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FLIGHT CONTROL SYSTEM ESPECIALLY 
SUTED FORVTOL VEHICLES 

RELATED APPLICATIONS 

0001. This is a Divisional of application Ser. No. 1 1/405, 
003 filed Apr. 17, 2006 which is based on Provisional appli 
cation Ser. No. 60/671,484, incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention generally relates to control 
systems incorporating redundancy features for reliability and 
safety, and it more particularly relates to flight control sys 
tems for use with VTOL (Vertical Take-Off and Landing) 
vehicles. 

BACKGROUND 

0003 For well over 100 years aircraft of numerous types 
have been proposed—and some have been Successfully dem 
onstrated and commercially practiced. However many pro 
posed aircraft designs have been limited to paper proposals 
and/or one or a few demonstration models rather than achiev 
ing commercial practicality. This is perhaps especially the 
case for VTOL craft designs which often encounter onerous 
flight control requirements—especially when considering the 
options for a safe descent to landing after some critical air 
craft system or Subsystem failure. 
0004. The need for an effective, reliable and safe flight 
control system (FCS) is especially critical for modern fly-by 
wire (FBW) or future fly-by-light (as optical fiberand/or solid 
state optical data communication and control circuitry 
becomes more commonly used) aircraft where control of all 
critical flight control parameters can be effected by comput 
erized control systems. Pilot controlled input sensors (possi 
bly located remotely in the case of un-manned aircraft) gen 
erate electrical command control inputs to a computer control 
system which also receives feedback electrical inputs repre 
senting the actual current state of the aircraft (e.g., its posi 
tion, attitude, speed, etc.). Based on Such electrical inputs, the 
computerized control system generates electrical output sig 
nals that are routed to electro-mechanical actuators or other 
Suitable transducers to control critical aircraft control param 
eters (e.g., aircraft control Surfaces and systems, etc.). 
0005. Some very high performance aircraft designs are 
inherently nearly unstable and thus perhaps even incapable of 
sustained direct human control without such a FBW FCS. In 
an attempt to provide enhanced reliability and safety, redun 
dancies have often been built into the FBW FCS. However 
Such prior systems have typically attempted to maintain 
100% control power (CP) of the entire aircraft in the event of 
a failure in one of the redundant Sub-systems by Substituting 
a backup subsystem for the failed one. Typically the process 
of deciding that a subsystem failure has occurred and what 
responsive action to take is also computerized (e.g., by a 
Supervising computer system which itself might have some 
built in redundancy). The required complexity of hardware 
and software components for such a FBW FCS has led to 
inevitable design and/or implementation flaws that can cause, 
and have caused, catastrophic unexpected results. 
0006 For example, in a typical FBW FCS, particularly for 
aircraft with reduced or “relaxed' stability (such as high 
performance military aircraft, helicopters, hovercraft and the 
like), there may be one relatively large redundancy system 
that may include, for example, a first nominal primary com 
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puter, second and third back-up computers, and a fourth com 
puter that monitors the first three and “votes” or selects the 
best of the first three (based on performance data) as the 
primary and one of the remaining two as the secondary. Such 
systems are highly software-dependent and, on occasion, the 
computer makes the wrong decision. In addition, if an actua 
tor in the system fails, it cannot be fixed but only replaced in 
the event one or more redundant actuators are incorporated 
into the system. 
0007 Recent advances in computers, sensors and other 
technologies have made possible reliance on unmanned air 
vehicles (UAVs) where no human pilot is present on board. In 
these vehicles, the pilot operated controlled input sensors that 
generate electrical command control inputs to a computer 
control system are not used. However Such electrical com 
mand control inputs are still necessary for commanding the 
vehicle and are either commanded from the ground through a 
wireless communication link or by a computerized on-board 
system, sometimes termed mission-control-computer or mis 
sion-control-system, or both. The needs of UAVs in terms of 
reliability and redundancy are not materially different from 
those described earlier for manned systems and therefore the 
advantages of the FCS described herein are also applicable to 
UAVS. 

0008. In another FCS developed by Boeing for use with a 
fixed-wing aircraft (see U.S. Pat. No. 4,598,890) a multi-data 
bus or multi-channel redundancy FBW system features com 
plete channel separation with no automatic Switching of data 
or control information between the channels for a given air 
craft control Surface (e.g., the elevator). The system as 
described was supposed to briefly Sustain a failure of any one 
segment of a multi-segmented control Surface, e.g., the eleva 
tor control surfaces (on the aircraft horizontal stabilizer) 
which are physically split apart into four independently mov 
able segments while it was being returned in a failsafe manner 
to a neutralized position. This prior system also used a visual 
feedback system to the pilot and contemplated a manual pilot 
input to de-activate and neutralize any malfunctioning one of 
the control segments. 
0009. Many different types of VTOL vehicles have been 
proposed where the weight of the vehicle in hover is carried 
directly by Vertical air flow generated by rotating fans, pro 
pellers, turbojets, etc. with the axis of rotation generally per 
pendicular to the ground. One well known vehicle of this type 
is the conventional helicopter which includes large rotor 
blades mounted above the vehicle fuselage. Other types of 
VTOL vehicles have used propellers installed inside circular 
cavities, shrouds, ducts or other types of nacelle (generically 
referred to herein as a duct or ducts), where the propeller or 
rotor blades are not exposed, and where the flow of air is 
generated inside the duct. Most such ducts have uniform 
circular cross-sections with the exit area (usually at the bot 
tom of the duct when the vehicle is hovering) being similar to 
that of the inlet area (usually at the top of the duet). Some 
ducts, however, have other cross-sections and some are 
slightly divergent, having an exit area that is larger than the 
inlet area, as this was found to increase efficiency and reduce 
the power required per unit of lift for a given inlet diameter. 
Some ducts have a wide inlet lip in order to augment the thrust 
obtained, especially in hover. 
(0010. Othertypes of VTOL vehicles have used a multitude 
of smaller rotors or propellers, usually two or sometimes four, 
mounted at the tip of a wing or tandem wings, and having the 
ability to be oriented vertically for obtaining VTOL and then 
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the ability to be tilted forward in a manner similar to fixed 
wing aircraft for providing thrust while the wing(s) provide(s) 
lift. These vehicles are often termed "tilt-rotor. Some of 
these VTOL vehicles have used circular ducts surrounding 
the rotors or propellers to achieve the previously mentioned 
advantages possible with a duct, while retaining the tilting 
capability of the “tilt-rotor'. Such vehicles are often termed 
“tilt-duct. 
0011 VTOL vehicles are usually more challenging than 
fixed wing aircraft in terms of Stability and control—and 
hence the need for more effective, reliable and safe FCSs. One 
difficulty rises from the fact that, contrary to fixed wing 
aircraft which accelerate on the ground until enough airspeed 
is achieved to develop minimum relative air velocity on their 
flight surfaces for well controlled flight, VTOL vehicles may 
sometimes hover with little or zero movement relative to the 
ground and/or air masses of the Surrounding ambient air. For 
these vehicles, the control system typically utilizes, for 
example, the pitch and/or rotational speed of the rotors or 
propellers or the flow of air that they produce to create control 
forces and moments around the vehicle's center of gravity 
(CG) so as to controllably direct the effective thrust centerline 
created by the rotor or propeller. 
0012. One method, which is very common in helicopters, 

is to mechanically change, by command from the pilot, the 
pitch of the rotating rotor blades both collectively and cycli 
cally, and to modify the main thrust as well as moments and/or 
inclination of the propeller's thrust line that the propeller or 
rotor exerts on the vehicle. Some VTOL vehicles using ducted 
or other propellers that are mounted inside the vehicle also 
employ this method of control. Some designers choose to 
change only the angle of all the rotor blades using ducted or 
other propellers mounted inside the vehicle for this method of 
control. The angle of all the rotor blades may be changed 
collectively (termed collective control) to avoid the added 
complexity of changing the angle of each blade individually 
(termed cyclic control). On vehicles using multiple fans or 
rotor blades which are relatively far from the CG, different 
collective control settings can be used on each fan or rotor 
blade to produce the desired control moments. 
0013 The disadvantage of using collective controls, and 
especially cyclic controls, lies in their added complexity, 
weight and cost. Therefore, a simple thrust unit that is also 
able to generate moments and side forces, while still retaining 
a simple rotor not needing cyclic blade pitch angle changes, 
has an advantage over the more complex solution. The main 
problem is usually the creation of rotational moments of 
Sufficient magnitude required for control. 
0014. One traditional way of creating moments on ducted 
fans is to mounta discrete number of directional force control 
vanes only at or slightly below the exit section of the duct. 
These vanes, which are immersed in the flow exiting the duct, 
can be deflected to create a side force. Since the vehicle's 
center of gravity is in most cases at a distance above these 
Vanes, the side force on the Vanes also creates a moment 
around the vehicle's CG. 

0015. However, one problem associated with vanes 
mounted only at the exit of the duct in the usual arrangement 
as described above, is that even if these are able to create some 
force or moment in the desired direction, they cannot do so 
without creating at the same time a significant further side 
force or moment that has an unwanted secondary effect on the 
vehicle. For such vanes mounted only below the vehicle's CG 
(which is the predominant case in practical VTOL vehicles), 

Jul. 21, 2011 

these side forces cause the vehicle to accelerate in directions 
which are usually counter-productive to the result desired 
(e.g., through the generation of undesired additional forces 
and/or moments by the same Vanes), thereby limiting their 
usefulness on Such vehicles. 
(0016. The prior Chrysler VZ-6 VTOL flying car used 
vanes on the exit side of the duct, together with a small 
number of very large wings mounted outside and above the 
duct inlet area. However, in the VZ-6, the single wing and the 
discrete Vanes were used solely for the purpose of creating a 
steady, constant forward propulsive force, and not for creat 
ing varying control moments as part of the stability and con 
trol system of the vehicle. 
0017. The prior Hornet unmanned vehicle developed by 
AD&D, also experimented with using either a single, mov 
able large wing mounted outside and above the inlet, or, 
alternatively using a small number of Vanes close to the inlet 
side. However these were fixed in angle and could not be 
moved in flight for control purposes. 
0018. Another case that is sometimes seen is that of vanes 
installed radially from the center of the duct outwards, for the 
purpose of creating yawing moments (around the propeller's 
axis). 

BRIEF SUMMARY 

(0019. An exemplary aircraft FCS is described below hav 
ing plural control Subsystems with redundancies organized so 
as to provide continued but degraded control power over 
critical aircraft flight operating parameters even if any one 
complete control Subsystem catastrophically fails. 
(0020. One type of exemplary FCS for a VTOL craft that 
includes at least a pair of ducted lift fans, each having a 
plurality of adjustable directional vanes associated therewith 
(e.g., at the inlet side) has a plurality of independent groups of 
controls collectively supplying 100% of required control 
power for the FCS and the ability to continue providing at 
least 50% of the required control power upon failure of any 
one of the independent groups. The VTOL craft may be 
configured so as to have n groups of controls, each group 
independent of all remaining groups and controlling adjust 
ment of 1/n of the plurality of adjustable directional vanes. 
Each group may have its own dedicated control computer 
Subsystem such that failure of any m group(s) still leaves at 
least n-m/n of the maximum control power available for con 
trolling the directional Vanes of the remaining groups. 
0021. An exemplary flight control system is described 
below for VTOL vehicles (which may have relaxed stability 
aspects) that incorporate a ducted fan propulsion system pro 
ducing rotary moments and side forces for control purposes. 
The exemplary flight control system is preferably designed in 
a manner that it will ensure the safety of the vehicle in event 
of a malfunction in any one of its channels or control groups 
and enable the flight at least to descend to a safe landing. In 
this regard, the exemplary flight control systems disclosed 
herein break with the conventional practice of providing 
stand-by back-up systems where failed systems or Sub 
systems are “replaced or in some cases re-pressurized from 
a back-up hydraulic system or the like so as to maintain 100% 
control power even if there is a failed subsystem. 
0022. More specifically, one exemplary control system 
disclosed herein divides the overall system into plural (four, 
for example) independent control groups each group contain 
ing appropriately selected sensors, computers, actuators and 
control Surfaces (which may include directional vanes and 
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variable pitch rotor/propeller blades). Note that each group 
contributes Substantially (e.g., equally) to all movements of 
the craft. Thus, each group (using four as the number of 
groups in this example) contributes a Substantial proportion 
(e.g., 25%) of the control power required to control the craft. 
This means that, with respect to, for example, a total of 400 
directional control vanes, each group could control a selected 
set of 100 vanes. In the exemplary system described herein, 
the available control power (e.g., maximum possible control 
element movement) may be as much as 2x (or 200%) the 
required control power. As a result, if one group fails, there is 
more than Sufficient control power remaining to, in a worst 
case scenario, effectively neutralize and counteract erroneous 
Vane movement in a direction opposite the intended direction 
(e.g., a complete “upset condition) via a second group, and to 
still controllably fly the craft through at least a controlled 
descent and landing with the remaining two groups. In other 
words, none of the control elements in the failed group need 
be replaced. Rather, the craft is able to be controlled (albeit in 
a probably degraded manner) via the (e.g., three) remaining 
groups, since each group contains control elements (sensors, 
computers, actuators and control Surfaces) for controlling 
vehicle movement in each of six degrees of freedom of the 
vehicle, as deterfinned by vane adjustment and/or blade pitch 
and/or prime mover speed control, etc. for both the main lift 
fan propellers and the pusher or thrust propellers. In some 
instances, blade pitch adjustment may be controlled by just 
two groups such that each group controls /4 of the directional 
Vane adjustments and/or two of the groups may each control 
/2 of the blade pitch adjustments. 
0023. With this arrangement of individual, independent 
control groups, each contributing Substantially (e.g., equally) 
to the required control power, it has been discovered that there 
is no need for alternative stand-by systems or 'voting as 
between available primary and back-up computers. 
0024. This arrangement also provides design flexibility in 
the selection of sensors and actuators. In other words, because 
the groups of controls are independent of each other, different 
brand of sensors or actuators may be used in the respective 
groups, thus improving the overall reliability of the system, 
but also providing a platform for an extended comparison 
between different brands or different types of sensors/actua 
tors. For example, use of dissimilar components in different 
of the redundant subsystems may help avoid adverse reliabil 
ity issues otherwise encountered by using only the same or 
similar components in each redundant Subsystem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025. The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 
0026 FIG. 1 illustrates one possible exemplary form of 
VTOL aircraft vehicle useful in understanding the present 
disclosure; 
0027 FIG. 2 illustrates one of the ducted fans removed 
from the aircraft of FIG. 1, with vanes at the inlet end of the 
duct; 
0028 FIG.3 is a sectional view along line III-III of FIG. 2: 
0029 FIG. 4 is a diagram illustrating the positioning of the 
vanes of FIG. 3 in one direction to produce a lateral force in 
one direction. 
0030 FIG.5 is a diagram illustrating the positioning of the 
vanes of FIG. 3 to produce a lateral force in the opposite 
direction. 
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0031 FIG. 6 illustrates an exemplary modification in the 
construction of the vanes wherein each of the vanes is split 
into two halves, each half of all the vanes being separately 
pivotal from the other half of all the vanes to produce a rotary 
moment force about the duct longitudinal axis; 
0032 FIG. 7 is a diagram illustrating the construction of 
one of the Vanes and the manner for pivoting it; 
0033 FIG. 8 illustrates an alternative exemplary construc 
tion of one of the Vanes and the manner for pivoting it; 
0034 FIG. 9 illustrates one exemplary arrangement that 
may be used for providing two cascades or assemblies of 
Vanes at the inlet end of the duct of FIG. 9; 
0035 FIG. 10 illustrates another exemplary arrangement 
that may be used for providing two cascades or assemblies of 
Vanes at the inlet end of the duct; 
0036 FIG. 11 illustrates an exemplary VTOL aircraft 
vehicle including a single ducted fan for propulsion and con 
trol purposes; 
0037 FIG. 12 is a view similar to that of FIG. 3 but 
illustrating the provision of a cascade or plurality of Vanes 
also at the exit end of the duet; 
0038 FIGS. 13a-13a illustrate various pivotal positions of 
the two cascades of vanes in the ducted fan of FIG.12, and the 
forces produced by each such positioning of the Vanes; 
0039 FIG. 14 is a top view diagrammatically illustrating 
another construction wherein the Vanes extending across the 
inlet of the duct are divided into two groups together produc 
ing the desired net horizontal control force; 
0040 FIGS. 15a and 15b diagrammatically illustrate the 
manner in which the desired net horizontal control force is 
produced by the vanes of FIG. 14; 
0041 FIG. 16 is a view corresponding to that of FIG. 14 
but illustrating a variation in the vane arrangement for pro 
ducing the desired net horizontal control force; 
0042 FIG. 17 illustrates an exemplary VTOL vehicle with 
two ducted fans useful in understanding the present disclo 
Sure; 
0043 FIG. 18 illustrates an alternative exemplary con 
struction with four ducted fans; 
0044 FIG. 19 illustrates an exemplary construction simi 
lar to FIG. 17 with free propellers, i.e., unducted fans; 
0045 FIG. 20 illustrates an exemplary construction simi 
lar to FIG. 18 with free propellers: 
0046 FIG. 21 illustrates an exemplary construction simi 
lar to that of FIG. 17 but including two propellers, instead of 
a single propeller, mounted side-by-side in a single, oval 
shaped duct at each end of the vehicle: 
0047 FIGS. 22a, 22b and 22c are side, top and rear views, 
respectively, illustrating another exemplary VTOL vehicle 
useful in understanding the present disclosure and including 
pusher propellers in addition to the lift-producing propellers; 
0048 FIG. 23 is a diagram illustrating the drive system in 
the vehicle of FIGS. 22a-22c. 
0049 FIG. 24 is a perspective view of an exemplary 
vehicle constructed in accordance with FIGS. 22a-22c and 
23; 
0050 FIG. 25a-25a illustrate examples of various tasks 
and missions capable of being accomplished by the vehicle of 
FIG. 24; 
0051 FIGS. 26a and 26b are side and top plan views, 
respectively, illustrating another exemplary VTOL vehicle 
constructed in accordance with the present disclosure; 
0.052 FIG. 27 is a diagram illustrating the drive system in 
the vehicle of FIGS. 26a and 26b; 
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0053 FIGS. 28a and 28b are side and top plan views, 
respectively, illustrating an exemplary VTOL vehicle con 
structed in accordance with any one of FIGS. 22a-27 but 
equipped with deployable stub wings, the wings being shown 
in these figures in their retracted Stowed positions; 
0054 FIGS. 28c and 28d are views corresponding to those 
of FIGS. 28a and 28b but showing the stub wings in their 
deployed, extended positions; 
0055 FIG. 29 is a perspective rear view of an exemplary 
vehicle constructed in accordance with any one of FIGS. 
22a-27 but equipped with a lower skirt for converting the 
vehicle to a hovercraft for movement over ground or water; 
0056 FIG. 30 is a perspective rear view of an exemplary 
vehicle constructed in accordance with any one of FIGS. 
22a-23 but equipped with large wheels for converting the 
vehicle for ATV (all terrain vehicle) operation; 
0057 FIGS.31a-31e area pictorial illustration of an alter 
native exemplary vehicle arrangement wherein the vehicle is 
relatively small in size, having the pilot's cockpit installed to 
one side of the vehicle. Various alternative payload possibili 
ties are shown. 
0058 FIG. 32 is a pictorial illustration of an exemplary 
vehicle constructed typically in accordance with the configu 
ration in FIGS. 31a-31e but equipped with a lower skirt for 
converting the vehicle to a hovercraft for movement over 
ground or water. 
0059 FIG.33 is a pictorial illustration of a cockpit control 
configuration, constructed and operative in accordance with 
an exemplary embodiment of the present invention; 
0060 FIG. 34 is a simplified block diagram of a multi 
channel flight control system, constructed and operative in 
accordance with an exemplary embodiment of the present 
invention; 
0061 FIG. 35 is a table summarizing control and effect in 
various flight modes, operative in accordance with an exem 
plary embodiment of the present invention; and 
0062 FIGS. 36-40 illustrate an alternative flight control 
system arrangement, constructed an operative in accordance 
with another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0063. The vehicle illustrated in FIG. 1, and therein gener 
ally designated 2, is a VTOL vehicle including a frame or 
fuselage 3 carrying a ducted lift fan propulsion unit 4 at the 
front, and another similar propulsion unit 5 at the rear. The 
vehicle payload is shown at 6 and 7, respectively, on opposite 
sides of the fuselage, and the landing gear is shown at 8. The 
roll, yaw and pitch axes are also indicated in the figure. 
0064 FIGS. 2 and 3 more particularly illustrate the struc 
ture of the ducted lift fan propulsion unit 4, which is the same 
as propulsion unit 5. Such a propulsion unit includes a duct 10 
carried by the fuselage 3 with the vertical axis 10a of the duct 
parallel to the vertical axis of the vehicle. Propeller 11 (FIG. 
3) is rotatably mounted within the duct 10 about the longitu 
dinal axis 10a of the duct. The propeller 11 may be driven by 
any Suitable prime mover, e.g., an electric motor, combustion 
engine (e.g., a jet engine) or the like. Nose 12 of the propeller 
faces upwardly, so that the upper end 13 of the duct consti 
tutes the air inlet end, and the lower end 14 of the duct 
constitutes the exit end. As shown particularly in FIG. 3, the 
upper air inlet end 13 is formed with a funnel-shaped mouth 
to produce a smooth inflow of air into the duct 10, which air 
is discharged at high velocity through the exit end 14 of the 
duct for creating an upward lift force. 
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0065. To provide directional control, the duct 10 is pro 
vided with a plurality of parallel, spaced directional vanes 15 
pivotally mounted across the inlet end 13 of the duct. It will be 
appreciated that the Vanes may be supported by any Suitable 
arrangement that locates the vanes at the inlet 13 of the duet 
10. Each of the vanes 15 is pivotal about an axis 16 perpen 
dicular to the longitudinal axis 10a of the duct 10 and sub 
stantially parallel to the longitudinal axis of the vehicle frame 
2, to produce a desired horizontal control force in addition to 
the lift force applied to the vehicle by the movement of air 
produced by the propeller 11. Thus, as shown in FIG.4, if the 
vanes 15 are pivoted in one direction about their respective 
axes, they produce a desired control force in the direction of 
the arrow F1 in FIG. 4; and if they are pivoted in the opposite 
direction, they produce a desired control force in the direction 
of the arrow F2 in FIG. 5. As shown in FIG. 3 (also FIGS. 7, 
8, 12), the vanes 15 are preferably of a symmetric airfoil shape 
and are spaced from each other a distance approximately 
equal to the chord length of the Vanes. 
0.066 FIG. 6 illustrates a variation wherein each of the 
vanes 15, instead of being pivotally mounted as a unit for its 
complete length to produce the desired side control force, is 
split into two half-sections, as shown at 15a and 15b in FIG. 
6, with each half-section separately pivotal from the other 
half-section. Thus, all the half-sections 15a may be pivoted as 
a unit in one direction as shown by arrow D, and all the 
half-sections 15b may be pivoted in the opposite direction as 
shown by arrow D, to thereby produce any desired side force 
or rotary moment in addition to the lift force applied to the 
vehicle by the propeller. 
0067. As shown in FIG. 7, each of the vanes 15 is pivotally 
mounted about axis 16 passing through a mid portion of the 
vane. FIG. 8 illustrates a modification wherein each vane 
includes a fixed section 17, which constitutes the main part of 
the vane, and a pivotal section or flap 18 pivotally mounted at 
19 to the trailing side of the fixed section. It will thus be seen 
that the pivotal section or flap 18 may be pivoted to any 
desired position in order to produce a desired control force in 
addition to the lift. 

0068 FIG. 9 illustrates a variation wherein the ducted lift 
fan (4 and/or 5 FIG. 1) includes a second plurality or cascade 
of parallel, spaced Vanes, one of which is shown at 20, pivot 
ally mounted across the inlet end 13 of the duct 10. Thus, each 
of the vanes 20 of the second plurality is closely spaced to the 
vanes 15 and is pivotal about an axis perpendicular to the 
pivotal axis of the vanes 15, as well as to the longitudinal axis 
10a of the duct. 

0069. In the variation illustrated in FIG. 9, the two cas 
cades of vanes 15, 20, are arranged in parallel, spaced planes. 
FIG. 10 illustrates a variation wherein the two cascades of 
Vanes at the inlet end of the duct are intermeshed. For this 
purpose, each of the vanes 21 of the second plurality would be 
interrupted so as to accommodate the crossing vanes 15 of the 
first plurality, as shown in FIG. 10. Another possible arrange 
ment would be to have the vanes of both cascades interrupted 
for purposes of intermeshing. 
(0070 FIG. 11 illustrates a VTOL vehicle 22 including a 
single ducted fan 24 carried centrally of its fuselage 23. Such 
a vehicle could include the arrangement of vanes illustrated in 
either FIG. 9 or FIG. 10 to provide the desired control forces 
and moments in addition to the lift forces. In such a vehicle, 
the payload may be on opposite sides of the central ducted fan 
24, as shown at 25 and 26 in FIG. 11. The vehicle may also 
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include other aerodynamic surfaces, such as rudders 27, 28 to 
provide steering and other controls. 
(0071 FIG. 12 illustrates a further embodiment that may be 
included in either of the vehicles of FIGS. 1 and 11 wherein 
the duct 10 also has a second plurality or cascade of parallel, 
spaced directional vanes 29, but in this case, the second plu 
rality are pivotally mounted across the exit end 14 of the duct 
10. Thus, as shown in FIG. 12, the duct 10 includes the first 
plurality or cascade of vanes 15 extending across the inlet end 
13 of the duct, and a second plurality or cascade of vanes 29 
extending across the exit end 14 of the duct 10, also perpen 
dicular to the longitudinal axis of the duct and Substantially 
parallel to the longitudinal axis of the vehicle frame. Each 
assembly or cascade 15, 29 of the vanes may be pivoted 
independently of the other to produce selected side forces or 
rotary moments about the duet's transverse axis 10b for pitch 
or roll control of the vehicle. 
0072 This is more clearly shown in the diagrams of FIGS. 
13a-13a. Thus, when the two cascades of vanes 15, 29, are 
pivoted in opposite directions, they produce a rotary moment 
about the transverse axis 10b of the duct 10 in one direction 
(e.g., counter-clockwise as shown in FIG.13a); when they are 
pivoted in the same direction, they produce a side force in one 
direction (e.g. left) as shown in FIG. 13b when pivoted in 
opposite directions but opposite to the arrangement shown in 
FIG. 13a, they produce a rotary moment in the opposite 
clockwise direction as shown in FIG. 13c., and when they are 
pivoted in the same direction but opposite to that shown in 
FIG.13b, they produce a side force in the opposite (e.g. right) 
direction, as shown in FIG. 13d. 
0073 FIG. 14 is a top view illustrating another construc 
tion of ducted fan propulsion unit, generally designated 30. 
including a duct 31 having a plurality of Vanes 32 extending 
across the inlet end of the duct. In this case, the vanes 32 are 
divided into a first group of parallel vanes 32a extending 
across one-half the inlet end of the duct 31, and a second 
group of parallel vanes 32b extending across the remaining 
half of the inlet end of the duct. 
0074 FIG. 14 also illustrates the nose 33 of the propeller 
within the duct 31. The propeller is mounted within the duct 
31 for rotation about the longitudinal axis of the duct, with the 
nose 33 of the propeller hub centrally located at the air inlet 
end of the duct such that the air discharged at a high Velocity 
through the opposite end of the duct creates an upward lift 
force. 
0075. As shown in FIG. 14, the first group of parallel vanes 
32a extending across one half of the inlet end of the duct 31 
are pivotal about axes. 33a at a predetermined acute angle C. 
with respect to the longitudinal axis 34 of the vehicle frame 
and thereby of the direction of movement of the vehicle as 
shown by arrow 35; and that the second group of parallel 
Vanes extending across the remaining half of the inlet end of 
the duct are pivotal about axes 33b at the same predetermined 
angle C, but in the opposite direction, with respect to the 
longitudinal axis 34 of the vehicle frame. The two groups of 
vanes 32a, 32b are selectively pivotal to produce a desired net 
horizontal control force in addition to the lift force applied to 
the vehicle. 
0076. The foregoing operations are illustrated in the dia 
grams of FIGS. 15a and 15b. Both FIGS. 15a and 15b illus 
trate the control forces generated when the vehicle includes 
two ducted fan propulsion units 30, 36, at the opposite ends of 
the vehicle and coaxial with the vehicle longitudinal axis 34. 
It will be appreciated that comparable forces are produced 
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when the vehicle is equipped with only one ducted fan pro 
pulsion unit shown in FIG. 14. 
0077 FIG. 15a illustrates the condition wherein the two 
groups of Vanes 32a, 32b are pivoted to equal angles about 
their respective axes 33a, 33b. The vanes thus produce, in 
addition to the lift force, control forces of equal magnitude 
and angles on opposite sides of the vehicle longitudinal axis 
34, so as to produce a net force, shown at Fa, coaxial with the 
vehicle longitudinal axis 34. 
(0078. The two groups of vanes 37a, 37b of the rear pro 
pulsion unit 36 are pivotal in the same manner about their 
respective pivotal axes 38a, 38b, and thereby produce a net 
force Fa also coaxial with the vehicle longitudinal axis 34. 
007.9 FIG. 15b illustrates a condition wherein the two 
groups of vanes 32a, 32b in the fore propulsion unit 30, and 
the two groups of vanes 37a, 37b in the aft propulsion unit 36, 
are pivoted about their respective axes to unequal angles, 
thereby producing net side forces Fb at an angle to the vehicle 
longitudinal axis 34. Thus, by controlling the pivot angles of 
the vanes 32a, 32b and 37a,37b about their respective pivotal 
axes, a net control force may be generated as desired in the 
plane of the Vanes. 
0080 FIG. 16 illustrates a ducted fan propulsion unit 39 in 
relation to a vehicle axis 40 also including two groups of 
Vanes 42a, 42b each extending across one-half of the inlet of 
the duct 39 and pivotally mounted about respective axes 43a, 
43b at a predetermined angle, (e.g., 45') to the longitudinal 
axis 40 of the vehicle. In this case, however, the vanes 42a, 
42b are oriented in the forward direction, rather than in the aft 
direction as in FIG. 14, but the operation, and the forces 
generated by the Vanes, are basically the same as described 
above with respect to FIGS. 14, 15a, 15b. 
I0081. It will be appreciated that any of the foregoing 
arrangements may be used in any of the above-described 
vehicles to produce the desired (directional) control forces in 
addition to the lift forces. The vanes are not intended to block 
air flow, but merely to deflect air flow to produce the desired 
control forces. Accordingly, in most applications the Vanes 
would be designed to pivot no more than 15° in either direc 
tion, which is the typical maximum angle attainable before 
flow separation. 
I0082 Since the control forces and moments are generated 
by horizontal components of the lift forces on the vanes 
themselves, the vanes should preferably be placed on the 
intake side of the propeller as far from the center of gravity of 
the vehicle as possible for creating the largest attainable 
moments. As shown in FIG. 12, for example, vanes 15 are 
located immediately adjacent and slightly below the lip 10a 
of the duct 10. The leading edge of the vanes 15 could be flush 
or substantially flush with the lip 15 but preferably not above 
the lip. If the vanes are located more deeply within the duct 
10, the lifting force created by the vanes may be partially 
cancelled by reactions with the surrounding duct wall. On the 
other hand, the low pressure at the lip where the airflow turns 
to enter the duct may create an additional 20-30% lift as 
compared to less optimal locations. The same applies if Vanes 
are provided on the exit side of the ducts. 
0083 FIG. 17 illustrates an alternative vehicle construc 
tion generally designated 44 that includes a fuselage 45 hav 
ing a longitudinal axis LA and a transverse axis TA. Vehicle 
44 further includes two lift-producing propellers 46a, 46b 
carried at the opposite ends of the fuselage 45 along its lon 
gitudinal axis LA and on opposite sides of its transverse axis 
TA. Lift-producing propellers 46a, 46b are ducted fan pro 
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pulsion units extending vertically through the fuselage and 
rotatable about vertical axes to propel the air downwardly and 
thereby to produce an upward lift. 
0084 Vehicle 44 further includes a pilot's compartment 47 
formed in the fuselage 45 between the lift-producing propel 
lers 46a, 46b and substantially aligned with the longitudinal 
axis LA and transverse axis TA of the fuselage. The pilot's 
compartment 47 may be dimensioned so as to accommodate 
a single pilot or two (or more) pilots, as shown, for example, 
in FIG. 22a. 
0085. Vehicle 44 illustrated in FIG. 17 further includes a 
pair of payload bays 48a, 48b formed in the fuselage 45 
laterally on opposite sides of the pilot's compartment 47 and 
between lift-producing propellers 46a, 46b. The payloadbays 
48a, 48b shown in FIG. 17 are substantially flush with fuse 
lage 45, as will be described more particularly below with 
respect to FIGS. 22a-22c and the pictorial illustration in 
FIGS. 25a-25a. Also described below, particularly with 
respect to the pictorial illustrations of FIGS.25a-25a, are the 
wide variety of tasks and missions capable of being accom 
plished by the vehicle when constructed as illustrated in FIG. 
17 (and in the later illustrations), and particularly when pro 
vided with the payload bays corresponding to 48a, 48b of 
FIG. 17. 

0086 Vehicle 44 illustrated in FIG. 17 further includes a 
front landing gear 49a and a rear landing gear 49b mounted at 
the opposite ends of its fuselage 45. In FIG. 17, the landing 
gears are non-retractable, but could be retractable as in later 
described embodiments. Aerodynamic stabilizing surfaces 
may also be provided, if desired, as shown by the vertical 
stabilizers 50a, 50b carried at the rear end of fuselage 45 on 
the opposite sides of its longitudinal axis LA. 
0087 FIG. 18 illustrates another vehicle construction gen 
erally designated 51, where the fuselage 52 is provided with 
a pair of lift-producing propellers on each side of the trans 
verse axis of the fuselage. Specifically, the vehicle includes a 
pair of lift-producing propellers 53a, 53b at the front end of 
the fuselage 52, and another pair of lift-producing propellers 
54a, 54b the rear end of the fuselage. The lift-producing 
propellers 53a, 53b and 54a, 54b are also ducted fan propul 
sion units. However, instead of being formed in the fuselage 
52, they are mounted on two pair of supports 55a (one 
shown), 55b projecting laterally of the fuselage. 
0088 Vehicle 51 illustrated in FIG. 18 also includes the 
pilot's compartment 56 formed in the fuselage 52 between the 
two pairs of lift-producing propellers 53a, 53b and 54a, 54b, 
respectively. As in the case of the pilot's compartment 47 in 
FIG. 17, the pilot's compartment 56 in FIG. 18 is also sub 
stantially aligned with the longitudinal axis LA and trans 
verse axis TA of the fuselage 52. 
0089 Vehicle 51 illustrated in FIG. 18 further includes a 
pair of payload bays 57a, 57b formed in the fuselage 52 
laterally of the pilot's compartment 56 and between the two 
pairs of lift-producing propellers 53a, 53b, 54a, 54b. In FIG. 
18, however, the payloadbays are not formed integral with the 
fuselage, as in FIG. 17, but rather are attached to the fuselage 
So as to project laterally on opposite sides of the fuselage. 
Thus, payload bay 57a is substantially aligned with the lift 
producing propellers 53a. 54a on one side of the fuselage, and 
payloadbay 57b is substantially aligned with the lift-produc 
ing propellers 53b, 54b on the other side of the fuselage. 
0090. Vehicle 51 illustrated in FIG. 18 also includes afront 
landing gear 58a and a rear landing gear 58b, but only a single 
vertical stabilizer 59 at the rear end of the fuselage aligned 
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with its longitudinal axis. It will be appreciated however, that 
vehicle 51 illustrated in FIG. 18 could also include a pair of 
vertical stabilizers, as shown at 50a and 50b in FIG. 17, or 
could be constructed without any such aerodynamic stabiliz 
ing Surface. 
(0091 FIG. 19 illustrates a vehicle 60 also including a 
fuselage 61 of a very simple construction having a forward 
mounting structure 62a for mounting the forward lift-produc 
ing propeller 63a, and a rear mounting structure 62b for 
mounting the rear lift-producing propeller 63b. Both propel 
lers are unducted, i.e., free, propellers. Fuselage 61 is formed 
centrally thereof with a pilots compartment 64 and carries the 
two payload bays 65a, 65b on its opposite sides laterally of 
the pilot's compartment. 
0092 Vehicle 60 illustrated in FIG. 19 also includes afront 
landing gear 66a and a rear landing gear 66b, but for simpli 
fication purposes, it does not include an aerodynamic stabi 
lizing surface corresponding to vertical stabilizers 50a, 50b in 
FIG. 17, or 59 in FIG. 18. 
0093 FIG.20 illustrates a vehicle 67 of a similar construc 
tion as in FIG. 18 but including a fuselage 68 mounting a pair 
ofunducted propellers 69a, 69b at its front end, and a pair of 
unducted propellers 70a, 70b at its rear end by mounting 
structures 71a, 71b, 71c and 71d, respectively. Vehicle 67 
further includes a pilot's compartment 72 centrally of the 
fuselage, a pair of payload bays 73a, 73b laterally of the 
pilot's compartment, a front landing gear 74a, a rear landing 
gear 74b, and a vertical stabilizer 75 at the rear end of the 
fuselage 68 in alignment with its longitudinal axis. 
0094 FIG. 21 illustrates a vehicle, generally designated 
76, including a fuselage 77 mounting a pair of lift-producing 
propellers 78a, 78b at its front end, and another pair 79a, 79b 
at its rear end. Each pair of lift-producing propellers 78a, 78b 
and 79a, 79b is enclosed within a common oval-shaped duct 
80a, 80b at the respective ends of the fuselage. 
0095 Vehicle 76 illustrated in FIG. 21 further includes a 
pilot compartment 81 formed centrally of the fuselage 77, a 
pair of payloadbays 82a, 82b laterally of the pilot's compart 
ment 81, a front landing gear 83a, a rear landing gear 83b, and 
vertical stabilizers 84a, 84b carried at the rear end of the 
fuselage 77. 
0096 FIGS. 22a, 22b and 22c are side, top and rear views, 
respectively, of another vehicle constructed in accordance 
with the present invention. The vehicle, generally designated 
85, also includes a fuselage 86 mounting a lift-producing 
propeller 87a, 87b at its front and rear ends, respectively. The 
latter propellers are preferably ducted fan units as in FIG. 17. 
(0097. Vehicle 85 further includes a pilot's compartment 88 
centrally of the fuselage 86, a pair of payloadbays 89a, 89b 
laterally of the fuselage and of the pilot's compartment, a 
front landing gear 90a, a rear landing gear 90b, and a stabi 
lizer, which, in this case, is a horizontal stabilizer 91 extend 
ing across the rear end of the fuselage 86. 
0098. Vehicle 85 illustrated in FIGS. 22a-22c further 
includes a pair of pusher propellers 92a, 92b, mounted at the 
rear end of the fuselage 86 at the opposite ends of the hori 
Zontal stabilizer 91. As shown particularly in FIG.22c the rear 
end of the fuselage 86 is funned with a pair of pylons 93a,93b, 
for mounting the two pusher propellers 92a, 92b, respec 
tively, together with the horizontal stabilizer 91. The pusher 
propellers, or thrusters are required to attain the desired speed 
especially where the vanes of the ducted fan units all extend in 
a direction parallel to the longitudinal axis of the vehicle. 
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0099. The two pusher propellers 92a, 92b are preferably 
variable-pitch propellers enabling the vehicle to attain higher 
horizontal speeds. The horizontal stabilizer 91 is used to trim 
the vehicle's pitching moment caused by the ducted fans 87a, 
87b, thereby enabling the vehicle to remain horizontal during 
high speed flight. 
0100 Each of the pusher propellers 92a,92b is driven by 
an engine enclosed within the respective pylon 93a,93b. The 
two engines are preferably turbo-shaft engines. Each pylon is 
thus formed with an airinlet 94a. 94b at the forward end of the 
respective pylon, and with an air outlet (not shown) at the rear 
end of the respective pylon. 
0101 FIG.23 schematically illustrates the drive within the 
vehicle 85 for driving the two ducted fans 87a, 87b as well as 
the pusher propellers 92a, 92b. The drive system, generally 
designated 95, includes two engines 96a, 96b, each incorpo 
rated in an engine compartment within one of the two pylons 
93a, 93b. Each engine 96a, 96b, is coupled by a respective 
over-running clutch97a,97b, to a gearbox 98a,98b coupled 
on one side to the respective thrust propeller92a,92b, and on 
the opposite side to a transmission for coupling to the two 
ducted fans 87a, 87b at the opposite ends of the fuselage. 
Thus, as schematically shown in FIG. 23, the latter transmis 
sion includes additional gear boxes 99a, 99b coupled to rear 
gear box 100 for driving the rear ducted fan 87b, and front 
gear box 101 for driving the front ducted fan 87a. 
0102 FIG.24 pictorially illustrates another example of the 
outer appearance that vehicle 85 may take. In FIG. 24, those 
parts of the vehicle that correspond to the above-described 
parts in FIGS. 22a-22c are identified by the same reference 
numeral but with a “prime' suffix added for ease of under 
standing. FIG. 24, however, illustrates a number of additional 
features which may be provided in such a vehicle. 
0103 Thus, as shown in FIG. 24, the front end of the 
fuselage 86' may be provided with a stabilized sight and FUR 
(Forward Looking Infra-Red) unit, as shown at 102, and with 
a gun at the forward end of each payload bay (one shown at 
103). In addition, each payload bay may include a cover 104 
deployable to an open position providing access to the pay 
load bay, and to a closed position covering the payload bay 
with respect to the fuselage 86. 
0104. In FIG. 24, cover 104 of each payload bay is pivot 
ally mounted to the fuselage 86' along an axis 105 parallel to 
the longitudinal axis of the fuselage at the bottom of the 
respective bay. The cover 104, when in its closed condition, 
conforms to the outer surface of the fuselage 86' and is flush 
therewith. When the cover 104 is pivoted to its open position, 
it serves as a Support for Supporting the payload, or a part 
thereof, in the respective payload bay. 
0105. The latter feature is more particularly shown in 
FIGS. 25a-25a which illustrate various task capabilities of 
the vehicle as particularly enabled by the pivotal covers 104 
for the two payload bays. Thus, FIG.25a illustrates the pay 
load bays used for mounting or transporting guns or ammu 
nition 106; FIG.25b illustrates the use of the payloadbays for 
transporting personnel or troops 107; FIG. 25c illustrates the 
use of the payloadbays for transporting cargo 108; and FIG. 
25d illustrates the use of the payload bays for evacuating 
wounded 109. Many other task or mission capabilities will be 
apparent. 
01.06 Vehicle 85 also includes air outlets 110 on each of 
the pylons (only pylon 93b is visible in FIGS. 24-25D). 
0107 FIGS. 26a and 26b are side and top views, respec 

tively, illustrating another vehicle, generally designated 112, 
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of a slightly modified construction from vehicle 85 described 
above. Thus, vehicle 112 illustrated in FIGS. 26a and 26b also 
includes a fuselage 113, a pair of ducted-fan type lift-produc 
ing propellers 114a, 114b at the opposite ends of the fuselage, 
a pilot's compartment 115 centrally of the fuselage, and a pair 
of payload bays 116a, 116b laterally of the pilot's compart 
ment 115. Vehicle 112 further includes a front landing gear 
113a, a rear landing gear 113b, a horizontal stabilizer 114, 
and a pair of pusher propellers 115a, 115b, at the rear end of 
fuselage 113. 
0.108 FIG. 27 schematically illustrates the drive system in 
vehicle 90. Thus as shown in FIG. 27, vehicle 90 also includes 
two engines 116a, 116b for driving the two ducted fans 114a, 
114b and the two pusher propellers 115a, 115b, respectively, 
as in vehicle 85. However, whereas in vehicle 85 the two 
engines are located in separate engine compartments in the 
two pylons 93a,93b, in vehicle 112 illustrated in FIGS. 26a 
and 26b both engines are incorporated in a common engine 
compartment, Schematically shown at 117, underlying the 
pilot's compartment 115. The two engines 116a, 116b (FIG. 
27), may also be turbo-shaft engines as in FIG. 23. For this 
purpose, the central portion of the fuselage 113 is formed with 
a pair of air inlet openings 118a, 118b forward of the pilot's 
compartment 115, and with a pair of air outlet openings 119a, 
119b rearwardly of the pilot's compartment. 
0109. As shown in FIG. 27, the two engines 116a, 116b 
drive, via the over-running clutches 120a, 120b, a pair of 
hydraulic pumps 121a, 121b which, in turn, drive the drives 
122a, 122b of the two pusher propellers 115a, 115b. The two 
engines 116a, 116b are further coupled to a drive shaft 123 
which drives the drives 124a, 124b of the two dueled fans 
114a, 114b, respectively. 
0110 FIGS. 28a–28d illustrate another vehicle, therein 
generally designated 125, which is basically of the same 
construction as vehicles 85 and 85 described above. For sim 
plicity, only the differences between vehicle 125 and the 
earlier described vehicles 85, 85' need be explained in detail. 
Vehicle 125 is equipped with two stub wings, generally des 
ignated 126a, 126b, each pivotally mounted to the fuselage 
127, under one of the payloadbays 128a, 128b, to a retracted 
position shown in FIGS. 28a and 28b, or to an extended 
deployed position shown in FIGS. 28c and 28d for enhancing 
the lift produced by the ducted fans 129a, 129b. Each of the 
stub wings 120a, 120b is actuated by an actuator 130a, 130b 
driven by a hydraulic or electrical motor (not shown). Thus, at 
low speed flight, the stub wings 120a, 120b, would be pivoted 
to their stowed positions as shown in FIGS. 28a and 28b; but 
at high speed flight, they would be pivoted to their extended or 
deployed positions, as shown in FIGS. 28c and 28d, to 
enhance the lift produced by the ducted fans 129a, 129b. 
Consequently, the blades in the ducted fans would be at low 
pitch producing only a part of the total lift force. 
0111. The front and rear landing gear, shown at 131a and 
131b, could also by pivoted to a stowed position to enable 
higher speed flight, as shown in FIGS. 28c and 28d. In such 
case, the front end of the fuselage 127 would preferably be 
enlarged to accommodate the landing gear when in its 
retracted condition. Vehicle 125 illustrated may also include 
ailerons, as shown at 132a, 132b (FIG. 28d) for roll control. 
0112 FIG. 29 illustrates how a vehicle, such as vehicle 85 
illustrated in FIGS. 22a-22d, may be converted to a hovercraft 
for traveling over ground or water (i.e., at a very low altitude 
VTOL craft flight condition). Thus, a vehicle 133 is basically 
of the same construction as described above with respect to 
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FIGS. 22a-22d. In vehicle 133, however, the landing gear 
wheels have been removed, folded, or otherwise stowed, and 
instead, a skirt 134 has been applied around the lower end of 
the fuselage 135. The ducted fans 136a, 136b, may be oper 
ated at very low power to create enough pressure to cause the 
vehicle to hover over the ground or water as in hovercraft 
vehicles. The variable pitch pusher propellers 137a, 137b 
would provide forward or rear movement, as well as steering 
control, by individually varying the pitch, as desired, of each 
propeller. 
0113 Vehicles constructed in accordance with the present 
invention may also be used for movement on the ground. 
Thus, the front and rear wheels of the landing gears can be 
driven by electric or hydraulic motors included within the 
vehicle. 

0114 FIG. 30 illustrates how such a vehicle can also be 
used as an ATV (all terrain vehicle). For example, a vehicle 
138 is basically of the same construction as vehicle 85 illus 
trated in FIGS. 22a-22d. In vehicle 138, however, the two rear 
wheels of the vehicle are replaced by two (or four) larger 
wheels, bringing the total number of wheels per vehicle to 
four (or six). Thus, as shown in FIG.30, the front wheels 139a 
(one shown) of the front landing gear are retained, but the rear 
wheels are replaced by two larger wheels 140a, I40b or by an 
additional pair of wheels, not shown), to enable the vehicle to 
traverse all types of terrain. 
0115. When the vehicle is used as an ATV as shown in 
FIG. 30, the front wheels 139a or rear wheels 140a, 140b 
would provide steering, while the pusher propellers 141a, 
141b and main lift fans 142a, 142b would be disconnected but 
could still be powered-up for take-off if so desired. The same 
applies also with respect to the hovercraft version illustrated 
in FIG. 29. 
0116. It will thus be seen that the invention thus provides 
a utility vehicle of a relatively simple structure which is 
capable of performing a wide variety of VTOL functions, as 
well as many other tasks and missions, with minimum 
changes in the vehicle to convert it from one task or mission 
to another. 
0117 FIGS. 31a-31e are pictorial illustrations of alterna 

tive vehicle arrangements where the vehicle is relatively 
Small in size, having the pilot's cockpit installed to one side of 
the vehicle. Various alternative payload possibilities are 
shown. For example, FIG. 31a shows a vehicle 144 in the 
basic form discussed above, with no specific payload 
installed. The overall design and placement of parts of the 
vehicle are similar to those of the larger vehicle described in 
FIG. 24, with the exception of the pilot's cockpit 145, which 
in the arrangement of FIG.31 a takes up the space of one of the 
payload bays created by the configuration shown in FIG. 24. 
This arrangement frees up the area taken up by the cockpit in 
the arrangement of FIG. 24 for use as an alternative payload 
area 146, increasing the total Volume available for payload on 
the opposite side of the cockpit. It is appreciated that the 
mechanical arrangement of engines, drive shafts and gear 
boxes for the vehicle of FIG. 31a may be that described with 
reference to FIG. 23. 
0118 FIG. 31b illustrates how the basic vehicle 144 of 
FIG. 31a may be used to evacuate a patient. The single pay 
loadbay is optionally provided with a cover 147 and side door 
148 which protect the occupants, and which may include 
transparent areas to enable light to enter. The patient lies on a 
stretcher 149 which is oriented predominantly perpendicular 
to the longitudinal axis of the vehicle, and optionally at a 
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slight angle to enable the feet of the patient to clear the pilot's 
seat area and be moved fully into the vehicle despite its small 
size. Space for a medical attendant is provided, close to the 
outer side of the vehicle. 
0119 FIG.31c shows the vehicle 144 of FIG.31b with the 
cover and side door closed for flight. 
0120 FIG. 31d illustrates how the basic vehicle 144 of 
FIG. 31a may be used to perform various utility operations 
Such as electric power-line maintenance. In the example 
shown in FIG. 31d, a seat 150 is provided for an operator, 
facing outwards towards an electric power-line 151. For illus 
tration purposes, the operator is shown attaching plastic 
spheres 152 to the line using tools. Uninstalled sphere halves 
and additional equipment may be carried in the open space 
153 behind the operator. Similar applications may include 
other utility equipment. Such as for bridge inspection and 
maintenance, antenna repair, window cleaning, and other 
applications. One very important mission that the utility Ver 
sion of FIG. 31d could perform is the extraction of survivors 
from hi-rise buildings, with the operator assisting the Survi 
vors to climb onto the platform while the vehicle hovers 
within reach. 

0121 FIG. 31e illustrates how the basic vehicle 144 of 
FIG. 31a may be used to carry personnel in a comfortable 
closed cabin 154. Such as for commuting, observation, per 
forming police duties, or any other purpose. 
(0.122 FIG. 32 is a pictorial illustration of a vehicle 156 
constructed typically in accordance with the configuration in 
FIG. 31 but equipped with a lower, flexible skirt 157 for 
converting the vehicle to a hovercraft for movement over 
ground or water. While the vehicle shown in FIG.32 is similar 
to the application of FIG. 31e, it should be mentioned that a 
skirt can be installed on any of the applications shown in FIG. 
31. 

(0123. While FIGS.31a-32 show vehicles 144, 156 having 
a cockpit on the left hand side and a payload bay to the right 
hand side, it is appreciated that alternative arrangements are 
possible. Such as where the cockpit is on the right hand side 
and the payload bay is on the left hand side. All the descrip 
tions provided in FIGS. 31a-32 apply also to such an alterna 
tive configuration. 
0.124 FIG. 33 shows a cockpit control configuration that 
may be used in any of the various vehicle configurations of the 
present invention described herein. The necessary pilot-input 
control components are located in proximity to the pilot seat 
158. Thus, foot pedals 159, 160 that control yaw and control 
stick 161 that controls roll and pitch are located directly in 
front of the seat 158. A speed control lever 162 and a collec 
tive control stick 163 (for controlling pitch of the ducted fan 
rotors) are located to one side of the seat 158. The illustrated 
arrangement may be varied as desired. For example, the ped 
als can be replaced by a “twist' control function of the main 
control stick. Any other type of possibly desired pilot con 
trolled input sensor arrangements can be used at the option of 
the system designer as will be appreciated. 
0.125 Reference is now made to FIG. 34, which is a sim 
plified block diagram of a multi-channel flight control sys 
tem, constructed and operative in accordance with an exem 
plary embodiment. The various vane-controlled vehicle 
configurations may be equipped with the multi-channel flight 
control system of FIG. 34, or portions thereof as applicable, 
although it is appreciated that aspects of the system of FIG.34 
that do not relate to Vane control may be applied to non-vane 
controlled vehicles. The flight control system is designed in a 
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manner that will ensure the safety of the vehicle in event of a 
malfunction in any one of the channels and enable the flight to 
continue down to a safe landing. In order to facilitate this 
feature, the system is configured as a Fly-By-Wire system, 
separated into channels, with each channel having its own 
cockpit controls sensors, computer, actuator and control Sur 
faces or variable pitch rotor/propeller blades where appli 
cable. Each vehicle control function preferably has a control 
power reserve that enables the vehicle to be adequately con 
trollable even if some control power is lost due to malfunction 
or a runaway condition (e.g., an “upset) in one of its chan 
nels. Separate vehicle position, rate and acceleration sensors 
together with altitude and airspeed data sensors are used to 
generate data on the vehicle's flight state. 
0126. It will be appreciated that the number of sensors, 
computers and channels shown in FIG.34 may vary, provided 
that each of the vehicle's axes is provided multiple control 
paths. Such that loss of any given control path, while resulting 
in the path's controlled element being unable to perform its 
function, does not influence the remaining paths/channels on 
the same control axis from continuing to perform their duties 
as required. 
0127. The various control paths are shown in FIG. 34 by 
lines ending with arrows. Solid lines represent control paths 
that are constant throughout the flight envelope. Dashed lines 
represent paths that operate at high speed (cruise) flight, and 
dotted lines represent paths that are active during hover and 
Low Speed Maneuver (LSM) flight. 
0128 Logical Switching, or, alternatively, continuous gain 
scheduling, is used to transition between LSM to cruise and 
Vice versa. These Switching modules are shown as rectangles 
marked as S1, S2. 
0129. Also shown in FIG. 34 are: 
I0130 COM1-COM12 Flight control computers 
I0131 P1, P2 Pusher propellers 
(0132 R1,R2 Main lift rotors 
0.133 V1-V88 segments of control vanes 
0.134 C1-C4;a-h Controls position sensors 
0.135 G1-G4 Four vehicle inertial position, rate and 
acceleration, altitude and airspeed sensors. Additional 
sensors such as, but not limited to, GPS, radar altimeters, 
millimeter wave radars may be added. 

0136. As can be seen in FIG. 34, the control system is 
divided into three main control functions: 
0.137 Control of the blades pitch angle on both main lift 
rotors R1,R2; 
0138 Control of all aerodynamic vane segments V1-V8 
installed on the vehicle in the entrance plane as well as the exit 
plane of both main lift rotors; and 
0139 Control of the blades pitch angle on both aft 
mounted pusher propellers P1, P2 such as may be particularly 
seen in FIGS. 31a-31e. 
0140. Each control function features four separate chan 
nels/paths, i.e., control groups which include 4 cockpit con 
trols position sensors (e.g. potentiometers, LVDTs, RVDTs), 
4 control computers (e.g., control computer Subsystems per 
haps including plural computers), and 4 actuators, each pow 
ering "/4 of the control mechanisms (such as Vanes) installed 
on the vehicle. In the case of actuators for rotor/propeller 
blade pitch change, each actuator will have four separate 
movement channels, each responsible for 4 of the total 
movement available for full control of said rotor or propeller. 
0141 Operation of the control system of FIG. 34 is now 
described with respect to the main lift rotors R1, R2. Control 
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of the pitch of the blades on both main lift rotors is accom 
plished by four separate computers (COM-5-COM-8) via 
input at the collective stick 163. Each computer indepen 
dently reads the position of the collective control, as well as 
the longitudinal stick position. Each computer also reads 
information on the vehicle inertial position, rate and accel 
eration, altitude and airspeed from one of the four inertial 
position, rate and acceleration, altitude and airspeed sensors 
G1-G4 installed in the vehicle. Each computer commands /4 
of the available travel of each of the two blade pitch change 
actuators connected to the main lift rotors R1, R2 (e.g., 
through corporate-styled system of bell crank pairs individu 
ally actuated against Suitable lever arms to provide a cumu 
lative total mechanical motion at an output side that repre 
sents the sum of individual actuator movements). When the 
vehicle is in LSM mode, the information on the longitudinal 
Stick position does not come into play in the main lift rotors 
control system. As vehicle motion becomes more “cruise' 
oriented, and less “LSM' oriented, each of the four comput 
ers COM-5-COM-8, operating separately from each other, 
will Switch or modify the gain associated with the reading on 
the position sensors attached to the pilot's controls in order to 
obtain the desired effect on the rotors. The software govern 
ing the operation of each computer, and especially the gain 
scheduling associated with the mode transitions in flight, may 
employ conventional techniques, or may be based on Fuzzy 
Logic/Neural computation methods as will be appreciated by 
those in the art. 

0142. Due to the above arrangement, a failure of one chan 
nel of the four will merely result in the main lift rotors not 
being able to change their blade pitch angles through more 
than 3/4 of their overall range. It will be appreciated that in 
event of a runaway malfunction (i.e., a total “upset condi 
tion), half of the normal travel will still be available. It will be 
further appreciated by analyzing the overall behavior of the 
vehicle that sufficient control is still available for carrying out 
controlled descent to landing. 
0.143 Operation of the control system of FIG. 34 is now 
described with respect to control of the vehicle's aerody 
namic Vane Surfaces. In an exemplary configuration a vehicle 
has 400 vanes powered by 8 separate actuators, each control 
ling one of the Vane segments V1-V8, in a manner similar to 
that which is required for rotor blade pitch change, utilizing 
computers COM-1-COM-4. However, here each actuator 
moves its own set of Vanes through the total useful range of 
movement of the Vanes, such as 10 degrees to each side and as 
dictated by aerodynamic considerations. Other arrangements 
are possible, including dividing the Vanes into 16 segments of 
25 Vanes each, controlled by 16 respectively associated actua 
tOrS. 

0144 Operation of the control system of FIG. 34 is now 
described with respect to control of the vehicle's pusher pro 
pellers P1, P2. Control of the vehicle pusher propellers is 
similar to that of the main lift rotors, utilizing computers 
COM-9-COM-12. However, it will be appreciated that since 
the pusher propellers are not as critical to controllability of the 
vehicle and its ability to perform a safe landing, the redun 
dancy provided to the pusher propellers may be reduced. Such 
as to two control channels instead of the four-channel 
arrangement shown for the other control functions. 
0145 Operation of the control system of FIG. 34 is now 
described with respect to control of the vehicle's inertial and 
other sensors. In the system of FIG. 34, four separate inertial 
position, rate and acceleration, altitude and airspeed sensors 
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G1-G4 are installed, with pitch data input to COM5-COM8 
and roll data input to COM1-COM4. However, any of the 
control channels may share data generated on common sensor 
units. Thus, any error or malfunction of one sensor inside one 
of the four sensor packages may affect all three groups of 
controls: main rotors, Vanes and pusher propellers. The 
design of the vehicle should be sufficiently robust enough so 
that any “crippling of all modes of control, while not causing 
a hazardous situation with any of the controls separately, will 
still not pose a threat to the vehicle's safety when, as a result 
of one sensor malfunction, all three control functions are 
crippled or weakened simultaneously. Alternatively, addi 
tional sensor packages or individual sensors may be added as 
desired. 

0146 FIG. 35 shows a table summarizing the effect that 
each control has on the vehicle in two different flight condi 
tions: hover and LSM (Low Speed Maneuver), and normal 
cruise flight. 
0147. It is appreciated that the various control surfaces 
may be divided into more or fewer sections shown in FIG. 34. 
each independently controlled by a separate control path. It is 
also appreciated that each computer may control more than 
one control path of the vehicle, provided that each control 
path relates to a different type of vehicle control, such as pitch 
and yaw. 
0148 Reference is now made to FIGS. 36-40, which illus 

trate an alternative flight control system arrangement 164. A 
typical control system includes 3 elementary parts: input, 
output and feedback. In a flight control system the inputs are 
typically the pilot grips (including all pilot controls such as 
pedals, collective, etc.), the outputs are typically the various 
actuators in the vehicle and feedback is typically provided by 
sensors that measure the inertial parameters of the vehicle. 
Typically, each FCS output controls one of the vehicle's 6 
degrees of freedom (DOF). FIG. 36 illustrates a typical FCS 
with 6 control Subsystems A-F, each corresponding to one 
DOF and having an input, sensor, computer and actuator. 
0149. The FCS may control the vehicle in all 6 DOF (i.e. 3 
angular velocities and 3 linear velocities) but need not be 
limited to this number of control parameters (i.e. speed con 
trol, altitude control may be also controlled by the FCS). 
0150. The control system architecture is designed in a 
manner that will ensure a safe landing of the vehicle in the 
event of malfunction of any individual part of the FCS (i.e. 
first malfunction of any part of the FCS system). In order to 
facilitate this feature each input and output control element is 
divided into more than one section, each having Substantial 
(whether equal or unequal) control power (CP). In the illus 
trated embodiment, each control element of the FCS may be 
divided into 4 equal sections having equal CP. The description 
herein assumes this number of sections but it is not necessar 
ily limited to 4 or any other number of sections. FIG. 37 
illustrates one such control Subsystem, using Subsystem A 
from FIG. 36 by way of example. For each such subsystem, 
there are 4 independent input Potentiometers (or RVDT. 
LVDT or any other pilot command input sensor or measuring 
device) that read the pilot command, 4 actuators, each one 
controlling part of the total control power (CP) of this sub 
system, and 4 sensors, each one measuring the physical 
parameter, such as roll pitch and yaw rate and XY and Z 
velocities, for feedback. The sum of the CP of all the sections 
is higher than the CP required for safe landing. 
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0151 FIG.38 illustrates one exemplary grouping method 
where the control Subsystems are grouped into 4 groups 
according to the following rules: 

0152 1. In each group there are at least 2 and as many as 
6 different subsystems that partially control from two to 
six different DOFs 

0153. 2. The subsystems within each group may share 
one or more computers using conventional control rules 
to compute the control outputs 

0154 3. Each group is characterized by having one or 
more points where a failure (i.e. the computer, sensor 
pack etc.) will cause the entire group to fail. 

0.155 4. Each group effectively operates independently 
from the other groups. 

0156 Note, however, that some information still may be 
shared between groups for some purposes (e.g., performance 
monitoring, telemetry, failsafe features, etc.) so long as the 
overall FCS still exhibits an ability to continue controlled 
descent to landing even in the event of a complete cata 
strophic failure of one of the groups at one of its single points 
of possible failure. 
0157. A single point of failure is a failure that will shut 
down an entire group. 
0158. The FCS subsystem sections are preferably grouped 
in a manner that in one group there is one section from each 
Subsystem. 
0159 FIG. 39 illustrates a typical group in accordance 
with an exemplary embodiment. One single point of failure is 
the computer and the IMU sensor. The group has 6 inputs 
from the pilot grips. The IMU block represents a collection of 
sensors that Supply the feedback path to the Subsystems. 
These sensors may measure inertial or non-inertial param 
eters or any other physical parameters that are required for the 
control system. Control systems that control a physical 
parameter require a feedback channel that measures the con 
trolled parameter and compares it to the desired one. This is 
called a feedback path. For example if the roll rate is to be 
controlled, current roll rate is measured and compared to the 
desired roll rate to provide a command signal to the appro 
priate actuator. The IMU may be packed in a single package 
that transfers the information in a single transmission path 
(thus also becoming a single point of failure) or it may be a 
collection of separate sensors that transfer the information in 
multiple transmission paths (and thus not providing a single 
point of failure). The control loop calculation is performed by 
the computer and the output is forwarded to 4 actuators, each 
one controlling a different Subsystem. In the current example 
there are only 4 outputs that control all 6 DOF since the two 
/s vanes outputs control the roll, yaw and Vy, as will be 
explained later. 
0160 FIG. 40 illustrates exemplary FCS groups in an 
exemplary vehicle. The FCS is divided into n, for example 4 
independent groups a-d, each group controlling 1/n or, in this 
case, 4 of the total CP of the vehicle. This arrangement is 
particularly useful in the event that twice the control power 
(CP) required to fly the vehicle is made available by system 
design. Each group has its own inputs from the pilot grips, 
inputs from the IMU and a computer that generates the output 
for the actuators. Note that each group receives inputs relating 
to each of the 6DOF. 
0.161. A failure sequence description in this embodiment 

is as follows: A malfunction in any of groups a-d can cause a 
partial or total malfunction of that group or of any of its 
subsystems. In case of partial or total failure the CP of the 
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remaining groups will remain Sufficient for safe landing. It 
should be mentioned that in a case where the overall CP is 
significantly higher that the CP required for safe landing, the 
loss of even more than one group may potentially be tolerated, 
depending on the configuration. Thus, for example, where CP 
is the control power required for a safe landing, and in of n 
groups fail, as long as the CP, of the remaining n-in groups is 
>=CP, the vehicle may land safely. 
0162 Operation of the control system of FIG. 40 is now 
described with respect to the main lift rotors. Control of the 
pitch of the blades on both main lift rotors may be accom 
plished by four separate computers in four separated groups 
(COM a-d). Each computer independently reads the position 
of the collective control, as well as the longitudinal stick 
position. Each computer also reads information on the vehicle 
inertial position, rate and acceleration, altitude and airspeed 
from the inertial position, rate and acceleration, altitude and 
airspeed sensors connected to the computer. As previously 
described, each computer may command "/4 of the available 
travel of the blade pitch change actuators connected to the 
main lift rotors. However, if desired, the variable pitchblades 
of the main lift rotor may be controlled by just two groups, 
each commanding /2 of the blade pitch adjustments. 
0163. Due to the above arrangement, a failure of one group 
of the four will merely result in the main lift rotors not being 
able to change their blade pitch angles through more than 4 
(or /2 if controlled by two groups) of their overall range. It 
will be appreciated that in event of a runaway malfunction 
(e.g., complete reverse position of one group), half of the 
normal travel will still be available. It will be further appre 
ciated by analyzing the overall behavior of the vehicle that 
sufficient control is still available for carrying out a controlled 
descent to a landing assuming CP2CP. 
0164 Operation of the control system of FIG. 40 is now 
described with respect to control of the vehicle's aerody 
namic vane Surfaces. In an exemplary configuration a vehicle 
has 400 Vanes powered by 8 separate actuators in a manner 
similar to that which is required for rotor blade pitch change. 
However, here each actuator moves its own section or seg 
ment of typically 50 vanes through the total useful range of 
movement of the Vanes, such as 10 degrees to each side and as 
dictated by aerodynamic considerations. Any two sections of 
vanes control the vehicle in roll, yaw and Vy DOF depending 
on the relative vane movement between these two sections. 
Each group controls two sections of Vanes, therefore each 
group controls both roll yaw and Vy DOF. As mentioned 
above, alternative arrangements may include 16 segments of 
Vanes (25 Vanes per segment) controlled by 16 actuators. In 
this arrangement, four vane actuators would be included in 
each control group. It will be appreciated that in the event of 
a “hardover failure, where the vanes in a group move to a 
position fully opposite the desired position, then all of the 
Vanes of a second group will be required to cancel the effect 
of the first group, leaving the vanes of the third and fourth 
groups to provide flight control sufficient to safely land the 
vehicle. In any event, each group contributes to control of the 
vehicle in all six DOF. 

0.165 Operation of the control system of FIG. 40 is now 
described with respect to control of the vehicle pusher pro 
pellers, or ducted thrust fans. Control of the vehicles pusher 
propellers or thrusters is similar to that of the main lift rotors. 
However, it will be appreciated that since the pusher propel 
lers are not critical to the controllability of the vehicle and its 
ability to perform a safe landing, the redundancy provided to 
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the pusher propellers may be reduced. Such as to two control 
groups instead of the four-group arrangement shown for the 
other control groups. 
0166 Operation of the control system of FIG. 40 is now 
described with respect to control of the vehicle inertial and 
other sensors. In the system of FIG. 40, four separate inertial 
position, rate and acceleration, altitude and airspeed sensors 
(1MU) are installed. Each IMU is connected to a different 
computer within its respective group. 
0.167 While the invention has been described above par 
ticularly with respect to VTOL vehicles, it will be appreciated 
that the invention, or various aspects of the invention as 
described above, may also be advantageously used with other 
types of aircraft control. Such as by providing the control path 
redundancy described in FIG. 34 to collective and cyclic 
control mechanisms, tail rotor controls, or any other types of 
controls typically found in other fixed-wing or rotary-wing 
aircraft. Also it will be appreciated that the invention, or 
various aspects of the invention as described above can be 
advantageously used with other non flying control systems 
wherein the CP is the control power required to maintain its 
survival or operation after the failure, as explained above. 
0168 Accordingly, while the invention has been described 
with respect to several preferred embodiments, it will be 
understood that these are set forth merely for purposes of 
example, and that many other variations, modifications and 
applications of the invention may be made within the scope of 
the claims. 

What is claimed is: 
1. A flight control system for a VTOL vehicle comprising at 

least a pair of ducted lift fans, each of said pair of ducted lift 
fans having a plurality of adjustable directional vanes asso 
ciated therewith, said flight control system comprising: 

a plurality of groups of controls collectively supplying 
100% of required control power for the flight control 
system; and 

means enabling at least 50% of the required control power 
to be available upon failure of any one of said plurality of 
groups of controls. 

2. The flight control system of claim 1 wherein said means 
enables at least 75% of the required control power to be 
available upon failure of any one of said plurality of groups of 
controls for use in compensation of the failed group, if nec 
essary, and continued flight control power. 

3. A flight control system for a VTOL vehicle comprising at 
least a pair of ducted lift fans, each of said pair of ducted lift 
fans having a plurality of adjustable directional Vanes, at least 
Some of which are located adjacent respective inlet ends 
thereof, said flight control system comprising: 

in groups of controls, 
each group being independent of all remaining groups and 

controlling adjustment of 1/n of said plurality of adjust 
able directional vanes. 

4. The flight control system of claim 3 wherein n=4 and 
wherein said plurality of directional Vanes comprises more 
than 100 vanes. 

5. The flight control system of claim 4 wherein said plu 
rality of directional vanes is divided into eight segments of 
Substantially equal numbers of vanes, each group controlling 
adjustment of two of said eight segments. 

6. The flight control system of claim 5 wherein said plu 
rality of directional Vanes is divided into 16 segments, each 
group controlling adjustment of four of said sixteen seg 
mentS. 
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7. The flight control system of claim3 wherein each ducted 
fan includes a variable pitch propeller, wherein no more than 
50% of the adjustment of said variable pitch propeller is 
controlled by each of two of said groups of controls. 

8. The flight control system of claim3 wherein a sum of the 
control power of all of said groups, when in normal non-failed 
operational modes, is greater than the control power required 
to maintain control of said vehicle. 

9. A flight control system for a VTOL vehicle comprising at 
least a pair of ducted lift fans, each of said pair of ducted lift 
fans having a plurality of adjustable directional vanes at least 
Some of which are located adjacent respective inlet ends 
thereof, said flight control system comprising: 

in groups of controls, 
each group contributing approximately 1/n of total control 
power required for the flight control system, 

each group comprising at least one control computer Sub 
system for controlling a plurality of actuators for a pre 
determined fraction of said plurality of adjustable direc 
tional vanes, such that failure of any one group leaves at 
least n-1/n of the control power available for controlling 
the directional vanes of the remaining groups. 

10. The flight control system of claim 9 wherein each group 
comprises a plurality of sensors monitoring operational 
parameters of the vehicle inputting data to said at least one 
control computer Subsystem. 

11. The flight control system of claim 9 wherein n=4. 
12. The flight control system of claim 11 wherein said 

ducted lift fans have adjustable-pitch propellers respectively 
controlled by 2 of said 4 groups. 

13. The flight control system of claim 9 wherein each group 
comprises a plurality of control computer Subsystems, none 
of which share information with any other of said control 
computer Subsystems. 

14. The flight control system of claim 9 wherein: 
said ducted lift fans have adjustable-pitch propellers, and 

said flight control system controls movement of said 
vehicle in six degrees of freedom, each group contribut 
ing to control in each of said six degrees of freedom. 

15. The flight control system of claim 14 wherein said 
adjustable-pitch propellers are controlled by 2 of said 4 
groups. 

16. The flight control system of claim 9 wherein said 
vehicle further comprises at least two ducted thrust fans, each 
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having an adjustable-pitch propeller and a plurality of direc 
tional vanes associated therewith, controlled, respectively by 
different ones of said groups. 

17. The flight control system of claim 9 wherein a sum of 
the control power of all of said groups is greater than the 
control power required to maintain control of said vehicle. 

18. The flight control system of claim 16 wherein the 
adjustable-pitch propellers of both the ducted lift fans and 
ducted thrust fans are controlled by two of said four groups. 

19. The flight control system of claim 9 wherein n=4 and 
n-1/n control power is sufficient to maintain control of the 
vehicle. 

20. A flight control system for a VTOL vehicle comprising 
four groups of controls, each group comprising inputs relat 
ing to six degrees of freedom of the vehicle, at least one 
control computer Subsystem and a plurality of actuators; each 
group utilizing 25% of required flight control power for the 
vehicle. 

21. The flight control system of claim 20 wherein the 
vehicle comprises at least a pair of ducted lift fans, a pair of 
ducted thrust fans, and a plurality of directional vanes asso 
ciated with each of said pair of ducted lift fans and said pair of 
ducted thrust fans. 

22. The flight control system of claim 21 wherein each 
group controls 25% of said plurality of directional vanes. 

23. The flight control system of claim 21 wherein each of 
said ducted lift fans and each of said thrust fans includes a 
variable-pitch propeller, and wherein adjustment of all of said 
variable-pitch propellers is evenly divided between the four 
groups. 

24. The flight control system of claim 21 wherein each of 
said ducted lift fans and each of said thrust fans includes a 
variable-pitch propeller, and wherein adjustment of all of said 
variable-pitch propellers is evenly divided between at least 
two of said four groups. 

25. A method of controlling the flight of a VTOL vehicle 
comprising: 

dividing a flight control system into n control groups; and 
incorporating into each control group a plurality of inputs, 

at least one control computer Subsystem and a plurality 
of actuators such that each control group provides 
approximately 1/n of required control power, and 
wherein each group contributes to control of the vehicle 
in six degrees of freedom. 

c c c c c 


