wo 20097108178 A2 I T A0FV0 OO RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
3 September 2009 (03.09.2009)

/AIV .;-;\
¥
d”Ik

(10) International Publication Number

WO 2009/108178 A2

International Patent Classification:
B64C 27/02 (2006.01) B64D 35/04 (2006.01)

(51

(21) International Application Number:

PCT/US2008/013868

(22) International Filing Date:

19 December 2008 (19.12.2008)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/008,829 21 December 2007 (21.12.2007)
12/229,928 28 August 2008 (28.08.2008)

Applicant (for all designated States except US): AVX
CORPORATION [US/US]; 6100 Southwest Blvd., Suite
103, Fort Worth, TX 76109 (US).

Inventors: BRODY, David E.; 2209 Green Oaks Lane,
Greenwood Village, Colorado 80121 (US). MURRAY,
Richard, F.; 8 Grant Place, Pantego, TX 76013 (US).
GAFFEY, Troy M.; 9610 Divot Drive, Granbury, Texas
76049 (US). RIXEN, Frank; 1800 Brown Trail, Hurst,
Texas 76054 (US).

Agent: HILL, Kenneth, C.; P. O. Box 2527, Fort Worth,
TX 76113 (US).

Us
Us

1

(72

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: COAXIAL ROTOR AIRCRAFT

(57) Abstract: A dual, coaxial rotor helicopter
is provided that is relatively easy to fly. Thrust
is provided by two ducted fans that are mounted
at the rear of the aircraft and spaced apart later-
ally. Differential thrust generated by the fans
provides yaw control for the aircraft, and for-

ward thrust is provided by the fans working in

combination. The coaxial rotors are preferably
utilized primarily for lift, and not for forward
thrust, which simplifies the control require-
ments. The coaxial rotor with ducted fan config-
uration also results in lower vibratory loads be-
ing imposed on the helicopter, thereby increas-
ing its speed capability. The fan ducts serve to
protect the fans, augment the fan thrust at low
airspeeds, increase the efficiency of the fans at
cruise speeds, and provide horizontal and verti-
cal stabilizing surfaces to ensure aircraft flight
stability.



WO 2009/108178 A2 I 00000 0T 00 0 0O A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

-1-
WO 2009/108178 PCT/US2008/013868

COAXIAL ROTOR AIRCRAFT

Technical Field

The present invention relates generally to aircraft, and more specifically to

an improved helicopter having coaxial, counter-rotating rotors.

Description of the Prior Art

Helicopters generally, and coaxial rotor helicopters in particular, have been
known and practiced worldwide for many years. Helicopters have many
advantages over fixed wing aircraft, including the ability to take off and land
vertically, and to maneuver horizontally in any direction while airborne, including
while in a hover at zero or near zero speed. This gives them a high degree of
flexibility with regard to landing sites, and the ability to transport passengers and

cargo to locations not accessible by fixed wing aircraft.

A disadvantage of helicopters with respect to fixed wing aircraft relates to
their relative higher difficulty to fly. Fixed wing pilots seldom become helicopter
pilots due to the increased time and expense required to master the additional
complexities of helicopter piloting. This means that fixed wing pilots are often
unable to take advantage of the helicopter's ability to be flown into areas not

accessible to fixed wing aircraft. Furthermore, traditional helicopters are much

‘more difficult to fly under instrument meteorological weather conditions (IMC)

than fixed wing aircraft, generally limiting their operation under IMC or requiring

costly artificial stabilization.

Traditional single rotor helicopters must utilize a tail rotor or similar thrust
device acting around the yaw axis, generally referred to as an anti-torque device,
in order to overcome the yawing moment naturally generated by the main rotor.

This moment tends to yaw the fuselage in a direction opposite to the direction of
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main rotor rotation. Forward thrust to overcome drag must be provided by the
same main rotor that generates the lift for the aircraft which, when combined with
the need to control yaw, results in an aircraft that is more complex to control than

a fixed wing aircraft.

The fuselage yaw moment imposed naturally by the main rotor can be
eliminated through the use of coaxial, or tandem, counter-rotating main rotors, as
known in the art: The natural yaw moment created by a single rotor is essentially
cancelled by the second rotor, making yaw control in forward flight a matter of a
relatively small power requirement. In conventional coaxial rotor and tandem
rotor helicopters, forward thrust to overcome aerodynamic drag is generated by
essentially the same mechanism used for a single rotor helicopter; forward thrust is
created by tilting the main rotors forward to provide a forward vector component

to the rotors’ lift vector.

Small, dual coaxial rotor aircraft have been proposed in the art. For
examples, patents have been issued to Leon, USP 5,370,341; Nolan et al, USP
5,791,592, and Norris, USP 6,460,802.

In addition, the science and application of coaxial rotor helicopters has been
studied for many years. For example, a NASA report, 4 Survey of T heoretical and
Experimehtal Coaxial Rotor Aerodynamic Research, Colin P. Coleman, NASA
Technical Paper 3675 (1997), summarizes the state of the art of these aircraft as of
the late 1990’s, and references ongoing work and analysis from around the world.
In addition, several Russian coaxial rotor designs have been in use for decades,

primarily those built by Kamov.

One relatively new design currently available from Sikorsky, known as the
X2, uses dual, coaxial rotors coupled with a rear propeller for forward thrust. For
yaw control, the X2 utilizes differential collective pitch adjustment between the

two rotors, giving a differential torque that provides yaw to the aircraft. Recently
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issued patents to Sikorsky for coaxial rotor helicopters include 7,210,651, to Scott,
and 7,229,251, to Bertolotti et al.

However, the coaxial rotor aircraft currently available are still
relatively complex for a pilot to fly. It would be desirable to provide an aircraft
that combined the advantages of a helicopter with the simplicity of control of a

fixed wing aircraft.

Summary of the Invention

In accordance with the present invention, a dual, coaxial rotor
helicopter is provided that is relatively easy to fly. Thrust is provided by two
ducted fans that are mounted at the rear of the aircraft and spaced apart laterally.
Differential thrust generated by the fans provides yaw control for the aircraft, and
forward thrust is provided by the fans working in combination. The coaxial rotors
are preferably utilized primarily for lift, and not for forward thrust, which
simplifies the control requirements. The coaxial rotor with ducted fan
configuration also results in lower vibratory loads being imposed on the helicopter,
thereby increasing its speed capability. The fan ducts serve to protect the fans,
augment the fan thrust at low airspeeds, increase the efficiency of the fans at cruise
speeds, and provide horizontal and vertical stabilizing surfaces to ensure aircraft

flight stability.

Brief Description of the Drawings

The novel features believed characteristic of the invention are set forth in the
appended claims. The invention itself however, as well as a preferred mode of use,
further objects and advantages thereof, will best be understood by reference to the
following detailed description of an illustrative embodiment when read in

conjunction with the accompanying drawings, wherein:
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Figure 1 is a perspective view of a preferred design for a coaxial rotor

aircraft in accordance with the present invention;
Figure 2 is a side view of the aircraft of Figure 1;
Figure 3 is a top view of the aircraft of Figure 1;
Figure 4 is a front view of the aircraft of Figure 1;
Figure 5 is a rear view of the aircraft of Figure 1;

Figure 6A is a view from beneath the preferred aircraft illustrating aspects
of thrust;

Figures 6B and 6C are diagrams illustrating thrust vectors affecting yaw of

the preferred aircraft;
Figure 7 is a side partial cut-away view of the aircraft of Figure 1;
Figure 8 is a diagram of the power train for the preferred aircraft;

Figure 9 is a diagram of the power system for the ducted fans for the preferred

aircraft;

Figure 10 is a diagram of the rear portions of the preferred aircraft; and

Figure 11 illustrates additional details of the main mast of the preferred

aircraft.

Description of the Preferred Embodimerit

It will be appreciated by those skilled in the art that the particular
embodiment described herein illustrates the present invention. However,
numerous variations on designs details may be made within the scope of the

invention, as will become apparent. For example, the embodiment described
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herein illustrates a two or three place aircraft; however, the aircraft could be any

size, larger or smaller, than the example shown.

Referring to Figure 1, an aircraft designated generally with reference
number 10 comprises a helicopter having dual, coaxial rotors for providing lift.
An upper rotor 12 and a lower rotor 14 are coaxially mounted and rotate in
opposite directions. In the embodiment shown, the upper rotor 12 rotates in the
clockwise direction as seen from above, while the lower rotor 14 rotates in the
counterclockwise direction. It will be appreciatgd that reversing the direction of

rotation of both rotors will function equally well, and is a matter of design choice.

Rotors 12, 14 are mounted on a mast assembly 16, which projects from
fuselage 18 at a location near the center of gravity of the aircraft. As described in
more detail below, center of gravity location for the aircraft 10 is generally

consistent with that of a conventional helicopter.

Aircraft 10 provides a forward passenger compartment 20, or cockpit,
similar to a conventional helicopter. A windshield 22 provides for forward vision,
and access doors 24 provide access to the cockpit. Cargo hatches 26 provide
access to a relatively large cargo area located behind the cockpit / passenger

compartment 20.

Mounted on the rear of the airframe are two ducted fans 28, 30, located on
the left and right side of the aircraft, respectively. These fans 28, 30 provide
forward and rearward thrust for the aircraft, and are used for yaw control as

described below. The ducts themselves serve several functions, in addition to

~ acting as protective shrouds around the fans. The ducts augment the fan thrust at

low speed, and increase fan efficiency at higher speed (cruise) as known in the art.
Further, the ducts serve as stabilizing surfaces at higher speed, replacing

conventional helicopter horizontal stabilizer and vertical fins.
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The preferred embodiment utilizes a tricycle landing gear with a front wheel
32 and 2 rear wheels 34 in a conventional arrangement. Alternative landing gear
arrangements can be used, in a manner similar to traditional helicopters, as will be

appreciated by those skilled in the art.

Figure 2 is a side view of the aircraft of Figure 1, and illustrates more
clearly the vertical placement of the ducted fans 28, 30. The fans 28, 30 are
located substantially along the vertical center of gravity of the aircraft, or slightly
above this line. This prevents undue pitching moment of the aircraft when the fans

28, 30 are used for forward motion.

Air is provided for the engine through an intake 36 located on each side of
the mast 16, with engine exhaust being vented through an exhaust opening 38 on

each side of the aircraft.

Figure 3 is a top view of the preferred aircraft. Rotor blades 40 of upper rotor
12 rotate in a clockwise direction as seen from above. Blades 42 of lower rotor 14

rotate in a counterclockwise direction as seen in the figure.

The ducted fans 28, 30 are seen to be equally spaced from the centerline of the
aircraft. Between them is an empennage support structure 43 which can support an
elevator 44 used for pitch control during forward flight. If desired, the elevator 44
can be made smaller, or even eliminated in some configurations, and cyclic control
of the rotors 12, 14 used for pitch control as known in the art. The shell of the
airframe has a teardrop shape, providing maximum room for the pilot and passengers
and enough clearance to provide clean airflow into the ducted fans 28, 30. The
airframe is widest near the back of the cockpit, approximately in line with the

shoulders of the seated pilot and passengers.

Figure 4 is a front view of the aircraft. It can be seen that the ducted fans are
mostly unobstructed by even the widest part of the airframe, and the teardrop shape

shown in Figure 3 ensures that the fans 28, 30 operate in an unobstructed manner.
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Figure 5 is a rear view, in which the relatively unobstructed nature of airflow through

the ducted fans 28, 30 can be clearly seen.

Figure 6A is a view of the fuselage from underneath, and illustrates the
principles use for yaw control. The aircraft center of gravity (CG) is located along
the aircraft centerline 46. The CG is located slightly in front of the mast, making the
CG close to the center of lift provided by the rotors. Lines 48 and 50 indicate the
axes of thrust of the left and right ducted fans, respectively.

Because the ducted fans are spaced laterally with respect to the centerline 46
of the aircraft, each fan will contribute a yaw force in its respective direction. In
normal forward flight, the thrust provided by the ducted fans is the same. This
balanced thrust results in no net yaw, and the aircraft will not turn. In order to yaw
the aircraft in forward flight, the thrust provided by the fans is made unequal, which

results in a net torque around the CG.

As shown in the Figures, the ducted fans are illustrated with their centerlines
parallel to the aircraft centerline. If desired, the ducted fans can have centerlines that
are not parallel to the aircraft centerline. In such case, the angles made by the two
ducted fans should be the same with respect to the aircraft centerline, and of opposite
direction. In some cases, for example, pointing the two ducted fans 2 or 3 degrees
outside of parallel gives additional yaw force when the fans provide unequal thrust,
while pointing the ducted fan centerlines inward, towards the aircraft CG, reduces

the yaw force caused by a given thrust differential between the fans.

Figure 6B is a view from above showing vectors of the forces used to generate
yaw during forward flight. Arrow 52 represents the forward thrust generated by the
right ducted fan 30, while arrow 54 represents the thrust generated by left ducted fan
28. In this example, right ducted fan 30 genérates more thrust than left ducted fan
28.
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Lines 56, 58 represent the direction from the center point of thrust of each fan
to the aircraft CG. Arrows 60, 62 represent that component of thrust vectors 52, 54,
respectively, that is at right angles to lines 56, 58. This represents the force,
generated by the respective ducted fan, that goes toward yawing the aircraft around

its CG.

In Figure 6B, vector arrow 52 is longer than arrow 54, indicating that right fan
30 is generating greater thrust than left fan 28. This results in yaw vector 60 being
larger than yaw vector 62, resulting in a net yaw torque in a counterclockwise
direction around the CG. Increasing the thrust differential between the two ducted

fans will increase the yaw moment in the appropriate direction.

In theory, one fan could be idled with the other thrusting in order to generate
yaw. However, the forward portion of the thrust vector will cause the aircraft to slew
forward as well as yaw, so this approach cannot be used in hover mode. Figure 6C
indicates that, when the aircraft is in hover, one ducted fan is preferably pitched to
generate reverse thrust while the other generates forward thrust. By matching the
thrust generated by the two ducted fans, their forward thrust components
approximately cancel out, leaving both fans contributing primarily only to yaw. This

allows the aircraft to be easily yawed during hover.

The aircraft described above has a number of advantages over both fixed wing
and helicopter aircraft; the design tends to combine the benefits of both types of
design. In level forward flight, lift is provided by the coaxial rotors while forward
thrust is provided by the ducted fans. This results in the aircraft being level during
forward flight, rather than tilted forward as is the case with conventional helicopter
flight. The aircraft can ascend or descend with the fuselage level by changing the
rotor collective pitch and adjusting cyclic to maintain a level fuselage attitude. If
desired, the aircraft can ascend and descend by increasing or decreasing fan pitch to
vary fan thrust, and pitching the fuselage nose up or nose down using cyclic pitch to

maintain constant airspeed.
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Since the rotors are used only for lift in forward flight, and the lift is balanced
because of the counter-rotating rotors, the aircraft can obtain greater forward speeds
than are normally obtainable in a helicopter. Forward thrust is controlled by varying
the pitch of the ducted fans, which are independently controllable to allow for yaw
control. The pitch of the fans can be reversed, even during flight, allowing fan thrust
to slow the forward notion of the aircraft during level flight, or even back the aircraft

up should such be necessary or desirable.

Pitch control is provided by traditional cyclic control, augmented by an
elevator if desirable. Roll is provided by traditional helicopter cyclic control. A
conventional cyclic stick similar to that used in traditional helicopters may be used,
or a non-conventional side arm stick may be used. Yaw control is provided by
differential thrust between the two ducted fans, controlled by either conventional
pedals or by twisting the sidearm stick. Because the coaxial rotors essentially cancel

out unwanted yaw torque, very little thrust differential is required to yaw the aircraft.

Control of fan blade cyclic pitch can be by a twist grip mounted on the main
rotor collective pitch lever. Other means can be used, such as a 3-way, momentary

contact switch known in the industry as a beep switch.

While forward thrust can be provided by traditional helicopter control of the
rotors, it is anticipated that such control will not be used with the preferred
embodiment in favor of thrust provided by the ducted fans. This allows the aircraft
to be flown in a manner somewhat similar to a fixed wing aircraft, allowing fixed
wing pilots to transition more easily into this helicopter design. It also reduces main

rotor thrust requirements and vibratory loads.

Additional details of the preferred embodiment are illustrated beginning with
Figure 7. Figure 7 is a section of the aircraft shown from the left side. As previously
described, the mast is mounted near the longitudinal CG of the aircraft. An engine

64, preferably a turbine engine such as those typically used for helicopters, is
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mounted behind the mast. Multiple turbine engines can be used if desired. Engine
64 1s connected to the mast 16 through main transmission 66, and drives inner and
outer mast portions in opposite directions at the same speed, as known in the art. A
drive shaft 68 extends to the rear to drive the ducted fans 28, 30, and interconnects
the fans to the main rotor drive shaft. Engine 64 preferably drives the aircraft drive
system through a passive one way clutch, typical of helicopters, which allows torque
to be transmitted in the power direction but not in the opposite direction. This allows
the rotors to drive the drive system and its components, including the ducted fans, in

the event of loss of power from the engine(s).

Traditional flight controls 70 are provided to the pilot, and may be any of
several known, suitable designs. In the preferred embodiment, the pilot is seated on
the left side of the cabin, and either one or two passenger seats are provided to the
pilot's right. In a two-seater arrangement, dual flight controls can be provided. The
pilot can also be seated on the right side of the cabin, with the passengers to the left.
Larger or smaller aircraft built utilizing this design approach can place the pilot in

the most convenient or useful location, including the aircraft centerline.

A cargo storage region 72 is provided immediately behind the cabin, and
extends across the width of the aircraft. A fuel cell 74 is located below cargo storage
72. As can be seen, and as is typical with helicopter design, the locations that will
vary in weight (passengers, fuel, cargo) are located near the center of gravity in order

to minimize CG location shift as loadings change.

Figure 8 is an enlargement of part of the drive system showing additional
detail thereof. Engine 64 can be any suitable engine designed for helicopter work; an
example of a suitable engine is the Rolls Royce (RR) Model 250 C20R currently
widely available. A main drive shaft 76 extends forward to main transmission 66,
which accepts the engine power and transfers it at a 90 degree angle to the two
counter-rotating rotors. The engine speed is reduced via an engine speed reduction

/ engine accessory gear box as known in the art. The engine speed is further



10

15

20

25

-11 -
WO 2009/108178 PCT/US2008/013868

reduced in the main transmission to the desired rotor speed, also as known in the

art.

Figure 9 illustrates a preferred arrangement for the drive system for the
ducted fans. Power is supplied to a center "T" gear box assembly 80 through drive
shaft 68. Left and right fan drive shafts 82, 84 are connected to left and right fan
gearboxes 86, 88, which in turn drive the respective ducted fans. As previously
noted, in the preferred embodiment both fans rotate in the same direction
(clockwise looking forward), which allows use of the same parts for much of the
left and right side assemblies for the ducted fans. However, the fans can rotate in

opposite directions if desired.

Figure 10 illustrates details of the rear structure of the aircraft as seen from
above. Left and right ducted fans 28, 30 are enclosed within fan shrouds 90 that
allow for controllable operation as known in the art. Elevator 44 is shown as
extending essentially the whole distance between the shrouds 90, but as previously
described may be made smaller or larger as desired. Actuators 92 are used to
position elevator 44. Elevator 44 is preferably located in the same plane as the

center shafts for the ducted fans 28, 30.

Figure 11 illustrates additional details of the main mast assembly. Drive
shaft 76 drives transmission 66, which in turn drives the outer mast 94 and inner
mast 96 in opposite directions as known in the art. In a preferred embodiment,
three actuators are provided on the main mast, spaced 120 degrees apart, for cyclic
and collective control. Illustrated in Figure 11 are the required linkages for a
single actuator. In the illustrated embodiment, the main rotor system consists of
three actuator packages that are attached between the transmission and lower
swashplate and provide collective and cyclic control inputs to both rotors via the
upper and lower swashplates. Other coaxial rotor designs may be used as known
in the art, with simplification in some cases because neither yaw control nor

forward thrust are required form the rotors in the design described herein.
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Flight control is preferably performed through a flight control computer, but
some or all of the flight controls can be implemented as mechanical controls if
desired. In general, the preferred embodiment con be operated using standard
helicopter flight controls, with the changes described above related to control of
the ducted fans. In general, the overall control of the aircraft is somewhat simpler
than that of a standard helicopter, and can be more easily learned by a fixed-wing

pilot.

Additional features of the aircraft are within the purview of a person of skill
in the art. For example, the preferred aircraft can use variations on standard
avionics as desired, and many structural and design details are very much like
those of a conventional helicopter, except for the changes described needed to
accommodate the dual ducted fans. Selection of design details is easily

accomplished by such a person of ordinary skill.

Numerous advantages of the described design will be appreciated by those
skilled in the art. One important advantage of the present design is the control of
the aircraft that is available on the ground. With available coaxial rotor designs,
yaw control is performed by changing the collective of the two rotors in different
directions to provide a net torque around the mast. However, on the ground this
approach is not viable, as the rotors are providing essentially no lift. This leaves a
conventional coaxial rotor design without a good method for steering on the

ground.

With the design described herein, ground maneuvering is very similar to
that of a fixed wing aircraft. The nose wheel need not be steerable; it can be a
freely pivoting wheel such as is available on small fixed wing aircraft. Yaw
control 1s provided by using differential thrust on the ducted fans, and the
horizontal thrust of the fans provides an easily controlled forward motion. This

allows the aircraft to be easily maneuvered on the ground. Because the ducted
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fans can be separately pitched in reverse as described above, the aircraft is

relatively nimble during ground maneuvers.

It will also be appreciated that aircraft of various sizes can easily be built
using the techniques described herein. The embodiment described herein is for a
small, two or three person aircraft. However, it is easily seen that larger aircraft
can be built using the technology described herein. For example, a 10 — 15

passenger design would utilize a larger airframe similar to those currently used in

* conventional helicopters. Power requirements would be increased, and the rotors

and fans would be enlarged and made capable of handling higher loads. However,
the overall design would remain essentially the same as that described herein,
except for the scaling issues normally encountered when moving from smaller to
larger helicopters. Inasmuch as coaxial rotor helicopters of varying capacities are
known in the art, such scaling issues are well within the understanding of a skilled

practitioner in this field.

The coaxial rotor design gives greater lift for a given rotor planform area
than a single rotor design, due to the extra blades. Because the rotors are not
intended to be used for forward thrust, the power requirement for the rotors is
lessened compared to a conventional design. Higher ﬂiéht speeds are achievable
because the coaxial rotors allow non-tilted, horizontal flight, which eliminates
significant drag caused by the nose-down attitude required by a conventional
helicopter. Normal parasitic drag caused by yaw control is also eliminated using
the present design. These factors result in the ability to manufacture helicopters

that are quite competitive in terms of cost, payload, flight speed, and range.

As will be appreciated by those skilled in the art, the improved aircraft
design described herein provides an aircraft that is easily handled and maneuvered,
while combining the maneuverability and hover advantages of a helicopter with
the higher speed forward flight of a traditional fixed wing aircraft. The counter-

rotating rotor design essentially eliminates rotor yaw, and the need for a tail rotor,
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while the twin ducted fans provide both forward thrust and yaw control. This
results in an aircraft that is, in general, as easily handled as a fixed wing aircraft,

while still providing the benefits of the helicopter design.

While the invention has been particularly shown and described with reference
to a preferred embodiment, it will be understood by those skilled in the art that

various changes in form and detail may be made therein without departing from the

spirit and scope of the invention.
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Claims

1. An aircraft, comprising:
a fuselage;
a powerplant;

a rotor mounted on a mast and projecting above the fuselage, wherein the

rotor is driven by the powerplant and generates lift for the aircraft; and

first and second propulsion units attached to the fuselage at a rear portion
thereof, on left and right sides of an aircraft centerline, respectively, and Spaced

laterally from the centerline;

wherein the first and second propulsion units provide forward thrust to the
aircraft, and wherein each propulsion unit is separately controllable to provide
non-symmetrical thrust to the aircraft, whereby aircraft yaw control is provided by

such non-symmetrical thrust.

2. The aircraft of claim 1, wherein the rotor comprises two rotors, and wherein

the two rotors are coaxial and counter-rotating.

3. The aircraft of claim 1, wherein the first and second propulsion devices each

comprise a ducted fan having a plurality of blades.

4, The aircraft of claim 3, wherein each ducted fan utilizes a collective blade

pitch control to control the amount of thrust provided by such fan.
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5. The aircraft of claim 4, wherein the collective blade pitch of each ducted fan
can be controlled to provide reverse pitch, whereby reverse thrust can be generated

by each ducted fan independently of the other.

6. The aircraft of claim 3, wherein the first ducted fan and second ducted fan

both rotate about an axis in the same direction.

7. The aircraft of claim 1, wherein the first and second propulsion units are

further independently controllable to provide reverse thrust to the aircraft.

8. An aircraft, comprising:
a fuselage having a centerline extending in a forward / aft direction;
a powerplant connected to the fuselage;

a mast projecting above the fuselage and carrying coaxial, counter-rotating

rotors driven by the powerplant;

left and right ducted fans each having a plurality of blades, and connected to
the fuselaée at a rear thereof and driven by the powerplant, wherein the left and
right ducted fans are spaced away from the aircraft centerline and provide thrust in
a direction approximately parallel to the centerline, and wherein the left and right
ducted fans are independently controllable to generate thrust, whereby a yaw
moment is generated when different thrust is generated by the left and right ducted

fans.
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9. The aircraft of claim 8, wherein the thrust generated by the left and right

ducted fans is controlled by controlling the pitch of their respective blades.

10.  The aircraft of claim 9, wherein the thrust generated by the left and right
ducted fans is controlled by controlling the collective pitch of their respective

blades.

11.  The aircraft of claim 9, wherein the pitch of the ducted fan blades can be

controlled to provide reverse thrust.

12.  The aircraft of claim 8, wherein the left and right ducted fans each rotate

about an axis that is approximately parallel to the aircraft centerline.

13.  The aircraft of claim 12, wherein the left and right ducted fans each rotate
about an axis that is within approximately 3 degrees of parallel to the aircraft

centerline.

14.  The aircraft of claim 12, wherein the left and right ducted fans rotate in the

same direction.

15.  The aircraft of claim 12, wherein the left and right ducted fans rotate in

opposite directions.
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16.  The aircraft of claim 8, further comprising:
a transmission located between the left and right ducted fans;
a shaft connecting the transmission to the powerplant; and

left and right power take-off assemblies connecting the transmission to the left

and right ducted fans, respectively.
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Fig 3
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