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CTAHOBWULIWIE

OTHOCHO: lNpedsapumernHo ripoyysaHe 3a Hogocm Ha “©OTOBONTaNYEH camoneT ¢ Tpu UKCUpaHu
Kpuna ¢ edHu U Cblmn (OUKCUPaHU enekTPOMOTOPHM BUTNA 3a BEPTUKANHO M3NUTaHe, KauaHe U
XOPpU3OHTareH nonet”, cbenacHo uckaHe ¢ 8x. Ne : CnIC-142 om 26.01.2023a.

lMpoyyeaHemo e HanpageHo 6b3 0CHO8a Ha rnpedcmaseHomo onucaHue, nameHmHU
npemeHyuUU U MpusioxeHume KbM He20 ghuaypu.

O6eKkTbT Ha HaCTOALWOTO NPOyYBaHe € onpederieH OT eAHa He3aBUCUMa U AeBeT 3aBUCUMMMU
npeTeHunmn, CbrnacHo KOUTO, BKIIOYBA:

doToBONTaN4EeH camoneT C TpU PUKCMpaHW OBasfiHWM Kpwuna C edHWM U Cblun UKCUpaHu
€NeKTPOMOTOPHM BUTMA 3a BepTUKariHO U3NuWTaHe, KauaHe 1 XOpPWU3OHTareH noseT, BKIYBaLL, Kpuna
(1) ¢ MOHTMpaHU pOoTOBONTAUYHU MNAHENW BBbPXY FOPHUTE UM MOBBPXHOCTU (2), aepoANHAMUYHU
kopmuna (3) u prosenax (4), xapaktepusupall C¢ ToBa, 4Ye aepoauHamudHuTe kopmuna (3) ca
BEpTMKaNHO MOHTMpPaHW, NepneHauKYnsipHO AonHute kpuna (1), dro3enaxsT (4) € MOHTMpaH nopg
ropHoTo kpuno (1), a camute kpuna (1) ca oBanHM N NPBLCTEHOBMAHN, YCNOPEeaHN NoMexay Cu 1 ca
UKCMpaHN KbM BBbPXOBETE Ha TpUbIbIHU pamku (5), Npn KOETo NoHe Ha efHo OT kpunata (3) ca
MOHTMpPaHN OCHOBUTE Ha MoHe YeTupwu [-06pasHmn koH3onm (6), kaTo B nepudpepunte Ha BCSKa OT TAX
ca MOHTUpaHW NO eAuH ernekTpoMoTop (7), YnmTo paboTeH Ban e KynnupaH KbM BXOAsL Ban Ha
BapmnaTopHa CKOPOCTHa KyTus (8), a KbM HEeVH 13xoasL, Ban MEXaHUYHO e CBbp3aH paboTHMAT Ban Ha
BUTIO (9).

NonaTkute Ha BCAKO BMTNO (9) ca ¢ pagvanHo ycykaH aepoamHaMmyeH npodunn.

OBanHuTe kpuna (1) ca enUNcoBNaHWN NPBLCTEHN.

Bcsako BuTno (9) e ¢ yeteH Opon egHakeM nonaTu.

Bcsako BuTno (9) e ¢ HeveTeH Gpon egHaKBU onaTw.

TpubrenHute pamku (5) ca egHaksm 1 C paBHY CTPaHW.

TpubrenHute pamku (5) nmat CUMETPUYHN aepoanHamMm4Ho obTekaemu npodunu.

OBanHuTe kpuna (1) ca ¢ HeCUMETPUYHU NPOUN HA CaMONETHO KPUIoO.

OBanHuTte kpuna (1) ca noKpuUTK € orbHaTN (POTOBONTANYHU NAHENW, MNITbTHO CrieABaLLm

KpMBUHUTE Ha oBanHuTe kpuna (1).

lMoHe ABe oT oBanHuTe Kpyna (1) nexar B egHa paBHUHa.

3apaya Ha HacTosILoTo M3obpeTeHne e fga ce obesneun pPOTOBOSTAUYEH CaMOSET C TpU
VKCUpaHM OBamnHW Kpunia C €4HU U CbluM (OUKCUPaHW €efEKTPOMOTOPHM BWUTHA 3a BepTUKArHO
M3nuTaHe, KauaHe W XOpWU3OHTAareH NorfeT C Hucka CceBecTOMHOCT, CbC 3HaYUTENHO YBenu4veHa
dhoToBONTAaNYHATa MIOLL, 33 MOBMULLEHA €NEKTPOreHepLmMs, a My OCUrypu NO-NPOAbIKUTENHA paboTa
Ha enekTpuyeckute My BUTNa 06e3 Ha3leMHO efekTpo3apexaaHe, a kpunata ga dopmupat
NMPOCTPaHCTBEHO 3aTBOPEHMN KOHTYPU, 3a Aa HyNMpaT UHAYLMpaHUTe nepudepHn KPUITHU BUXPU.

[Mpn M3BBLPLUEHOTO NPOYYBaHE Ca HaMEPEHU OOKYMEHTW, MOCOYEHU B MPUMOXEHWUS AOKNag,
peneBaHTHN Ha TEXHNYECKOTO peLleHne Ha obeKkTa OT HAaCTOSLLOTO NPOoyYBaHe, @ UMEHHO:

OokymeHTbT WO2016164280A1, nybnukyBaH Ha 13-10-2016, paskpuBa ©6e3nunoTeH
netaTteneH amnapat 3a BepTUKaNHO MW3NUTaHe W KauaHe, W3Non3Banku TPW [MaBHU poTopa C
BepTMKanHoO nosauraHe 6e3 HaknaHsHe M NPOMEeHNMBa CTbMKa CbC CUMCTEMa 3a 3aBbpTaHe Ha
onawkaTa. TpuTe OCHOBHM poTOopa ca pa3nofioXeHN B paBHOCTPAHHA TPUbIbIIHA KOHUrypaums.

B CN107207088A, nybnukyBaH Ha 26-09-2017. HactoswoTto mn3obpeteHne ce oTHacs
[0 caMoreT KOMTO BKIYBa OCHOBA, MbPBU POTOP, CBbP3aH KbM NMbpBa CTperia Ha ocHoBaTa, BTOpU
poTOp, CBbp3aH KbM BTOpa CTpena Ha OCHOBaTa, U TpeTu poTop, CBbp3aH kbM ocHoBaTa. OcHoBaTa
BKITHOYBA MPOCTPAHCTBEHA paMkKa.

HokymeHTbT CN209366469U, ny6nukyBaH Ha 10-09-2019. MNone3HuaT mogen ce oTtHacsa Ao
TexHu4yeckata obracTt Ha 6e3nMnoTHWUTE neTaTenHu anapaTtu, YCTPOMCTBOTO Ce CbCToM OT OUKCHpaLL
Ban, CMbHYeB (DOTOBOMTAUYEH MaHen € pasnosyiokeH BbpXy ropHaTa MOBBLPXHOCT Ha hukcupawms
Bar, HafnpevyHuTe rpeamn ca paBHOMEPHO CBbP3aHn KbM fepudepusita Ha ukcupalLms Bar, potopute
ca pasrnosioKeHW BbpXY FOPHUTE KpavHU MOBBPXHOCTU Ha ApPYruTe CTPaHW Ha HanpeyHute rpeaw,
onopuTe ca paBHOMEPHO PasnofioXEeHN BbPXY AofHaTa kpawHa MOBBLPXHOCT Ha ukcupawms san,
akymynaTopHa 6atepus e pasnonoxeHa B cpefaTa Ha ornopure.

HokymeHTbT CN209581872U, nybnukyBaH Ha 05-11-2019, paskpvBa neTateneH anapar,
KOMTO BKNOYBA LMIUHOPUYHO OCHOBHO TSSO, (PMKCUPAHO OCHOBHO KpWio, hMKCMpaHa onaiuka, Ik,
ckoba, poToBOMNTanYeH NaHen, nraTka Ha YyCTPOMCTBOTO, ABUraTer, BbPTsll ce Barn, poTop U TBbPA
dumkempaly NpbT. TBbpAUTE UKCHMpaLLmM NPbTU ca YeTUpu.



duKCcMpaHM Ha edHa M Cblla BUCOYMHA M YeTUpU OT POTOPUTE Ca CbLOTBETHO CBbP3aHW KbM
CbOTBETHUTE ABUraTenv 4Ypes BbPTALWUSA ce Barl, YeTMpUTE poTopa ca pasnorioXeHW Ha edHa 1 cblua
BMCOYMHA U TOYHO Haf pro3enaxa v rmaBHOTO KPUIo.

B CN114423679A, nybnukyBaH Ha 29-04-22, pa3kpvBa caMofieT C BEPTUKANIHO U3NuTaHe u
KalLlaHe KOWTO BKMouBa (pro3enax, MexaHM3bM 3a HaknaHsaHe, KOpryc Ha noneseH Tosap 1 no m3dop
MOX€ [a BKNIOYBa aTeHiaTop Ha yaapa, Habop OT Ha3eMHU ONOPHU eneMeHTn, Habop OT U3TOYHULMK
Ha eHeprus U Habop OT KOHTPONHW enemeHTu. Pro3enaxbT MOXe Aa BKM4YBa Habop OT poTopu U
Habop OT ONOpPHU eNeMeHTH.

HOBOCT

Cnen w3BbplEH CpaBHUTENEH aHanuMauM Mexay obekTa, npeameT Ha
HACTOSILLIOTO NpoyyYBaHe M HaMepeHUTe NpU NPoy4YBaHETO OOKYMEHTU, Ce YCTaHOBM,
ye He e pasKkpuT hoToBONTANUYEH CaMONET C TPU (PUKCUPaHM Kpura C €4HU U CbLUn
PUKCUpPaHN eneKkTPOMOTOPHM BUTNA 3a BepTUKanHO W3NMTaHe, KauaHe U
XOPU3OHTareH NomneT, KOUTO Aa BKNIOYBA BCUYKM TEXHUYECKM NPU3HaALUM Ha obekTa oT
npoy4yBaHeTo. CrnegoBaTenHo, 00EKTbT Ha HACTOSILLOTO NPOyYBaHe, CbIMacHO Taka
dopmynmMpaHuTe npeTeHuMn, € HOB Mo cMuUcbna Ha 4n. 8, an. 1 ot 3akoHa 3a
naTeHTUTE u perucTpaumsTa Ha nonesnute mogenu (3MPIMM).
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(54) Title: MULTI-ROTOR VEHICLE WITH YAW CONTROL AND AUTOROTATION

(57) Abstract: An improved vehicle with superior performance and reliability. The vehicle, such as an unmanned aerial vehicle, is
capable of vertical takeoff and landing, uses three swashless, variable-pitch vertical lift main rotors with a yaw tail rotor system. Two
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lowing the motors to maintain constant governed rotations per minute, maximizing drivetrain efficiency. Vehicle configurations dis -
closed herein allow for smaller vehicle size with greater performance than prior art vehicles.
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(57) ABSTRACT

A fixed-wing VTOL aircraft features an array of electric lift
fans distributed over the surface of the aircraft. A generator is
(selectively) coupled to the gas turbine engine of the aircraft.
During VTOL operation of the aircraft, the engine drives the
generator to generate electricity to power the lifting fans.
Power to the lifting fans is reduced as the aircraft gains
forward speed and is increasingly supported by the wings.
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HYBRID JET/ELECTRIC VTOL AIRCRAFT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority benefit of provi-
sional U.S. applications 60/673,166 filed Apr. 20, 2005, and
60/695,690 filed Jun. 30, 2005, the contents of each of which
is incorporated by reference in the entirety.

FIELD OF THE INVENTION

[0002] Theinvention relates to vertical take-off and landing
(VTOL) or short take-off/vertical landing (STOVL) aircraft.
(The term “VTOL” will be used hereafter to refer to VTOL or
STOVL.) More particularly, the invention relates to fixed-
wing VTOL aircraft.

BACKGROUND OF THE INVENTION

[0003] In general, two types of VIOL aircraft have been
built and flown successfully: 1) rotary wing aircraft (helicop-
ters) and 2) vectored-thrust, fixed-wing aircraft (e.g., the Har-
rier “Jump-Jet” and the JSF Joint Strike Fighter), in which the
thrust generated by a turbojet engine is vectored downwardly
for lift-off and then re-directed horizontally for wing-sup-
ported forward flight. Tilt-rotor vehicles such as the V-22
Osprey, in which vertically oriented rotors lift/lower the air-
craft during takeoft/landings and rotate into horizontally ori-
ented positions to propel the aircraft for wing-supported for-
ward flight, are also known.

[0004] Although such aircraft serve their purposes with
varying degrees of success, they are not without their limita-
tions. For example, helicopters are limited in their forward
speeds due to various aerodynamic considerations, including
advancing/retreating blade aerodynamics. Additionally, the
mechanical linkage systems by means of which power is
transferred from the engines to the primary and tail rotors of
helicopters are relatively complex and heavy. Similarly, the
mechanical systems by means of which the engines of tilt-
rotor aircraft pivot between their take-off/landing and for-
ward flight orientations are extremely complex, and such
tilt-rotor aircraft have not enjoyed widespread success.
[0005] Currently known fixed wing, vectored-thrust VTOL
aircraft, on the other hand, are able to operate at much higher
airspeeds than helicopters and tilt-rotor aircraft. Additionally,
their thrust-vectoring systems are generally less complex and
lighter than the pivoting systems found in tilt-rotor aircraft.
Unfortunately, however, because current vectored-thrust
VTOL aircraft 1ift and lower themselves by directing their
engine exhaust directly downward, repeated operation of
such aircraft in a given locale is limited to areas in which the
ground surface has been specially prepared to withstand
impingement of the hot gas exhaust. Furthermore, because
such aircraft use the thrust of their engines directly and engine
bleed-off air to respectively support and control the aircraft
while in lifting/hover mode, which provides a relatively lim-
ited number of support posts or force points, control of such
aircraft in hover mode can be relatively sensitive.

[0006] Further disadvantages of current VIOL systems
may be summarized as follows. First, high power is required
for VTOL in direct thrust systems. As a result, it is difficult to
achieve sufficient margins for VTOL operation. Therefore,
the engine is oversized, and significantly larger margins of
engine thrust are required for VTOL than for efficient hori-
zontal flight operation, and therefore range and efficiency of
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operation are reduced. Second, systems using direct engine
thrust have high effluent velocities from engine jet (approxi-
mately 2400 feet/second) and high exhaust temperatures (ap-
proximately 1250° F.). As a result, direct thrust systems have
problems with hot gas ingestion of re-circulating exhaust flow
as it mixes with ambient air underneath the aircraft while in
ground effect. This can cause sudden loss of thrust and ver-
tical control as the hot gas can stall or surge the turbine
engine. Third, systems using highly loaded lift fans (e.g. JSF
shaft-driven lift fan) still have very high downwash velocity
from the lift fan (approximately 800 feet/second). Fourth,
current systems exhibit relatively poor control of VTOL atti-
tude, since they typically use high-pressure bleed air from the
engine, which reduces the engine thrust margin and delays
control—particularly in roll and yaw (as in the use of thrust
roll posts in the JSF). Fifth, there is generally poor, slow
control of altitude and vertical velocity due to turbine engine
spool-up and spool-down time, hence throttle lags. Sixth,
there is a high potential for catastrophic failure, since there is
no lift fan or engine redundancy in current VTOL lift or
control systems.

[0007] Inadditionto the preceding, the following informa-
tion may also be helpful to appreciating the current invention
and the benefits and advantages of the invention.

[0008] Currently, the principal approaches for practical
VTOL flight vehicles, some of which are referenced above,
can be grouped into three broad categories: low- to medium-
speed vehicles with rotors (helicopters, tilt-rotors, and similar
aircraft); low-speed lifting fan or ducted fan vehicles with
more than one lifting fan (such as a flying platform like the
Paisecki Flying Jeep); and high-speed vehicles using jet
thrust or variations of jet thrust and highly loaded lifting fans
(e.g., the Harrier and the JSF). These approaches are differ-
entiated by many factors, but one of the most significant
factors is the thrust loading for the propulsion system that
provides lift for takeoff and transition to wing-borne low-
speed forward flight. The thrust loading (pounds per square
foot loading of the propulsor), or power loading (pounds of
thrust per shaft horsepower) of the propulsor(s), determines
the power required to lift the aircraft and the velocity of the
corresponding momentum stream (downwash) below it.
[0009] In many designs, the propulsion system is used to
provide both vertical forces for hover and horizontal forces
for forward flight. This can be done by tilting the VTOL
propulsion device (e.g., the rotor in a helicopter or tilt-rotor)
or by providing a separate propulsion device. Some imple-
mentations of VTOL aircraft such as flying platforms (e.g.,
the Paisecki Flying Jeep) generate horizontal propulsion
forces by tilting the entire vehicle. Other implementations of
VTOL aircraft (e.g., the UrbanAero X-Hawk and the vehicle
illustrated in U.S. Pat. No. 6,464,166) use sets of vanes in the
exit flow of vertically mounted fans. Developmental pro-
grams such as the Defense Advance Research Projects Agen-
cy’s Canard Rotor/Wing project (Dragonfly X-50) seek to
combine rotor technology for VTOL flight with high-speed
flight, by stopping the rotor and propelling the vehicle in
forward flight—supported on the stopped rotor—using con-
ventional jet thrust to do so.

Helicopters And Tilt-Rotors

[0010] Helicopters are very efficient for VTOL and low-
speed flight because they operate at low thrust loadings (typi-
cally 20-30 1b/1t*), which greatly reduces both power require-
ments and downwash velocity. However, a generally large
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rotor diameter is required to achieve the desirable low thrust
loadings. The large diameter rotors operate at relatively low
rotational speeds (to avoid problems with supersonic flow on
the blades), so heavy, high-torque transmissions and shafting
are needed to drive them. Moreover, the sheer size of the
unprotected rotor disk leads to handling and safety issues
with blade strike in obstacle-rich environments.

[0011] Furthermore, rotorcraft normally use articulated
rotors for control by changing the collective and cyclic pitch
ofindividual blades through a swashplate. The blades mustbe
mounted in a hub that supports the blades and lets them rotate
for pitch changes. As a result of this configuration, rotorcraft
are mechanically complex and are subject to large vibratory
loads as loading changes on the rotating blades. Torques
generated by the rotor must be balanced, either by a tail rotor
or another main rotor, further increasing complexity and
weight.

[0012] Tilt-rotors combine helicopter VTOL efficiency
with wing-borne flight at higher speeds by tilting the entire
rotor system to act as propellers for forward flight. Tilt-rotors
operate at higher thrust loading (typically 40-70 Ib/ft?), with
consequently higher power requirements and downwash
velocity. Tilt-rotors also use the same mechanically complex
collective and cyclic pitch control scheme for the rotors.

[0013] One of the great benefits of both helicopters and
tilt-rotors is that they provide high levels of control in VTOL
and low-speed flight. Their low downwash velocities permit
operation over relatively unprepared surfaces and pose mini-
mal danger to nearby ground personnel. However, a signifi-
cant drawback of rotorcraft is their limited speed in forward
flight. In particular, large differences in velocity between the
advancing and retreating blades limit helicopter maximum
speeds to less than 200 knots, and tilt-rotor aircraft have
similar maximum speed limitations in VTOL and transitional
flight (typically 350 knots). In forward flight with their rotors
tilted forward, tilt-rotor aircraft are much faster than helicop-
ters; nevertheless, the use of large rotors as propellers limits
tilt-rotor aircraft’s maximum speeds to less than 350 knots
(e.g., 275 knots for the Boeing V-22 Osprey at cruise).

Hovering Platforms And Ducted Fans

[0014] Ducted fan aircraft and hovering platforms have
even higher associated thrust loadings. These vehicles oper-
ate at intermediate propulsion system thrust loadings (on the
order of 100-250 1b/ft*), with increased power requirements
and associated downwash velocities as compared to helicop-
ters but at a fraction of the downwash velocities associated
with jet thrust-based VTOL systems. One advantage of these
systems is that the rotors are contained within a shroud or duct
that protects them from blade strike with other objects.

[0015] Examples of ducted fan vehicles include the Bell
X-22A quad-rotor ducted fan aircraft. This vehicle was a
“proof-of-concept” aircraft that demonstrated VTOL and for-
ward flight capabilities, but it had the disadvantage of great
mechanical complexity. In this aircraft, four turboshaft
engines were used to power the vehicle, driving a complex
transmission system and shafting to the four ducted fans. Fan
lift control used variable pitch on the blades and another
complex mechanism for the tilting ducts and rotors. Addition-
ally, the X-22A was not a high-speed aircraft, with a maxi-
mum speed of only 255 knots. Although that is higher than a
helicopter’s maximum forward speed, it is less than the maxi-
mum speeds for tilt-rotor aircraft.
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[0016] Flying platforms are another type of fan-driven
vehicles in this category. These vehicles are typically built
around two or three vertically oriented, fixed fans arranged in
a flat body to provide lift. Power is applied to the fans by a
mechanically complex transmission and shafting arrange-
ment. Examples of this type of aircraft include the Paisecki
Flying Jeep, which was built for the U.S. Army and Navy in
the 1960’s. The flying platforms were limited in control in
VTOL and forward flight, depending on rotor blade pitch or
throttle for vertical control and vanes in the fan flow for yaw
and roll control. Flying platforms were primarily vehicles for
hover and low-speed flight, using tilt of the overall vehicle lift
vector to provide thrust for forward flight. These vehicles had
relatively low maximum speeds (less than 100 knots) and
became difficult to control at high speeds due to aecrodynamic
problems with the ducts in axial cross-flow.

[0017] More recent examples of flying platforms include
the UrbanAero X-Hawk and the vehicle illustrated in U.S.
Pat. No. 6,464,166. These aircraft use sets of vanes in the
inflow and exit flow of the fans to generate moments and side
forces, and variable pitch propellers for 1ift control. A sepa-
rate set of fans is used to provide thrust for forward flight. A
fly-by-wire control system is used to automate vehicle con-
trol. These aircraft are mechanically complex, with transmis-
sion and gearboxes to distribute engine power to the fans and
rotors. Maximum speeds for these vehicle is very limited—
only 80-100 knots.

[0018] Other examples of ducted fan aircraft include the
Ryan XV-5A/B, which was built in the late 1950’s and early
1960’s. In VTOL, redirected engine exhaust gases were used
to drive two wing-mounted lift fans and a forward fuselage-
mounted fan. Louvered vanes were used in the fans for con-
trol and horizontal thrust in VTOL, and the engine exhaust
was redirected to a conventional jet nozzle for forward flight.
This vehicle demonstrated the fundamental feasibility of the
fan-in-wing concept, but it had significant problems with
transition between VTOL and forward flight. (Four aircraft
were built; three crashed due to control-related problems in
transition. The last prototype was turned over to NASA and
now sits in an air museum)

Direct-Jet-Thrust VTOL Systems

[0019] VTOL jet fighters such as the JSF use either direct
jet thrust to support the aircraft during takeoff and landing (as
in the case of the Boeing X-32 JSF entry or the Harrier) or jet
thrust combined with a highly loaded, mechanically driven
fan (e.g., a turbofan or a shaft-driven lift fan as used in the
Lockheed-Martin X-35). These vehicles operate at very high
propulsor thrust loadings, e.g., on the order of 2500 Ib/ft* or
higher for the jet engines and 1500 Ib/ft* for the direct-driven
lift fans. As a result of such high thrust loadings, these aircraft
must operate with far more power than helicopters and tilt-
rotors in VTOL flight. These vehicles are inherently high-
speed aircraft, with engines sized (as a result of their ineffi-
ciency for VIOL propulsion) for very high power levels.

[0020] The downwash velocities associated with direct-lift
jetor lift fan systems is very high—between 800 feet/sec (lift
fan) and 2000 feet/sec (jet thrust). This is dangerously high
for ground personnel, and it makes it unlikely that these
vehicles could be operated from any but carefully prepared
reinforced surfaces. Additionally, the exhaust temperatures
associated with direct-jet-thrust systems is very high—up to
1200° F.—thus posing an additional problem for near-ground
operations. Furthermore, problems with hot gas ingestion of



US 2013/0062455 Al

downwash flow into the flight engine can cause catastrophic
losses in lift. Careful management of the flows around these
vehicles complicates their design and utilization, compro-
mises their performance, and severely restricts the near-
ground VTOL operation of these aircraft.

[0021] Despite the high power levels, these aircraft remain
limited in terms of true VTOL capabilities under high-alti-
tude, hot-day conditions, where engine thrust is reduced. This
forces designers of direct-thrust systems to use sea-level
thrust-to-weight ratios (T/W) as high as 1.5 to provide suffi-
cient thrust margins for safe operation in challenging condi-
tions. Such high T/W for the propulsion system leads to a
gross mismatch of the engine thrust to the thrust required for
efficient transonic cruise flight. This mismatch occurs
because the typical cruise lift-to-drag ratio (L/D) for a fighter
aircraft or unmanned combat air vehicle is between 6 and 10,
which implies that a T/W of between 1/10 and 1/6 is needed
at the cruise altitude. The reduction of thrust available with
altitude will normally provide this match within the engine
operating altitude range at throttle settings that provide good
specific fuel consumption. If the engine thrust is too high at
sea level (i.e. sized for VTOL), the engine must be operated at

reduced throttle settings that are not efficient for long-range
flight.

[0022] The current design of VTOL systems using direct-
thrust also poses a problem in terms of balancing the lifting
forces about the center of gravity (CG) of the aircraft. Place-
ment of the engine nozzle at the aft end of the vehicle requires
a so-called “magic finger” to provide balancing lift forces. In
the case of the JSF, the lift fan provides this “magic finger,”
but the layout of these vehicles is very sensitive to overall
loading and thrust margins for the components.

[0023] Direct-thrust or lift-fan systems as currently imple-
mented struggle with problems of control in VTOL and tran-
sitional flight. These systems provide vertical control through
engine throttle manipulation. The throttle response of turbine
engines is quite slow as a result of the high rotational inertia
of the engine spools. These throttle lags greatly complicate
control of the aircraft vertical state (altitude, vertical speed,
and acceleration).

[0024] In direct-thrust or lift-fan systems, high-pressure
bleed air from the engine is used in reaction nozzles on the
wing and fuselage for roll and yaw control in VTOL, which
reduces the thrust available from the engine to support the
aircraft. Furthermore, the control forces from these systems
are adequate but limited in terms of control authority. In
addition, there is limited control power available from these
bleed-air systems. When high levels of control response are
commanded and the need for additional engine power is
greatest, the ability of the engine to deliver that power is
reduced by the use of bleed air. This is an inherent flaw in the
bleed-air-based VTOL systems. These direct-jet-thrust sys-
tems also provide no redundancy for propulsion or control
components.

[0025] In view of the foregoing, it is clear that there is a
need for a high-speed VTOL aircraft that is mechanically less
complex and faster than conventional rotorcraft (including
tilt-rotor rotorcraft), that provides properly matched thrust
loadings, and that can be launched from a greater variety of
takeoft points than conventional high speed VTOL aircraft
such as the Harrier and the JSF.
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SUMMARY OF THE INVENTION

[0026] The present invention provides a hybrid jet/electric
VTOL aircraft that resolves or avoids the limitations of prior
art VTOL aircraft addressed above. To that end, the present
invention features a fixed-wing VTOL aircraft which takes
off, lands, and hovers on a number of electrically powered
lifting fans and that is powered for forward flight by one or
more gas turbine engines. During vertical flight (i.e., takeof,
landing, and hover), electricity to drive the fans is generated
using a generator that is driven off of one of the gas turbine
engines. (A twin-engine configuration, with a generator
driven off of each engine, is a preferred embodiment.)
Residual thrust may be directed downward to augment or
supplement the lift generated by the fans through a vectoring
nozzle.

[0027] (As used herein, the term “fixed-wing” refers to
aircraft in which the main lift-producing wings remain gen-
erally or relatively stationary relative to the vehicle during
flight. The term is broad enough, however, to cover “swing-
wing” aircraft such as the F-14 and the B1, in which the wings
can be pivoted fore and aft during flight to assume different
trim configurations depending on the vehicle’s operating
point.)

[0028] A hybrid VTOL jet-electric air vehicle as per the
invention allows the thrust capability of the engine to be more
closely matched to the thrust required to achieve efficient
horizontal flight for the airframe of the vehicle in which the
engine is installed. Prior art vectored thrust VTOL aircraft
have suffered thrust inefficiencies in forward flight because
the engine thrust requirements have been set by the require-
ments to achieve VTOL using vectored thrust (whether vec-
tored thrust alone or vectored thrust augmented by a mechani-
cally shaft-driven lift fan).

[0029] The thrust required to achieve VTOL using vectored
thrust has uniformly been substantially in excess of the thrust
required to achieve efficient forward flight because the con-
version of thrust from the gas turbine engine to lifting force
has been relatively inefficient (because the lifting forces are
concentrated in one or more jet thrust columns and in one
column of lift fan discharge, and very high thrust forces are
required to achieve VIOL—hence, inefficient high thrust
loadings). With the current invention, in contrast, because the
electrical system and the lift fans are able to achieve high
efficiencies in converting the power from the gas turbine
engine to lift thrust and because the lifting forces are widely
spread at lower velocities and at greater fan thrust efficiencies
(due to lower fan loadings), less thrust capacity is required
fromthe gas turbine engine to achieve VTOL, and thus the gas
turbine engine may be sized more appropriately to the
requirements of the airframe to achieve efficient forward
flight.

[0030] Alsoadvantageously, the use of multiple electric lift
fans distributed throughout the airframe of the vehicle
enables the vehicle to achieve greater stability in VTOL
operations than was previously possible. In the prior art,
in-service VTOL aircraft have utilized only two “columns” of
lift thrust—both columns being in the centerline of the air-
craft (in the case of JSF) or immediately adjacent to the
centerline (in the case of the Harrier). One experimental air-
craft (the Ryan X-5A) utilized three columns—one on the
centerline and one in each of the two wings. Aircraft in the
prior art depended upon all columns of thrust for safe opera-
tion in VTOL. A VTOL aircraft per the invention, in contrast,
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provides a level of redundancy that permits the loss of thrust
from one or more fans without compromising the aircraft.
[0031] Further advantageously, now there is a fixed wing
VTOL aircraft which does not have the constraints of high
heat and high exhaust gas velocities in ground effect, as now
the gas is ambient air temperature, traveling at low velocity
and low temperature. Thus the air vehicle of the invention can
take off and land from unprepared surfaces (tarmac, dirt, and
grass), unlike certain VIOL aircraft in the prior art (e.g.,
Harrier, JSF, XV-5A/B, and Yakolev), which must use spe-
cially prepared reinforced surfaces. The vehicle of the inven-
tion shows distinct advantages over prior art VTOL vehicles
offering low average downwash velocity from its distributed
fan system for VTOL lift.

[0032] A vehicle according to the invention operates in
VTOL with residual exhaust gas temperatures of 400-600
degrees Fahrenheit, and exhaust velocities of 300-600 feet per
second, as compared to exhaust gas flow in prior art VTOL
aircraft of 1200-1400 degrees Fahrenheit and exhaust gas
velocities of over 2000 feet per second. Reduced exhaust
temperatures due to engine power extraction are a decided
advantage in the new concept, as the invention reduces air-
borne debris from lower exhaust flow and ambient VTOL lift
from the electric fans, eases operation of personnel around the
air vehicle providing a safer lift-off environment, and reduces
fire hazards due to lower temperature exhaust and downward
jet exhaust environment.

[0033] In a first aspect, the invention features a fixed-wing
VTOL aircraft having a thrust-producing gas turbine engine,
an array of electric lift fans distributed across the body of the
aircraft, and a generator that is (selectively) driven by the gas
turbine engine. The fans are powered by electricity generated
by the gas turbine engine. In specific embodiments, the fans
are, in total, able to support at least 25% of the weight of the
aircraft, more preferably at least 50% of the weight of the
aircraft, still more preferably at least 90% of the weight of the
aircraft, and, most preferably, are able to support up to the
entire weight of the aircraft.

[0034] Inasecond aspect, the invention features a method
of operating a fixed-wing VTOL aircraft. According to this
aspect of the invention, the aircraft lifts off from a resting
surface using electrically powered lifting fans and then tran-
sitions to forward wing-borne flight, with thrust for forward
flight being provided by one or more gas turbine engines.
Electricity to drive the lifting fans is generated by the gas
turbine engine(s). In preferred embodiments, the aircraft lifts
off vertically and lands vertically; in other embodiments
(STOVL), the aircraft takes off with a shortened take-off roll
and lands vertically (when the weight of the aircraft is
reduced due to fuel consumption, payload reduction, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] These and other features and advantages will
become clearer in view of the detailed description below and
the associated Figures, in which:

[0036] FIGS. 1-5 are a perspective view from above, a
perspective view from below, a side elevation view, a plan
view, and a front view, respectively, of an aircraft according to
the invention;

[0037] FIG. 6isaplan view ofan electric lifting fan used in
the aircraft illustrated in FIGS. 1-5;

[0038] FIG. 71s a section view of an engine with a turbine-
driven generator according to the invention;
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[0039] FIG. 8is a perspective view, partially cut away, of an
electric clutch used in the engine shown in FI1G. 7,

[0040] FIG. 9 is a schematic view of the electrical architec-
ture of an aircraft according to the invention; and

[0041] FIGS. 10(a)-10(%) are a time sequence illustrating
performance of an aircraft according to the invention, from
vertical take-off through forward wing-borne flight.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0042] The overall configuration of a manned embodiment
10 of an aircraft incorporating a lift/propulsion system
according to the invention is illustrated in FIGS. 1-5. The
aircraft 10 has a fuselage 12 with a cockpit/cabin 14. The
main wing portion 16 of the aircraft 10 extends from about the
lengthwise mid-point of the fuselage 12 to the rear of the
aircraft 10. Each main wing has a generally rectangular root
portion 16a, with a rearward-swept leading edge 18, and a
forward-swept, outboard wing extension portion 165. (The
root portion 16a is actually a strake that can be thought of as
part of the fuselage.) This forward-sweep configuration of the
main wings provides enhanced maneuverability and control,
particularly during VTOL and transition to forward flight.

[0043] Inaddition to the main wing portion 16, the aircraft
10 includes canards 20 extending from the fuselage 12 and
located lengthwise generally proximate the cockpit/cabin 14.
The canards 20 provide additional lift and enhance maneu-
verability and controllability of the aircraft 10.

[0044] At its rear, the aircraft 10 is provided with a pair of
gas turbine engines 30, e.g.. turbofans, with one engine 30
located on either side of the aircraft 10's longitudinal center-
line. (Single-engine configurations of aircraft according to
the invention are also contemplated; operational principles of
the invention are the same.) The engines 30 are integrated into
the root portions 16¢ of the main wings of the aircraft, so part
of each engine’s intake is located above the root portion 16a
and part of each engine’s intake is located below the root
portion 164, as is shown most clearly in FIGS. 1, 2, and 5.
Each engine 30 has a thrust-directing directional nozzle 32,
which nozzle 32 pivots vertically from an uppermost position
that is parallel to the centerline of the aircraft 10 to a lower-
most position of 105° below horizontal (thrust is directed
105° downward relative to the centerline of the aircraft 10,
i.e., downward and actually 15° forward). If desired, the
nozzles 32 may also be configured to pivot laterally for
enhanced maneuverability in yaw, although that is not neces-
sary 1o practice the invention.

[0045] The empennage 34 of the aircraft 10 includes twin
vertical fins 36, with rudders 38, and all-flying (all-moving)
stabilizers 40. The vertical fins 36 and stabilizers 40 are
supported by and extend from the respective housings of the
engines 30.

[0046] A number of electrically powered lifting fans 44 are
provided on the aircraft 10. The lifting fans 44 generate suf-
ficient thrust to lift, support, and lower the aircraft 10 in
VTOL and hovering operation. In particular, in the illustrated
embodiment of the aircraft 10, three lifting fans are provided
inthe root portion 16a of each main wing, ahead of the engine
inlet, and two lifting fans are provided in each canard 20, for
a total of ten lifting fans 44. It will be understood, of course,
that the number, size, and location of the lifting fans 44 will
vary depending on the overall size and configuration of the
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aircraft and that the inventive concept, explained more fully
below, can be practiced with vastly differently configured
aircraft.

[0047] The electric lifting fans 44 are illustrated in FIGS.
1-5 as completely open. However, a system of directional
louvers and other door mechanism (not illustrated) covers
each fan, in a manner known to those having skill in the art.
The doors and louvers are opened during VTOL/hovering
operation of the aircraft 10 and are closed during forward,
wing-borne flight.

[0048] A preferred embodiment ofan electric lifting fan 44
is shown in greater detail in FIG. 6 (again, without louvers
being shown). The lifting fan 44 includes a multi-bladed fan
member 48, which is centered within a superconducting mag-
netic coil 50. Superconducting magnetic coil 50 may be inte-
grated into the preferably composite skin 52 of the aircraft
wing/fuselage. Fan member 48 is fabricated from a central
hub 54, from which a number (e.g. seven, as shown) of fan
blades 56 extend. The tips of the fan blades 56 are joined
together by means of tip ring 58. Preferably, the central hub
54, fan blades 56, and tip ring 58 are fabricated as a single
integral unit. A series of permanent magnets 60 are attached
(e.g., bonded or embedded) to the tip ring 58 around the
circumference of the fan member 48, and a small gap on the
order of 1.0 mm is maintained between the radially outer
surfaces of the permanent magnets 60 and the radially inner
surface of the superconducting magnetic coil 50. Although
not specifically illustrated as such for clarity, the magnetic
coil ring structure 50, which is made from titanium, has a
C-shaped cross section so as to form a channel. The tip ring 58
is a composite structure with a shape that is the male coun-
terpart of the C-shaped channel and thus fits precisely in the
1.0 mm gap, magnetically suspended therein and restrained/
guided against the out-of-plane loads the rotating fan will
create under operation against the superconducting coil ring
frame 50. With this configuration, the fan member 48 is
magnetically centered within the superconducting magnetic
coil 50 and can be electromagnetically driven at an extremely
high rate of revolution, on the order of 3600-8500 revolutions
per minute (depending on the size of the fan and the power of
the fan motor).

[0049] Electrical power to drive the lifting fans 44 is gen-
erated on board the aircraft 10. In particular, it is generated by
a generator (preferably a superconducting generator) that is
driven by one of the engines 30. Such a system is illustrated in
FIGS. 7-9. (The description that follows will be directed
toward just one of the engines; it will be appreciated that,
where there are multiple engines on the aircraft, one or more
than one generator can be used, with generators on each of at
least two of the engines.)

[0050] As illustrated in FIG. 7, an engine 30 according to
the invention includes, in large measure, generally known
components. For instance, the engine—in this embodiment a
low-bypass turbofan engine—include a compressor section
70 with multiple compressor stages (not individually num-
bered); a turbine section 72 with multiple turbine stages (not
individually numbered); a main shaft 74 interconnecting the
turbine section 72 with the compressor section 70 to drive the
compressor section by expansion of hot gas through the tur-
bine section 72; and an annular burn ring or combustor sec-
tion 76, with fuel injector ring 78, all of which are generally
known in the art. Furthermore, the engine 30 includes a tur-
bofan section 80 (driven by the turbine section 72 via the main
shaft 74); core and bypass inlet section 82; afterburner section
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84 with fuel dump injectors 86 for the afterburners; and
exhaust nozzle 88, all of which are generally known in the art.
[0051] As is further illustrated in FIG. 7 and represented in
FIG. 8, an engine 30 according to the invention also includes
a generator 90 that is selectively driven by the turbine 72 via
the main shaft 74. In particular, electric clutch 92—electric
clutches are generally known in the art—is used to engage
and disengage the generator 90 to and from the main shaft 74.
Electric power is stored on board the aircraft in an energy
storage system. Residual electric energy can be stored and
used for ground start-up and operation of the electric clutch.
The energy generation system is sized for engine start-up and
to run the electric clutch. During start-up, usually a ground
start cart is also utilized for electric power of environmental
systems.

[0052] The generator 90 includes magnets 94, which are
centered within and rotates within coil casing 96. Power
cables 98 are used to take off electrical current generated by
the generator 90 and distribute it to the lifting fan system, as
explained in more detail below. The generator is oil-cooled,
so oil cooling channels 100 pass throughout the supercon-
ducting coils of the generator outer structure coil casing 96.
[0053] As indicated above, electric clutches are generally
known in the art. An electric clutch assembly 92 for use in the
present invention, however, is illustrated in greater detail in
FIG. 8. The electric clutch assembly includes a clutch spindle
102 around which or onto which various components of the
clutch assembly are rotationally mounted. The forward end
104 of the clutch spindle 102 is spline-fit to the central shaft
of the generator 90, and the rearward end 106 of the clutch
spindle 102 is spline-fit to the main turbine shaft 74. The
clutch assembly 92 further includes a permanent magnet
armature 108 and magnetic excitation coils 110 and 112. Coil
charge lines 114 extend throughout the clutch assembly 92,
and the clutch assembly may be provided with magnetic air
bearing guides 116. The net effect of the construction of the
electric clutch assembly 92 is that when the clutch assembly
is not energized, the main shaft 74 is decoupled from the
central shaft of the generator 90, and the turbine does not
drive the generator. When, on the other hand, the electric
clutch assembly 92 is energized from the electric storage
system or the ground start system, the main turbine shaft 74 is
electromagnetically coupled to the central shaft of the gen-
erator 90 such that the turbine 72 drives the compressor 90.

[0054] A schematic diagram ofthe overall electrical system
by means of which the lifting fans 44 are driven is shown in
FIG. 9. As illustrated, gas turbine 72—coupled to the genera-
tor via the electric clutch assembly 92 (not illustrated)—
drives the main generator 90. Rectifier 120 converts the alter-
nating current produced by the main generator 90 into direct
current, which is distributed along power bus 122 to the
various lifting fans 44. Each lifting fan 44 is driven by a fan
motor 45, and each fan motor 45 has an inverter 47 associated
with it to smooth, condition, and regulate the amount of direct
current from the power bus 122 before it is fed to the particu-
lar fan motor 45. Thus, each electric fan has its own power or
speed controller and may be governed independently or in a
specific sequence for flight (take-off, landing, or transition.
(As illustrated in FIG. 9, four of the ten motors 45 are desig-
nated “Attitude Motors,” and the remaining six of the ten
motors 45 are designated simply “Lift Fan Motors.” In the
illustrated embodiment, the four Attitude Motors drive the lift
fans 44 located in the canards 20, while the other six Lift Fan
Motors drive the lift fans 44 located in the main wings 16.)
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[0055]  As furtherillustrated in F1G. 9, the electrical system
may also include a DC/DC charger 49, which charges high-
capacity energy storage member 51 (e.g., a DC-charged
capacitor bank of 6000 pF, with peak power to 1200 Kw, 0 to
10,000 volts, 300 Kj in 2.0 seconds). High-capacity energy
storage member 51 provides electrical power to an energy-
intensive load (i.e., a load that requires a large amount of
energy) such as a directed energy weapon, e.g., laser or
microwave (or, more specifically, to a pulse-forming network
constituting a subsystem within the DEW which modifies the
pulse to match the pulse coming off the generator, so as to run
high-power electric weapons).

[0056] Furthermore, the electrical system may include a
DC/DC charger 55 that charges the energy storage system at
a low rate when the fans are in operation and a high rate when
the fans are not needed, or when auxiliary power is at a
minimum requirement. When there is excess power draw on
the system, the DC/DC charger 55 maintains a minimum
storage capacity in the storage system so that all critical
electrical functions of the aircraft (central computer, flight
controls) are maintained.

[0057] An example of flight operation of an aircraft 10
according to the invention with a generator on each of the
engines, from vertical take-off through forward, wing-borne
flight, is illustrated in FIGS. 10(a)}—10(%). The sequence of
figures illustrates the distribution of power generated by the
gas turbine engines among the forward lifting fans 44 in the
canards 20 (i.e.. the attitude control fans), the main lifting fans
44 in the main wings 16, and out the rear of the engines in the
form of exhaust-based thrust. For example, at lift-off, illus-
trated in FIG. 10(a), 30% of the power generated by the
engines is used by the lifting fans 44 in the canards 20 in
creating downward-acting thrust; 50% of the power gener-
ated by the engines is used by the lifting fans 44 in the main
wings 16 in creating downward-acting thrust; and the remain-
der of the power generated by the gas turbine engines (20%),
which exists in the form of exhaust-based thrust, is directed
out the rear of the engines. As noted above, the nozzles 32 of
aircraft 10 are thrust-vectoring; at takeoff, the nozzles are
rotated downward so that the exhaust-based thrust produced
by the engines is directed straight downward.

[0058] Forward flight is initiated by pivoting the nozzles 32
such that the exhaust-based thrust produced by the engines
begins to be directed rearward. For example, FIG. 10(b)
shows the aircraft with the nozzles 32 pivoted slightly rear-
ward, which is sufficient to begin moving the aircraft forward
(e.g., at a speed of 20 knots). At this point, an increasing
percentage of the power produced by the engines (25%) is
being used as exhaust-based thrust, and less is being used in
the form of electric fan-based lifting thrust (15% canard fans/
60% main wing fans). This trend continues as illustrated in
FIGS. 10(¢)—10(%), with more and more power generated by
the engines being used in the form of exhaust-based thrust as
the nozzles continue to pivot to bring the vector associated
with that thrust to the final forward-flight orientation; with
less and less power generated by the engines being used in the
form of fan-based lifting thrust; and with forward speed of the
aircraft increasing. Ultimately, the fans may shut down alto-
gether and their louvers closed, at which point the entire
weight of the aircraft is borne by the wings and any other
lifting surfaces on the aircraft, or the fans may continue to be
used to provide a nominal amount of lift and/or attitude con-
trol in pitch, roll, and/or yaw.
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[0059] It may be observed that while the percentage of
engine power utilized in the form of exhaust-based thrust
increases monotonically from FIG. 10(a) to FIG. 10(%), the
specific percentages of power utilized by the lifting fans in the
canards and the lifting fans in the main wings do not decrease
monotonically, but rather increase slightly then decrease
again at certain points in the flight envelope. The overall
trend, however, is for the amount of power utilized in driving
the lifting fans to go to zero as forward speed of the aircraft
increases and more and more of the weight of the aircraft is
borne by the wings. The specific amount of thrust that needs
to be generated by each of the various lifting fans will depend,
in part, on the specific orientation of the aircraft and may be
“hard-wired” into the flight takeoff software or result from
adaptive avionics control/auto-pilot.
[0060] It will be appreciated that, depending on the weight
of the aircraft and the lifting capability of the fans, it may be
necessary to initiate a forward roll while the aircraft is still on
the ground, to generate a certain amount of airspeed to help
lift the aircraft off the ground. In other words, STOVL opera-
tion as opposed to VTOL operation may be required.
[0061] It will be further appreciated that the aircraft 10 can
land vertically by largely reversing the vertical take-off pro-
cedure described above. In particular, the engine nozzle is
rotated downward (if it is thrust-vectoring enabled) and the
amount of thrust produced by the engine is reduced, while the
lifting fans are opened and generate more and more lifting
force as the aircraft slows and less weight is borne by the
wings. To slow the aircraft, it may be necessary or desirable to
provide reverse thrust, e.g., by using the airflow-directional
control capability of the louvers covering the lifting fans
and/or by rotating the engine nozzle down and slightly for-
ward (e.g., 105° down from aft horizontal, i.e., 15° forward of
straight down). The aircraft then settles to the ground, sup-
ported by the lift provided by the lifting fans and the residual
thrust produced by the engine.
[0062] Whilethe invention has been described with respect
to a specific embodiment (e.g., a manned vehicle), it will be
appreciated that the inventive concept can be incorporated
into awide variety of VTOL aircraft configurations, including
unmanned as well as manned configurations. Furthermore,
while operation of the aircraft is illustrated in FIG. 10 with
pitching motion controlled by the relative amounts of power
applied to the various groups of fans and being exhaust as
exhaust-based thrust, it should be appreciated that differential
application of power among the various fans—particularly as
between the fans on the opposite lateral sides of the aircraft—
can be used to effect roll, and yaw responses are produced by
the torque moments caused by the operating fans in certain
locations of the aircraft. Thus, the invention is defined by the
following claims.
We claim:
1. A fixed-wing VTOL or STOVL aircraft, comprising:
an airframe comprising a fuselage and wings;
a thrust-producing gas turbine engine;
an electrical generator that is driven by said gas turbine
engine to generate electricity;
a plurality of electric lift-producing fans distributed across
said airframe; and
an electrical system configured and arranged to provide
electricity generated by said electrical generator to said
electric fans to power said electric fans.
2. The aircraft of claim 1, wherein said fans, in total, are
able 1o support at least 25% of the weight of said aircraft.
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3. The aircraft of claim 2, wherein said fans, in total, are
able to support at least 50% of the weight of said aircraft.

4. The aircraft of claim 3, wherein said fans, in total, are
able to support at least 90% of the weight of said aircraft.

5. The aircraft of claim 4, wherein said fans, in total, are
able to support the entire weight of said aircraft.

6. The aircraft of claim 1, further comprising a thrust-
vectoring nozzle which is able to redirect thrust produced by
said engine between a primarily aft-oriented direction and a
primarily downward-oriented direction.

7. The aircraft of claim 1, wherein said electrical generator
is selectively drivable by said gas turbine engine.

8. The aircraft of claim 7, further comprising an electric
clutch by means of which said electrical generator is coupled
10 and decoupled from said gas turbine engine.

9. The aircraft of claim 1, wherein said fuselage comprises
strakes and at least some of said fans are located in said
strakes.

10. The aircraft of claim 1, further comprising canards.

11. The aircraft of claim 10, wherein at least some of said
fans are located in said canards.

12. A method of operating an aircraft, the aircraft having
wings, a thrust-producing gas turbine engine, an electrical
generator driven by the engine, and a plurality of electrically
driven lifting fans, said method comprising:

a) lifting the aircraft off of a surface using the lifting fans to
lift at least some of the weight of the aircraft, wherein the
lifting fans are powered by electricity generated by the
generator;

b) decreasing the amount of lift generated by the lifting
fans, whereby the lifting fans support a decreased
amount of the weight of the aircraft;

¢) increasing thrust produced by the engine and directing at
least a component of the thrust in a rearward direction so
as to move the aircraft in a forward direction, whereby
the wings support an increased amount of the weight of
the aircraft;

d) repeating steps b) and c).

13. The method of claim 12, wherein steps b) and c) are
repeated until none of the weight of the aircraft is supported
by the lifting fans and all of the weight of the aircraft is
supported by the wings and any other lift-generating surfaces
on the aircraft.
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14. The method of claim 12, wherein the lifting fans ini-
tially support all of the weight of the aircraft.

15. The method of claim 12, wherein the lifting fans ini-
tially support less than all of the weight of the aircraft, said
method further comprising initially directing at least a com-
ponent of the thrust in a downward direction such that the
downward-directed component of thrust supports a portion of
the weight of the aircraft.

16. The method of claim 15, further comprising redirecting
the thrust toward arearward-acting direction as steps b)and c)
are repeated.

17. The method of claim 12, wherein the aircraft initially
lifts off of the surface vertically.

18. The method of claim 12, wherein the aircraft initially
moves forward over the surface to generate wing-based lift
before lifting off of the surface.

19. A method of operating a fixed-wing aircraft, the aircraft
having a thrust-producing gas turbine engine, an electrical
generator, and a plurality of electrically driven lifting fans,
said method comprising:

driving the generator with the gas turbine engine to gener-

ate electricity;

driving the lifting fans with the electricity generated by the

generator,

hovering the aircraft supported at least in part on lift cre-

ated by the lifting fans.

20. The method of claim 19, wherein the entire weight of
the aircraft is supported by the lifting fans during said hover-
ing.

21. The method of claim 19, wherein less than the entire
weight of the aircraft is supported by the lifting fans during
said hovering, said method further comprising directing
thrust produced by the gas turbine engine downward to help
support the weight of the aircraft.

22. A method of improving the lifting power loading effi-
ciency of a fixed-wing, gas turbine engine-powered VTOL or
STOVL aircraft, comprising distributing the lifting power
produced by the gas turbine engine to a series of electric
lifting fans distributed over the body of the aircraft by con-
verting mechanical power produced by the gas turbine
engines to electrical power and using the electrical power to
drive the series of electric lifting fans.

*® * # ok %
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VTOL FIXED-WING DRONE

CROSS-REFERENCES

[0001] This application claims priority to, and is a divi-
sional application of, U.S. patent application Ser. No.
16/049,629, filed on Jul. 30, 2018, now allowed, which is a
divisional application of U.S. patent application Ser. No.
15/643,452, filed on Jul. 6, 2017, now patented as U.S.
patent Ser. No. 10/081,436, all of which are hereby incor-
porated by reference in their entireties.

[0002] Although incorporated by reference in its entirety,
no arguments or disclaimers made in the parent application
apply to this divisional application. Any disclaimer that may
have occurred during the prosecution of the above-refer-
enced application(s) is hereby expressly rescinded. Conse-
quently, the Patent Office is asked to review the new set of
claims in view of all of the prior art of record and any search
that the Office deems appropriate.

FIELD OF THE DISCLOSURE

[0003] The present The field of the disclosure is aircrafts
in general and hybrid VTOL fixed-wing drones specifically.

BACKGROUND OF THE INVENTION

[0004] Drones, whether manned or unmanned, have been
proposed to conduct various missions and functions. Their
missions and functions, however, are often limited by the
traveling range and endurance of the drone. There is a
continuing need for a drone that is sufficiently efficient to
travel longer distances.

[0005] There is also a continuing need for new ways of
creating redundancy in a drone so that when one propeller
fails, the drone may still function and continue to stay in the
air.

[0006] All referenced patents, applications and literatures
are incorporated herein by reference in their entirety. Fur-
thermore, where a definition or use of a term in a reference,
which is incorporated by reference herein, is inconsistent or
contrary to the definition of that term provided herein, the
definition of that term provided herein applies and the
definition of that term in the reference does not apply. The
embodiment may seek to satisfy one or more of the above-
mentioned desires. Although the present embodiment may
obviate one or more of the above-mentioned desires, it
should be understood that some aspects of the embodiment
might not necessarily obviate them.

SUMMARY OF THE INVENTION

[0007] In one aspect of the disclosed long-distance drone,
it can have a canard body style with a main body, a left main
wing, a right main wing, a left forewing, and a right
forewing. The left forewing can be attached to the main body
forward of the left main wing, and the right forewing can be
attached to the main body forward of the right main wing.

[0008] There can be a left linear support spaced apart from
said main body connecting the left forewing to the left main
wing.

[0009] There can also be a right linear support spaced
apart from said main body connecting the right forewing to
the right main wing.
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[0010] In one aspect, there can be a first and a second
propeller coupled to the left linear support. In another
aspect, there can be a third and a fourth propeller coupled to
the right linear support.

[0011] In further embodiments, there can be a fifth pro-
peller coupled to the left linear support, and a sixth propeller
coupled to the right linear support.

[0012] In yet another embodiment, the first propeller, the
second propeller, and the third propeller can be linearly
arranged to parallel the longitudinal axis of the main body,
and the fourth propeller, the fifth propeller, and the sixth
propeller can be linearly arranged to parallel the longitudinal
axis of the main body.

[0013] The first propeller, the second propeller, and the
third propeller can be directly disposed on the left linear
support, and the fourth propeller, the fifth propeller. and the
sixth propeller can be directly disposed on the right linear
support.

[0014] Contemplated drone can optionally have a push
propeller disposed at a back end of the main body.

[0015] In another embodiment, instead of a push propeller,
there can be a seventh propeller coupled to the main body
and the seventh propeller has a plane of motion that is
perpendicular to a plane of motion of the first propeller.
[0016] Contemplated drone can further include a left ver-
tical stabilizer disposed on a back end of the left linear
support, and a right vertical stabilizer disposed on a back end
of the right linear support.

[0017] In some embodiments, the first propeller and the
third propeller can be disposed on a bottom side of the left
linear support, while the second propeller can be disposed on
a top side of the left linear support.

[0018] Likewise, the fourth propeller and the sixth pro-
peller can be disposed on a bottom side of the right linear
support, while the fifth propeller can be disposed on a top
side of the right linear support.

[0019] In other embodiments, the first propeller and the
second propeller are disposed on opposing sides of the left
linear support, and the fourth propeller and the sixth pro-
peller are disposed on opposing sides of the left linear
support.

[0020] Further contemplated is for the first propeller to
have a first range motion with a first radius, and for the
second propeller to have a second range of motion with a
second radius. In some embodiments, the distance between
the center of the first range of motion and the center of the
second range of motion can be less than twice the first
radius.

[0021] In yet other embodiments, wherein from a top
view, a range of motion of the first propeller visually
overlaps with a range of motion of the second propeller.
[0022] In yet another embodiment, the first radius can be
substantially the same as the second radius.

[0023] Other embodiments of the disclosure include a
fixed-wing drone having a left main wing and a right main
wing; a left linear alignment of propellers having a first
propeller, a second propeller, and a third propeller; a right
linear alignment of propellers having a fourth propeller, a
fifth propeller, and a sixth propeller. In some embodiments,
the left linear alignment is parallel to the right linear
alignment.

[0024] Contemplated first propeller, second propeller, and
the third propeller can be directly disposed linearly in a
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straight line on the left linear support, and the straight line
can be parallel to a longitudinal axis of the main body.
[0025] There is also contemplated a method of improving
stability, and/or durability, and or redundancy in a hybrid
fixed-wing VTOL drone. In one embodiment, the method
can include connecting a left main wing to a left canard
forewing with a left linear support. Also, the method can
include connecting a right main wing to a right canard
forewing with a right linear support.

[0026] In some embodiments, the left and right linear
supports can counteract against a twisting force applied to
the main body of the drone during flight.

[0027] Contemplated method can include a step of arrang-
ing a spatial relationship between a center of gravity of the
drone and said at least three propellers disposed on each of
the left and right linear support, such that when any one of
said propellers malfunctions, the drone may remain func-
tioning by simply shutting down one other said propellers.
[0028] Various objects, features, aspects and advantages
of the present embodiment will become more apparent from
the following detailed description of embodiments of the
embodiment, along with the accompanying drawings in
which like numerals represent like components.

BRIEF DESCRIPTION OF DRAWINGS

[0029] It should be noted that the drawing figures may be
in simplified form and might not be to precise scale. In
reference to the disclosure herein, for purposes of conve-
nience and clarity only, directional terms such as top,
bottom, left, right, up, down, over, above, below, beneath,
rear, front, distal, and proximal are used with respect to the
accompanying drawings. Such directional terms should not
be construed to limit the scope of the embodiment in any
manner.

[0030] FIG. 1 is a top front perspective view of an
embodiment of the contemplated drone utilizing a canard
design having two parallel linear supports to connect the
forewings with the main wings.

[0031] FIG. 2 is a top perspective view of an embodiment
of the contemplated drone.

[0032] FIG. 3 is a bottom perspective view of an embodi-
ment of the contemplated drone.

[0033] FIG. 4 is a top view of one embodiment of the
contemplated drone.

[0034] FIG. 5 is a bottom view of one embodiment of the
contemplated drone.

[0035] FIG. 6 is a direct frontal view of one embodiment
of the contemplated drone.

[0036] FIG. 7is direct rear view of one embodiment of the
contemplated drone.

[0037] FIG. 8 is a right side view of one embodiment of
the contemplated drone.

[0038] FIG. 9 is a top view of another aspect of the
contemplated drone, illustrating spatial relationships of the
propellers to each other, and explains the center of gravity of
the drone.

DETAILED DESCRIPTION

[0039] The drone and its various aspects can now be better
understood by turning to the following detailed description
of the embodiments, which are presented as illustrated
examples of the embodiment defined in the claims. It is
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expressly understood that the embodiment as defined by the
claims may be broader than the illustrated embodiments
described below.

[0040] Many alterations and modifications may be made
by those having ordinary skill in the art without departing
from the spirit and scope of the embodiment. Therefore, it
must be understood that the illustrated embodiment has been
set forth only for the purposes of example and that it should
not be taken as limiting the embodiment as defined by the
following claims. For example, notwithstanding the fact that
the elements of a claim are set forth below in a certain
combination, it must be expressly understood that the
embodiment includes other combinations of fewer, more or
different elements, which are disclosed herein even when not
initially claimed in such combinations.

[0041] The words used in this specification to describe the
embodiment and its various embodiments are to be under-
stood not only in the sense of their commonly defined
meanings, but to include by special definition in this speci-
fication structure, material or acts beyond the scope of the
commonly defined meanings. Thus if an element can be
understood in the context of this specification as including
more than one meaning, then its use in a claim must be
understood as being generic to all possible meanings sup-
ported by the specification and by the word itself.

[0042] The definitions of the words or elements of the
following claims therefore include not only the combination
of elements which are literally set forth, but all equivalent
structure, material or acts for performing substantially the
same function in substantially the same way to obtain
substantially the same result. In this sense it is therefore
contemplated that an equivalent substitution of two or more
elements may be made for any one of the elements in the
claims below or that a single element may be substituted for
two or more elements in a claim. Although elements may be
described above as acting in certain combinations and even
initially claimed as such, it is to be expressly understood that
one or more elements from a claimed combination can in
some cases be excised from the combination and that the
claimed combination may be directed to a subcombination
or variation of a subcombination.

[0043] As used herein, the terms “failure” and “malfunc-
tion” in conjunction with a propeller

[0044] refer to a condition where the propeller cease to
function properly as intended by its manufacturer due to
reasons outside of its control. For example, a propeller may
fail or malfunction when it is damaged by an outside force.
Propellers in a drone are known to be damaged when it
collides with a bird, a tree, or a building. A propeller may
also fail or malfunction when its mechanical or electrical a
material component experience a break down. Also, a pro-
peller may fail or malfunction when its power supply or fuel
supply ceases to supply energy to the propeller when such
supply of energy is expected.

[0045] As used herein, the term “center of gravity” in
conjunction with the drone refers to a center of gravity in
consideration of the total weight of the drone including all
of its components, fuel (if any), and its payload. For
example, if the drone is contemplate to carry cargo or
human, the weight of the cargo and/or human would be part
of the calculation in designing where the center of gravity
should be.

[0046] As used herein, the term “range of motion” in
conjunction with the propeller refers to a circular area
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having a radius equal to the length of the propeller’s blade.
Since the blade of the propeller is designed to rotate either
in a clockwise or counter-clockwise along a plane, the range
of motion can also be described as a circular area along a
plane.

[0047] As used herein, the term “overlap” in conjunction
with the range of motions of propellers refers to a visual
appearance that two circular areas have certain portions
touching each other, but does not mean physical touching.
That is, when two ranges of motions “overlap,” they do not
mean physically overlapping each other. When two ranges
of motions “overlap,” they merely appear to be in each
other’s space when looking from a particular angle. This
overlaps may or may not necessarily create interference in
fluid dynamics and aerodynamics of the two adjacent pro-
pellers.

[0048] As used herein, the term “hybrid” in conjunction
with fixed-wing VTOL drone design refers to the classifi-
cation of aircraft type, and does not refer to its power train.
In the disclosure here, the term “hybrid” refers to the fact
that the contemplated drone is a fixed-wing aircraft and at
the same time has propellers so that the drone can vertically
take-off and land (VTOL). In terms of power train, the
contemplated embodiments can use entirely electric power
train, a fuel-powered power train, a combination of both, or
any other known or vet to be known power train technology.

[0049] As used herein, the term “drone” refers to any
manned or unmanned aircraft, of various sizes. For example,
contemplated drones as disclosed herein can have a wing-
span of less than 0.5 meter, and can have a cabin space
sufficiently large to seat passenger(s). The term “drone” as
used herein can or cannot be limited to unmanned aerial
vehicles (UAV).

[0050] As used herein, the term “vertical” in conjunction
with a stabilizer refers to any angle. In one embodiment, it
is at a 90 degree angle, perpendicular to the horizontal plane
of the main wings. In other embodiments, it can be at a tilted
angle.

[0051] The inventor has discovered a novel hybrid VTOL
fixed-wing drone design that can drastically improve at least
one of the following characteristics in a drone: efficiency,
durability, travel distance, and redundancy.

[0052] Referring now to FIG. 1, FIG. 1 generally depicts
the basic structure of a hybrid VTOL Fixed-wing drone 100
in accordance with one aspect of the disclosure.

[0053] Drone 100 is contemplated to have a main body
110, two forewings 111, 112 attached to the front end of the
main body 110. There are two main wings 113, 114 attached
to the main body towards the rear of the main body 110. This
is a typical canard design where two smaller forewings are
placed forward to two larger main wings.

[0054] Main body 110 can have an aerodynamic design
and may optionally have a cabin sufficiently large to seat
human passenger(s) or cargo. In the exemplar drone 100 as
shown in the drawing figures, what appears to be a wind-
shield 118 may or may not be an actual functional wind-
shield 118, depending on whether the particular embodiment
has a passenger cabin.

[0055] There can be two main wings 113 and 114 attached
to the rear portion of the main body 110. In some embodi-
ments, terminal ends of each of the main wings 113 and 114
may have a vertical stabilizer 115, 116.
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[0056] Forewings 111 and 112 can be attached to the front
end of the main body 110. Forewings 111, 112 are shorter
than the main wings 113, 114.

[0057] There can be a left and a right linear supports 120,
121, each of which physically connects a forewing 111, 112
to the main wings 113, 114. In one aspect of the contem-
plated embodiment, the linear supports 120, 121 are fixed
near the terminal ends of each perspective forewings 111,
112. In one embodiment, the linear supports 120, 121 can be
fixedly attached a location on the forewings 111, 112 that is
distal to the middle point between the tip of the forewings
111, 112 and the main body 110. In yet another embodiment,
the linear supports 120, 121 can be fixedly attached to
anywhere along the length of the forewings 111, 112.
Although the exemplar linear supports 120, 121 shown in
FIG. 1 are attached to the undersides of the forewings 111,
112, other embodiments may have the linear supports 120,
121 attached to the upper side of the forewings 111, 112.
[0058] The contemplated linear supports 120, 121 can be
made of suitable materials to withstand the physical
demands of flying, and can resist contortion. Such materials
include natural and synthetic polymers, various metals and
metal alloys, naturally occurring materials, textile fibers,
glass and ceramic materials, and all reasonable combina-
tions thereof.

[0059] The straight linear supports 120, 121 can provide
structural integrity to the drone 100 by minimizing a con-
tortion force applied to the main body 110 by the up and
down movement of the main wings 113, 114 and the
forewings 111, 112 during flight.

[0060] The linear supports 120, 121 can have a straight
body and can be parallel to the longitudinal axis of the main
body 110. As shown in the frontal view of FIG. 6, the
straight body configuration allows minimum aerodynamic
obstruction during flight. The linear supports 120, 121 can
have a thickness that is no thicker than the thickest part of
the main wings 113, 114. The linear supports 120, 121 can
have a cross-sectional shape that is circular, oval, square,
rectangular, or any other suitable shape.

[0061] In other contemplated embodiments (not shown),
the linear supports 120, 121 can have a curvature or other
angles besides being straight.

[0062] The left and right linear supports 120, 121 can have
a suitable length to connect forewings 111, 112 to the main
wings 113, 114. In the embodiment as shown in FIG. 3, the
left and right linear supports 120, 121 are attached to the
underside of the forewings 111, 112

[0063] In the exemplar drone 100 shown in the drawing
figures, the left and the right linear supports 120, 121 each
can have a vertical stabilizer 125, 126 disposed on the top of
its rear terminal end. In one embodiment, the vertical
stabilizers 125, 126 are at a 90 degree angle, perpendicular
to the horizontal plane of the main wings. In other embodi-
ments, these vertical stabilizers 125, 126 can be at a tilted
angle.

[0064] It should be understood that the above-described
angles are exemplary and any other angles can be adopted in
various embodiments of this disclosure.

[0065] Referring now to FIG. 3, there can optionally be
rotors and propellers disposed on each of the linear supports
120 and 121 to provide vertical take-off and landing capa-
bilities to the drone 100. Various numbers of propellers are
contemplated. In the embodiments shown in the figures,
each linear support 120, 121 has three propellers. Left linear
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support 120 can have a propeller 131 disposed at the front
terminal end of the linear support 120, on the underside of
the left forewing 111, facing downwards. Left linear support
120 can have another propeller 132 disposed on top of the
linear support 120 at a location in between the forewing 111
and the main wing 113, facing upwards. Left linear support
120 can have yet another propeller 133 disposed at the
bottom of the linear support 120 near a rear terminal end,
facing downwards.

[0066] Similarly on the right side of the drone 100, right
linear support 121 can have a propeller 134 disposed at the
front terminal end of the right linear support 121, on the
underside of the right forewing 112, facing downwards.
Right linear support 121 can have another propeller 135
disposed on top of the right linear support 121 at a location
in between the forewing 112 and the main wing 114, facing
upwards. Right linear support 121 can have yet another
propeller 136 disposed at the bottom of the right linear
support 121 near a rear terminal end, facing downwards.

[0067] Each of the propellers 131, 132, 133, 134, 135, 136
shown in the drawing figures has two blades. In some
embodiments, propellers 131, 132, 133, 134, 135, 136 can
lock into a longitudinal position (as shown in FIGS. 1-4)
during high speed flying when these propellers 131, 132,
133, 134, 135, 136 are not necessary to keep the drone 100
in air. By locking these propellers into a longitudinal posi-
tion parallel to the direction of the flight, aerodynamic is
improved, as opposed to not locking them or keeping them
spinning.

[0068] As those of ordinary skill in the art will recognize,
the propellers 131, 132, 133, 134, 135, 136 may readily be
modified as dictated by the aesthetic or functional needs of
particular applications. For example, each of all or some of
the propellers 131, 132, 133, 134, 135, 136 can have
2-blades, 3-blades, 4-blades, or any other known types of
blades.

[0069] As to the rotors that drive the propellers 131, 132,
133, 134, 135, 136, to maintain an aerodynamic profile,
rotors should have as low a profile as possible. It is important
to appreciate that although the present embodiment is par-
ticularly well suited for use by implementing a low-profile
rotor, it should be understood that other types of rotor or
combinations of different types of rotors can be used to
perform that same function as the low-profile rotors.

[0070] As shown in FIG. 6, the contemplated rotors can be
disposed within the linear supports 120, 121 and do not
bulge out or extend beyond the aerodynamic contour of the
linear supports 120, 121. Even the propellers 131, 132, 133,
134, 135, 136 can have a low-profile and can be disposed
closely to the linear supports 120, 121 so that when the
propellers 131, 132, 133, 134, 135, 136 are locked in a
longitudinal position (as shown in FIG. 6) during high speed
flying, an improved aerodynamic profile is present.

[0071] In one embodiment, the lowest portion of the
propellers 131, 132, 133, 134, 135, 136 do not extend
beyond the lowest part of the main body 110. In another
embodiment, the highest portion of the propellers 131, 132,
133, 134, 135, 136 do not extend beyond the highest part of
the main body 110. As shown in FIG. 6, form a frontal view,
the distance between the highest points of the propellers 131,
132, 133, 134, 135, 136 to the lowest point of the propellers
131, 132, 133, 134, 135, 136 is substantially equal to the
thickest part of the main wings 113, 114.

Dec. 29, 2022

[0072] In yet another contemplated embodiment, a novel
feature includes arranging multiple rotors/propellers in only
two parallel columns such that from a frontal view, these
multiple rotor/propellers create only two points 191, 192 of
air disturbance (see FIG. 6). This is important because this
design drastically improve the aerodynamic profile of a
multicopter drone, or a VTOL drone.

[0073] FIG. 8 illustrates one embodiment of how the six
propellers 131, 132, 133, 134, 135, 136 can be arranged. In
this embodiment, the six propellers 131, 132, 133, 134, 135,
136 are arranged in two columns parallel to each other. Each
column can be parallel to the longitudinal axis of the main
body 110. Known multi-copter drones arrange their propel-
lers in an evenly spaced array to encircle around the center
of gravity, because evenly spaced array in a circle provides
the best stability and redundancy. When one propeller in
such prior art multi-copter drone fails, the prior art multi-
copter simply turns off another propeller on the opposite end
of the circular array so the rest of the working propellers are
balanced to keep the drone in the air. In the embodiment
shown in FIGS. 1-5, the six propellers 131, 132, 133, 134,
135, 136 are not evenly spaced apart from an adjacent
propeller. By having the six propellers 131, 132, 133, 134,
135, 136 arranged in two parallel columns, drag is mini-
mized because the frontal profiles of all six propellers 131,
132, 133, 134, 135, 136 would only equal to the frontal
profile of about two such propellers (see FIGS. 6 and 7).

[0074] It should be particularly appreciated that although
the drawing figures only show six propellers 131, 132, 133,
134, 135, 136, any even numbers of propellers can be
arranged in two parallel columns. In one embodiment, the
drone 100 can have two parallel columns of propellers, each
column having two propellers. In another embodiment, the
drone 100 can have two parallel columns of propellers, each
column having four propellers. In yet another embodiment,
the drone 100 can have two parallel columns of propellers,
each column having five propellers.

[0075] This plurality of propellers 131, 132, 133, 134,
135, 136 may be disposed on various locations along the
length of the linear supports 120, 121.

[0076] In one embodiment as shown in FIGS. 4 and 5,
linear supports 120, 121 each has a rear terminal end that
extends rearward beyond the rear edge of the main wings
113, 114. By extending its rear terminal end beyond the rear
edge of the main wings 113, 114, the linear supports 120,
121 in the exemplar embodiment can have propellers 133,
136 disposed on the their terminal end without having the
main wings 113, 114 in the way of airflow during vertical
takeoff and landing. As shown in FIG. 9, the two circles
surrounding propellers 133, 136 represent the range of
motion for their respective blades. Both circles do not
overlap with the main wings 113, 114.

[0077] In the embodiments shown in the drawing figures,
contemplated linear supports 120, 121 do not extend for-
ward beyond the frontal edge of the forewings 111, 112. The
embodiment shown in FIG. 3 has both linear supports 120,
121 terminate right underneath the forewings 111, 112. The
terminal ends of the linear supports 120, 121 can each form
a vertical ledge 122, 123.

[0078] In another embodiment (not shown), contemplated
linear supports 120, 121 may each extend beyond the frontal
edge of the forewings 111, 112. In that way, the two
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front-most propellers 131, 134 can operate without being
interfered by the forewings 111, 112 being in the way of
airflow.

[0079] Inthe embodiment shown inFIG. 9, high efficiency
can be achieved by keeping the main body 110 and the linear
supports 120, 121 reasonably short, thereby keeping the total
weight of the drone relatively low. Instead of using smaller
propellers 131, 132, 134, 135 in the first two rows of
propeller arrangement so these two rows of propellers do not
interfere with each other by overlapping their range motion,
this embodiment can have the first rows’ range of motion
164 overlap the second row’s range of motion 165. In the
embodiment of FIG. 9, each propeller in the first row can
have a radius R4. Each propeller in the second row can have
aradius R5. Each propeller in the last row can have a radius
Ré6.

[0080] Although the propellers with different length of
blades (thereby a different range of motion radius) can be
utilized, the embodiment in FIG. 9 has all six propellers 131,
132, 133, 134, 135, 136 having the same radius. In this
embodiment, the distance between the center rotating axle
154 of propeller 134 to the center rotating axle 155 of
propeller 135 is less than twice the radius R4.

[0081] From a top view, the ranges of motions 164, 165
appear to overlap each other partially. Their respective
propeller blade, however, do not physically make contact
with each other because these two propellers 134, 135 are
disposed on opposite sides of the same linear support 121.
All six propellers 131, 132, 133, 134, 135, 136 blow air in
a downward fashion.

[0082] In one aspect of the disclosure, the contemplated
drone 100 can have a push propeller 137 disposed on the rear
end of the main body 110. The push propeller 137 has a
spinning axle that is perpendicular to the spinning axles of
propellers 131, 132, 133, 134, 135, 136. During high speed
flight, the push propellers 137 is instrumental moving the
drone 100, whereas all six propellers 131, 132, 133, 134,
135, 136 are locked and not rotating as described above.
[0083] Drone 100 can be equipped with other accessories,
such as a camera 140 to conduct aerial surveillance and other
date collection. Camera 140 can be disposed at any other
position on the drone 100.

[0084] Contemplated drone 100 can optionally have one
or more air diffusers disposed on the underside of the drone.
As shown in FIG. 3, one air diffuser 142 can be disposed on
the rear bottom end of the main body 110. The diffuser 142
can be a shaped section of the main body’s underbody. In
other embodiments, the air diffuser 142 may act as a
deturbulator.

[0085] One aspect of the instant disclosure includes a
contemplated method to arrange a spatial relationship
between a center of gravity of a drone and at least three
propellers disposed on each of the left and right side of the
drone, whether or not these propellers are disposed on the
linear supports. In some embodiments, these propellers are
arranged in pairs, each pair being equal-distant to each other
forming two parallel arrays. The intended objective is to
keep the drone 100 reasonably light weight, to keep the
drone aerodynamically enhanced, to have sufficient power to
vertically takeoff without resorting to the biggest and stron-
gest rotors, and to have a build-in redundancy such that
when any one of the six or more propellers malfunctions, the
drone may remain functioning by simply shutting down one
other said propellers.
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[0086] For example, when propeller 131 fails, the drone
can turn off propeller 136 to still keep the drone balanced,
when propeller 132 fails, the drone can turn off propeller 135
to still keep the drone balanced; when propeller 133 fails, the
drone can turn off propeller 134 to still keep the drone
balanced; and vise versa.

[0087] As illustrated in FIG. 6, the spatial arrangement of
the propellers 131, 132, 133, 134, 135, 136 between each
other and to the center of gravity of the drone can be done
by the following method. In one example, consider that each
of the six propellers 131, 132, 133, 134, 135, 136 have the
same output of 1 kg. Propellers 131 and 134 would have a
center of 1ift force (2 kg) at point W (line A), which is a point
equal-distant to the center of propeller 131 and propeller
134. Propellers 131, 132, 134 and 135 would have a center
of lift force (4 kg) at point X (line B), which is a point
equal-distant to the center of propellers 131, 132, 134 and
135. Propellers 132, 133, 135 and 136 would have a center
of lift force (4 kg) at point Y (line C), which is a point
equal-distant to the center of propellers 132, 133, 135 and
136. Propellers 133 and 136 would have a center of lift force
(2 kg) at point Z (line D), which is a point equal-distant to
the center of propellers 133 and 136. The contemplated
center of gravity for the entire drone 100 can be line CG
which is two third the distance from line A to line C, which
is also one third the distance from line B to line D.

[0088] Another aspect of the instant disclosure is a method
of making hybrid VIOL fixed-wing drones lighter while
providing it with sufficient structure and powertrain needs to
maintain long-distance flying and/or high speed flying.
Longer main body would mean heavier body that causes the
flight time to decrease unless larger powertrain and power
source is provided, which in turn also cause the drone to be
heavier and less aerodynamic.

[0089] In yet another aspect of the disclosure, a novel way
of arranging multiple propellers in a hybrid VITOL fixed-
wing drone includes that propellers to not stack on top of
another propeller. In the illustrated embodiments, six pro-
pellers 131, 132, 133, 134, 135, 136 are horizontally spaced
part from each other, and there can be no stacking of
propellers.

[0090] In one contemplated method, the first row of pro-
pellers are caused to overlap in their range of motion with
the second row of propellers when looking from a top view.
In another contemplated method, the first row of propellers
131, 134 are disposed near or at the bottom side of the
canard forewings 111, 112.

[0091] Contemplated fixed-wing drones having the dis-
closed features or designed by the disclosed methods can
expect to have a continuous flight time of at least eight hours
when using an electric powertrain, and 24-hours when using
a hybrid (fuel-electric) powertrain.

[0092] The above disclosed embodiments can be made of
all known suitable natural or synthetic materials or a mixture
of materials. Additionally, it should be appreciated that the
materials contemplated herein may be derivatized in numer-
OUs manners.

[0093] Although all of the above inventive features dis-
cussed are discussed in conjunction with a canard body style
in an aircraft, all of the features discussed are also contem-
plated to be implemented on any other fixed-wing aircraft
body styles. These features specifically includes, but are not
limited to: arrangement of multiple rotors/propellers in only
two parallel columns; arrangement of multiple rotors/pro-
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pellers that occupy only two points of disturbance from a
frontal view; having two parallel linear supports to physi-
cally connect wings in the front to wings in the back;
overlapping propellers’ ranges of motion to decrease the
length of the main body of the aircraft; disposing adjacent
propellers on opposite sides of the drone (e.g., one disposed
on top, the other disposed on the bottom of the drone);
utilizing low-profile rotors that are no thicker than the
thickest part of a main wing; utilizing low-profile propeller
blades that does not extend substantially beyond the highest
part of the main wing; and utilizing low-profile propeller
blades that does not extend substantially beyond the lowest
part of the main wing.

[0094] Another way of describing this novel method of
improving an aerodynamic profile of a drone is to entirely
enclose low-profile rotors for each of the at least three
propellers disposed on each linear support 120, 121. In this
way, the linear array of these three propellers can have a
combined frontal projection that substantially equals to a
cross sectional area of each linear support 120, 121.

[0095] Additionally, although flaps, ailerons, rudders, and
elevators are not specifically discussed in this disclosure,
each of them can be used in any of the disclosed embodi-
ments.

[0096] Thus, specific embodiments and applications of a
hybrid VTOL Fixed-Wing Drone have been disclosed. It
should be apparent, however, to those skilled in the art that
many more modifications besides those already described
are possible without departing from the disclosed concepts
herein. The embodiment, therefore, is not to be restricted
except in the spirit of the appended claims. Moreover, in
interpreting both the specification and the claims, all terms
should be interpreted in the broadest possible manner con-
sistent with the context. In particular, the terms “comprises”
and “comprising” should be interpreted as referring to
elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or
steps may be present, or utilized, or combined with other
elements, components, or steps that are not expressly refer-
enced. Insubstantial changes from the claimed subject mat-
ter as viewed by a person with ordinary skill in the art, now
known or later devised, are expressly contemplated as being
equivalent within the scope of the claims. Therefore, obvi-
ous substitutions now or later known to one with ordinary
skill in the art are defined to be within the scope of the
defined elements. The claims are thus to be understood to
include what is specifically illustrated and described above,
what is conceptually equivalent, what can be obviously
substituted and also what essentially incorporates the essen-
tial idea of the embodiment. In addition, where the specifi-
cation and claims refer to at least one of something selected
from the group consisting of A, B, C . . . and N, the text
should be interpreted as requiring only one element from the
group, not A plus N, or B plus N, etc.

1. A VTOL (vertical takeoff and landing) fixed-wing
drone, said VTOL drone comprising;

a left hind wing, a right hind wing, a left forewing, and a
right forewing, all of which being attached to a fuselage
of the VTOL drone;

no more than two linear supports to minimize drag, said
two linear supports consist of a left linear support and
a right linear support;
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the left hind wing is connected to the left forewing by the
left linear support to minimize a contortion force
applied to the fuselage during flight;

the right hind wing is connected to the right forewing by

the right linear support to minimize the contortion force
applied to the fuselage during flight;

a first plurality of lifting propellers entirely disposed on an

outside of the left linear support;

a second plurality of lifting propellers entirely disposed

on an outside of the right linear support;

the first plurality and second plurality of lifting propellers

can be locked in a fixed position during flight while the
first plurality and second plurality of lifting propellers
remain entirely disposed on the outside of the left and
right linear supports, respectively;

wherein the left and right linear supports are spaced apart

from the fuselage; and

wherein one of said first plurality of lifting propellers

disposed entirely on the outside of the left linear
support is disposed on a top side of the left linear
support, and another one of said first plurality of lifting
propellers disposed entirely on the outside of the left
linear support is disposed on a bottom side of the left
linear support.

2. The VTOL drone as recited in claim 1 wherein the first
plurality of lifting propellers has at least three propellers
disposed in a linear array and the second plurality of lifting
propellers has at least three propellers disposed in a linear
array.

3. The VTOL drone as recited in claim 2, wherein the
linear array on the left linear support parallels with the linear
array on the right linear support.

4. The VTOL drone as recited in claim 3, wherein the left
and right forewings and the left and right hind wings have
no movable flight control surfaces.

5. The VTOL drone as recited in claim 3, wherein at least
two of the first plurality of lifting propellers partially overlap
in their range of movement from a top view.

6. The VTOL drone as recited in claim 3, wherein the left
hind wing and the right hind wing are the rear most
horizontal wings in the drone.

7. The VTOL drone as recited in claim 3, wherein the left
forewing is shorter than the left hind wing.

8. The VTOL drone as recited in claim 3, placing a center
of gravity of the drone on a center longitudinal location of
the fuselage, wherein the center of gravity is located at two
third of a distance from

a point A which is defined as a center of lift force between

a foremost lift propeller on the left linear support and
a foremost propeller on the right linear support
to

apoint C which is defined as a center of lift force between

a rearmost two lift propellers on the left linear support

and a rearmost two lift propellers on the right linear
support.

9. The VTOL drone as recited in claim 3, wherein said

center of gravity is located at one third of a distance from

a point B which is defined as a center of lift force between

a foremost two lift propellers on the left linear support

and a foremost two lift propellers on the right linear
support
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to

apoint D which is defined as a center of lift force between
a rear most lift propeller on the left linear support and
a rearmost propeller on the right linear support.

10. A VTOL fixed-wing drone, said VTOL drone com-

prising:

a fuselage;

a left hind wing, a right hind wing, a left forewing, and a
right forewing, all of which being attached to the
fuselage;

no more than two linear supports, said two linear supports
consist of a left linear support and a right linear support;

the left hind wing is connected to the left forewing by the
left linear support to minimize a contortion force
applied to the fuselage during flight;

the right hind wing is connected to the right forewing by
the right linear support to minimize the contortion force
applied to the fuselage during flight;

at least three lifting propellers entirely disposed on the
outside of the left linear support;

at least three lifting propellers entirely disposed on the
outside of the right linear support;

wherein the at least three lifting propellers of the left
linear support and the at least three lifting propellers of
the right linear support can be locked in a fixed position
during flight while the at least three lifting propellers of
the left linear support and the at least three lifting
propellers of the right linear support remain entirely
disposed on the outside of the left and right linear
supports, respectively;

wherein the left and right linear supports are spaced apart
from the fuselage and are parallel to each other;

a center of gravity of the drone is located on a center
longitudinal location of the fuselage; and

wherein one of the at least three lifting propellers dis-
posed entirely on the outside of the left linear support
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is disposed on a top side of the left linear support, and
another one of the at least three lifting propellers
disposed entirely on the outside of the left linear
support is disposed on a bottom side of the left linear
support.
11. The VTOL drone as recited in claim 10, wherein said
center of gravity is located at one third of a distance from
apoint B which is defined as a center of lift force between
a foremost two lift propellers on the left linear support
and a foremost two lift propellers on the right linear
support
to

apoint D which is defined as a center of lift force between
a rear most lift propeller on the left linear support and
a rearmost propeller on the right linear support.
12. The VTOL drone as recited in claim 11, wherein the
left and right forewings and the left and right hind wings
have no movable flight control surfaces.
13. The VTOL drone as recited in claim 12 further
comprising providing a push propeller on the drone to
provide a force of propulsion.
14. The VTOL drone as recited in claim 12, wherein the
foremost two lift propellers disposed on the left linear
support partially overlap in their ranges of movement from
a top view.
15. The VTOL drone as recited in claim 10, wherein the
center of gravity 1s located at two third of a distance from
a point A which is defined as a center of lift force between
a foremost lift propeller on the left linear support and
a foremost propeller on the right linear support
to

apoint C which is defined as a center of lift force between
a rearmost two lift propellers on the left linear support
and a rearmost two lift propellers on the right linear
support.
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(57) ABSTRACT

A drone including a front section, a wing structure supported
by a rotor located behind the front section, and a propeller
at the rear. The wing structure including two wings rotating
the rotor, the wing structure being able to move between a
flight configuration, in which the rotor is immobile relative
to the front section and the propulsion provided by the
propeller, and a flight configuration with the wing structure
rotating, in which the rotor is rotated relative to the front
section, the rotor being connected to the front section with
a possibility of orienting its axis of rotation relative thereto
in order able to direct the drone in the rotary wing structure
configuration by acting on said orientation.
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DRONE

TECHNICAL FIELD

[0001] The present invention relates to a drone with adapt-
able wing structure and to a corresponding launcher.

PRIOR ART

[0002] Application WO 2018/024567 discloses a drone
with adaptable wing structure, comprising two wings con-
nected to a rotor, the wing structure being able to be adapted
between a rapid-flight configuration in which the rotor is
immobile relative to the fuselage and a rotary-wing flight
configuration in which the rotor is rotationally driven rela-
tive to the fuselage.

[0003] There is a need to improve this type of drone still
further, and notably to improve the maneuverability thereof
when flying in the rotary-wing flight configuration.

DESCRIPTION OF THE INVENTION

[0004] The invention seeks to meet this need, according to
a first of its aspects.

SUMMARY OF THE INVENTION

[0005] Thus, one subject matter of the invention is a drone
comprising a front section, a wing structure borne by a rotor
situated behind the front section, and a propeller at the rear,
the wing structure comprising two wings rotating with the
rotor, the wing structure being able to adapt between a flight
configuration in which the rotor is stationary relative to the
front section and the propulsion is provided by the propeller,
and a rotary-wing flight configuration in which the rotor is
rotationally driven relative to the front section, the rotor
being connected to the front section with the possibility of
orienting its axis of rotation relative to said front section so
as to be able to steer the drone in the rotary-wing configu-
ration by altering said orientation.

[0006] Thanks to the possibility of orienting the rotor in
advancing flight in the rotary-wing configuration, the drone
can be steered horizontally without the need to provide a
complex cyclic-pitch control at the connection between the
wings and the rotor.

[0007] With the drone comprising a stator bearing the
rotor, the stator may be connected by at least one actuator to
the front section, the actuator being designed to modify the
orientation of the stator relative to the front section when
actuated. As a preference, the drone comprises several
actuators connecting the front section to the stator and, when
actuated, making it possible to modify the orientation of the
stator relative to the front section about at least two axes. As
a greater preference, the drone comprises three actuators
connecting the front section to the stator, these being posi-
tioned 120° apart about the longitudinal axis of the stator.
These actuators are preferably linear actuators and are
preferably each connected to the stator by a swivel joint.
[0008] Like a helicopter, the drone according to the inven-
tion may have a collective pitch control and a cyclic pitch
control. The collective pitch control can be provided by
actuators situated in the wings. The cyclic pitch control is
achieved by inclining the stator. Thus, as a preference, the
wings can pivot relative to the rotor in order to change
incidence, thereby making it possible to change the collec-
tive pitch in the rotary-wing configuration.
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[0009] As a preference, the drone comprises a swivel-joint
connection between the front section and the stator. Such a
connection advantageously is able to react some of the
mechanical load between the front section and the stator. A
deflector advantageously covers this joint, so as to maintain
continuity of the fuselage at the transition between the front
section and the statar, in spite of the changes in orientation
of the latter.

[0010] The drone comprises a motor for driving the rota-
tion of the propeller. This motor is preferably housed in the
front section, a drivetrain connecting the motor to the
propeller, this drivetrain comprising a universal joint allow-
ing drive to be transmitted from the motor to the propeller
despite the changes in orientation of the axis of rotation of
the rotor relative to the front section. As a preference, the
drone is arranged in such a way that the movements orient-
ing the axis of rotation of the rotor are effected about a center
of rotation on which the universal joint is centered.

[0011] As a preference, the propeller and the rotor are
moved by one and the same motor. The rotor may be driven
via an epicyclic reduction gearbox.

[0012] The drone may comprise a rear section bearing the
propeller, the rotor rotating between the front and rear
sections.

[0013] As apreference, each wing is connected to the rotor
by a mast comprising a joint allowing the wing to be folded
against the fuselage during a phase of launch of the drone,
when the latter is contained inside a launcher.

[0014] As a further preference, the drone comprises a
mechanism allowing the hinge to be immobilized once the
wing has deployed. This blocking mechanism may comprise
a locking ring which in the locked position covers the hinge
and thus immobilizes the mast in a configuration in which it
is coaxial with the ring. An actuator housed in the wing may
generate a relative movement between the mast and the
locking ring to bring the latter into its blocking configura-
tion.

[0015] The variation in incidence of the wing relative to
the rotor can be obtained by a mechanism which converts a
rotational movement of an actuator into an axial movement
of the mast. The latter may comprise a first stud near to the
actuator and a second stud near to the rotor. The two studs
move together under the action of the actuator. The latter
drives the rotation of a drive ring that has an axial slot in
which the first stud is engaged. The first stud is also engaged
in a helical slot of a tubular part fixed with the wing, secured
to the locking ring. Thus, a rotation of the drive ring is
accompanied by an axial movement of the mast relative to
the locking ring and to the fixed tubular part. The second
stud is engaged in a slot formed on a tubular part which is
fixed on the rotor and which rotates therewith. This slot
comprises a first portion which is linear and extends radially,
and a second portion which is helical. When the mast moves
axially, under the effect of the rotation of the actuator, the
second stud moves along the linear first portion and then
along the second portion. The first portion serves to lock the
wing in the fixed-wing forward-flight configuration. The
second portion allows modification of the incidence of the
wing in the rotary-wing configuration, so as to vary the
collective pitch.

[0016] Another aspect of the invention, independently of
or in combination with the foregoing, has as its subject
matter a launcher that can be used to launch a drone as
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defined above, comprising a cap able to house the drone, and
four vectored-thrust boosters for orienting the launcher.
[0017] As a preference, the drone has folding wings that
can be folded against the fuselage when the drone is con-
tained inside the launcher.

[0018] As a preference, the cap comprises two articulated
sections which are kept closed by the aerodynamic thrust
when the launcher is moving at high speed.

[0019] As a preference, the drone comprises folding wings
which can be folded against the fuselage when the drone is
contained inside the cap.

[0020] As a preference, each booster comprises a deflector
comprising a body able to pivot about a first axis of rotation,
this body enclosing an element that is able to pivot about a
second axis perpendicular to the first. The body may notably
be formed of two units which are assembled around a toric
section constituting said element.

[0021] As a preference, a system of redundant actuators
provides control of the pivoting of the deflector about these
two axes of rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention may be better understood from read-
ing the detailed description which follows of one non-
limiting exemplary embodiment thereof, and from studying
the attached drawing, in which:
[0023] FIG. 1 depicts one example of a drone in a fixed-
wing rapid-flight configuration,

[0024] FIG. 2 depicts the drone of FIG. 1 in a rotary-wing
configuration,
[0025] FIG. 3 is a partial and schematic longitudinal

section through the drone of FIGS. 1 and 2,

[0026] FIG. 4 depicts a detail of the connection between
the stator and the front section of the drone, for a given
orientation of the axis of rotation of the rotor,

[0027] FIG. 5 is a view similar to FIG. 4 for a different
orientation of the axis of rotation of the rotor,

[0028] FIG. 6 is an exploded schematic perspective view
of the connection between the stator and the front section,

[0029] FIG. 7is a schematic partial view of the rotor drive
mechanism,
[0030] FIG. 8 is a partial and schematic view in longitu-

dinal section of the mechanism of FIG. 7,

[0031] FIG. 9 partially and schematically depicts the con-
nection between the wings and the rotor,

[0032] FIG. 10 depicts an embodiment detail of the con-
nection between a wing and the rotor,

[0033] FIG. 11 is a view similar to FIG. 10 of another
embodiment detail,

[0034] FIG. 12 illustrates the folding of the wings along
the fuselage for launch,

[0035] FIG. 13 depicts an example of a launcher viewed
face-on,

[0036] FIG. 14 depicts the launcher of FIG. 13, viewed
from the side,

[0037] FIG. 15 depicts the launcher of FIG. 13, viewed
from beneath,

[0038] FIG. 16 depicts the launcher of FIG. 13 viewed
from above,

[0039] FIG. 17 depicts a detail of the fitting of a deflector,
[0040] FIG. 18 partially and schematically illustrates the

deflector orientation mechanism,
[0041] FIG. 19 illustrates the opening of the launcher,
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[0042] FIG. 20 depicts a connector that allows the drone
to exchange data with the launcher, when present within
same,

[0043] FIG. 21 is a schematic and partial longitudinal
section of the mechanism integrated into the root of a blade,

[0044] FIG. 22 depicts the blade at its root,

[0045] FIG. 23 depicts the mechanism of FIG. 21, from a
different angle,

[0046] FIG. 24 is a view analogous to FIG. 23, from a

different angle and
[0047] FIG. 25 depicts the mechanism of FIGS. 23 and 24,
with the drive ring removed.

DETAILED DESCRIPTION

[0048] The drone 1 according to the invention and
depicted in FIGS. 1 and 2 comprises two wings 10 which are
able to move relative to the fuselage 2 between a fixed-wing
configuration corresponding to FIG. 1, and a rotary-wing
configuration illustrated in FIG. 2.

[0049] The drone 1 comprises, at the rear, a propeller 3
depicted schematically in FIG. 2 and, at the front, canard
foreplanes 3. The rear section 5 of the drone 1 may bear
ailerons and/or rudders 6.

[0050] In the fixed-wing configuration, the wings 10 are
fixed relative to the fuselage, with a forward-swept configu-
ration, allowing the drone to move like an airplane, in rapid
flight. The forward-swept configuration offers a combination
of advantages including energy efficiency associated with its
low drag, optimized lift and payload, better maneuverability
and greater tolerance to stalling at very low speed.

[0051] In the example illustrated, the fuselage of the drone
has a central bay, of prismatic cross section, which contrib-
utes to its lift.

[0052] In the rotary-wing configuration, the wings 10
rotate with a rotor relative to the front section 4 of the drone,
with opposite incidences. In this configuration, the wings 10
act like helicopter blades. The propeller 3 can then rotate in
the opposite direction from the wings 10, in order to provide
counter torque.

[0053] When the drone is moving in advancing flight in
the rotary-wing configuration, the dorsal ridge of the pris-
matic cross section of the central bay is preferably posi-
tioned to face into the relative airflow.

[0054] According to a first aspect of the invention, the axis
of rotation of the rotor can be oriented relative to the front
section 4 making it possible to control the advance of the
drone in the rotary-wing configuration.

[0055] If reference is now made more particularly to
FIGS. 3 to 8, it may be seen that the drone 1 comprises a
main electric motor 20, preferably of the brushless type,
housed in the front section 4 and connected to the propeller
3 by a drivetrain 30 comprising a shaft 31.

[0056] The front section 4 houses three actuators 40
arranged 120° apart about the axis of rotation of the motor
20. These actuators 40 are linear actuators in the example
considered and each comprise a rod 41 able to move axially
relative to the body 42 of the actuator. The rods 41 are
connected at their end by a swivel joint 43 to a stator 50 and
are able to control the orientation of the latter relative to the
front section 4.

[0057] The stator 50 comprises a peripheral skirt 51 in the
form of a portion of a sphere, which forms a swivel joint
with an internal skirt 60 of corresponding shape belonging
to the front section 4.
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[0058] A deflector 61 mounted on the fuselage of the front
section 4 partially covers the peripheral skirt 51 and pro-
vides a certain continuity of the exterior surface of the drone
1, for better aerodynamic performance.

[0059] The wings 10 are borne by a rotor 70 which can
rotate relative to the stator 50.

[0060] The motor 20 preferably incorporates an eddy
current electromagnetic brake and a rotor positioning sensor
such as an optical encoder.

[0061] The electromagnetic brake allows the rotor 70
running at full power to be immobilized quickly. Its position
is continually determined by the optical encoder allowing
the motor controller to reposition the rotor if necessary.
[0062] A transmission mechanism 80 allows the rotor 70
to be driven by the motor 20.

[0063] In the example illustrated, this mechanism 80 is of
the epicyclic reduction gearbox type and comprises, as is
more particularly visible in FIG. 7, an inner sungear 32
consisting of a gearwheel mounted on the shall 31, a large
ring gear 81 that forms an integral part of the rotor 70, and
a planet carrier 82.

[0064] The rotor 70 is guided by rolling bearings 84 and
85 borne by the stator 50.

[0065] When this is blocked, rotation of the shaft 31 drives
that of the rotor 70, with a reduction ratio. In that case, the
propeller 3 rotates in the opposite direction to the rotor 70.
[0066] When the planet carrier 82 is free to rotate, the
rotor 70 can have its rotation blocked.

[0067] When the large ring gear 81 is blocked, only the
propeller 3 is driven in rotation. When the large ring gear 81
is unblocked, the epicyclic gearbox acts like a reduction
gearbox and drives the wings 10. This sequence is revers-
ible.

[0068] Actuators which have not been shown allow the
selective blocking of the rotation of the planet carrier 82 or
of the rotor 70.

[0069] The drivetrain 30 comprises a universal joint 33
between the shaft 31 and the motor 20 to allow the rotational
torque of the motor 20 to be transmitted to the shaft 31 while
at the same time allowing freedom in the orientation of the
shaft 31 relative to the motor 20.

[0070] This universal joint 33 may be of the constant-
velocity joint type and comprise, as illustrated in FIG. 6, a
cage 34 provided on its interior surface with grooves 35
which house balls 36 transmitting torque with an internal
ball 37. The cage 34 of the constant-velocity joint 33 and the
swivel joint formed between the skirts 51 and 60 are
substantially concentric.

[0071] Ifreference is made to FIGS. 9 to 11 it may be seen
that the roots of the wings 10 comprise masts 11 connected
to the rotor 70 and each comprising a joint 12, visible in FIG.
10, that allow the wings to be folded against the fuselage as
illustrated in FIG. 12.

[0072] A rotary actuator 13 is housed in each wing to
modify their incidence in the rotary-wing configuration or to
block their incidence in the fixed-wing configuration.
[0073] The two working axes of the roots allow the wings
10 to be folded along the fuselage and their angle of attack
to be adjusted. The wings 10 are automatically deployed by
the relative airflow and locked by a locking ring 18 which
fits over the articulation 12 when the mast 11 is moved
axially relative to this ring 18 by the actuator 13. As can be
seen in FIGS. 21 to 25 in particular, each ring 18 takes the
form of a cylindrical segment secured to its respective wing
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and provided with a pull reinforcement 17 perpendicular to
its end. The reinforcement 17 hugs the chord of the roots and
is embedded in the profile of the wing, behind the leading
edge. A mechanism converts a rotational movement of the
actuator 13 into an axial movement of the mast 11. The latter
may have a first stud 311 near to the actuator and a second
stud 312 near to the rotor. The two studs 311 and 312 move
together under the action of the actuator 13. The latter drives
the rotation of a drive ring 320 which has an axial slot 321
in which the first stud 311 is engaged. The first stud 311 is
also engaged in a helical slot 325 of a tubular part 330 fixed
with the wing, secured to the locking ring 18. Thus, a
rotation of the drive ring 320 is accompanied by an axial
movement of the mast 11 relative to the locking ring 18 and
to the fixed tubular part 330. The second stud 312 is engaged
in a slot 340 formed on the tubular part 341 which is fixed
to the rotor 70 and which rotates therewith. This slot 340 has
a first portion 343, which is linear and extends radially, and
a second portion 344 which is helical. When the mast 11
moves axially under the effect of the rotation of the actuator
13, the second stud 312 moves along the linear first portion
343 and then into the helical second portion 344. The first
portion 343 serves to lock the wing 10 when advancing in
fixed-wing configuration. The second portion 344 allows the
modification of the incidence of the wing 10 in the rotary-
wing configuration, in order to vary the collective pitch.
[0074] The actuators 13 may be powered from the rotor
via rotary slip rings. The actuators may be controlled using
carrier currents for example.

[0075] In the rotary-wing configuration, the asymmetry
between the propeller 3 and the rotor 70 is compensated for
mechanically by the epicyclic gearbox which adjusts the
number of revolutions per minute between the two. Thus, the
volume of air swept by the propeller 30 is preferably
substantially equal to the volume of air swept by the wings
10 rotating with the rotor.

[0076] The drone 1 can be launched by being contained,
with all the wings folded, as illustrated in FIG. 12, in a
launcher 100 like the one depicted in FIGS. 13 to 19.
[0077] As a preference, this launcher is capable of maneu-
vering at high speed and, during the launch phase, adopts the
flight characteristics of a surface-to-air missile.

[0078] The launcher comprises a cap 101 of circular cross
section and a cruciform empennage 102. The maneuverabil-
ity and controllability of the launcher are provided by four
boosters 120 arranged symmetrically around the cap.
[0079] The cap 101 comprises two shells connected at the
bottom by an articulation 103 visible in FIG. 15.

[0080] The symmetrical thrust from the four boosters 120
acts together to keep the cap 101 closed until they enter their
deceleration phase.

[0081] Vectored thrust optimizes the positioning times
with a very tight turn between vertical launch and horizontal
flight. Independent of its maneuverability, the use of vec-
tored thrust means that control of the launcher can be
maintained with just three boosters should one of the boost-
ers fail.

[0082] The four boosters 120, mounted symmetrically on
each side of the cap, each have two degrees of freedom
(vertical and horizontal) the resultant being vectored thrust.
Each booster is directly connected to a deflector 122 which
forces the gases to follow a toric section 123 with inbuilt
nozzle, visible in FIG. 17, providing horizontal corrections.
Vertical corrections are achieved by the body of the deflec-
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tor, which is made up of two units 124 encapsulating the
toric section 123. The latter is able to pivot about an axis of
rotation X relative to the body of the deflector formed by the
units 124. The section 123 is produced with diametrically
opposed stub axles 127 which are housed in corresponding
openings in the body of the deflector, these openings being
formed by the mating of cutouts 126 present on each of the
units 124.

[0083] Each unit 124 comprises diametrically opposed
half stub axles which when the units 124 are brought
together form the stub axles 128 as illustrated in FIG. 18,
allowing the deflector to be oriented about an axis of rotation
X perpendicular to the axis Y.

[0084] Each system of actuators 125 of a booster deflector
120 is preferably provided with symmetrical redundancy
regarding commands for rotation both about the axis X and
about the axis Y, giving the system reliability.

[0085] Inparticular, as illustrated, the body of the deflector
may bear two actuators each one connected to a respective
stub axle 127, to control the tilting of the toric section 123
relative to the body of the deflector, and this can pivot about
the axis Y under the action of two actuators each connected
to a stub axle 128 by a respective linkage mechanism 150.
[0086] The reliability of release is critical to mission
success and the load factors exerted on the cap 101 may
compromise opening. In order to remove this risk, the cap is
kept closed at high speed during the tight turns that the
launcher is liable to make and during the deceleration phase
thereof.

[0087] Throughout the duration of the flight, the airflow
applies pressure to the convex deflection surface of the cap
and separation occurs at a controlled velocity during decel-
eration. The launcher opening velocity is controlled by the
joint effects of the air pressure, for example by way of a Pitot
tube, and the mechanical pressure applied to the fuselage,
for example by means of a piezoelectric pressure sensor.
[0088] Once it reaches the programmed position, the cap
101 opens, as illustrated in FIG. 19, and ejects the drone 1
which can then continue its flight in fixed-wing or rotary-
wing configuration. Once the mission is over, the drone 1
can be recovered by an autonomous land system with which
it communicates.

[0089] The drone may, as illustrated in FIG. 20, comprise
a connector 300 connected to a corresponding connector
present on the launcher (not visible) for the exchange of data
between the two, and notably allowing control of the boost-
ers and deflectors by the electronics of the drone during the
launch phase. During the release of the drone, the connectors
separate. The connector 300 may be present on the ventral
face of the fuselage.

[0090] In an alternative, the drone is gyrostabilized by
motors equipped with small bladed rotors housed in the
fuselage. These motors play no part in the lift of the drone,
and their capability is strictly limited to producing counter
torque thrust and creating a moment that allows an approach
path to be maintained with a given angle during landing. In
order to avoid stability problems associated with the differ-
ences in pressure between the exterior surface of the cell and
the inside, the openers may be closed off by a circular slide
mechanism incorporated into the nose of the cell. The
mechanism may be passive and the slide may reach its
position under the effect of gravity. In the event of reversal
of the configuration of the wing structures (rotary-wing/
fixed wing) the extension generated by the slide shifts the
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center of gravity towards the rear of the platform, thus
contributing to increasing its stability at low speed. At high
speed. the slide retracts under the pressure of the relative
airflow.

1. A drone comprising a front section, a wing structure
borne by a rotor situated behind the front section, and a
propeller at the rear, the wing structure comprising two
wings rotating with the rotor, the wing structure being able
to adapt between a flight configuration in which the rotor is
stationary relative to the front section and the propulsion is
provided by the propeller, and a rotary-wing flight configu-
ration in which the rotor is rotationally driven relative to the
front section, the rotor being connected to the front section
with the possibility of orienting its axis of rotation relative
to said front section so as to be able to steer the drone in the
rotary-wing configuration by altering said orientation.

2. The drone as claimed in claim 1, further comprising a
stator bearing the rotor, the stator being connected by at least
one actuator to the front section, the actuator being designed
to modify the orientation of the stator relative to the front
section when actuated.

3. The drone as claimed in claim 2, forther comprising
several actuators connecting the front section to the stator
and, when actuated, making it possible to modify the ori-
entation of the stator relative to the front section about at
least two axes.

4. The drone as claimed in claim 3, further comprising
three actuators connecting the front section to the stator,
these being positioned 120° apart about the longitudinal axis
of the stator.

5. The drone as claimed in claim 2 4, further comprising
a swivel joint connection between the front section and the
stator.

6. The drone as claimed in claim 1, further comprising a
motor for driving the rotation of the propeller, this motor
being housed in the front section, a drivetrain connecting the
motor to the propeller, this drivetrain comprising a universal
allowing drive to be transmitted from the motor to the
propeller despite the changes in orientation of the axis of
rotation of the rotor relative to the front section.

7. The drone as claimed in claim 6, wherein the move-
ments orienting the axis of rotation of the rotor are effected
about a center of rotation on which the universal joint is
centered.

8. The drone as claimed in claim 1, wherein the wings are
configured to pivot relative to the rotor in order to change
their incidence.

9. The drone as claimed in claim 1, wherein the propeller
and the rotor are moved by one and the same motor.

10. The drone as claimed in claim 1, further comprising
a rear section bearing the propeller, the rotor rotating
between the front and rear sections.

11. The drone as claimed in claim 1, wherein each wing
is connected to the rotor by a mast comprising a joint
allowing the wing to be folded against the fuselage during a
phase of launch of the drone, when the latter is contained
inside a launcher, the drone comprising a mechanism allow-
ing the hinge to be immobilized once the wing has deployed.

12. The drone as claimed in claim 8, wherein the variation
in incidence of the wing relative to the rotor being obtained
by a mechanism which convetts a rotational movement of an
actuator into an axial movement of the mast.
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13. A launcher in which there is placed a drone as claimed
in claim 1, the drone comprising folding wings which can be
folded against the fuselage when the drone is contained
inside the launcher.

14. The launcher as claimed in claim 13, wherein the
launcher comprising a cap housing the drone, and four
vectored-thrust boosters for orienting the launcher.

15. The launcher as claimed in claim 14, the cap com-
prising two articulated sections which are kept closed by the
aerodynamic thrust when the launcher is moving at high
speed.

16. The launcher as claimed in claim 14, wherein each
booster comprising a deflector comprising a body able to
pivot about a first axis of rotation.

17. The launcher as claimed in claim 16, the body being
made up of two units which are assembled around a toric
section constituting said element and/or a system of redun-
dant actuators being providing control of the pivoting of the
deflector about these two axes of rotation.

18. The drone as claimed in claim 11, wherein the
blocking mechanism comprises a locking ring which in the
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locked position covers the hinge and thus immobilizes the
mast in a configuration in which it is coaxial with the ring
and/or an actuator housed in the wing making it possible to
generate a relative movement between the mast and the
locking ring to bring the latter into its blocking configura-
tion.

19. The drone as claimed in claim 12, wherein the mast
comprises a first stud near to the actuator and a second stud
near to the rotor, the two studs moving together under the
action of the actuator, the latter driving the rotation of a drive
ring that has an axial slot in which the first stud is engaged,
the first stud also being engaged in a helical slot of a tubular
part fixed with the wing, secured to the locking ring, a
rotation of the drive ring being accompanied by an axial
movement of the mast relative to the locking ring and to the
fixed tubular part, the second stud being engaged in a slot
formed on a tubular part which is fixed on the rotor and
which rotates therewith, this slot comprising a first portion
which is linear and extends radially, and a second portion
which is helical.
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