(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

28 July 2016 (28.07.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/118230 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
B64C 11/30 (2006.01) B64C 29/02 (2006.01)
B64C 27/50 (2006.01)

International Application Number:
PCT/US2015/061705

International Filing Date:
19 November 2015 (19.11.2015)

Filing Language: English
Publication Language: English
Priority Data:

62/105,985 21 January 2015 (21.01.2015) US

Applicant: SIKORSKY AIRCRAFT CORPORATION
[US/US]; 6900 Main Street, P.O. Box 9729, Stratford,
Connecticut 06615 (US).

Inventors: SCOTT, Mark W.; 49 Tuttle Court, Bethany,
Connecticut 06524 (US). BUNTING, Colin Kemater; 133
Whitfield Street, Guilford, Connecticut 06437 (US).

Agent: MURPHY, Keith J.; Cantor Colburn LLP, 20
Church Street, 22nd Floor, Hartford, Connecticut 06103

(US).
Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, 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, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

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

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

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

Published:

with international search report (Art. 21(3))

wO 2016/118230 A 1[I I N0F V00 000 R O

FIG. 1

(54) Title: FLYING WING VERTICAL TAKE-OFF AND LANDING AIRCRAFT

40

(57) Abstract: A flying wing vertical take-oft and landing (VTOL) aircraft is provided and includes an empennageless-tuselage from
which foldable wings extend outwardly, an empennageless-nacelle supported on each of the wings and a rigid rotor propeller dis-
posed on each empennageless-nacelle, each of the propellers being drivable to rotate about only a single rotational axis defined
along a longitudinal axis of the corresponding empennageless-nacelle and being fully cyclically controllable.
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FLYING WING VERTICAL TAKE-OFF AND LANDING AIRCRAFT

STATEMENT OF FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
[0001] This invention was made with government support with the United States
Government under Contract No. HR0011-14-C-0010. The government therefore has certain

rights in this invention.

BACKGROUND OF THE INVENTION

[0002] The subject matter disclosed herein relates to a vertical take-off and landing
(VTOL) aircraft and, more particularly, to a flying wing VTOL aircraft.

[0003] Aircraft missions often require VTOL capability that is combined with long
range and endurance and can be very demanding. Conventional configurations of such
aircraft are designed primarily for efficient forward flight, for efficient vertical lift or a poor
compromise solution. Alternatively, some configurations include tilt-wing or tilt-rotor
features and have VTOL capabilities, long range and endurance but pay a high penalty in
terms of complexity and higher empty weight. That is, a conventional tilt-wing aircraft
carries an oversized fuselage for an inertial navigation system (IRS) and attack payloads.

[0004] A solution to the problem of tilt-wing aircraft being complex and heavy may
involve the elimination of the fuselage and creation of a twin rotor flying wing VTOL
configuration. However, utilizing conventional tilt-wing control architectures would require
vertical and horizontal tails with respective elevator and rudder controls. These tails make

folding the wings difficult and adversely affect stowage capability of the aircraft.

BRIEF DESCRIPTION OF THE INVENTION

[0005] According to one aspect of the invention, a flying wing vertical take-off and
landing (VTOL) aircraft is provided and includes an empennageless-fuselage from which
foldable wings extend outwardly, an empennageless-nacelle supported on each of the wings
and a rigid rotor propeller disposed on each empennageless-nacelle. Each of the propellers is
drivable to rotate about only a single rotational axis defined along a longitudinal axis of the
corresponding empennageless-nacelle and is fully cyclically controllable.

[0006] In accordance with additional or alternative embodiments, each of the wings is
a high aspect ratio wing in an unfolded condition.

[0007] In accordance with additional or alternative embodiments, each of the wings

includes a forwardly swept trailing edge.
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[0008] In accordance with additional or alternative embodiments, the aircraft further
includes a hinge element disposed along each of the wings.

[0009] In accordance with additional or alternative embodiments, each of the hinge
elements is proximate to the corresponding empennageless-nacelle.

[0010] In accordance with additional or alternative embodiments, each of the
propellers includes a once-foldable rotor blade and a twice-foldable rotor blade.

[0011] In accordance with additional or alternative embodiments, each of the
propellers includes a non-foldable rotor blade, two opposed once-foldable rotor blades and
one twice-foldable rotor blade opposite the non-foldable rotor blade.

[0012] In accordance with additional or alternative embodiments, the aircraft further
includes a landing gear element coupled to each empennageless-nacelle.

[0013] In accordance with additional or alternative embodiments, the aircraft further
includes a truss element coupled to a trailing end portion of the fuselage sand additional
landing gear elements coupled to opposite distal ends of the truss element.

[0014] According to another aspect of the invention, a flying wing vertical take-off
and landing (VTOL) aircraft is provided and includes an empennageless-fuselage from
opposite sides of which foldable wings extend outwardly, an empennageless-nacelle
supported on each of the wings, a rigid rotor propeller disposed on each empennageless-
nacelle and a flight computer. Each of the propellers is drivable to rotate about only a single
rotational axis defined along a longitudinal axis of the corresponding empennageless-nacelle
and is fully cyclically controllable. The flight computer is configured to control the driving of
the rotation of each of the propellers and to cyclically control each of the propellers.

[0015] In accordance with additional or alternative embodiments, the aircraft further
includes a hinge element disposed along each of the foldable wings proximate to the
corresponding empennageless-nacelle.

[0016] In accordance with additional or alternative embodiments, each of the
propellers includes a once-foldable rotor blade and a twice-foldable rotor blade.

[0017] In accordance with additional or alternative embodiments, each of the
propellers includes a non-foldable rotor blade, two opposed once-foldable rotor blades and
one twice-foldable rotor blade opposite the non-foldable rotor blade.

[0018] In accordance with additional or alternative embodiments, the aircraft further

includes a landing gear element coupled to each empennageless-nacelle.
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[0019] In accordance with additional or alternative embodiments, the aircraft further
includes a truss element coupled to a trailing end portion of the fuselage and additional
landing gear elements coupled to opposite distal ends of the truss element.

[0020] These and other advantages and features will become more apparent from the

following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The subject matter, which is regarded as the invention, is particularly pointed
out and distinctly claimed in the claims at the conclusion of the specification. The foregoing
and other features, and advantages of the invention are apparent from the following detailed
description taken in conjunction with the accompanying drawings in which:

[0022] FIG. 1 is a perspective view of a flying wing VTOL aircraft in accordance
with embodiments;

[0023] FIG. 2 is a perspective view of the flying wing VTOL aircraft of FIG. 1 in a
folded condition; and

[0024] FIG. 3 is a perspective view of the flying wing VTOL aircraft of FIG. 2 in a
stowed location.

[0025] The detailed description explains embodiments of the invention, together with

advantages and features, by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0026] As will be described below, a flying wing VTOL aircraft is provided and
includes a rigid rotor system having full cyclic control. This allows for a flying wing VTOL
aircraft that takes off vertically, and has the ability to transition to wing borne flight by
simply pitching the cyclic control forward to thereby cause the entire flying wing VTOL
aircraft to rotate from a vertical to a horizontal orientation. By discarding any special rotation
actuation mechanisms, typical penalties of higher weight and added complexity are removed.
In addition, the active proprotors have the added advantage of permitting an elimination of
ailerons and evlerons from the wings thus leading to further reductions in weight and cost.
Meanwhile, the aircraft enhances shipboard operations by elimination of the horizontal tail,
elevator and rudder from the overall configuration as this allows the wings to be folded and
the aircraft to be stowed in a limited spatial environment.

[0027] With reference to FIGS. 1-3, a flying wing vertical take-off and landing
(VTOL) aircraft 10 is provided. The aircraft 10 includes an empennageless-fuselage 11. The

3
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empennageless-fuselage 11 has an aerodynamic shape with a tapered nose section 110, a
trailing end portion 111 opposite from the nose section 110 and an airframe 112. The
airframe 112 is generally smooth but for a sensor component 113 disposed proximate to the
nose section 110 and does not have a dorsal fin or horizontal or vertical stabilizer elements.
The airframe 112 has first and second opposite sides 114 and 115 and is formed and sized to
encompass at least one or more of an engine unit (e.g., a gas turbine engine or an electronic
motor-generator), aircraft electronic components and payload elements.

[0028] The aircraft 10 further includes first and second foldable wings 12 and 13 that
extend outwardly from the first and second opposite sides 114 and 115 of the airframe 112,
respectively, hinge elements 15 (see FIGS. 2 and 3) disposed along each of the first and
second foldable wings 12 and 13, an empennageless-nacelle 20 supported on each of the first
and second foldable wings 12 and 13, a rigid rotor propeller 30 disposed on each
empennageless-nacelle 20 and a flight computer 35.

[0029] The first and second foldable wings 12 and 13 are substantially similar in
shape and size and are both foldable about the respective hinge elements 15 to assume
unfolded (see FIG. 1) and folded (see FIGS. 2 and 3) conditions. When the first and second
foldable wings 12 and 13 assume the unfolded condition, the first and second foldable wings
12 and 13 are configured as high aspect ratio wings. That is, in the unfolded condition, each
of the first and second foldable wings 12 and 13 has a span or longitudinal length that
substantially exceeds a chord where the span or longitudinal length is measured from the first
and second opposite sides 114 and 115 to distal tips of the first and second foldable wings 12
and 13 and the chord is measured from the leading edges 120/130 to the trailing edges
121/131 of the first and second foldable wings 12 and 13. In accordance with embodiments,
the leading edges 120/130 may be unswept and the trailing edges 121/131 may be forwardly
swept.

[0030] In accordance with embodiments, when the first and second foldable wings 12
and 13 assume the folded condition, as shown in FIGS. 2 and 3, the distal tips may be pivoted
about the hinge elements 15 such that they abut the main portions of the first and second
foldable wings 12 and 13.

[0031] The empennageless-nacelles 20 are supported on each of the first and second
foldable wings 12 and 13 at about a 40-60% span location. In accordance with embodiments,
the hinge elements 15 may be proximate to the empennageless-nacelles 20. The
empennageless-nacelles 20 have an aerodynamic shape with a forward section 200, a trailing

end portion 201 opposite from the forward section 200 and a nacelle frame 202. The nacelle
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frame 202 is generally smooth and formed and sized to encompass at least one or more of an
engine unit (e.g., a gas turbine engine or an electronic motor-generator), aircraft electronic
components and payload elements.

[0032] The rigid rotor propellers 30 are disposed at the forward sections 200 on each
empennageless-nacelle 20. Each of the rigid rotor propellers30 is drivable to rotate about only
a single rotational axis A, which is defined along and in parallel with a longitudinal axis of
the corresponding empennageless-nacelle 20. Power required to drive the rotations of the
rigid rotor propellers 30 may be generated from the engine units. Where the engine units are
located remotely from one or both of the rigid rotor propellers 30 such as in a case where a
single engine unit is located in the empennageless-fuselage 11 or in only one of the
empennageless-nacelles 20, the aircraft 10 may further include a laterally oriented drive shaft
for transmission of power generated by the gas turbine engine or electronic couplings running
laterally along the aircraft 10 for transmission of power generated by the electronic motor-
generator.

[0033] Each rigid rotor propeller 30 includes a hub 31 and rotor blades 32 that extend
radially outwardly from the hub 31. As the rigid rotor propellers 30 are driven to rotate, the
rotor blades 32 rotate about the rotational axes A and aerodynamically interact with the
surrounding air to generate lift and thrust for the aircraft 10. The rotor blades 32 are also
controllable to pitch about respective pitches axes P that run along their respective
longitudinal lengths. Such rotor blade 32 pitching can be commanded collectively or
cyclically by at least the flight computer 35, which may be embodied in the aircraft electronic
components of one or more of the empennageless-fuselage 11 and the empennageless-
nacelles 20. Collective pitching of the rotor blades 32 increases or decreases an amount of lift
and thrust the rigid rotor propellers 30 generate for a given amount of applied torque. Cyclic
pitching of the rotor blades 32 provides for navigational and flight control of the aircraft 10 as
will be described below.

[0034] Particularly, each of the rigid rotor propellers 30 is fully cyclically controllable
by at least the flight computer 35. This full cyclic control of the rigid rotor propellers 30 may
be referred to as active proprotor control and permits the elimination of ailerons and evlerons
from the aircraft 10, which leads to a further reduction in weight. In any case, the full cyclic
control of the rigid rotor propellers 30 allows the aircraft 10 to take of and land vertically
(i.e., with the node section 110 pointed upwardly) while permitting a transition to wing borne
flight. Such transition is effected by simply pitching the cyclic control forward to thereby

cause the entire aircraft 10 to rotate from a vertical orientation to a horizontal orientation.
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[0035] In order to reduce a footprint of the aircraft 10, each of the rigid rotor
propellers 30 may include a set of four rotor blades 32. Of these, one is a non-foldable rotor
blade 33, two are opposed once-foldable rotor blades 34 and one is a twice-foldable rotor
blade 35 that is disposed opposite the non-foldable rotor blade 33. As shown in FIGS. 2 and
3, when the aircraft 10 is grounded or not in flight, the first and second foldable wings 12 and
13, the once-foldable rotor blades 34 and the twice foldable rotor blades 35 may each assume
their respective folded conditions. By contrast, when the aircraft 10 is prepped for flight
conditions, the first and second foldable wings 12 and 13, the once-foldable rotor blades 34
and the twice foldable rotor blades 35 may each assume their respective unfolded conditions.

[0036] In addition to the features described above, the aircraft 10 may include a
landing gear element 40 coupled to the trailing end portions 201 of each of the
empennageless-nacelles 20, a truss element 50 and additional landing gear elements 60. The
truss element 50 is coupled to the trailing end portion 111 of the empennageless-fuselage 11
and has first and second extended portions 51 and 52 that extend away from the
empennageless-fuselage 11 in directions transverse to respective planes of the first and
second foldable wings 12 and 13. The additional landing gear elements 60 are coupled to
opposite distal ends of the first and second extended portions 51 and 52 of the truss element
50. When the aircraft 10 is grounded, the aircraft 10 is thus supported on the landing gear
elements 40 and the additional landing gear elements 60, which cooperatively provide for a
four-point stable support system that supports in the aircraft 10 against rolling over in any
given direction.

[0037] As shown in FIG. 3, with the aircraft 10 in the grounded condition and the first
and second foldable wings 12 and 13, the once-foldable rotor blades 34 and the twice
foldable rotor blades 35 each assuming their respective folded conditions, the aircraft 10 may
be stowed in a compartment of limited spatial size and dimension. Such a compartment may
be provided as a hangar 60 on a naval ship that has substantial limits on available storage
capacity. Thus, the ability of the aircraft 10 to assume a small footprint size without
sacrificing flight capability is useful.

[0038] While the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to incorporate
any number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.

Additionally, while various embodiments of the invention have been described, it is to be

6



WO 2016/118230 PCT/US2015/061705

understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:
What is claimed is:

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

an empennageless-fuselage from which foldable wings extend outwardly;

an empennageless-nacelle supported on each of the wings; and

a rigid rotor propeller disposed on each empennageless-nacelle, each of the propellers
being drivable to rotate about only a single rotational axis defined along a longitudinal axis of
the corresponding empennageless-nacelle and being fully cyclically controllable.

2. The aircraft according to claim 1, wherein each of the wings is a high aspect
ratio wing in an unfolded condition.

3. The aircraft according to either of claims 1 or 2, wherein each of the wings
comprises a forwardly swept trailing edge.

4. The aircraft according to any of claims 1-3, further comprising a hinge
element disposed along each of the wings.

5. The aircraft according to claim 4, wherein each of the hinge elements is
proximate to the corresponding empennageless-nacelle.

6. The aircraft according to any of claims 1-5, wherein each of the propellers
comprises:

a once-foldable rotor blade; and

a twice-foldable rotor blade.

7. The aircraft according to any of claims 1-6, wherein each of the propellers
comprises:

a non-foldable rotor blade;

two opposed once-foldable rotor blades; and

one twice-foldable rotor blade opposite the non-foldable rotor blade.

8. The aircraft according to any of claims 1-7, further comprising a landing gear
element coupled to each empennageless-nacelle.

9. The aircraft according to any of claims 1-8, further comprising:

a truss element coupled to a trailing end portion of the fuselage; and

additional landing gear elements coupled to opposite distal ends of the truss element.

10. A flying wing vertical take-off and landing (VTOL) aircraft, comprising:

an empennageless-fuselage from opposite sides of which foldable wings extend
outwardly;

an empennageless-nacelle supported on each of the wings;

8
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a rigid rotor propeller disposed on each empennageless-nacelle, each of the propellers
being drivable to rotate about only a single rotational axis defined along a longitudinal axis of
the corresponding empennageless-nacelle and being fully cyclically controllable; and

a flight computer configured to control the driving of the rotation of each of the
propellers and to cyclically control each of the propellers.

11. The aircraft according to claim 10, further comprising a hinge element
disposed along each of the foldable wings proximate to the corresponding empennageless-
nacelle.

12. The aircraft according to either of claims 10 or 11, wherein each of the
propellers comprises:

a once-foldable rotor blade; and

a twice-foldable rotor blade.

13. The aircraft according to any of claims 10-12, wherein each of the propellers
comprises:

a non-foldable rotor blade;

two opposed once-foldable rotor blades; and

one twice-foldable rotor blade opposite the non-foldable rotor blade.

14. The aircraft according to any of claims 10-13, further comprising a landing
gear element coupled to each empennageless-nacelle.

15. The aircraft according to any of claims 10-14, further comprising:

a truss element coupled to a trailing end portion of the fuselage; and

additional landing gear elements coupled to opposite distal ends of the truss element.
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