings 208 allow through airflow
248 at one side of the duct being asymmetric to the other side thereby creating asymmetric
upward forces F1 and F2 in which F1 at the substantially closed side opening of the duct

greater than F2 at the other side and roll moment M over the axis of the vehicle.

[0092] It should be appreciated that in all of the preferred embodiments described
hereinabove the control vanes of the ducts are tilted symmetrically or asymmetrically in
groups or arrays (e.g., vanes on the left and right sides of the center axis in the forward and

aft ducts, respectively, may be adjusted separately) to only affect the through-airflow and
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they are never fully closed to totally block the airflow, i.e., the blocking of the flow is
always partial. It should also be noted that the airflow characteristics described herein are
also influenced by local conditions evolving from the type of motion and direction or speed

of the vehicle and its distance from flow influencing objects.

[0093] It should be further appreciated that the louvers described hereinabove in the front,
rear or side openings of the duct walls can also be adjusted (e.g., via rotation) either
together or individually in groups or in arrays to the degree desired. Both the control vanes
and the louvers can also be combined with non pivotal means that are used to control flow.
Such non pivotal means may employ aerodynamic means other than rotation to modify the
pressure field around the vanes and around the vertical louvers for creating a force, such as
air suction or blowing through orifices on the surface of the vanes and the vertical louvers
or piezoelectric actuators or vibratory oscillators or other fluidic control means to induce
steady or periodic pressure field changes to the flow around the vanes and vertical louvers,

all with the purpose of producing desired control force or rotary moment control force.

[0094] Figures 28-30 illustrate a ducted fan vehicle 250 having barriers 252 at the lower
sides of fuselage 254 between the fuselage and the ground 256 which can be solid or liquid
such as water or another surface over which the vehicle is flying which can enhance the
wing in ground effect (WIG) created at the bottom of a vehicle when close to the ground
which typically increases the lift. It should be appreciated that the central area 258 of the
fuselage between the two ducts 261, 262 is preferably designed to be aerodynamically
efficient as possible with shape close as feasible to a wing or an airfoil in order to enhance
the forward flight speed and therefore when flying close to ground 256 or water, its lift is
increased by the high pressure formed under the lower surface of the vehicle and central
area 258 due to the contraction of local airflow in the area 260 contained between this
lower surface and the ground over which the vehicle is flying thereby increasing the total
lift force F acting on the vehicle. In this regard, the fuselage in the lower side wall areas is
shaped to achieve suitable WIG effects. Nevertheless, it is possible to further enhance
WIG effects by the addition of barriers 252 positioned at the bottom and to the sides of the
vehicle to further enclose the area 260 between the bottom of the vehicle and the ground
256, and to further block the air from flowing sideward, thereby keeping the high pressure

formed in area 260 from spilling outward. In another preferred embodiment of the present
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disclosure the barriers 252 also may act as floats to enable the vehicle to land in water. In
other preferred embodiments of the present disclosure the barriers 252 may have various
structures and shapes and also be used for additional or multifunction purposes for
example to complement a hovercraft skirt to be added to the front and rear of the vehicle in
order to create a fully enclosed hovercraft air cushion. Another preferred embodiment
relates to using separators provided to maintain clearance between a vehicle 253 and an
adjacent object, such as a building 255. An example of such separators is shown in Figures
31, and 32 at 262. These separators may also serve as barriers to enclose the area 260 by
tilting the separators 262 downward to form a vertical wall, or to combine in one element
various features such for example as a wall effect barrier, a hovercraft skirt, a landing gear
and a load carrying compartment wherein its shape may be designed to be aerodynamically
efficient as possible and considering also the design requirements to fit the contact with the

ground if necessary.

[0095] Note also the drive arrangement in Figure 28 wherein a dnive rod or shaft 251
extends from the rear of the aft lift fan gearbox 257and is operatively connected to the
thruster 259 (which through a suitable drive may be connected to the thruster on the
opposite side of the vehicle). Thus, the drive rod or shaft 251 is in the nature of a power

take-off shaft that could be used to drive the rear thruster or other vehicle components.

[0096] It will further be appreciated that in the present disclosure the WIG effect can be
achieved also with an incomplete bottom surface of the vehicle as would be recommended
in general by using the propellers 264 and 266 to rotate such that by blowing of air they
resist the flow of air from the area below the rotors and upward thereby sustaining the high
pressure area 260 below the vehicle substantially as if sealing the bottom of the vehicle to
create a substitute virtual bottom at the holes containing the propellers. By the same token,
the flight forward when the front and aft openings 268 and 270 in the walls of the ducts are
open to allow through airflow keeps air blowing from the outside towards the unenclosed
duct gap 272 as was explained for gap 156 in Figure 8 hereinabove substantially sealing
the gap 272 and retaining the high pressure at area 260. It should be appreciated that such
use of the rotors and other airflow to substantially complement the vehicle's bottom to

create a WIG effect is also effective in other vehicles and ducted fan embodiments.
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[0097] Figures 33 and 34 schematically illustrate a common landing gear of a vehicle 274
typically having at least two landing gears which can be wheels (or skids as shown, for
example, at 192 in Figure 11), or of other type whereas the wheel 276 is connected to a
moving (i.e., pivotable) leg 278, and the shock absorbing unit includes a strut 280 which
typically may be gas or liquid filled but can also be a mechanically or electrically activated
unit or their combinations thereof which is connected to the body of the vehicle 274
through joint 282 and also connected to the leg 278. It has been observed that when flying
vehicles land on either one or two wheels out of the rest of the wheels at relatively high
rate of descent and the shock absorbers are activated then the vehicle will rotate around the
point or line of first contact with the surface causing angular rates which can cause impact
when the other wheels will touch down and thereby damage to vehicle or to people. This
can be caused also when landing on uneven or unstable surfaces or at slopes such as sides
of a hill. In one of the preferred embodiment of the present disclosure the piston 284 in the
strut 280 typically either hydraulically or pneumatically operated is influenced by a means
such for example as a valve 286 that can be activated to be open or close which will be in
open position while valve 288 is kept in a closed position to allow the absorbing fluid to
flow in tubes 290 from one side of the piston to the other in manner enabling the shock
absorber to accommodate the translation of the piston but without generating substantial
forces until most or all wheels of the vehicle touch the surface and then it will be activated
to a closed position, reducing or stopping the fluid flow in tubes 290 thereby enabling
shock absorbing resistance to develop in the strut 280, from which point in time all the
wheels will begin to absorb the landing impact substantially evenly. As a safety measure,
if the strut piston 284 reaches a predetermined distance of its stroke before the other
landing gear wheels reach the surface, the valve 286 will be activated into a shut or closed
position in order to develop absorption force thereby avoiding bottoming and damaging the
structure which may be created by unabsorbed descent. In another preferred embodiment
of the present disclosure upon touch down of the first landing gear the shock absorbing
units of the other landing gears can be extended towards the surface ground for example by
shutting valve 286 opening valve 288 and using pump 293 to cause the fluid to flow back
into the strut cylinder thereby pushing the piston 284 toward the ground so that all landing
gears will be activated substantially simultaneously but earlier than in the case explained

hereinabove.
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[0098] 1t should be also appreciated that the ability to control the distance from surface of
the shock absorbing units as explained hereinabove can be also used to adjust or stabilize
the vehicle at desired positions relative to the horizon while standing on tilted or moving
surfaces, for example, to keep it substantially horizontal while standing on a sloped surface
or keeping it stable at substantially fixed position while landing or standing on a moving
ship deck. This can be achieved by an active control system able to synchronize between
the positions and activations of the landing gears having control means typically a central
processing unit (CPU) receiving signals from sensing devices related to the conditions and
positions of the vehicle and the landing gear wheels relative to the surface and other
desired inputs and commanding various actuators moving the landing gears as required. It
should further be appreciated that the ability to actively control and maneuver the landing
gears jointly and individually as explained hereinabove can be also useful to sustain the
vehicle at dynamic stable position on the surface with its engines operating and to suppress
the effect of ground resonance which basically is an out-of-balance condition in the vehicle
on the ground (for example, the rotor system of a helicopter rapidly increases in frequency
causing uncontrolled vibrations until the vehicle shakes hazardously which may damage or

even destroy it).

[0099] Figure 35A is a schematic side view outline of a vehicle 292 with landing gear such
as explained in Figure 34 hereinabove, illustrating the landing of the vehicle at downward
velocity V1 wherein the vehicle in this example is tilted such that the rear wheel 294 is
first to touch the ground and force P1 acting on this wheel is developing substantially
upward thereby creating a moment M1 at the vehicle center of gravity 296 causing a pitch
angular acceleration which may yield the impact velocity V2 of the forward wheel to be
substantially greater than V1 with potential damage to the vehicle or people when the
forward wheel hits the ground. By using a mechanism such as illustrated in Figure 34
hereinabove force P1 can be substantially prevented from developing hence V2 will not
develop and all wheels will hit the ground at substantially same smaller velocity V1.
Similarly, Figure 35B illustrates a schematic front view outline of the vehicle wherein in
this example the right rear wheel 294 is the first to touch the ground with force P1
developing creating moment M1 causing the left wheel to hit the ground at velocity V2

hence risking damage.
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[00100] Figure 36 illustrates a modified embodiment of the power distribution
system for transmitting the power from each of the rear mounted engines to the two lifting
fans and two pusher fans, wherein the shaft 298 interconnecting both main lift rotors 300,
302 is divided into three segments 304, 306 and 308, connected by two gearboxes 310 and
312 through flexible joints. This division into three shaft sections instead of two shafts
yields shorter shafts in each section thereby increasing the torsional and vibrationél
stiffness of the system. Another advantage of splitting the required shaft length into more
sections when the lift rotors 300, 302 of the vehicle and their corresponding gearboxes 314,
316 are not in the same plane is by creating additional vertical steps H when looked at
from the side wherein the typical vertical step H of the three shafts system is lower than the
one step in a two shaft system, thereby enabling the complete three shafts system between
gearboxes 314, 316 to be shallower and positioned such that it protrudes less into the
bottom of the vehicle and into its outer mode line (OML) which is advantageous to the
utilization of spaces in the vehicle design. Other drive components shown in Figures 36
include transmissions 318, 320; horizontal shaft 322; diagonal shafts 324; engines 326;
shafts 328 and pusher fans or thrusters 330.

[00101] Figures 37A and 37B merely illustrate an example of a ducted fan vehicle
with selectively operated openings 332, 334, 336 and 338 at the side walls of the forward
and aft ducts, preferably between the planes of upper and lower control vanes (not shown).
Such openings can be advantageous for enhancement of vehicle control as described
above, and also when the vehicle is facing side forces such as attraction forces to an
adjacent object (such as a building), or when flying in gusty conditions and subject to
substantial side forces. The potential benefit of these side openings is the reduction of the
sensitivity of the ducted fan to side forces causing, for example, undesired lateral slides or
rolling moments. Fig. 38B illustrates openings 340 and 342 in the front of the forward
facing duct and in the rear of the aft duct, respectively, which can be of various size
shapes, with suitable opening and closing features and mechanisms for adjusting the
opening size. Again, the openings are beneficial in terms of vehicle control as described
above. The openings in the ducts may retain their upper and/or lower structure like a
frame or support to the openings their mechanisms, or may be without supporting frames.
Of course, combining front and rear duct openings with side openings maximizes vehicle

control possibilities and options with respect to movement in the six degrees of freedom.
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[00102] While the invention has been described with respect to several preferred
embodiments, it will be appreciated that these are set forth merely for purposes of example,

and that many other variations, modifications and applications of the invention will be

apparent.
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CLAIMS

WHAT IS CLAIMED IS:
1. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, said fuselage supporting at least one forward
duct and one aft duct having respective fore and aft mounted propellers arranged to force
surrounding air into said ducts, and out of said ducts through respective outlets at lower

ends of said ducts thereby creating a lift force;

wherein said fore and aft mounted propellers have a pitch control mechanisms with
a mechanical connection between said pitch control mechanisms configured such that
when said mechanical connection is shortened or lengthened, blade pitch angles of said
fore and aft propellers are caused to increase or decrease in a substantially similar direction
and magnitude to thereby control up and down (heave) motion of said vehicle; and when
said mechanical connection is externally acted upon substantially longitudinally so as to
cause it to translate in a fore-aft direction without being shortened or lengthened, the blade
pitch angles of said propellers are caused to change differentially and in opposite directions

to thereby control the pitch of said vehicle.

2. The ducted air flow vehicle of claim 1 wherein said mechanical connection
comprises a cable operatively connected between said fore and aft pitch control
mechanisms, respectively, and wherein said mechanical connection is shortened or
lengthened by a first vertically extendable actuator connected at one end to said cable, and
wherein said mechanical connection is caused to move in said fore and aft direction by a
second horizontally extendable actuator connected at one end to said cable and at an

opposite end to said first actuator.

3. The ducted air flow vehicle of claim 1 wherein said mechanical connection
comprises a cable operatively connected between fore and aft pitch control mechanisms,
respectively, and wherein said mechanical connection is shortened by a first horizontally
extendable actuator connected at one end of a vertically-oriented control shaft mounted for
pivoting movement about a horizontal axis, said control shaft supporting a pulley assembly

through which said cable passes, wherein pivoting movement of said control shaft causes
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said pulley assembly to rotate, thereby effectively shortening a length dimension of said

cable and thereby shortening said mechanical connection.

4. The ducted air flow vehicle of claim 2 wherein said first and second actuators

comprise respective piston and cylinder assemblies.
5. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, said fuselage supporting at least one forward
duct and one aft duct having respective forward and aft mounted propellers arranged to
force surrounding air into said ducts, and out of said ducts through respective outlets at

lower ends of said ducts thereby creating a lift force;

wherein said forward and aft mounted propellers have a pitch control mechanisms
with a mechanical connection between said pitch control mechanisms, said mechanical
connection comprising a first dual action actuator for controlling heave of the vehicle
connected at one end to a push pull rod operatively connected to the forward propeller and
at an opposite end to another push pull rod operatively connected to the aft propeller; and a
second actuator for controlling pitch of the vehicle connected at one end to said first

actuator and at an opposite end to said fuselage.
6. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force
surrounding air through said ducts thereby creating a lift force, said respective lift

producing propellers lying in a common plane; and

a substantially airfoil-shaped compartment located between said forward and aft
ducts, said forward duct having an opening adjacent said compartment, and said
compartment oriented upward such that a gap is created between the forward end of said

compartment and the tips of the blades of the forward propeller.
7. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force

surrounding air through said ducts thereby creating a lift force;
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a central area formed in the fuselage between said forward and aft ducts housing a
propulsion unit powering said lift-producing propellers, said propulsion unit having an
exhaust pipe opening through an upper surface of said fuselage in said central area,
wherein said exhaust pipe is formed with an outlet oriented to flow exhaust gases in a

rearward direction, substantially parallel to and along said upper surface.

8. The vehicle of claim 7 wherein said exhaust pipe is formed with an exhaust
chamber having a relatively narrow inlet end and a relatively wide outlet end configured to

distribute said exhaust substantially as a film along said upper surface.

9. The vehicle of claim 8 wherein a plurality of vortex generators are mounted on

top of said outlet end of said exhaust chamber.
10. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force

surrounding air through said ducts thereby creating a lift force;

a central area formed in the fuselage between said forward and aft ducts, said

central area having a substantially airfoil shape; and

means for achieving a wing-in-ground (WIG) effect between the fuselage and

ground or other surface over which the vehicle is flying.

11. The ducted air flow vehicle of claim 10 wherein said means comprises a

plurality of barrier members attached to opposite sides of said fuselage.

12. The ducted air flow vehicle of claim 10 wherein said means comprises

downward and forward air flows to seal incomplete bottom surfaces of the vehicle.

13. The ducted air flow vehicle of claim 11 wherein said barrier members are

substantially hollow, thereby serving as floats, enabling the vehicle to land in water.
14. A ducted air flow vehicle compnsing:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force

surrounding air through said ducts thereby creating a lift force;
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landing gear comprising at least two ground-engageable components, each
rotatably mounted on a strut secured to said fuselage for pivoting movement, and each
having a shock absorber including a piston and a cylinder, said cylinder connected at one
end to said fuselage and said piston connected at a free end thereof to said strut, said shock

absorber adapted to absorb landing impact; and

means for operating each said shock absorber to delay substantial shock absorption

until both of said ground-engageable components contact the ground.

15. The ducted air flow vehicle of claim 14 wherein said means comprises a fluid
circuit controlling flow of fluid to opposite sides of said piston including means for
delaying substantial shock absorption at upon initial contact of one of said ground-
engageable components with the ground, and for enabling shock absorption at said one
ground-engageable component and the other ground-engageable component upon

subsequent contact with the ground of said other ground-engageable component.

16. The ducted air flow vehicle of claim 15 wherein said at least two ground-
engaging components comprise a pair of forward wheels and a pair of aft wheels, and
wherein said means delays substantial shock absorption at a first wheel upon initial ground
contact, and enables substantial shock absorption at said first wheel upon further ground
contact by another wheel, at which time, substantial shock absorption is developed in all

wheels substantially evenly.

17. The ducted flow vehicle of claim 16 wherein said means further enables said
piston at said first wheel to be extended toward the ground, thereby allowing said first
wheel to contact the ground and thus cause said substantial shock absorption at all wheels

to be commenced earlier than if said piston had not been extended.
18. A ducted air flow vehicle compnsing:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lifting fans arranged to force surrounding air into said

ducts, and out of an outlet at a lower end of each of said ducts thereby creating a lift force;

a pair of thrusters supported at a rearward end of the vehicle, on opposite sides of

said longitudinal axis, driven by respective first and second engines; and
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a drive unit including first and second transmissions connected between said first
and second engines, respectively, and a first gear box operatively connected to said aft
lifting fan; and a three-segment drive shaft extending between said first gear box and a
second gear box operatively connected to said forward lifting fan, said three-segment
drive shaft comprised of forward, middle and rearward segments, at least two of which lie

in a different plane.

19. The vehicle of claim 18 wherein said middle segment is connected to said

forward and rearward segments by third and fourth gear boxes, respectively.
20. A ducted air flow vehicle comprising:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force
surrounding air through said ducts thereby creating a lift force, said ducts each having

front, rear and side openings selectively movable between open and closed positions;

a plurality of adjustable control vanes extending across inlets to said ducts, in a

direction substantially parallel to said longitudinal axis;
a pair of thrusters supported in an aft location on said fuselage; and
control means for:

a. effecting motion in a first horizontal direction in a first longitudinal degree of
freedom (X) of the vehicle in a primary mode of operation through varying of thrust output
of said thrusters, and in a secondary mode of operation through tilting of the vehicle in
Pitch (@), thereby creating a horizontal and longitudinal vector component of said lift force

in said first direction;

b. effecting motion in a second horizontal direction substantially perpendicular to
said first direction, in a second lateral degree of freedom (Y) of the vehicle in a primary
mode through deflecting said control vanes, and in a secondary mode of operation through
tilting of the vehicle in Roll (®), thereby creating a horizontal and lateral vector component

of said lift force in said second direction; and

c. effecting motion in a third vertical direction substantially perpendicular to said
first and second directions in a third vertical degree of freedom (Z) of the vehicle in a

primary mode through direct variation of said lift force generated by said lift-producing
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propellers, and in a secondary mode through adjusting said control vanes, or adjusting said
openings, to thereby affecting flow of air through said ducts and the vertical lift force in

said third direction.

21. The ducted air flow vehicle of claim 20, wherein said control means is also

configured for:

a. effecting yaw motion of the vehicle in a fourth degree of freedom (¥) in a
primary mode of operation through adjustment of said control vanes, and in a secondary

mode of operation through asymmetric operation of said thrusters;

b. effecting roll motion of the vehicle in a fifth degree of freedom (®) in a primary
mode through similar symmetric adjustment of said control vanes in each of said fore and
aft ducts, and in a secondary mode through asymmetric adjustment of said control vanes;
through moving openings on one side of said ducts to an open position; or by adjustment of
openings in the front and rear openings of said forward and aft ducts differentially on one

side relative to the other side;

c. effecting pitch motion of the vehicle in a sixth degree of freedom (®) in a
primary mode through control of the lift-producing propellers and in a secondary mode
through adjusting said control vanes differentially between said forward and aft ducts;
opening or closing of said side openings uniformly in one of said forward and aft ducts; or
through opening or closing of said front and rear openings uniformly in one of said

forward and aft ducts.
22. A ducted air flow vehicle compnsing:

a fuselage having a longitudinal axis, supporting at least one forward duct and one
aft duct, said ducts having respective lift producing propellers arranged to force

surrounding air through said ducts thereby creating a lift force;

a plurality of adjustable control vanes extending across inlets to said ducts, in a

direction substantially parallel to said longitudinal axis;
a pair of thrusters supported in an aft location on said fuselage; and

control means for producing movement of the vehicle in each of six degrees of
freedom by a first group of primary control elements, and alternatively, by a second group

of secondary control elements.
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23. The ducted air flow vehicle of claim 22 wherein said second group of
secondary control elements comprises plural alternative means for producing movement in

at least some of said six degrees of freedom.

24. The ducted air flow vehicle of claim 23 wherein said at least some of said six

degrees of freedom include vertical movement, roll and pitch.

25. The ducted air flow of claim 24 wherein said alternative means for producing
movement in a vertical direction in said secondary mode include means for effecting one

or more of:

a) tilting of said control vanes in said forward and aft ducts toward or away from

each other; and/or
b) adjustment of openings in said duct walls in a substantially uniform manner.

26. The ducted air flow vehicle of claim 24 wherein said alternative means for
producing roll movement in said secondary mode include means for effecting one or more

of:
a) asymmetric change of control vane angles;

b) adjustment of side openings in said ducts on one side of the vehicle

asymmetrically with respect to side openings on the other side of the vehicle; and

c¢) adjustment of louvers in front and rear openings of said forward and aft ducts
differentially on one side of said front and rear openings relative to the other side of said

front and rear openings.

27. The ducted air flow vehicle of claim 24 wherein said alternative means for
producing pitch movement on said secondary mode include means for effecting one or

more of*

a) adjustment of said control vanes in one of said forward and aft ducts relative to

the other;

b) opening or closing of said side openings substantially uniformly in one of the

forward and aft ducts; and

c) opening or closing of said front or rear openings substantially uniformly in said

forward and aft ducts.
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28. The ducted flow vehicle of claim 22 wherein said control means selectively

creates symmetric and asymmetric flows of air in one or both of said forward and aft ducts.



WO 2008/135973

PCT/IL2008/000575

12
14

17 N\

21

18
20

\ 32

30

28

26



WO 2008/135973 PCT/IL2008/000575

2/20

48

4_
O I
7 ¢ —
54 66 69 68 64

Fig. 3A



WO 2008/135973 PCT/IL2008/000575

3/20
68’
69
68
54
e o d1 S CD
9 L ot
60 68 56
Fig. 3B
68’

Fig. 3C




WO 2008/135973 PCT/IL2008/000575

4/20

118

102

114

108 110

116 112 106
Fig. 5

120

104

124




PCT/IL2008/000575

WO 2008/135973

5/20

132

130

14

Sl
144

132

N
<
-

150

Fig. 7



WO 2008/135973 - PCT/IL2008/000575

6/20
‘ 162 160
156.
== ~ ~
\\--..___‘ | (
e —;
“ N <\158
156
Fig. 8
166
P
.’
‘ /' I i |
156 156 / /
154

Fig. 9



WO 2008/135973

PCT/IL2008/000575

1/ 174

196 4
195 |
F
194

206

204




PCT/IL2008/000575

WO 2008/135973

8/20

11

SECTION B-B

4
/
212

\214

N 216

Fig. 14



WO 2008/135973 PCT/IL2008/000575

9/20

226

232

228

--m.n—-(

\\HHH/HHH
8

0 Fig. 15

y
]
\J

- - -—.'-'('

\ /7

!
"
¥
N VNV

7
~
N~

RRARRERAREN

236 236
236

Fig. 16A Fig. 16B  Fig. 16C



WO 2008/135973 PCT/IL2008/000575

Fig. 17A

Fig. 18A

Secondary



WO 2008/135973

“Fig. 19A

PCT/IL2008/000575

P2 NS

Y 61’?\
~ (A (MINE
AR NS
g Rty

‘a - (7 235D
(&‘ 23 B ;\‘4%:“ 3

Option a: Fig. 24 (both ducts)
Option b: Fig. 26 (both ducts)

Option ¢: Rotor RPM through
engine governor

Secondary

Fig. 20A

Option a: Fig. 23 (both ducts)

Option b: Fig. 27 (both ducts)

Secondary

Fig. 20B



WO 2008/135973 PCT/IL2008/000575

12/20

Fig. 21B

Fig. 22A

Pitch (L Rofors Pitct) &
Primary

Option a: Fig. 24 (one duct) Fi g. 22B

Option b: Fig. 26 (one duct)

Secondary



WO 2008/135973 PCT/IL2008/000575

13/20

238 242

L

/
ﬁ\/gr\ | |

F F
INAAAINE FAAAAA

Fig. 24



WO 2008/135973 PCT/IL2008/000575

246

248

248

208




WO 2008/135973 PCT/IL2008/000575

15/20
259 250
257 - 258
\ 254 e
251\ 262 061 8007
A , 268
270 7 IE
/
/ s
/
252 // 266
272
264 256 260
Fig. 28
250
w8 . ¥
259 -/
/1261
254
1]
268 l
- = - 252
252 260 256
Fig. 29
258
050 261
\ /A
268 Y { / (:%E%
254
WHiiiii
\ | 252
EYYE
__V
260 l
252 256



WO 2008/135973 PCT/IL2008/000575

16/20

253

255




WO 2008/135973

-~ 17/20

276



WO 2008/135973 PCT/IL2008/000575

18/20

() = M(t)] By = (X1+0.5H)PI() | Ty
VA =V1-g/W x [PL()+ X2x [6(5) Fig. 35A

292

B(t) = M1(t)/ bix = (X1+0.5HD)PI(t)/ Fex
V) =V1-g/W x [PI()+X2x jé‘(r)

296

é,‘M1 V1
Fig. 35B N Q
294 V2 l
0.5 P1 L

SUBSTITUTE SHEET (RULE 26)



WO 2008/135973 PCT/IL2008/000575

19/20

330

Fig. 36



WO 2008/135973 PCT/IL2008/000575

20/20

332 336

\ /Illl%

7777 , |
v
Q,
_“ 777 '




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings

