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CTAHOBWLE

OTHOCHO: npegBapuTenHo npoyyBaHe Ha n3obpeTeHne 3a HOBOCT Ha “BepTukanHo nanutawy,
M Kaual, neTtaTeneH anapar ¢ BepTUKanHO OBanHO KpWUo 1 ABuratenu ¢ NpoOMeHnMBa BEKTOpHa
Tara“

CnUC -71/11.01.2023 r.

KbM 1ckaHeTo 3a NpoyyBaHe ca NpPUoXKeHW onncaHve, NPpeTeHLUn 1 YepTex.

dopMynupaHn ca eaHa He3aBuUCKMMa U TPY 3aBUCUMM NPETEHLIUN.

CbrnacHo nateHTHUTe 1-4 npeTeHuMM NpoyYBaHETO Ce OTHaCs A0 BePTMKanHO manuraly,
M Kalall neTaTerieH anapar ¢ BEPTUKarHO OBariHO KpUIo 1 ABuraTenu ¢ NpoMeHMBa BEKTOpHa
TAra, BKMOYBALY MOAYIHO BOAOYCTOWYMBO TAMO, Liacu, Modyn 3a rnobanHa cuctema 3a
NO3MLMOHMPaHe, KaTo LAacuTo € KpbCTOOGPasHO CbCTOSALLO Ce OT ABE Mpecuyally ce onopu, B
YuuTO Nepudepnn ca UKCUPaHN BbTPELLHUTE MOBBPXHOCTU Ha BEPTUKANHO OBariHO KPWIIO,
KaTo Ha XOpM3OHTamnHaTa onopa ca MOHTMpPaHW ABUraTeny ¢ NPOMEeHIMBa BEKTOPHA Tsra.

KbMm Bceku aBuraten ¢ NpoMeHnvMBa BepTyKanHa Tsara ca KynnumpaHu ABe CbOCHU BUTHA.
BepTrkanHOTO OBanHoO KpUro e enuncoBuaeH NPbCTEH.

BepTrkanHoTO OBanHoO KpUro e ¢ HecMMeTpUYeH aepoanHammuyeH npodun.

3apgava Ha n3obpeTeHneTo e Aa ce obesneun BepTUKaNHO M3NUTAaLL M Kalaly netateneH
anapaT ¢ BepTuKariHO OBaflHO KpWio M ABuraten ¢ NpoMeHNuBa Tsra, 3a ga ce npesoTspaTty
nepudePHOTO KPUIMHO Bb3AYLUHO CbMPOTUBIIEHME U A CEe YBENMYM TOBAPOHOCUMOCTTa My.

Mpy M3BLPLLUEHOTO NPOYyYBaHE Ce YCTAHOBM Hanuyne Ha M3BECTHU OT MpeaLlecTBalloTo
CbCTOSIHME Ha TEXHMKaTa AOKYMEHTU, OTpassiBally HUBOTO Ha TEXHUKATa, KOMTO Ca NOCOYEHU B
NPUNOXEHMS OOoKNaza OT Npoy4YyBaHe U KOUTO He ca MPOTMBOMOCTABUMM MO HOBOCT Ha obeKTa Ha
npoy4yBaHe, a UMEHHO:

- US3640489 (A) nyo6nukyBaH Ha 08.02.1972 r., KONTO paskpvMBa CaMoSieT C
BepTuKanHo msnutaHe u kauaHe (VTOL) mmaw, drosenax ¢ cdopma Ha AUCK C
MHOXXECTBO bITIOBO Pa3noSyiIOKEHM Bb3MM 3a reHepupaHe Ha nogemHa cuna. Beekn
Bb3eNn Ce CbCTOM OT POTOP Had WNU HapaBHO C (oro3enaxa, KOMMNpecop BbB
dro3enaxa, KOUTO BKapBa Bb3ayx OTrope, 1 At03a noa gro3enaxa 3a u3rnackeaHe
Ha Bb3gyxa OT komnpecopa B cTpys. [llo3ute morat ga ce BbpTAT BbB BCsKa
nocoka. Taka, cnopef HaCTPOMKWUTE Ha Al3UTe, CaMOoNeTbT MOXe Aa ce nsaumra unm
NOTbBa BEPTMKANHO U Aa Ce ABWXM BbB BCSKa XOPU30OHTanHa nocoka.

- US10960978 (B2) ny6nukyBaH Ha 30.03.2021 r., KOMTO pas3kpvMBa CaMoOneT,
CnocobeH Ha BepTUKANHO U3NMTaHe 1 KauaHe, cTauMoHapeH NoneT n noneT Hanpes,
BKIMOYBALY,  3aTBOPEHO  KPWMoO, KOETO  ocurypsiea  MoBauraHe,  Korato
Bb34yxonnaBaTenHoTO CPeACTBO € B MOneT Hanped, dro3enax, NoHe 4acTU4HO
pas3nonoXeH B NepuMeTbpa Ha 3aTBOPEHOTO KPWIO, M edHa WNK MoBeYve Chnvuu,
CBbp3BalLN 3aTBOPEHO Kpuno KbM dtosenaxa. EgMH nnn noeeve apuratenun unm
MOTOPK Ca Pas3nofioKEHN B UM NPUKPENEHM KbM 3aTBOPEHOTO KpWio, dro3enaxa
unu cnuuute. Tpyn unu noeseye BuTna ca 6nm3o 0o Bogewmsi pbd Ha 3aTBOPEHOTO
KpUno wnn egHata wunuM noBeye Cchnuuun, pasnpedeneHn no AbibkuHaTa Ha
3aTBOPEHOTO KPUIO UNW Ha egHaTa unu noseye cnmum U yHKLMOHANHO CBbp3aHu
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KbM eauH wunu noseye pAsuratenu. Butnarta ocurypsasaTt noBguraHe, Korato
caMoNleTbT € BbB BepTUKariHO u3nntaHe W KalaHe W HenoaBwXeH nMnonet, W
ocurypsaBart T4dra, Korato CamoneTbT € B NoNeT Hanpea.

- JP2014240242 (A) nyonukyBaH Ha 25.12.2014 r., KONTO paskpuBa neTtaTesiHoO
NpPeBO3HO CPEeACTBO C BEPTUKANHO U3NUTaHe U KauaHe CbCTOSLWO ce OT MHOXECTBO
BbTpeLHn potopHn egmHuum ( RU11-RU14), pasnonoxeH Bbpxy nbpBa obukornka,
oTAeneHa OT LeHTbpa Ha Kopryca Ha camofieTa Ha npeaBapwuTenHo onpeaeneHo
pa3CTOSIHME; MHOXECTBO BBHWHK poTopHu eamHnum (RU21-RU24), nogpeaeHun
BbpXy BTOpa OOMKOMKa, OTAeneHa OT LeHTbpa Ha Kopnyca Ha camoreTra Ha
npeaBapuTenHo  onpedeneHo  pasCTosiHWe, Mo-ronsiMo  OT  npegBapuUTeriHO
onpedeneHoTo pascTosiHMe; U CpeAcTBa 3a  YyhpasneHve 3a  3a[BWXBaLLO
ynpaBfneHne Ha BbTPEWHUTE POTOPHU eOUMHUUN W BbHLIHUTE  POTOPHU
egmHuum. MNMnaBaHeTo Ha Koprnyca Ha caMoreTa ce M3BbpLuBa Ype3 paboTa rnaBHO
Ha BbTpeLlHuTe potopHn 6nokose (RU11-RU14), a ynpaBneHMeTo Ha NomnoXeHMeTo
Ha Kopryca Ha camoreTa ce U3BbpLUBa Ype3 paboTa rmaBHO Ha BbHLUHUTE POTOPHMU
6nokoee (RU21-RU24).

- RU2515823 (C1) nybnukyBaH Ha 20.05.2014 r., KOMTO paskpuBa camorneT
BKNIOYBALY, pama, CBbp3aHa 6e3 TpaHCMUCUSA C HOCeL TbHBK ANCK, 060pyaBaH CbC
crbBaemMun paguanHu nonatkn Ha LeHTpobexeH BEHTUNATop, LWapHMPHO CBbp3aH C
ropHaTa noBbPXHOCT Ha Aucka. PerynvpyemuTte nonaTky Ha akcuarHus BeHTuraTop
ca pas3nonoxeHu, kato pbOoBeTe Ha AUCKa Cce NpeBpbLLAT B POTOP BbB BEpPTUKANEH
noneT U B KPBLIMO KpUNo npu xopusoHTaneH nomnet. OcTpueTata Ha [UCKOBOTO
3aBWKBaHe, CrbBaeMM HapaBHO C JoNHaTa NOBbPXHOCT Ha AUCKa, ca PasnofoXeHn
noA AWcKa, KaTo AUCKBbT Ce BbPTU OT peakTUBHUA ra3 Ha asuratens. [suratenute
Ca 3aKperneHn KbM ropecrnomMeHartaTa pamMmka Ypes nepku 3a ynpasneHue Ha noneTa.

- CN106741910 (A) nyonukyBaH Ha 31.05.2017 r., konTo paskpvsa GniogoobpaseH
6e3nunoTeH neTateneH anapat c dopMaTa Ha YMHUS CbCTOSLL ce OT ObBMBKa C
dopma Ha uuHusa, Gatepusi, BATNO M ONOK 3a ynpaBneHve Ha rpaBUTALMOHHMUSA
LEeHTbP, NPV KOETO FopeH KOHTPOSEH KOHTEMHEep € CBbp3aH KbM ropHata 4acT B
obBuBKaTa ¢ hopma Ha YMHUS, TOpeH ABuraten e UKCUpaH KbM JonHaTa 4acT Ha
FOPHMSA KOHTPOSIEH KOHTEMHep W AonHaTa 4acT Ha ropHWs OBuraten e cBbp3aHa C
rOpeH aepoKpwIT; U OOMNEH KOHTPONEH KOHTEVHEP e CBbp3aH KbM JoNnHaTa cTpaHa B
koprnyca ¢ copma Ha YMHWS, AONEH ABWraten e CBbp3aH KbM ropHaTta 4acT Ha
AOMHUSA KOHTPOMNEH KOHTEeWHep, ropHata 4YacT Ha [OonHuSA ABuraTen e CBbp3aH C
AOMHO KPWUMAO W OOMNHMAT 4acT OT AOMHUSA KOHTPOMEH KOHTEeMHep € CBbp3aH C
obnayHa nany6ba.

- US10814974 (B2) ny6nukyBaH Ha 27.10.2020 r., KOMTO paskpvBa camorner,
cnocobeH Ha BepTMKanHo u3nutaHe w  kauaHe (VTOL) wu TpaBepceH
noneT. Bb3gyxonnaBaTtenHoto  CpeACcTBO  BKMYBA  (PUKCMpaHa  BbHLUHA
KOHCTPYKLMS, BKMOYBALLA Haln-Marnko o6Lo UMAMHAPUYHO KPUIOo, MMaLLO BbTPELUHO
TANO, pPa3nonoXeHo B pamkuTe Ha dukcmpaHaTa BbHLUHA
KOHCTpyKumMsA. OnpegeneHo e NpOCTPaHCTBO  MeXAy BbTPELWHOTO TAMo u
duKcMpaHaTa BbHLIHA CTPyKTypa. B ToBa MpocCTpaHCTBO MMa €dHO unu noseve
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BbPTALLM CE MPbCTEHOBMOHW Konena, KOMTO cb3gaBaT Tara, AocTaTbyHa 3a
nocTuraHe Ha nosauraHe Ha camornera.

- USb5213284 (A) ny6nukyBaH Ha 25.05.1993 r., KOWTO paskpvBa meTaTernHo
CPeAcTBO ¢ OOMKHOBEHO Kpbriia Unv AMCKOBa NiaHoBa KOHUrypaumst OcurypsiaLLo
Bb3MOXHOCT 32 BepTuKaneH noneT Yypes ABa KOHLUEHTPUYHU KOMMNIIEKTa NoBAuraLlm
BEHTUNATOPW UNun nepku. Bcekn OT aBaTa KOMMNEKTa MOXe Aa BKIYBa onpeaernex
Opor oToeNHM NPBbCTEHN OT NoNaTku, HO U ABaTa KOMMMEKTa ca e4HaKBKU No NioLy u
Ce BBbpTAT CPELLYNONOXKHO, 32 Aa OCUrypAT NOYTU eaHakBM 00eMu Ha Bb3AYLUHUSA
MOTOK MU MO TO3W HAYMH MO CbLLECTBO KOMMEHCMpAT BCSKa peakuus Ha BbpTALy
MOMEHT, AbJKalla Ce Ha BbPTEHETO Ha KOMMNIEKTUTE nonaTku. Hskonko gsuratens
ca OCUrypeHn B NpPeanovMTaHoTO M3MbIIHEHWE, KaTo efuH ABuraten ocurypsisa
MOLLHOCT Ha KOMMMEKTUTE BEHTMNATOpU 3a noBAMraHe, a Apyrn Asuratenmu
ocurypsiBaT Tara 3a XOpM3oHTarneH nosner.

HOBOCT

B HMTO eanH OT HamepeHuTe Npu NPOy4YBaAHETO LOKYMEHTU HE € Pas3KpUTO TEXHUYECKO
peLleHne 3a BepTUKaIHO M3NuTaLL M Kalall netaTeneH anapart ¢ BEPTMKariHO OBanHO KpUmo m
ABUraTenu ¢ NpoOMEeHMBa BEKTOPHA TAra, KOETO Aa CbAbpKa BCUYKN TEXHUYECKM MPU3HALUM Ha
obekTa Ha Npoy4YBaHETO.

Ekcneptusata cuuta, 4e 0OEKTBLT Ha NPOy4YBaHETO OTroBapsA Ha M3MCKBaHUATa 3a

HOBOCT, CbIrnacHoO 4n. 8 ot 3akoHa 3a naTteHTUTE M perncTpauunaTa Ha none3HnTe Mmoaenun
(3NPNM).

Jecucnasa lBanoBa
Crapiuu excriept JE3UTIMIT/]
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United States Patent {9

A

US005213284A
111 Patent Number: 5,213,284

4,014,483 3/1977 MacNeill
5,039,031 8/1991 Valverde

244723 C
244/12.2

Webster (457 Date of Patent: May 25, 1993
[54] 3:3?]{(: AL FSI}:;?{’? zml;{%WNG FOREIGN PATENT DOCUMENTS
: 0678700 1/1964 Canada .......ooccvvververninnnns 244/23 C
[76] Inventor; Steven N. Webster, P.O. Box 426 2648504 2/1978 Fed. Rep. of Germany .... 244/23 C
?-Il::dpyl!‘l{ ao 11302:3 :’0 ng Creek, Mossy Primary Examiner—Joseph F. Peters, Jr.
T Assistant Examiner—Christopher P. Ellis
[2'1] Appl. No.: 772,904 Attorney, Agent, or Firm—Richard C. Litman
. {57 ABSTRACT
[22] Filed: Aug. 5, 1991 . . . .
' An aircraft having a generally circular or disc planform
configuration provides the capability of vertical flight
Related U.S. Application Data through two concentric sets of lifting fans or blades.
[63] Continuation-in-part of Ser. No. 395,358, Aug. 17, The two sets may each include 2 number of individual
1989, abandoned. : rings of blades, but both sets are equal in area and rotate
oppositely in order to provide nearly equal volumes of
[51] Imt. CLS ..o B64C 29/00 airflow, and thus essentially offset any torque reaction
[52] US. ClL .o 244/23 C; 244/12.2 due to the rotation of the blade sets. Several engines are
[58] Field of Search .................. 244,23 C, 12.2, 23 B, provided in the preferred embodiment, with one engine
244/53 R, 60, 17.19 providing power to the lift fan sets and other engines
providing thrust for horizontal flight. Other novel fea-
[56] References Cited tures are also disclosed, such as a peripheral aerody-
U.S. PATENT DOCUMENTS namic control system, power transmission system, and
. surface vane system. An alternate embodiment includes
3935075 '5/1560 Grayscn " Jus/ryC 2 peripheral passenger or cargo ares, with more con-
3:312, 425 471967 Lennon et al .o 244/12.2 ventional rearwardly located aerodynamic controls for
3,774,865 1171973 PANMO wovvovrevreerren 244723 C  ‘horizontal flight.

15 Claims, 5 Drawing Sheets
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5,213,284

1

DISC PLANFORM AIRCRAFT HAVING
YERTICAL FLIGHT CAPABILITY

REFERENCE TO RELATED APPLICATION

This application is a continuation in part of utility
patent application Ser. No. 07/395,358 filed on Aug. 17,
1989, now abandoned.

FIELD OF THE INVENTION

This invention relates generally to aircraft, and more
specifically to an aircraft type having a plurality of
concentric, counterrotating lifting fans or blades and
the capability of vertical takeoff and landing, as well as
other novel features.

BACKGROUND OF THE INVENTION

The development of heavier than air powered air-
craft (i.e., airplanes, gyroplanes and helicopters) has led
to a variety of different aircraft configurations, control
systems, and powerpiant, propeller and/or other sys-
tems and configurations. Most of these various configu-
rations require some horizontal distance for takeoff and
landing, thus restricting their use to specific airport or at
least open areas not otherwise restricted. Even in the
case of helicopters, where vertical takeoffs and landings
are physically possible, the relative hazard due to the
rapidly spinning, large diameter rotor blades generally
precludes their use in any but specially designated areas,
except for specialized emergency uses such as air ambu-
lance service and the like. Moreover, the disastrous
effects which would occur if a helicopter main or tail
rotor blade were to strike a fixed object while taking off
or landing in a confined area, result in most helicopter
operations being restricted to airports just as are opera-
tions with fixed wing aircraft. »

The need arises for an aircraft which is capable of
vertical takeoffs and landings, while also being capabie
of relatively high speed flight. The aircraft lifting ro-
tors, fans and/or blades must be completely contained
within the fixed structure of the craft, in order to permit
the safe operation of the craft within confined areas. In
order that the craft operate efficiently at various air-
speeds ranging from zero to maximum cruise or above,
both aerodynamic and thrust control systems should be
implemented. Torque may be eliminated by means of
counterrotating lift devices, rather than anti torque tail
rotors as in helicopters, thus further enhancing the
safety of the craft. Finally, the craft should employ a
relatively simple powerplant system which is capable of
providing both thrust for horizonta! flight and a lifting
force for vertical flight, by means of appropriate lift fan
technology.

DESCRIPTION OF THE RELATED ART

Grayson U.S. Pat. No. 2,935,275 discloses a disc
shaped aircraft which contains a general powerplant
and lifting fan configuration similar to a limited extent
to that of the present invention. However, it does not
appear that the patent to Grayson makes provision for
yaw control in the craft. Other deficiencies will be
noted in comparison to the disclosure of the present
invention as described further below.

J. C. M. Frost et al. U.S. Pat. Nos. 3,022,963 and
3,051,417 each disclose a disc type aircraft including a
peripheral control system. The control systems rely
primarily on the well known Coanda effect, which may
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have limited use in maneuvering a relatively large and
heavy craft in all flight conditions.

P. B. Clover U.S. Pat. No. 3,243,146 discloses a verti-
cal takeoff and landing aircraft with lifting power sup-
plied by a single rotor or fan. Anti torque means are
provided by a series of vanes within the craft which
guide incoming air to the fan. The control system is
completely aerodynamic (as opposed to reaction con-
trol means), but comprises generally horizontal control
surfaces disposed completely within the entry air ducts
of the craft. As the air mass must be contained within
the respective ducts and cannot be deflected due to the
duct walls, it is not seen how the control system of the
Clover patent operates.

J. N. Modesti U.S. Pat. No. 3,503,573 discloses a disk
shaped aircraft which is powered by rocket engines.
Nearly the entire craft is spun by means of tangentially
thrusting rockets, while means are provided for coun-
terrotating the cockpit or cabin of the craft to produce
a net rotational velocity which approaches zero for the
cabin structure. However, no purpose for the rotation
of the main portion of the craft appears to be disclosed
in the Modesti patent.

J. A. Perseghetti U.S. Pat. No. 3,531,063 discloses a
vertical takeoff aircraft and gyro guidance system
therefor. Vertical thrust is provided by four jet engines,
while the control system is by means of the gyroscopic
precessional forces. Such a control system would by its
nature require relatively heavy gyro assemblies, which
in turn would necessitate relatively large and heavy
engines to lift the weight of the craft.

U.S. Pat. Nos. 3,997,131 and 4,147,472 issued to A.
Kling respectively disclose an electrically operated
rotor system for aircraft and an annular shroud arrange-
ment for rotating turbine blades.

DeSautel U.S. Pat. No. 4,214,720 discloses a disc
shaped aircraft powered by sixteen jet engines arranged
radially about the craft. The engines create a lifting
force by directing their thrust around an annular airfoil
shaped periphery. The annular periphery is also rotated,
as in the patent to Modesti described above. Many of
the same limitations of the Modesti patent are apparent
here.

Finally, P. M. Panos U.S. Pat. No. 4,901,948 discloses
a control system for a disc shaped aircraft comprising a
plurality of rotatable nozzles, each of which may be
rotated in its respective housing in order to direct thrust
in a specific direction. This system is similar to reaction
control systems known in other specialized aircraft
applications, such as the Hawker Harrier aircraft series.
The system bears no resemblance to the control system
of the present invention.

None of the above noted patents, either singly or in
combination, are seen to disclose the specific arrange-
ment of concepts disclosed by the present invention.

SUMMARY OF THE INVENTION

By the present invention, an improved aircraft having
concentric, counterrotating lifting fans and being capa-
ble of vertical flight is disclosed.

Accordingly, one of the objects of the present inven-
tion is to provide such an improved aircraft having a
generally circular planform.

Another of the objects of the present invention is to
provide an improved aircraft in which each of the coun-
terrotating lifting fans or groups of counterrotating
lifting fans are of equal areas.
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Yet another of the objects of the present invention is
to provide an improved aircraft in which the lifting fans
are powered by means of turbine engines, which en-
gines further provide thrust for horizontal flight.

Still another of the objects of the present invention is
to provide an improved aircraft having an efficient and
lightweight structure which combines cooperating ele-
ments which are arranged in tension and compression.

A further object of the present invention is to provide
an improved aircraft having both a control system pro-
viding control at low airspeeds, and an aerodynamic
control system for use at higher airspeeds.

An additional object of the present invention is to
provide an improved aircraft of generally circular plan-
form, which provides for passenger and/or cargo car-
riage both in a central area and further in a peripheral
area of the craft.

With these and other objects in view which will more
readily appear as the nature of the invention is better
understood, the invention consists in the novel combi-
nation and arrangement of parts hereinafter more fully
described, illustrated and claimed with reference being
made to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1 is a front perspective view of the aircraft of
the present invention, showing its general configura-
tion.

FIG. 2is a perspective view of an alternative configu-
ration having a peripheral passenger and/or cargo com-
partment.

FIG. 3 is a top plan view of the craft showing the
general arrangement of the lifting fans, engine intake
and exhaust, central cabin area, and peripheral aerody-
namic controls.

FIG. 4 is a top plan view in which the upper surface
of the craft has been removed in order to more clearly
show the internal structure and components.

FIG. § is a side view of a portion of the craft, showing
additional details relating to the power system and
other areas.

FIG. 6 is a front view of a portion of the craft, par-
tially cut away, showing various internal components
and systems of the lifting surface.

FIG. 7 is a view in section of the mechanism provid-
ing for the rotation of the lifting fans.

FIG. 8 is a view in section of the aerodynamic con-
trols of the craft, showing the detail of the hinge ar-
rangement.

Similar reference characters designate corresponding
parts throughout the several figures of the drawings.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, particularly FIG. 1 of
the drawings, the present invention will be seen to re-
late to an aircraft 10 of generally circular or disc shaped
planform. The embodiment of aircraft 10 shown in FIG.
1 may be seen to generally comprise a central, generally
spherical compartment 12 which is surrounded by a
generally circular area or lifting surface 14 which pro-
vides means for supporting the craft 10 in flight. Aero-
dynamic control surfaces, generally indicated as 16, are
disposed around the periphery of surface 14.

FIG. 2 discloses an alternate embodiment 18 of the
aircraft 10 of FIG. 1, in which the general configuration
of aircraft 10 is constructed to a larger scale which
enables an additional peripheral passenger or cargo
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compartment 20 to replace the aerodynamic control
surfaces 16 of aircraft 10. In lieu of peripheral aerody-
namic control surfaces 16, separate trailing control sur-
faces 22 are used near the rear of craft 18 as shown in
FIG. 2. Most of the remaining systems of the two em-
bodiments 10 and 18 are common to the two aircraft,
differing only in scale and various details as required by
the structure of each aircraft 10 and 18. These remain-
ing systems will be discussed in detail below in a discus-
sion of the elements of the remaining figures.

FIG. 3 discloses a plan view of the aircraft 10 shown
in FIG. 1. Before discussing in detail the arrangement
shown in FIG. 3, it is important to note that the control
of torque reactions in vertical flight aircraft is of critical
importance. In this respect, the aircraft 10 and 18 of
FIGS. 1 and 2 respectively have some common ground
with helicopters. As the rotor of a helicopter rotates
and develops a lifting force, a horizontal drag force will
also be developed. Assuming that the helicopter is clear
of the surface, and thus is free to move or rotate about
any axis, the helicopter itself will tend to rotate in a
direction opposite that of the direction of rotation of the
main rotor.

Various solutions have been developed to overcome
this torque reaction, the most common being an anti
torque rotor installed on the tzil of the helicopter. Mul-
tiple main rotor systems rotating in opposite directions
are also seen in larger helicopters, the torque reaction of
the two counterrotating main rotors thus canceling out.
In any case, some provision must be made for the can-
cellation of torque reaction in aircraft capable of verti-
cal flight, which obviously involves at least some flight
at airspeeds too low for conventional aerodynamic con-
trols to be effective.

The aircraft of embodiments 10 and 18, as shown in
FIGS. 1 and 2 respectively, respond to this problem by
means of a plurality of counterrotating lifting fan sets,
designated as 24, 26 and 28 in FIG. 3. These fan sets 24,
26 and 28 each appear as a single fan in the top view
shown in FIG. 3, but the cross sectional view of FIG. 6
discloses each fan set 24, 26 and 28 to comprise respec-
tively an upper fan 24, 264, and 284, and lower fan 245,
26b and 28b. While three lifting fan sets, comprised of
an inner lift fan set 24, central lift fan set 26, and outer
lift fan set 28, are shown in FIG. 3, it will be understood
that virtually any number of fans more than one could
be constructed in this manner and caused to rotate in
opposite directions in order to cancel any torque reac-
tion. The critical point is that the mass and velocity of
air moved by the fan or fans rotating in one direction
must be very nearly the same as the mass and velocity of
air moved by the fan or fans rotating in the opposite
direction. If the air mass and velocity moved by each set
of counterrotating fans is essentially equal, by definition
the resulting lift force will be essentially equal and
therefore the resulting drag force will also be essentially
equal and any torque reaction will be all but canceled.

This is basically accomplished in the present inven-
tion by making the areas of each set of counterrotating
fans equal. In other words, the areas of inner fan set 24
and outer fan set 28, which rotate in one direction,
when added together are equal in area to that of central
fan set 26 which rotates in a direction opposite to that of
inner and outer fan sets 24 and 28. While other factors
are of course involved in the amount of lift produced by
a given lift fan set 24, 26, or 28, such as the blade pitch
and therefore angle of attack, as well as rotational
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speed, these factors may be adjusted accordingly in the
construction of aircraft 10 or 18.

One means of accomplishing such adjustment is by
means of the gearing used to drive lift fan sets 24
through 28, as shown more clearly in FIG. 7. By adjust-
ing the gear ratio as desired, rotational speed of any one
of the fan sets 24 through 28 may be adjusted accord-
ingly, thus serving to equalize the lifting force and cor-
responding torque developed by any one of the fan sets
24 through 28. Alternatively, one set of fans 24, 26 or 28
may be equipped with variable pitch blades, not shown,
and adjusted by means of controls in the cabin 12 of the
aircraft 10 or 18 as is well known in the helicopter art.
Only one set of fans 24, 26 or 28 need be so equipped, as
when the pitch is adjusted on any one set of fan blades,
the lift and therefore drag and torque may be made to be
either greater than, equal to, or less than any other fan
or set of fans.

The cross sectional view of FIG. 6 more clearly
shows the vertical arrangement of the lifting fans 24a
and b, 26a and b, and 284 and b, as well as other interior
structural components described further below. In FIG.
6, the upper fans 24q, 264, and 284 and lower fans 245,
26b, and 285 may be seen. It will be noted that the
blades of both upper and lower inner fans 24¢ and 245
are angled or pitched in the same relative direction, as
they are both geared together and turn in the same
direction. In a like manner, upper and lower central fans
260 and 265 are both geared together and revolve in the
same direction relative to one another, although that
direction of rotation is opposite that of inner fan set 24
and outer fan set 28. Similarly, upper and lower outer
fans 282 and 285 are geared together in order to revolve
in the same direction relative to one another and rela-
tive to inner fan set 24, while opposite the rotational
direction of central fan set 26.

FIG. 7 discloses details of the drive mechanism 30 for
fan sets 24, 26 and 28. It will be understood that FIG. 7
shows only the fan drive mechanism 30 for an upper set
of lift fans 24a, 26a, or 28a, but that the drive mecha-
nism for lower lift fans is essentially a mirror image in
the vertical of the fan drive mechanism 30 shown in
F1G. 7. Adjacent upper and lower drive mechanisms 30
each receive power input by means of a verticat shaft
64, which shafts 64 receive power from cooperating
power output shafts 62 further described below.

It will also be seen that FIG. 7 discloses an essentially
symmetrical arrangement, as would be required for the
fan drive mechanism between adjacent lifting fan sets 24
and 26 or 26 and 28. Four fan drive mechanisms 30 are
installed between upper inner lifting fan 24a and upper
central lifting fan 26q, at locations 45 degrees from the
longitudinal and lateral axes of aircraft 10 as shown in
FIG. 4. In a like manner, an additional four fan drive
mechanisms are positioned between upper central lift
fan 26a and upper outer lift fan 284, for a total of eight
fan drive mechanisms 30 to drive the upper lift fans 244,
26g and 284. A symmetrical arrangement of eight more
drive mechanisms 30 are located within the lower por-
tion of lifting surface 14 immediately below mechanisms
30 which drive upper fans 24q, 264, and 284, to drive the
lower lift fans 245, 265 and 28b. Thus, there are a total
of sixteen lift fan drive mechanisms 30 to drive lift fan
sets 24, 26 and 28 in the aircraft configuration generally
described in this specification.

Support webs. 32 provide for the attachment and
securing of each fan drive mechanism 30 within lifting
surface 14; many of these structural components may
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also be seen in FIG. 4. Support webs 32 extend radially
outward from the central vertical axis of aircraft 10. For
additional support, vertical circumferential walls 34 are
located between inner and central fan sets 24 and 26 and
between central and outer fan sets 26 and 28. The joint
formed at the juncture of radial support webs 32 and
circumferential walls 34 at the locations of drive mecha-
nisms 30 provide the required structural strength for the
installation of those drive mechanisms 30.

Each drive mechanism 30 is comprised of a pinion
gear 36 which is secured to circumferential wall 34 by
means of a bolt 38 or other suitable securing means.
Pinion gear 36 in turn drives lift fan ring gears 40, which
are secured to the adjacent peripheries of related lift
fans 24a and b, 26a and b, and 28ag and b.

Support bearings 42 are provided at the periphery of
each lift fan 244 and b, 26a and b, and 284 and b. Bear-
ings 42 may be formed in an angular rectangular or
diamond pattern, as shown, or in some other suitable
form. In any case, bearings 42 must contain and provide
support for lift fans 24a and b, 264 and b, and 28¢ and b
throughout any anticipated conditions which might
induce a load upon bearings 42, hence the system of
roller bearings 44 comprising each support bearing 42
which generally surround annular lift fan guides 46 in
order to prevent the movement of such guides 46, and
the fans 24a and b, 26a and b, and 284 and b to which
guides 46 are attached by means of annular fan guide
attachments 48, in any but a horizontal plane of rotation
about the vertical axis of aircraft 10.

Further structural details of aircraft 10 may be seen in
FIGS. 4 and 6. 1t is generally recognized that one of the
strongest and lightest structural arrangements for a
circular structure is a combination of support elements
in tension and compression; this is the general arrange-
ment used in the structure of aircraft 10. A plurality of
radial compression ribs 50 in the central horizontal
plane of aircraft 10 are positioned each 45 degrees
around the vertical axis of aircraft 10. Each of these
compression ribs 50 is of a generally tubular form with
a hollow interior in order to provide for the contain-
ment of electrical wiring, hydraulic, fuel and other
lines, etc. Additional rigidity of the structure is pro-
vided by upper and lower radial tension spokes 52,
which lie in the same vertical planes as compression ribs
§0. Each of these elements 50 and 52 is secured to the
circumferential walls 34, support webs 32 and other
structure as required to form a sturdy and rigid but
relatively light-weight structure.

Power for aircraft 10 is supplied by one or more
turbine or other suitable engines 54. In the preferred
embodiment disclosed herein, three turboshaft engines
54 are located near the center of aircraft 10 as indicated
in FIG. 4. A surrounding housing 56 within the center
of aircraft 10 contains engines 54 and extends forward
to an intake 58 and rearward to an exhaust outlet 60.
While FIG. 4 discloses the general arrangement of the
above power system, it is understood that structural and
other components, such as central compartment 12 and
some radial compression and tension ribs 50 and 52, will
also be located in the immediate area occupied by en-
gines 54 and housing 56. These components have gener-
ally been deleted from the engine housing 56 and intake
and exhaust areas 58 and 60 in FIG. 4 for greater clarity.

At least one engine 54 is mechanically coupled to
each of the drive mechanisms 30 by means of reduction
gearing or a transmission, not shown, similar to that
known in the art of helicopter turbine powerplants and
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reduction gearing or transmissions for driving the rotor
blades of such helicopters. A plurality of power output
shafts 62 extend from such a turboshaft transmission to
drive each of the lift fan drive mechanisms 30 discussed
above. Output shafts 62 are each contained within a
radial compression rib 50, and provide for transmission
of power from engines 54 and other transmission means,
to vertical shafts 64 and thence to each of the drive
mechanisms 30.

Radial compression ribs 50 may also contain addi-
tional wiring, conduits, etc. for the transmission of elec-
trical, hydraulic, and other energy or fluids, as noted
above. For example, FIG. 6 discloses a coolant reser-
voir or system 66 comprising a plurality of coils or tubes
68, a fuel storage tank 70, and oil storage tank 72. It will
be understood that each of these tanks or reservoirs 66,
70 and 72 are of generally concentric annular form,
passing completely around the center of craft 10 to form
a series of generally ring shaped reservoirs or tanks 66,
70 and 72. FIG. 6 discloses these tanks 66, 70 and 72 as
a cross section through the interior of lifting surface 14.
Tubular compression ribs 50 provide space for the pas-
sage of the various fluid lines from these tanks or reser-
voirs 66, 70 and 72 to the appropriate locations, such as
oil line 74 to fan support bearings 42 as shown in FIG.
7. '

Engine and flight controls for these various systems
are conventionally located within central compartment
12, which provides space for a flight crew as well as
some passengers and/or cargo. Central compartment 12
comprises an upper portion 76 and a lower portion 78
and is generally surrounded by a combination safety or
rollover structure and aerodynamic surface 80. The
lower portion 78 of central compartment 12 provides
space for the retraction mechanism and retracted stor-
age of landing gear 82, as well as space for additional
components and/or payload. Landing gear 82 is com-
prised of a plurality of individual landing gear struts 84,
each of which may be equipped with conventional tires
86 or other supportive means. It will be appreciated that
due to the vertical takeoff and landing capability of
aircraft 10, tires 86 or other means permitting aircraft 10
to move horizontally along a surface are not necessarily
required. A simpler and lighter footpad or other suitable
means, not shown, may also be installed at the lower
end of each strut 84, as desired.

Aircraft 10 may be operated by an appropriately
trained flight crew by starting the engines 54 and engag-
ing and operating the appropriate engine and flight
controls. One or more of the engines 54 will drive upper
and lower lifting fans 24, 26 and 28 by means of drive
mechanisms 30 and power output shafts 62, as described
above. Due to the equal areas of the counterrotating lift
fans, little or no torque reaction will occur. By increas-
ing the speed of upper and lower lift fans 24, 26 and 28,
sufficient vertical thrust may be achieved to overcome
the weight of aircraft 10 and any additional load aboard,
and vertical flight will occur.

It will be evident that at very low or zero airspeed,
conventional aerodynamic flight controls will not be
operable. Aircraft 10 provides for controllability at
such very low airspeeds by means of a cyclic pitch
control system in which the pitch of at least one set of
lift fan blades 24, 26 or 28 may be varied over some
portion of their rotational arc in order to increase or
reduce the lifting force in some area of the lifting sur-
face 14 and thus maintain control. It is envisioned that
this cyclic pitch contro! be along similar lines to that
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already well known and used for the cyclic control of
helicopter rotor blades.

The present aircraft 10 provides for a plurality of
engines 54, one or more of which may be used for the
transmission of power to upper and lower lift fan blades
24, 26 and 28 as described above. The remaining engines
are provided for the purpose of forward thrust for hori-
zontal flight, as provided by engine housing 56 and
exhaust outlet 60 as shown in FIG. 4 and 5. Exhaust
outlet 60 may be equipped with thrust vectoring nozzles
88 for further control of aircraft 10.

It will be appreciated that as the appropriate flight
controls are manipulated to translate aircraft 10 from
vertical to horizontal flight, that airflow over lifting
surface 14 may be utilized for the production of dy-
namic lift. This is advantageous, as less energy is thus
required by the engine or engines 54 used to provide
power for lift fans 24, 26 and 28. However, in order to
provide for such dynamic lift over surface 14, the upper
and lower surfaces 90 and 92 must be closed in order to
prevent airflow from the relatively high pressure be-
neath lower surface 92 through lifting surface 14, to the
relatively low pressure above upper surface 90 which
will naturally occur as a result of the production of
dynamic lift. This is accomplished by means of upper
and lower vanes 94 and 96 as shown in FIG. 5, which
may be actuated by means of pilot operable controls
within the central compartment 12. Thus, as translation
is made from vertical to horizontal flight, power to lift
fans 24, 26 and 28 may be gradually reduced and upper
and lower vanes 94 and 96 may be gradually closed to
present a uniform, unbroken surface to such horizontal
airflow as will occur in horizontal flight in order to
produce dynamic lift over the airfoil shape of lifting
surface 14.

It will be appreciated that the equal areas of counter-
rotating lift fans 24, 26 and 28 may not provide for
precisely balanced thrust levels, .and that accordingly
there may be some slight net torque reaction which will
tend to cause aircraft 10 to yaw or rotate about its verti-
cal axis while hovering or operating at very low air-
speeds. Upper and lower vanes 94 and 96 may be fur-
ther utilized during this portion of flight by partial de-
flection, thus causing some sideward reaction of the air
exiting the lower lift surface 92 and thereby producing
such antitorque thrust as may be required. As greater
airspeed is gained, such torque reactions will be reduced
as power is reduced to lift fans 24, 26 and 28 and the lift
necessary to support aircraft 10 in flight is provided by
aerodynamic means by lifting surface 14 as described
above. ;

At airspeeds conductive to aerodynamic lift, it will be
appreciated that aerodynamic control means will prove
more desirable than the reaction control provided by
the deflection of upper and lower vanes 94 and 96.
Thus, aerodynamic control is provided by means of
peripheral flaps 98. It is to be understood that as aircraft
10 is not by any means a conventional aircraft, some of
the terms used in this specification do not necessarily
directly relate to those used in conventional aircraft. In
this instance, the term *“flap” as used with conventional
aircraft is generally accepted to mean an aerodynamic
device located on the trailing edge of a wing, which
device may be deflected downward for the purpose of
increasing the lift coefficient of the wing. In the case of
aircraft 10 of the present specification, the term “flap” is
used to describe a peripheral aerodynamic control sur-
face which may be deflected either upward or down-



5,213,284

9
ward to alter the lift coefficient of lifting surface 14.
Flaps 98 may be deflected in unison, or deflected
around only a portion of the periphery of lifting surface
14, to increase or decrease the lift coefficient of that
portion of lifting surface 14 to which they are applied.

Peripheral flaps 98 are preferably comprised of an
inner portion 100 and an outer portion 102, shown in
greater detail in FIG. 8. By providing a double flap
arrangement some greater efficiency is achieved, al-
though it will be apparent to those skilled in the art that
alternative arrangements may be acceptable. Inner fiap
100 is secured to the periphery of lifting surface 14 at
inner hinge 104, while outer flap 102 is attached to inner
flap 100 by means of outer hinge 106. Inner and outer
flaps 100 and 102 may be respectively actuated by hy-
draulic actuators 108 and 110, or by other suitable alter-
native means. _

As forward speed is gained as described above, land-
ing gear 82 may be retracted within the lower portion
78 of central compartment 12 and the aircraft 10 oper-
ated as described above and controlled and maneuvered
by means of peripheral flaps 98. When slower forward
speed is desired, as in approaching for a landing, the
above described procedures may be essentially reversed
in order to exchange the aerodynamic lift provided by
lifting surface 12, for the lift provided by lifting fans 24,
26 and 28. Landing gear 82 may be extended, and air-
craft 10 may be caused to descend essentially vertically
and landed at any suitable location of sufficient size to
contain the span of lifting surface 14.

The embodiment disclosed in FIG. 2, showing an
aircraft 18 with an additional peripheral passenger or
cargo compartment 20 may be operated in much the
same manner as aircraft 10 described above, with the
exception of the peripheral flight controls or flaps 98. In
lieu of peripheral flaps 98, rearward flight controls 22
are provided when aircraft 18 has gained sufficient
forward speed for their use. Flight controls 22 may be
operated hydraulically as generally described above
and known in the art, or by other suitable means. It will
be apparent from the foregoing that aircraft 18 may be
maneuvered and operated in flight in much the same
manner as that described in detail for aircraft 10, includ-
ing vertical maneuvering for achieving takeoffs and
landings in a limited area.

It is to be understood that the present invention is not
limited to the sole embodiment described above, but
encompasses any and all embodiments within the scope
of the following claims.

I claim:

1. A disc planform aircraft having vertical flight ca-
pability,

said aircraft having a plurality of concentric lifting

fan blade sets positioned around a central cabin
area and an upper and a lower surface respectively
containing upper and lower lifting fans,

said fan blade sets comprising a first set and a second

set,

said first fan blade set comprises upper and lower

inner lift fans and upper and lower outer lift fans
and said second fan blade set comprises an upper
and lower central lift fan,

said first set and said second set having equal pro-

jected horizontal areas and rotating in opposite
directions to one another,

at least one engine providing power for said aircraft,
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at least one of said at least one engine providing
power for the operation of said fan blade sets, and

means providing power transmission from said at
least one of said at least one engine to said fan blade -
sets.

2. The aircraft of claim 1 wherein;

each said first and said second lifting fan blade set
includes a plurality of upper and lower lifting fan
blades.

3. The aircraft of claim 1 wherein;

said engine include one said engine providing power
for said lifting fan blade sets.

4. The aircraft of claim 3 including;

two additional engines providing power for horizon-
tal flight.

5. The aircraft of claim 1 including;

peripheral aerodynamic control means providing for
control of said aircraft in flight.

6. The aircraft of claim 5 wherein;

said peripheral aerodynamic control means comprise
a plurality of first and second control surfaces,

said first control surfaces each having an inner edge
and an outer edge,

each said first control surface inner edge hingedly
attached to the periphery of said aircraft,

said second control surfaces each having an ininer and
an outer edge,

each said second control surface inner edge hingedly
attached to a said first control surface outer edge.

7. The aircraft of claim 1 including;

a structure comprised of a plurality of horizontal
radial members in compression in combination
with a plurality of upper and lower radial members
in tension.

8. The aircraft of claim 7 wherein;

said radial compression members are hollow.

9, The aircraft of claim 1 wherein;

said power transmission means comprise a plurality
of radial transmission shafts from said engine pro-
viding said fan blade power to a plurality of fan
drive mechanisms, and

said fan drive mechanisms providing power to said
lift fan blades.

10. The aircraft of claim 9 wherein;

said lift fan blades each have a peripheral annular fan
guide extending vertically therefrom,

each said fan drive mechanism including a plurality of
bearing means,

said bearing means providing for the containment of
said annular fan guides and associated operative
forces.

11. The aircraft of claim 9 wherein;

said radial transmission shafts are contained within
said radial compression members.

12. The aircraft of claim 1 including;

a peripheral cabin area providing space for the car-
riage of payload.

13. The aircraft of claim 12 including;

aerodynamic controls rearwardly located on said
aircraft.

14. The aircraft of claim 1 wherein;

said upper and lower surfaces each include a plurality
of vane means,

said vane means providing openings for the passage
of air therethrough.

15. The aircraft of claim 14 wherein;

said openings of said vane means are controllably

variable.
x * t 3 ]
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AIRCRAFT HAVING VTOL,
TRANSLATIONAL AND TRAVERSE FLIGHT

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 16/185,119, filed Nov. 9, 2018, which is
a continuation-in-part of U.S. application Ser. No. 12/157,
180, filed Jun. 5, 2008, which claims the benefit of and
priority to U.S. Application Ser. No. 60/941,965, filed Jun.
5, 2007. All prior applications are fully incorporated by
reference in their entireties for all purposes.

1. FIELD OF THE DISCLOSURE

[0002] The disclosure relates generally to aircrafts and
more particularly to powered-lift Vertical Take Off and
Landing (VTOL) aircraft.

2. BACKGROUND

[0003] Since powered flight began, the need to eliminate
runways has compounded substantially. Airports are the
overall bottlenecks in aeronautical transportation and they
are taking an ever increasing amount of time to drive to and
from, parking, wait in ever increasing lines, baggage portage
and claims, etc.

[0004] Vertical takeoff’ and landing capability is also a
most sought after capability in military missions having a
variety of special benefits. Historically this has been handled
almost entirely by the helicopter and while the helicopter has
been an indispensable asset their drawbacks are many leav-
ing yet again a need for a solution.

[0005] While there have been various forms of aircraft that
do not need runways to operate, they usually have such
major drawbacks that they are very limited in their appli-
cations.

[0006] Helicopters have the obvious open rotor threat and
corresponding noise; require an expert to fly with both hands
and feet; undesirable vibrations; require a tail rotor to
counter the imparted torque to the hanging fuselage; and are
complex, expensive to fly and maintain. Further, helicopters
require the weight and expense of specialized landing gear.
Additionally, helicopters usually only have one power
source without back-up or parachute options.

[0007] Gyrocopters and gyroplanes, while not needing a
tail rotor still have an open rotor and still yield most of the
helicopter’s drawbacks.

[0008] Tilt rotor is currently exceedingly expensive, also
noisy, complex to control, operate and maintain. Very few
tilt-rotor aircraft even exist at present time.

[0009] Thrust vectoring, the ability of an aircraft or other
vehicle to direct the thrust from its main engine(s) or jets,
can only be reasonably considered for military applications
as they are deafening, profoundly expensive, and have huge
heat signatures among others.

[0010] Another category is that of “powered lift”. Accord-
ing to the Federal Aviation Authority (FAA) categorization,
“Powered-lift means a heavier-than-air aircraft capable of
vertical takeoff, vertical landing, and low speed flight that
depends principally on engine-driven lift devices or engine
thrust for lift during these flight regimes and on nonrotating
airfoil(s) for lift during horizontal flight”” 14 C.F.R. 1.1.
However, since the FAA recognized this new category, few,
if any, feasible aircrafts for this category have been devel-
oped, either for the military or civilian application.

[0011] Therefore, it is desirable to provide an aircraft
capable of VTOL as well as effective forward flight (not
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necessarily “low speed” flight as categorized in the FAA
definition of powered-lift) that overcomes the above-de-
scribed limitations and deficiencies with other aircraft.

SUMMARY OF THE DISCLOSURE

[0012] Generally, disclosed is a powered-lift Vertical Take
Off and Landing (VTOL) aircraft capable of vertical takeoff,
hover, aerodynamic flight (including, but not limited to
level, horizontal flight), return to hover and vertical landing.
Disclosed herein is an aircraft capable of Vertical Take-Off
and Landing (VTOL) and traverse flight. This novel aircraft
generally includes a fixed outer structure including at least
a wing having an internal body situated within the fixed
outer structure. A space can be defined between the internal
body and the fixed outer structure. Within this space can be
one or more rotatable ring impellers that create(s) thrust
sufficient to achieve lift, or “powered-lift”. As used herein,
the term “powered-lift” is not intended to have the restraints
imposed by the FAA. Rather, the term “powered-lift” as
used herein refers to lift for vertical take-off, hovering,
landing and/or maneuvering achieved by one or more rotat-
able ring impellers within a space formed by one or more
wing structures.

[0013] According to the disclosure, a powered-lift aircraft
is provided that can include one or more propulsion impeller
rings that are carried by a generally cylindrical wing (60)
and rotatably supported within a generally cylindrical cavity
defined by the wing (60).

[0014] The one or more propulsion impeller rings (14) are
disposed between an inner surface of the wing (60) and a
cockpit payload enclosure (10) that’s surrounded by and
pivotally mounted to the wing, and the aircraft includes an
attitude control system configured to maintain a longitudinal
axis of the cockpit payload enclosure (10) in a generally
constant level attitude relative to the earth’s surface inde-
pendent of the attitude of the wing (60).

[0015] Also according to the invention a generally cylin-
drical wing (60) is provided that has a non-constant cross
sectional shape contoured to provide lift in at least one of an
upper and a lower semi-cylindrical portion of the wing.

[0016] Also, a propulsion impeller ring drive system (14)
can be provided that is supported within a generally cylin-
drical wing (60) or alternately, within the cockpit payload
enclosure (10). The generally cylindrical wing (60) can
house a mechanically driven propulsion impeller ring that
derives power from at least one prime mover, and a
mechanical drive operatively connected to the propulsion
impeller ring and including one or more components
selected from the list of components comprising a belt-drive,
a friction roller drive, a magnetic drive, an electric motor, a
gear drive, and an air bearing drive. The propulsion impeller
ring drive system (14) can be provided and can be supported
within a generally cylindrical wing (60) or alternately,
within the cockpit payload enclosure (10).

[0017] The generally cylindrical wing (60) can house a
mechanically driven propulsion impeller ring that derives
power from at least one prime mover, and a mechanical
drive operatively connected to the propulsion impeller ring
and including one or more components selected from the list
of components comprising a belt-drive, a friction roller
drive, a magnetic drive, an electric motor, a gear drive, and
an air bearing drive.
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[0018] Also disclosed is a method for controlling the
attitude of an airborne vehicle by asymmetrically controlling
the pitch of impeller blades.

[0019] The propulsion impeller ring drive system (14) can
be provided that includes a propulsion impeller ring com-
prising a plurality of impeller blades (16) pivotally sup-
ported on a ring for variable pitch control and including an
asymmetric impeller blade pitch control system operatively
connected to the impeller blades and actionable to cause the
propulsion impeller ring to provide asymmetrical thrust by
individually and differentially controlling the pitches of the
impeller blades.

[0020] In one non-limiting embodiment, the asymmetric
impeller blade pitch control system can comprise a pair of
contra-rotating pitch control rings that sandwich impeller
blades (16) of a propulsion impeller ring and are asymmetri-
cally manipulable in such a way as to cause the propulsion
impeller ring to provide asymmetrical thrust through indi-
vidual differential control of the pitches of the impeller
blades. Alternatively, the asymmetric impeller blade pitch
control system can include billow-mounted air bearings (30)
that are disposed between the pitch control rings and the
impeller blades (16).

[0021] The propulsion impeller rings can be contra-rotat-
ably supported within the generally cylindrical cavity
defined by the generally cylindrical wing (60), A contra-
rotatable propulsion impeller ring drive system can be
provided that comprises contra-rotatable propulsion impel-
ler ring supported by air bearings (30).

[0022] The asymmetric impeller blade pitch control sys-
tem can comprise a pair of contra-rotating pitch control rings
that sandwich the impeller blades (16) of a propulsion
impeller ring and can be asymmetrically manipulable in
such a way as to cause the propulsion impeller ring to
provide asymmetrical thrust through individual differential
control of the pitches of the impeller blades. Alternatively,
the asymmetric impeller blade pitch control system can
include billow-mounted air bearings (30) that are disposed
between the pitch control rings and the impeller blades (16).
An emergency ballistic recovery system can also be pro-
vided that can include an automatic riser retractor configured
to partially retract risers and/or a cable suspending at least a
portion of a powered-lift aircraft (24) from a parachute or
parasail canopy immediately following chute deployment.
In addition, a second retraction stage may be added to
further soften the landing, activated by a ground proximity
Sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The foregoing summary as well as the following
detailed description of preferred embodiments of the inven-
tion will be better understood when read in conjunction with
the appended drawings. For the purposes of illustrating
certain disclosed embodiments, there is shown in the draw-
ings embodiments which are presently preferred. It should
be understood, however, that the invention is not limited to
the precise arrangements and instrumentalities shown. In the
drawings, where:

[0024] FIG. 1 is a schematic front view of a non-limiting
aircraft embodiment constructed according to the disclosure
and showing a wing of the aircraft oriented axially vertically
for vertical flight, hovering or landing;
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[0025] FIG. 2 is a schematic front view of the aircraft of
FIG. 1 showing the wing of the aircraft oriented axially
horizontally for generally level flight;

[0026] FIG. 3 is a schematic axial view an impeller ring
having representative impeller blades extending radially
inwardly from a propulsion impeller ring;

[0027] FIG. 4 is a radially-inward view of a non-limiting
wing embodiment for an aircraft described herein;

[0028] FIG. 5is a perspective view of the wing shown in
FIG. 4;
[0029]
regions;
[0030] FIG. 7 depicts a side view of a powered lift aircraft
in accordance with one non-limiting embodiment of the
disclosure;

[0031] FIGS. 8A-8Q shows various embodiments of
impeller blades FIG. 9A shows a roller having an integral
driveshaft extending from a powerplant;

[0032] FIG. 9B shows a first impeller ring having blades
thereon that are provided between a first set of plates, and a
second impeller ring having blades thereon that are provided
between a second set of plates;

FIG. 6 is a view of a wing showing four quadrant

[0033] FIG. 10 shows a driveshaft extending from an axle;
[0034] FIG. 11 shows a powerplant outside of the impeller
ring;

[0035] FIG. 12 shows an electromagnetic drive mecha-
nism;

[0036] FIGS. 13 and 14 show a radial view cross section
and tangential cross section, respectively, of the propulsion
impeller ring;

[0037] FIG. 15 is a cross sectional view of the wing of the
powered-lift aircraft of FIGS. 1 and 2 showing contra-
rotatable propulsion impeller rings of the powered-lift air-
craft supported on a portion of a propulsion impeller ring
drive system carried by and within the wing;

[0038] FIG. 16 shows a cross sectional view of another
non-limiting embodiment of a pitch control mechanism in
accordance with the present disclosure;

[0039] FIG. 17 shows a cross sectional view of a pitch
control mechanism showing two impeller rings;

[0040] FIGS. 18, 19 and 20 show various configurations
for a cockpit payload enclosure;

[0041] FIG. 21A is a parachute deployment and retraction
system,;

[0042] FIG. 21B is a parachute retraction mechanism;
[0043] FIG. 22 depicts access and egress to and from the

cockpit enclosure;

[0044] FIG. 23 depicts a wing tilt control including one or
more belts having one end associated with the axle and
another end associated with a pulley;

[0045] FIG. 24 depicts an axle including gear structures at
the ends, which cooperate with pinions that are driven by an
actuator;

[0046] FIG. 25 shows rudders and blades extending radi-
ally inward from the propulsion impeller ring;

[0047] FIGS. 26 and 27 show a side view and a perspec-
tive view, respectively, of another wing configuration;
[0048] FIGS. 28 through 34 illustrate leading or trailing
movable surfaces, such as flaps, that can be provided on the
wing structure in accordance with the present disclosure;
[0049] FIGS. 35 through 37 illustrate an airflow attitude
control system that can be provided in accordance with the
present disclosure;
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[0050] FIGS. 38 through 41 illustrate an embodiment
where one or multiple propulsive units can be provided
within the wing structure in accordance with the present
disclosure;

[0051] FIGS. 42 and 44 illustrate non-limiting examples
for the shape and mounting of the cockpit enclosure in
accordance with the present disclosure;

[0052] FIGS. 45 through 47 illustrate non-limiting
example for the shape of the wing in accordance with the
present disclosure;

[0053] FIGS. 48 through 54 illustrate wing mounted
ducted fans that can be uses as a drive system and to control
attitude in accordance with the present disclosure; and

[0054] FIGS. 55 through 57 illustrate wing mounted pro-
pellers to control attitude in accordance with the present
disclosure.

DETAILED DESCRIPTION

[0055] FIG. 1 shows a schematic front view of an aircraft
(24) capable of Vertical Take Off and Landing (VTOL),
translational flight and generally level flight, and showing in
one non-limiting embodiment a wing (60) of the powered-
lift aircraft (24) oriented axially vertically for vertical flight,
hovering or landing. FIG. 2 is a schematic front view of the
powered-lift aircraft (24) of FIG. 1 showing the wing (60) of
the powered-lift aircraft (24) oriented at some angle for
translational flight, or axially horizontally for traverse or
generally level flight. According to the disclosure, a pow-
ered-lift aircraft is provided that includes one or more
propulsion impeller rings that are carried by a generally
cylindrical wing or toroid-shaped wing (60) and rotatably
supported within a generally cylindrical cavity (72) defined
by the wing (60).

[0056] Referring to FIGS. 1 and 2, the aircraft (24) can
include one or more propulsion impeller rings (14) that are
carried by the wing (60). The one or more propulsion
impeller rings (14) are disposed between an inner surface of
the wing (60) and a cockpit payload enclosure (10) that can
be surrounded by and pivotally mounted to the wing. The
aircraft may include an attitude control system configured to
maintain a longitudinal axis of the cockpit payload enclosure
(10) in a generally constant level attitude relative to the
earth’s surface, independent of the attitude of the wing (60).
FIG. 3 showing four representative impeller blades (16)
extending radially inwardly from a propulsion impeller ring
(14). The ring (14) may be carried within, for instance, the
wing (60) of the powered-lift aircraft (24) of FIGS. 1 and 2.

[0057] The powered-lift VTOL aircraft (24), includes a
cockpit payload enclosure (10) surrounded by and pivotally-
mounted within a generally cylindrical wing (60) or duct. An
axle structure (52) provides connection between a cockpit
payload enclosure (10) is attached by to opposing sides of
the wing (60). Thus, a load sharing axis (74) is created by the
axle structure (52) that connects the wing (60) with the
cockpit payload enclosure (10). The cockpit payload enclo-
sure (10) may be fixed to the axle structure (52) and
rotatably carried on or within the wing (60), for instance, on
a suitable bearing. Alternatively, the axle structure (52) may
be fixed at opposing sides of the wing (60) and pass through
the cockpit payload enclosure (10) or a portion thereof
(where the cockpit payload enclosure (10) is rotatable upon
the axle structure (52). In additional alternative embodi-
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ments, the axle may be selectively coupled and decoupled
from the wing (60) and/or the cockpit payload enclosure
(10).

[0058] One rotatable or plural coaxially rotatable (contra-
rotatable or co-rotatable), rim-driven propulsion impeller
rings (14) with impeller blades (14) may be rotatably
supported by the wing (60) between an inner surface of the
wing (60) and the cockpit payload enclosure (10). Each
propulsion impeller ring (14) may include one or a plurality
of radially-disposed impeller blades (16). (As used in the
present application the inventor intends the term “impeller”
as the device that causes the propulsion of axial-flow air
through the wing, rather than centrifugal-flow fluid propul-
sion).

[0059] In general, lift is provided when the impeller rings
(14) rotate at rotational speeds sufficient to provide thrust
force overcoming the weight of the aircraft (24). Further-
more, translational or generally level flight may be attained
as described herein, whereby the thrust forces required may
be minimized by suitable aerodynamic wing (60) configu-
ration as described herein.

[0060] Thus, a method of powered-lift flight is provided
that includes creating vectored thrust sufficient to achieve
powered-lift. The thrust is generated by at least one impeller
blade (16) attached to at least one propulsion impeller ring
(14), the ring (14) being installed on or in a wing (60). The
ring (14) including impeller blades (16) is generally rotat-
ably carried or supported inside of the space (72) created by
the wing (60). The cockpit payload enclosure (10) is also
provided which is mounted generally within the axial rota-
tion of the propulsion impeller ring (14). (Note that the wing
(60) carrying the impeller ring (14) having blades (16) is
capable of flight without the cockpit payload enclosure
10)).

[0061] In one embodiment, after a vertical take off, trans-
lational or generally level flight may be attained by rotation
of the wing (60) relative the cockpit payload enclosure (10)
in about the axle (52), with continued rotation of the
impeller rings (14). In this embodiment, the cockpit payload
enclosure (10) is attached by the axle structure (52) to
opposing sides of the wing (60) with associated mechanisms
to controllably pivot the wing (60) about the cockpit payload
enclosure (10).

[0062] In another embodiment, after a vertical take off,
translational or generally level flight may be attained by
rotation of the impeller blades (16) pitch or angle of attack
to relative airflow to change the angle of propulsion. In this
embodiment, the cockpit payload enclosure (10) is attached
by the axle structure (52) to opposing sides of the wing (60)
in a manner to form gimbals. The center of gravity within the
cockpit payload enclosure (10) may be varied, for instance,
in flight, to cause the wing (60) to tilt forward (with respect
to the plane of the so called ‘great circle’ (the circle on the
surface of a sphere corresponding with a circumference of a
sphere that divides a sphere into two hemispheres) of the
spherical cockpit payload enclosure (10) as oriented in the
upright position as shown in FIGS. 1 and 2) to translate from
lift off or hovering to generally level flight, or from generally
level flight to descent flight or backward to translate, for
instance, from level flight or hovering to reverse flight.
[0063] The cockpit payload enclosure (10) may be pivot-
ally mounted to maintain a generally constant level attitude
relative to the earth’s surface. This attitude may be main-
tained, or any other desired attitude, whether the wing (60)
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and propulsion impeller ring (14) are oriented axially ver-
tically for vertical, or near vertical flight or hovering (FIG.
1), whether the wing (20) and propulsion impeller ring (16)
are oriented axially horizontally for translational or gener-
ally level flight (FI1G. 2), or whether the wing (60) is between
the axially vertical and horizontal attitudes.

[0064] Certain components of the powered-lift aircraft
(24), as shown in the drawings, may be almost completely
symmetrical, which allows for more cost-effective produc-
tion methods to be used than would otherwise be possible.
The symmetrical or nearly symmetrical shapes include the
sphere, the ovoid, and the torroid, which can provide for
structurally strong geometrical shapes.

[0065] The powered-lift aircraft (24) may be maneuvered
by changing the attitude of the wing (60) and propulsion
impeller ring (14), therefore, changing both the thrust vector
of the powered-lift aircraft (24) and the angles of attack of
the impeller blade(s) (16) and the upper and lower lifting
surfaces of the wing (60).

[0066] The impeller (14) may be caused to rotate by a
variety of sources. For instance, referring to the example of
FIGS. 1 and 2, powerplants (36) generally within bulging
powerplant nacelles (76) on opposing side of the wing (60).
In general, one or more powerplants (e.g., engines or electric
motors) may be carried in or upon the wing (60), or in or
upon the cockpit payload enclosure (10), and operably
coupled with the impeller ring (14) to cause rotational force.
An engine may include prime movers such as combustion
engines, turbine engines, air motors, turbine engines, jets,
turbofans, electric motors, flywheels, rockets. Associated
fuel sources may be provided in or upon the wing (60), in or
upon the cockpit payload enclosure (10), or both. In further
embodiments, one or more electric motors may be provided,
wherein an associated electric power source may include
batteries, supercapacitors (e.g., for propulsion surges), and/
or fuel cells, which may be provided in or upon the wing
(60), in or upon the cockpit payload enclosure (10), or both.
Electrical collection, e.g., for recharging batteries or capaci-
tors, may be accomplished by conventional recharging (e.g.,
docking to AC or DC power supply), one or more photo-
voltaic cells upon the aircraft (24), and/or wind turbines
(e.g., suitably positioned to minimize air resistance).
[0067] Referring now to FIG. 4, a radially-inward view of
a wing (160) is provided. Additionally, FIG. 5 shows a
perspective view of the wing of FIG. 4. This wing (160),
including impellers operably carried as described herein,
may be used as an aircraft (e.g., with payload and/or cockpit
space formed in or on the wing, not shown), may serve as the
wing (60) shown with respect to aircraft (24) described
above, or may be uses as a component in another aircraft
configuration. The wing (160) includes powerplant nacelles
(176) and has a streamline aerodynamic shape in the direc-
tion of flight. In addition, FIG. 5 schematically depicts an
impeller ring (114) on an inside surface (118), which is
rotatably supported as described herein. The wing structures
described herein are described as having a generally cylin-
drical shape. However, it should be understood that a
“generally cylindrical wing” refers to any three dimension
structure which may have non-parallel walls having a duct
of constant or varying cross section in a circular, oval and/or
ovoid shape (e.g., the dimensions and/or the shape may
change along the length of the axis) through a central axis,
and may encompass toroid-shaped structures. In addition, in
certain embodiments, the cross section of the thickness of

Feb. 27,2020

the wing structure differs at different locations on the wing,
and these configurations are also intended to be encom-
passed by the phrase “generally cylindrical wing”.

[0068] In certain non-limiting examples, and referring to
FIG. 6, a wing (260) includes four quadrant regions (280)
corresponding with the 10 o’clock to the 2 o’clock section
of the wing (260); (281) corresponding with the 2 o’clock to
the 4 o’clock section of the wing (260); (282) corresponding
with the 4 o’clock to the 8 o’clock section of the wing (260);
and (283) corresponding with the 8 o’clock to the 10 o’clock
section. In certain configurations, sections (280) and (282)
include suitable carrying structure (e.g., bearings, tracks) for
an impeller ring, and have an exterior shape and dimension
to act as an airfoil, for instance, in translational flight and
generally level flight; and sections (281) and (283) include
a powerplant (in one section only or in both section) and
structures for mechanically cooperating a powerplant drive-
shaft to the impeller ring. and has an exterior bulging shape
to accommodate powerplant nacelles (276).

[0069] Thus, as shown in FIG. 6, a wing (360), from a
horizontal axis in the circular view, includes four quadrants
including an upper aerodynamic lifting quadrant (280) at the
top of the wing, two side housing quadrants (281), (283) on
either side of the wing, and a lower aerodynamic lifting
quadrant (282) at the bottom of the wing. The side housing
quadrants (281), (283) of a wing (360) houses one or more
components selected from the group of components con-
sisting of one or more powerplant components (e.g., at least
one engine or motor), a power transfer unit, fuel or energy
storage, cockpit and/or payload, flight-related components,
or any combination including at least one of the foregoing
components. In further embodiments, the side housing quad-
rants (281), (283) of a wing (360) may house one or more
components including but not limited to jet turbines, rotary
engines, motors, batteries, fuel cells, capacitors, compressed
gas, photovoltaic cells, prime movers, belt drives, gear
drives, electric drives, hydro drives, gas drives, traction/
friction drives; nuclear fuel, liquid fuel, compressed gas fuel,
solid fuel, electronics, avionics, landing gear, and a storage
space.

[0070] FIG. 7 depicts a side view of a powered lift aircraft
324 similar to that shown with respect to FIG. 1 shown in
forward flight (to the right as oriented in the page) and with
hidden lines showing airfoil-shaped cross sections of upper
(322a) and lower (3226) quadrants of the wing (e.g., cor-
responding to quadrants (280), (282) shown with respect to
FIG. 6. The wing (360) is this asymmetrical in the sense that
it may have a non-constant cross-sectional shape contoured
to provide an asymmetric airfoil cross-section of wing (360)
in upper (322a) and lower (3225) semi-cylindrical sectors or
quadrants of the wing. The asymmetrical airfoil cross-
section wings (360) will provide more lift than would a
symumetric cross-section, particularly as the angle of attack
of the airfoils approaches zero, assuming that the relative
wind passing across the wing (360) structure is sufficient to
generate lift, i.e., generally, when the aircraft (324) is in or
near level flight relative to the earth’s surface. In this
configuration, the upper and lower quadrants or semi-cylin-
drical portions provide a bi-wing or bi-plane configuration in
a flying duct. By adding features to the axle connecting the
cockpit (310) to the wing (360) (e.g., described as axle (52)
with respect to FIGS. 1 and 2) such as a shroud having an
airfoil shape, as a middle wing, a tri-plane configuration can
be attained. Further, by forming the cockpit in a shape
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approximating an airfoil, or encasing the cockpit in such a
shaped structure, as a middle wing, a tri-plane configuration
can also be attained.

[0071] During forward flight, when the wing (360) is
axially horizontally oriented and its axis is generally parallel
to the relative wind, the upper (322a) and lower (3225)
quadrants of the wing (60) act as lifting bodies. These upper
and lower quadrants or semi-cylindrical portions may have
airfoil cross sections that are either cambered or otherwise
asymmetrically shaped. In other embodiments, the airfoil
cross-sections may be symmetrical.

[0072] FIGS. 8A-8Q show various embodiments of impel-
ler blades (16) in different configurations. In certain
examples, such as shown in FIG. 8H, the impeller blade(s)
(16) has a constant cross-sectional shape along its length. In
certain examples, such as shown in FIGS. 8B and 8D, the
impeller blade(s) (16) has a consistent but tapered cross
sectional shape along its entire length. In certain examples,
such as shown in FIGS. 8A, 8C, 8F, and 8G, the impeller
blade(s) (16), the impeller blade(s) (16) has an asymmetrical
shape along its length. In certain examples, such as shown
in FIGS. 8F, 8G, 8], 8K, 8L, 8M, and 8N, the impeller
blade(s) (16) has a curved shape along its length. In certain
examples, such as shown in FIGS. 8A, 8B, 8C, 8D and 8E,
the impeller blade(s) (16) has a tapered shape along its
length. In certain examples, such as shown in FIG. 8P, the
impeller blade(s) (16) has a twisted shape along its length.
In certain examples, such as shown in FIGS. 8A, 8B, 8C,
8D, 8E, 8P and 8Q, the impeller blade(s) (16) has a tapered
and twisted shape along its length. In certain examples, such
as shown in FIGS. 81 and 8K, the impeller blade(s) (16) has
no tip. In certain examples, such as shown in FIGS. 8I and
8P, the impeller blade(s) (16) is connected in two places to
the impeller ring (14) (where in FIG. 8I the impeller blade
connects across diameter of the ring, and in FIG. 8P the two
places of connection are across the height of the impeller
ring.

[0073] Also according to the invention, a propulsion
impeller ring drive system is provided that is supported
within a generally cylindrical wing or alternately, within the
cockpit payload enclosure. Also according to certain
embodiments, a generally cylindrical wing is provided that
houses a mechanically driven propulsion impeller ring that
derives power from at least one prime mover, and a
mechanical drive operatively connected to the propulsion
impeller ring and including one or more components
selected from the list of components consisting of a belt-
drive, a friction roller drive, a magnetic drive, an electric
motor, a gear drive, and an air bearing drive.

[0074] Referring back to FIGS. 1 and 2, a propulsion
impeller ring drive system may include one or more drive
belt (s) (34) providing, for instance, friction power from the
prime mover(s) (36) (e.g., via one or more spur gears (44)
as shown in FIG. 2) to the outer propulsion impeller ring
surface(s). Alternatively, the propulsion impeller ring drive
system may transfer power by friction from the prime
mover(s) (36) through four parallel, generally co-planar
pinch rollers, an inner pair of the pinch rollers being driven
in counter-rotation by the prime mover(s) and an outer pair
of the pinch rollers being idling pinch rollers positioned to
maintain a requisite amount of friction between the driven
rollers.

[0075] In certain non-limiting embodiments, and referring
now to FIG. 9A, a roller (91) is provided, for instance,
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having an integral driveshaft extending from a powerplant.
Roller (91) an opposing roller (92) (which may be passive or
also coupled to a driveshaft or powerplant) are in frictional
engagement with surfaces (38) of an impeller ring (14). The
rollers drive the ring (14) by frictional engagement with the
surfaces (38) of the ring (34). In addition, the embodiment
of FIG. 9A depicts an example of impeller blades (16)
having adjustable pitch. For instance, top and bottom pot-
tions of the impeller blades are attached to top and bottom
plates. The top and bottom plates may be compressed or
expanded by pushing or pulling, respectively, the roller (91).
[0076] In asimilar manner, and referring now to FIG. 9B,
a first impeller ring (14) having blades (16) thereon are
provided between a first set of plates, and a second impeller
ring (14) having blades (16) thereon are provided between a
second set of plates. A roller (93) is positioned between the
first set of plates and the second set of plates. Rollers (91)
and (92) are also provided, roller (91) being positioned on
the outside of the first set of plates, and roller (92) being
positioned on the outside of the first set of plates. By driving
one or more of the rollers, the first impeller ring is rotated
in one direction, and the second impeller ring is rotated in
the opposite direction, referred to as coaxial contra-rotation.
Furthermore, the plates may be squashed independently, for
instance, where the blades of the first impeller ring are at a
different angle than the blades of the second impeller ring.
[0077] In certain embodiments, and referring now to FIG.
10, a driveshaft (437) is provided extending from an axle
(452) that carries the cockpit (not shown) and the wing
(460). The powerplant (436), shown housed within the axle
(452), may also be in the cockpit with the driveshaft (437)
extending from the powerplant (436) through the axle (452).
The driveshaft (437) is coupled to a pinion (486), which
rotates in a first direction and is meshed with teeth of bevel
or ring gear rack (487), causing bevel or ring gear (487) to
rotate in a direction generally opposite the first direction.
Rack (487) is integral with or coupled to the impeller ring
having impeller blade(s) (416) extending therefrom.
[0078] In other non-limiting embodiments, and referring
now to FIG. 11, a powerplant (536) is provided outside of
the impeller ring, for example, within the body of the wing
structure or extending outwardly therefrom. The powerplant
(536) is coupled to a pinion 586, which rotates in a first
direction and is meshed with teeth of bevel gear (587),
causing bevel or ring gear (587) to rotate in a direction
generally opposite the first direction. Bevel gear (587) is
integral with or coupled to the impeller ring having impeller
blade(s) 516 extending therefrom.

[0079] Referring now to FIG. 12, another embodiment of
a drive mechanism for an impeller ring (614) is shown,
generally in the configuration of an electromagnetic drive
mechanism. This mechanism may be one or more phases,
conventional rotor-stator type motor configuration, brush-
less motor configuration, or permanent magenta motor con-
figuration. Impeller ring (614) (having blade(s) (616)) can
include alternating polarity rotor magnets (689) or electro-
magnets (689) (depending on the motor configuration) fixed
to the impeller ring (614) (as shown, on a surface of the
impeller ring (614) facing outside of the ring). Correspond-
ingly, the wing structure or a support structure (661) to the
wing structure includes. In addition, the wing structure (660)
includes alternating polarity rotor electro magnets (691) or
magnets (691) (depending on the motor configuration,
wherein the component (689) and (691) are opposite, i.e.,
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when (689) is a magnet, (691) is an electromagnet, and vice
versa). As is known in the field of electric motors, an air gap
(690) is provided between the stator and rotor components
(691), (689).

[0080] Also according to certain non-limiting embodi-
ments disclosed herein, a method and system is provided for
controlling the attitude of an airborne vehicle by asymmetri-
cally controlling the pitch of impeller blades. Thus, a pro-
pulsion impeller ring drive system is provided that includes
a propulsion impeller ring comprising a plurality of impeller
blades pivotally supported on a ring for variable pitch
control. In certain embodiments, the propulsion impeller
ring drive system includes an asymmetric impeller blade
pitch control system operatively connected to the impeller
blades. The asymmetric impeller blade pitch control may be
actuated to cause the propulsion impeller ring to provide
asymmetrical thrust by individually and differentially con-
trolling the pitches of the impeller blades. For instance, in a
ring configuration with four blades, two of the blades may
be actuated so that the degree of pitch is greater or less than
the other two blades to provide asymmetrical thrust.
[0081] Also, in certain non-limiting embodiments
described herein, according to the invention, an asymmetric
impeller blade pitch control system is provided that com-
prises a pair of coaxial contra-rotating pitch control rings
that sandwich impeller blades of a propulsion impeller ring
and are asymmetrically actuatable in such a way as to cause
the propulsion impeller ring to provide asymmetrical thrust
through individual differential control of the pitches of the
impeller blades. Alternatively, or in combination, the asym-
metric impeller blade pitch control system includes billow-
mounted air bearings that are disposed between the pitch
control rings and the impeller blades, as described herein.
[0082] Referring to FIGS. 13 and 14, a radial view cross
section and tangential cross section, respectively, of the
propulsion impeller ring is shown. The propulsion impeller
ring drive system is actionable to asymmetrically adjust the
pitch of the impeller blades (16) in such a way as to change
the attitude of the wing (60) and/or to control the flight path
of the aircraft. To allow for asymmetrical impeller blade
pitch control, propulsion impeller ring pitch control rings or
squash plates (48) may be supported in such a way as to
sandwich the impeller blades at a base (68) of each impeller
blade (14) and be manipulated by hydraulic rams and/or
mechanical linkages (28) in such a way as to control
impeller blade pitch.

[0083] The propulsion impeller ring drive system may
transfer power by friction from the powerplant through four
parallel, generally co-planar pinch rollers, an inner pair (40)
of the pinch rollers being driven in counter-rotation by the
prime mover (s) and an outer pair (42) of the pinch rollers
being idling pinch rollers positioned to maintain a requisite
amount of friction between the driven rollers.

[0084] In other non-limiting embodiments, air bearings
(30) mounted on air bellows (32) may be positioned above
and/or below the drive ring squash plates (48) to change the
pitch of the impeller blades (16), as well as to reduce friction
between the rotating impeller blades (16) and the corre-
sponding drive ring squash plates (48). This provides for
very precise and responsive control of the powered-lift
aircraft (24) at any speed or aspect of translation between
hover and forward flight. A compression spring (54a) is
provided to maintain compression on the impeller blade base
(68), and extension springs (545) are shown in the bellows
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(32) to maintain the bellow in an extended state. The air
bellow force, for instance, introduced by forcing air into the
bellows, overcomes the springs (54a), (54b) to adjust the
pitch.

[0085] A propulsion impeller ring drive system may be
housed within the wing and operatively connected to the
impeller blades (16) of each contra-rotatable propulsion
impeller ring (14) and arranged to individually and incre-
mentally pivot the impeller blades to provide variable pitch
control (16). The propulsion impeller ring drive system may
be arranged to impart counter-rotational force to counter-
rotate the impeller blades (16).

[0086] The powered-lift aircraft (24) may be maneuvered
by changing the attitude of the wing (60) and propulsion
impeller ring (14). therefore, changing both the thrust vector
of the powered-lift aircraft (24) and the angles of attack of
the impeller blade(s) (16) and the upper and lower lifting
surfaces of the wing (60). This may be accomplished by
actuating squash plates that asymmetrically change the
respective pitches of the impeller blade(s) (16).

[0087] In another non-limiting embodiment, and referring
to FIG. 15, a variable pitch coaxial contra-rotating impeller
control system is shown, which features very low friction.
Impeller blades (711), (712) having the ability to vary the
pitch or angle of attack compressing against an air bearing
(713) the outer surfaces (714) against a film of pressurized
air, e.g., an air bearing film (715). Blades (711), (712) may
rotate the same direction or opposite directions on the air
bearing film (715). A drive surface (703) may comprise a
belt drive surface, a gear drive surface, or other suitable
drive surface. Hydraulic pitch actuators (704) can also be
provided but may alternatively be electromechanical or
pneumatic actuators. Actuators (704) impart a force on lever
arms (716) that pivots on fulcrums (701) and (702) that
imparts a leverage force on the opposite side of the fulcrums
to air bearing (713). Each of fulcrums (701) and (702) can
operate independently of each other and impart an increase
or reduction in pitch to each of the impeller’s blades (711),
(712). A structural ring (709) is shown and is outward of the
structural manifold (717). Structural manifold (717) con-
tains air pressure (e.g., 60 psi) and supply the air bearings via
pressurized conduits or hoses (718). Member (707) is a
structural member that supports directly or indirectly struc-
tures within the wing body and may be a rib or outer wing
skin support.

[0088] FIG. 16 shows a cross-sectional view of another
non-limiting embodiment of a pitch control mechanism,
showing an impeller drive ring (801), a squash-plate pitch
control shield (802), impeller blade (803), an impeller
support shaft (804), a pitch control shaft (805), a pitch
control shaft hole (806) and an impeller shaft through slot
(807). To change the pitch of impeller blade (803), a force
is applied to a squash-plate pitch control shield (802) in a
vertical axis in relation to impeller drive ring (801). This
imparts a pivoting force on impeller blade (803) through the
pitch control shaft (805) that is inserted into a hole (806).
Impeller blade (803) is supported by impeller support shaft
(804). Impeller support shaft (804) passes through the slot
(807) and into the impeller drive ring (801).

[0089] FIG. 17 shows a cross-sectional view of a pitch
control mechanism showing two impeller rings. The impel-
ler rings (905) are supported by air bearings (904) and air is
supplied through holes (901) in the support structure (911).
A hollow shaft (912) connects to a control arm (913), which
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supplies air pressure to an “E” shaped pitch control air
bearing (908) with an internal air pressure manifold (906)
that distributes air through holes into the air bearing (907).
When a rotational force is applied to the shaft (912), the
control arm (913) imparts a lifting force on (908) which
through the air bearing imparts a force on both the upper and
lower squash plate pitch control shields (915). Also shown
in FIG. 17 are the impeller support shafts (903), impeller
blades (914), impeller drive ring surfaces (902) that may be
gear teeth, pulley teeth, electromagnetic or other suitable
structures. Slots (910) allow the squash plate pitch control
shields to slide around the impeller support shafts (903)
parallel to the axis of the impeller drive rings axis of rotation
and impart torque to the impeller blades through a shaft
parallel to the impeller shaft extending outward from the
base of the impeller blade into or through the squash plate
control shields (915).

[0090] In certain non-limiting embodiments, the propul-
sion impeller rings can be coaxially contra-rotatably sup-
ported within the generally cylindrical cavity defined by the
generally cylindrical wing. Also according to certain non-
limiting embodiments, a contra-rotatable propulsion impel-
ler ring drive system can be provided that comprises contra-
rotatable propulsion impeller ring supported by air bearings,
as described above. Furthermore, an asymmetric impeller
blade pitch control system is provided that comprises a pair
of contra-rotating pitch control rings that sandwich impeller
blades of a propulsion impeller ring and are asymmetrically
manipulable in such a way as to cause the propulsion
impeller ring to provide asymmetrical thrust through indi-
vidual differential control of the pitches of the impeller
blades. Alternatively, the asymmetric impeller blade pitch
control system includes billow-mounted air bearings that are
disposed between the pitch control rings and the impeller
blades. As non-limiting examples, FIGS. 15, 9B and 17
show various non-limiting embodiments of coaxial contra-
rotating impellers with independent pitch control for each
set of blades.

[0091] A propulsion impeller ring drive system may be
housed within the wing and operatively connected to the
impeller blades (16) of each contra-rotatable propulsion
impeller ring (14) and arranged to individually and incre-
mentally pivot the impeller blades to provide variable pitch
control (16). The propulsion impeller ring drive system (14)
may be arranged to impart counter-rotational force to coun-
ter-rotate the impeller blades (14).

[0092] In certain non-limiting embodiments, it may be
desirable to have co-rotating coaxial impellers. For instance,
onering is provided having a first set of blades optimized for
fuel efficiency, and another ring is provided having a second
set of blades optimized for lifting force. During lift off, the
second set of blades may be used, with the first set pitched
to avoid interaction, or to compliment the second set of
blades. Once leveled, the first set of blades may provide
sufficient thrust in conjunction with the airfoil configuration,
thereby realizing fuel efficiency benefits.

[0093] The multiple impeller rings herein may be driven
by a single powerplant or each may be individually driven.
[0094] FIGS. 18, 19 and 20 show various configurations
for a cockpit payload enclosure (10). The cockpit may
contain conventional apparatus and systems as found in
aircraft, including avionics, flight controls, weapons systems
controls, “black box™ apparatus. In addition, as discussed
herein, the cockpit may also contain mechanisms and con-

Feb. 27,2020

trols for the cockpit sphere, e.g., to alter center of gravity. In
addition, as discussed herein, a parachute and retraction
system may be included. Furthermore, a radar and thermal
imaging (e.g., FLIR) region 58 may be provided, schemati-
cally depicted in FIG. 1.

[0095] Furthermore, the cockpit may be formed of a
suitable shape. For instance, FIG. 18 shows a cockpit
payload enclosure (10) in a generally spherical configuration
having an airfoil control surface enveloping pivot axle (52).
FIG. 19 is a schematic side view of a cockpit payload
enclosure (10) in a tear-drop configuration, for instance,
suitable to serve as a middle wing of a tri-plane configura-
tion in generally level flight as described herein. FIG. 20 is
a schematic side view of alternative cockpit payload enclo-
sure (10) configuration, having a truncated trailing end.
[0096] The cockpit payload enclosure (10) may include a
spherical or hemispherical outer wall that is partially trans-
parent and partially opaque. Alternatively, portions of the
outer wall may be convertible from opaque to transparent
through any one of a number of different means to include
polarization or coatings. The outer wall of the cockpit
payload enclosure (10) may be battle-hardened or armored.
The outer wall may be completely or almost completely
transparent to allow for unprecedented viewing above, to the
sides, behind, and below during hover, transition, and/or
aerodynamic flight.

[0097] As shown in certain non-limiting embodiments, the
powered-lift aircraft (24) may in effect operate as a tri-plane,
having upper and lower wings, and along the gimbal plane,
exhaust gases vectored as thrust or lift, as well as middle
wings provided by airfoil-enclosed cockpit/payload enclo-
sure (10) Pivot axles (52), i.e., the axles that allow the
gimbaling interaction and may optionally encompass the
prime mover(s) (36).

[0098] Also, an emergency ballistic recovery system can
be provided that includes an automatic riser retractor con-
figured to partially retract risers and/or a cable suspending at
least a portion of a powered-lift aircraft (24) from a para-
chute or parasail canopy immediately following chute
deployment. In addition, a second retraction stage may be
added to further soften the landing, activated by a ground
proximity sensor.

[0099] FIG. 21A shows a parachute deployment and
retraction system, and FIG. 21B shows a parachute retrac-
tion mechanism.

[0100] The cockpit/payload enclosure (10) may also
include an emergency ballistic recovery system including a
parachute or parasail housed within a ballistic package (FIG.
21A) along with an expulsion propellant (46) such as a
pyrotechnic or compressed gas charge (FIG. 21B). The
ballistic package may be housed within the cockpit support
(56). The emergency ballistic recovery system may also
include an automatic retractor configured to partially retract
a cable connected to risers suspending the powered-lift
aircraft (24), or some portion thereof, from a canopy of the
parachute or parasail as required to obtain a “full chute” as
rapidly as possible, ensuring rapid canopy inflation, increas-
ing the margin of safety, especially in low altitude deploy-
ment. In addition, a second retraction stage may be added to
further soften the landing, activated by a ground proximity
Sensor.

[0101] Referring now to FIG. 22, in certain embodiments,
access and egress to and from the cockpit enclosure (10)
may be accomplished by a stress bearing cockpit support 56,
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for example, which telescopes from a closed position to an
open position. The cockpit payload enclosure (10) may be
pivotally mounted to maintain a generally constant level
attitude relative to the earth’s surface whether the wing (60)
and propulsion impeller ring (14) are oriented axially ver-
tically for vertical, or near vertical flight or hovering (e.g.,
FIG. 1). The wing (20) and propulsion impeller ring (16) are
oriented axially horizontally for translational or generally
level flight (e.g., FIG. 2, or the wing (60) is transitioning
between the axially vertical and horizontal attitudes.
[0102] The powered-lift aircraft (24) may include a cock-
pit payload enclosure (10) attitude control system that
includes a cockpit payload enclosure (10) attitude drive
operatively connected between the cockpit payload enclo-
sure (10) and the wing (60), a controller connected to the
attitude drive, and an attitude sensor such as a mechanical or
ring-laser gyroscope. The controller may be programmed to
maintain a longitudinal axis of the cockpit payload enclosure
(10) in a generally level attitude relative to the earth’s
surface in response to signals received from the attitude
Sensor.

[0103] Relying on aerodynamics alone for vertical stabil-
ity of a powered-lift aircraft (24) is not as stable as when
relying on the positioning of the center of gravity of the
powered-lift aircraft (24). For this reason, the powered-lift
aircraft (24) may be configured to rely on the positioning of
its center of gravity as the default source of vertical stability
or orientation of the cockpit payload enclosure (10). For
instance, in the embodiments where the cockpit (10) is fixed
with respect to the axle (54), a pilot may rotate a lever that
is fixed to the axle, thereby altering the center of gravity.
Rotating the cockpit payload enclosure’s (10) center of
gravity forward causes the wing (60) to transition from an
axially vertical attitude to an axially horizontal attitude for
forward horizontal flight. Rotating the cockpit payload
enclosure’s (10) center of gravity backward returns to the
wing (60) to an axially vertical attitude for hovering, vertical
flight, and/or landing. Asymmetrical thrust can be achieved
radially through differential pitch control which is another
way to control the wing (60)’s aspect relative to its hori-
zontal to vertical axis. The cockpit payload enclosure (10)
may be maintained in a vertical attitude unless the powered-
lift aircraft (24) is banking in a turn. However, in other
embodiments the cockpit pavload enclosure (10) may be
supported in such a way as to be driven to rotate in any
orientation and may include an attitude control system that
provides whatever attitude is commanded.

[0104] Incertain embodiments, where the axle (54) rotates
freely in a suitable bearing in the wing (60), as shown in side
view in FIG. 23, the wing tilt control may include one or
more belts (7) having one end associated with the axle (54)
(which passes centrally through the cockpit payload enclo-
sure (10)) and another end associated with a pulley (8), for
instance, supported on a base 9 in the cockpit (10). The
pulley (8) may be actuated, for example, to tilt the wing 60
to the position of wing (60").

[0105] In other embodiments, the axle 54 rotates freely
through the cockpit, where it is controlled at the wing (60).
For instance, as shown in FIG. 24, an axle (54) includes gear
structures (6) at the ends, which cooperate with pinions (5)
that are drive by an actuator (4). In this manner, the cockpit
10 may be rotated with respect to the wing (60).

[0106] Various alternatives are possible. FIG. 25 shows
rudders (66) and blades (16) extending radially inward from
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the propulsion impeller ring (14). Rudders (66) may be used
generally as is conventionally known, to deflect air for
steering, descent, ascent, and other various induced maneu-
vers. These may be used, for instance, in combination with
the previously described control methodologies including
impeller pitch control and/or wing tilt control.

[0107] Referring to FIGS. 26 and 27, another non-limiting
wing configuration is shown. FIG. 26 shows a side view of
the aircraft, and FIG. 27 shows a perspective view of a wing
structure (1060) according to this embodiment. In general,
the center of gravity of the cockpit (1010) is raised, for
instance, by providing protrusions (1061) on the wing
(1060). In this manner, the overall dimensions of the wing
(1060) may be reduced. Also shown in FIG. 26 is a shroud
(1055) surrounding the axle (1054), for instance, to provide
an airfoil and serve as a middle wing in a tri-plane configu-
ration discussed herein.

[0108] In other non-limiting embodiments, additional lift
may be generated by redirecting the exhaust of the prime
mover through a plenum in the gimbals axle and around the
circumference of the cockpit payload enclosure, where the
exhaust gases escape under pressure from actuated nozzles
along the rear plenum of the cockpit payload enclosure,
accelerated by incoming air scooped in along the leading
plenum of the cockpit payload enclosure.

[0109] Using the disclosed powered-lift aircraft it is pos-
sible to experience powered-lift flight with a virtually seam-
less translation between vertical take off, hover, translation
to aerodynamic, forward flight, with a return to hover and/or
landing (VTOL). The load sharing axles of this powered-lift
aircraft (24) share dynamic loads of weight, thrust, drag, and
lift. The method of manufacture and the materials chosen
may allow for low weight and high strength construction. A
lower gross weight powered-lift aircraft (24) obviously
requires less power, less fuel, and operates at lower cost.
Also, unlike existing tilt-rotor VTOL aircraft that include
axle-driven propellers and rotors that suffer from tip vortices
thrust loss, a powered-lift aircraft (24) constructed according
to the above-described embodiments will avoid such liabili-
ties. The advantages and benefits of the disclose powered-lift
aircraft can have significant military, commercial, and per-
sonal transportation implications.

[0110] Certain non-limiting benefits, features and/or
advantages for one or more of the embodiments described
herein can include, but are not limited to or required, the
following:

[0111] 1. Provides a method of powered-lift flight that
includes creating vectored thrust sufficient to achieve pow-
ered-lift, where the thrust is generated by at least one
impeller blade attached to at least one propulsion impeller
ring, installed in a wing.

[0112] 2. Proves at least one wing with asymmetrical
aerodynamic lifting surfaces.

[0113] 3. Provides at least one impeller blade inside the
wing.
[0114] 4. Provides at least one impeller blade mounted

inside the propulsion impeller ring.

[0115] 5. Provides at least one cockpit payload enclosure
mounted generally within the axial rotation of the propulsion
impeller ring,

[0116] 6. Provides at least one load sharing axis, gimbals
axle that connects the wing with the cockpit payload enclo-
sure.
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[0117] 7. Transition of the vehicle’s lift can be seamlessly
shifted between the impeller blade(s) and the lifting surfaces
of the wing, successfully transitioning from hover, where lift
can be substantially generated by the impeller blade(s) to
forward flight, where impeller blade(s) lift also becomes
thrust, and can be substantially augmented by the lifting
surfaces of the wing;

[0118] 8. Flight control can be provided by a fly-by-wire
system.
[0119] 9. Forward flight can be accomplished without

asymmetric rotor lift penalties associated with “leading and
lagging rotor” lift scenarios of rotorcraft, where the wing
being gimbaled at some aspect horizontal axis to gain
advantage of its lifting surfaces while allowing the impeller
blade(s) to generate horizontal thrust.

[0120] 10. The cockpit payload enclosure can be provided
in a position generally at the center of the propulsion
impeller ring to provide controllability resulting from thrust
being vectorable in all directions and to provide maneuver-
ability due to the mass of the cockpit payload enclosure
being in the center of the propulsion impeller ring and
because the wing is free to gimbal around it.

[0121] 11. A wing with aerodynamic lifting surfaces, at
least one impeller blade attached to at least one propulsion
impeller ring, installed in the wing; at least one cockpit
payload enclosure mounted generally within an axial rota-
tion of the propulsion impeller ring; where the wing, in
vertical orientation, provides structural support for control
and a substantially vertical airfoils configured to enhance the
aerodynamic efliciency of hover and load transmission from
the propulsion impeller ring to the cockpit payload enclo-
sure. The wing, from a horizontal axis in the circular view,
can include four quadrants including an upper aerodynamic
lifting quadrant at the top of the wing, two side housing
quadrants on either side of the wing, and a lower aerody-
namic lifting quadrant at the bottom of the wing.

[0122] 12. The side housing quadrants of the wing can
house one or more components selected from the group of
components comprising: at least one prime mover, a power
transfer unit, fuel or energy storage, cockpit and/or payload,
and flight-related components. Alternatively, the side hous-
ing quadrants of the wing can house one or more compo-
nents selected from the group of components comprising: a
jet turbine, a rotary engine, a motor, a battery, a fuel cell, a
capacitor, compressed gas, a photovoltaic cell, a prime
mover, a belt drive, a gear drive, an electric drive, a hydro
drive, a gas drive, a traction/friction drive; nuclear fuel,
liquid fuel, compressed gas fuel, solid fuel, a battery, elec-
tronics, avionics, landing gear, and a storage space.

[0123] 13. The upper and lower quadrants can be config-
ured to generate lift by means of angle of attack and an
aerodynamic shape such that this section of the wing creates
lift in the manner normally associated with a fixed wing, and
such that the upper and lower quadrants can provide a
bi-wing configuration in a flying duct.

[0124] 14. The cockpit can be an airfoil-enclosed cockpit
payload enclosure which can have pivot axles that may in
effect operate as a tri-plane, having upper and lower wings
as well as middle wings.

[0125] 15. Additional lift may be generated by redirecting
the exhaust of the prime mover through a plenum in a gimbal
axle and around the circumference of the cockpit payload
enclosure, where the exhaust gases escape under pressure
from actuated nozzles along the rear plenum of the cockpit
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payload enclosure, accelerated by incoming air scooped in
along the leading plenum of the cockpit payload enclosure.
The additional lift can be created along the gimbal plane, as
exhaust gases are vectored as thrust or lifi, depending upon
the orientation of the wing and the cockpit payload enclo-
sure.

[0126] 14. In the propulsion impeller ring, at least one
impeller blade(s) can extend generally inward from upper
and lower attach points and can be connected to the pro-
pulsion impeller ring at these points and can extend from the
ring itself toward a center of rotation, thereby reducing or
eliminating “tip vortices losses” associated with traditional
propeller and rotor designs.

[0127] 15. A moment of movement of the entire propul-
sion impeller ring is generally close to a center of lift of the
impeller blade(s).

[0128] 16. More than one propulsion impeller ring can be
included in a powered-lift aircraft.

[0129] 17. At least two of the propulsion impeller rings
can be supported for counter-rotation.

[0130] 18. Squash plates controlled by either rollers and/or
air bearing and/or mounted billows configured to control the
angle of attack of the impeller blade(s) can be provided,
thereby imparting variable lift, rotational resistance, and
gyroscopic procession forces.

[0131] 19. One of the Rims may contain a different
number of impeller blade(s) than another of the rims.
[0132] 20. One of the propulsion impeller rings may
support impeller blade(s) of differing design than the impel-
ler blade(s) supported on another of the propulsion impeller
rings.

[0133] 21. The propulsion impeller ring can be rotated in
a “E-shaped cross section” support cavity within the wing.
[0134] 22. The propulsion impeller ring can be supported
by one or more of the structures included in the group
comprising: wheels, rollers, pulleys, rails, magnetic separa-
tion, air Bearings, or some combination of air, gas, and/or
fluid suspension.

[0135] 23. The propulsion impeller ring can be a compo-
nent of an electric brushless motor.

[0136] 24. The impeller blade(s) can be attached to the
propulsion impeller ring and is configured to generate lift in
avertical axis, and to generate thrust in a horizontal axis, and
some combination of lift and thrust in transition.

[0137] 25. The impeller blade(s) can have a constant
cross-sectional shape along its length,

[0138] 26. The impeller blade(s) can have a consistent but
tapered cross sectional shape along its entire length.
[0139] 27. The impeller blade(s) can have an asymmetri-
cal shape along its length.

[0140] 28. The impeller blade(s) can have a curved shape
along its length.

[0141] 29. The impeller blade(s) can have a tapered shape
along its length.

[0142] 30. The impeller blade(s) can have a twisted shape
along its length.

[0143] 31. The impeller blade(s) can have a tapered and
twisted shape along its length.

[0144] 32. The impeller blade(s) can have no tip.

[0145] 33. The impeller blade(s) can be connected in two
places to the impeller blade.

[0146] 34. The tip of the impeller blade(s) can be uncon-
nected.
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[0147] 35. The tips of the impeller blade(s) can be con-
nected to an interior propulsion impeller ring.

[0148] 36. The tips of the impeller blade(s) can connect to
each other.
[0149] 37. The propulsion impeller ring can include upper

and lower pitch control rings joined angularly on the ring’s
inner wall by attachment points to the impeller blade(s).
[0150] 38. The cockpit payload enclosure may include one
or more items selected from the group of items comptrising:
pilot and/or passenger seating, a first responder gurney,
cargo space, ordinance and munitions, telemetry equipment,
avionics, electronic warfare equipment, reconnaissance and
surveillance equipment, broadcast equipment, advertising,
network operating center hardware, a prime mover, fuel, and
cargo.

[0151] 39. The cockpit payload enclosure can be coated.
[0152] 40. The cockpit payload enclosure can be pressur-
ized.

[0153] 41. The cockpit payload enclosure can be armored.
[0154] 42. The cockpit payload enclosure can be transpar-
ent.

[0155] 43. The cockpit payload enclosure is protected by

polarization filters.

[0156] 44. The cockpit payload enclosure can have a shape
including one or more shapes selected from the group of
shapes comprising: a sphere, a teardrop, an ovoid, and an
ellipsoid, or any other enclosure shape that would fit within
the void created by the orbit and gimballing of the impeller
blade(s).

[0157] 45. Load sharing axes that can be connection points
and gimbals that can facilitate independent rotation of the
wing.

[0158] 46. Load sharing axes that can be connection points
and gimbals that can facilitate independent rotation of the
cockpit payload enclosure.

[0159] 47. The load sharing axes can be configured to
allow thrust created by the impeller blade(s) in the propul-
sion impeller ring to rotate around the cockpit payload
enclosure.

[0160] 48. A powered-lift aircraft that includes one or
more propulsion impeller rings that are carried by a gener-
ally cylindrical wing and rotatably supported within a gen-
erally cylindrical cavity defined by the wing.

[0161] 49. The propulsion impeller rings can be rotatably
supported within the generally cylindrical cavity defined by
the generally cylindrical wing.

[0162] 50. The one or more propulsion impeller rings can
be disposed between an inner surface of the wing and a
cockpit payload enclosure that’s surrounded by and pivot-
ally mounted to the wing.

[0163] 51. An attitude control system which can be con-
figured to maintain a longitudinal axis of the cockpit payload
enclosure in a generally constant level attitude relative to the
earth’s surface independent of the attitude of the wing.
[0164] 52. An emergency ballistic recovery system that
can include an automatic riser retractor configured to par-
tially retract risers and/or a cable suspending at least a
portion of a powered-lift aircraft from a parachute or para-
sail canopy immediately following chute deployment.
[0165] 53. A generally cylindrical wing having a non-
constant cross-sectional shape contoured to provide lift in at
least one of an upper and a lower semi-cylindrical portion of
the wing.
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[0166] 54. A propulsion impeller ring drive system sup-
ported within a generally cylindrical wing.

[0167] 55. A propulsion impeller ring drive system that
can include a propulsion impeller ring comprising a plurality
of impeller blades pivotally supported on a ring for variable
pitch control and can include an asymmetric impeller blade
pitch control system operatively connected to the impeller
blades and actionable to cause the propulsion impeller ring
to provide asymmetrical thrust by individually and differ-
entially controlling the pitches of the impeller blades.
[0168] 56. An asymmetric impeller blade pitch control
system comprising a pair of pitch control rings that sand-
wich impeller blades of a propulsion impeller ring and are
asymmetrically manipulable in such a way as to cause the
propulsion impeller ring to provide asymmetrical thrust
through individual differential control of the pitches of the
impeller blades.

[0169] 57. Billow-mounted air bearings that can be dis-
posed between the pitch control rings and the impeller
blades.

[0170] 58. A generally cylindrical wing housing a
mechanically driven propulsion ting that derives power from
at least one prime mover, and a mechanical drive operatively
connected to the propulsion impeller ring and including one
or more components selected from the list of components
comprising of a belt-drive, a friction roller drive, a magnetic
drive, an electric motor, a gear drive, and some combination
of air, gas or liquid bearing drive.

[0171] 59. A rotatable propulsion impeller ring drive sys-
tem comprising contra-rotatable propulsion impeller rings
supported by air bearings.

[0172] 60. A method of controlling the attitude of an
airborne vehicle by asymmetrically controlling the pitch of
impeller blades.

[0173] 61. An aircraft comprising: a toroid-shaped wing
having an inner surface and with the wing defining a
cylindrical cavity; one or more propulsion rings carried upon
the inner surface of the wing; and at least one powerplant
operably coupled to the one or more propulsion impeller
rings to impart rotational force to the one or more propulsion
impeller rings. wherein rotation of the propulsion rings
causes thrust sufficient to achieve powered lift.

[0174] 62. A cockpit payload enclosure surrounded by and
pivotally-mounted to the wing with an axle structure that can
be connected to opposing sides of the wing in gimbaled
relation, the axle structure can be rotatably supported on
opposing sides of the wing and fixed on the cockpit payload
enclosure or rotatably supported on the cockpit payload
enclosure and fixed on opposing sides of the wing.

[0175] 63. The axle structure can be rotatably supported
on opposing sides of the wing and fixed on the cockpit
payload enclosure.

[0176] 64. The axle structure can be rotatably supported
on the cockpit payload enclosure and fixed on opposing
sides of the wing.

[0177] 65. Atleast one of the one or more propulsion rings
includes at least one impeller blade.

[0178] 66. During powered lift operations, rotation of the
wing relative to the cockpit payload enclosure can change
the direction of thrust.

[0179] 67. During powered lift operations and in a con-
figuration where the wing is non-vertical, the wing can
provide additional lift.

[0180] 68. The wing can include airfoil shaped sections.
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[0181] 69. A pair of propulsion rings can be provided that
are supported for contra-rotation, each propulsion ring
including at least one impeller blade.

[0182] 70. One or more squash plates controlled by rollers,
air bearing, mounted billows, or a combination of one or
more of rollers, air bearing, and mounted billows, wherein
the squash plates configured to control the angle of attack of
the impeller blades, thereby imparting forces selected from
the group comprising variable lift, rotational resistance,
gyroscopic procession forces, and a combination comprising
at least one of variable lift, rotational resistance and gyro-
scopic procession forces.

[0183] 71. The cockpit payload enclosure can have a shape
including one or more shapes selected from the group of
shapes comprising: a sphere, a teardrop, an ovoid, an ellip-
soid, and any other enclosure shape that would fit within the
cylindrical cavity and not impaired by orbit and gimballing
of the propulsion ring.

[0184] 72. An attitude control system configured to main-
tain a longitudinal axis of the cockpit payload enclosure in
a generally constant level attitude relative to the earth’s
surface independent of the attitude of the wing.

[0185] 73. The cockpit payload enclosure can have a shape
including one or more shapes selected from the group of
shapes consisting of a teardrop, an ovoid, and an ellipsoid,
and further wherein during non-vertical flight, the cockpit
payload enclosure can serve as a middle wing in a tri-plane
configuration.

[0186] 74. An asymmetric impeller blade pitch control
system including an apparatus for sandwiching impeller
blades of the propulsion ring and for asymmetrically
manipulating the impeller blades in such a way as to cause
the propulsion ring to provide asymmetrical thrust through
individual differential control of the pitches of the impeller
blades.

[0187] 75. The propulsion ring can be supported by one or
more of the structures included in the group comprising
wheels, rollers, pulleys, rails, magnetic separation, air bear-
ings, and a combination of air, gas, and/or fluid suspension.
[0188] As seen in FIGS. 28 through 34, leading and/or
trailing edge flaps preferably provided on the wing Structure
can be provided as another control method. Thus, one or
more flaps may be engaged to influence or redirect air flow.
Multiple flaps can be utilized as a control authority mecha-
nism and may impart control forces such as torque, lift,
breaking or shielding. This can direct thrust while grounded
and hovering like a hovercraft just above a surface, in or out
of ground effect or while flying forward. When hovering like
a hovercraft, the flaps can act like a vent or gate and allow
air to be expelled substantially in a direction opposite of
desired drift. When hovering out of ground effect, the one or
more flaps can aid in drifting sideways or “crabbing” while
hovering or in transition to forward flight.

[0189] Though described above as flaps, the movable
surfaces on the wings can be flaps, slats, ailerons, spoilers,
etc. These movable surfaces can be located anywhere on the
wing structure and may be activated using hydraulics, elec-
tromechanical motors, electrohydraulic combination sys-
tems, etc.

[0190] FIGS. 35 through 37 illustrate an airflow attitude
control system that can be provided with one or more
embodiments of the disclosed novel aircraft. As an alterna-
tive or in addition to movable surfaces on the wing structure
(see FIGS. 28 through 34), the aircraft may use an attitude
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control system which can preferably use air blown from
openings or vents on the wing structure. The bursts of air
impart forces or alter the pressure differential around or over
the wing structure through one or multiple air vents or
outlets circumferentially positioned along the leading edge,
trailing edge or anywhere within the duct housing, which
may be employed either independently or collectively to
maintain stability or affect maneuvers throughout various
flight modes. The velocity of the airflow through the vents
may also be adjusted, either independently or collectively,
through valves, vanes or other methods. This attitude control
method may use air deflected from the main propulsion
system impellers, engine discharge or air generated through
an electrically powered distributive airflow system housed
within the wing structure. The airflow vents may be acti-
vated manually or through an automated fly-by-wire (FBW)
system, which can use sensors to detect changes in aircraft
flight orientation. Actuation of components may be accom-
plished through magnetic forces, pneumatics, hydraulics,
electric-mechanical motors or an electro-hydraulics combi-
nation.

[0191] FIGS. 38 through 41 illustrate an embodiment
where one or multiple propulsive units can be provided
within the wing structure. The number of propulsive units is
not considered limited to any particular value. As seen, one
or more prime movers or propulsive units can be mounted
centrally within the gap of the outer wing structure that can
be suspended or affixed within the air stream or disc loading
area. Any number of impellers with any number of blades
can be used and located within the wing structure, preferably
in a balanced arrangement, which may be used as a prime
mover for main propulsion. These propulsive units can be
attached to the airframe structure and powered by an electric
motor, hybrid electric motor or combustion engine. The
drive systems may include gears, belts, bearings, friction
rollers or magnets.

[0192] FIGS. 42 and 44 illustrate different non-limiting
shapes and mounting for the cockpit enclosure. As seen, the
cockpit payload may be composed of one or more shapes,
structures or cavities that may also be composed of any
shape, as viewed from a plan view (top down) or from the
side that may be used to contain payload of software,
hardware, fuel, batteries, energy storage, weapons, para-
chutes, passengers, cargo, etc. The shaped enclosure may or
may not be pivotally mounted to the cross member suspend-
ing axle. The shaped enclosure can be mounted at a pre-
determined angle of attack or fixed to the outer ring wing
structure as to be structurally and dimensionally unified.
[0193] FIGS. 45 through 47 illustrate different non-limit-
ing shapes for the wing, in addition to the shapes shown in
the earlier figures. Thus, the outer wing structure area shape
can be any shape that is preferably endless/continuous.
Certain non-liming shapes shown, in addition to the earlier
shown round or ring shaped, include without limitation,
roundish, ellipse, oval, hexagon, octagon, polygon, penta-
gon, square, diamond, or any shape that may encompass via
a radial plane inwardly the cockpit payload area.”

[0194] FIGS. 48 through 54 illustrate wing-mounted
ducted fans that can act as a drive system and/or to control
attitude being provided. Thus, the primary central drive rim
can also be driven via means of one or more drive motors,
rollers, (wheels), drums, disks, gears or pulleys. The central
area of the wheels may have spoke-like members, propellers
or impeller blades designed to propel, force or thrust air and
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may be used as another means of aerodynamic control. For
example, if three are dispensed 120 degrees apart on the
outer rim/outer surface and are driven one or more by a
prime mover, since they are radially outward of the rim, the
ducted fans may have increased mechanical advantage or
torque influence on the total wing structure. The ducted fans
may also be enclosed in nacelle covers that can be opened
and closed or flow reduced independently for precision
control. Accordingly, the main impeller drive rim can be
driven by the external ducted fans impellers rims in opposite
direction, negating torque and inducing control influence,
angle of attack, roll, yaw, speed, altitude. By friction driving
the main impeller rim via the external ducted fan impellers,
the fans can have more control leverage over the overall
aircraft with a less complex drive system. The external drive
impellers can also be individually steered or “valved off” by
means of closing or constricting the air flow. This can cause
the craft to have less lift in that duct section and can cause
the overall aircraft to change its angle of attack.

[0195] The one or multiple ducted fans can be integrated
into the wing structure within nacelles or affixed to the
outside of the wing, likely in a balanced arrangement. The
ducted fans can be activated independently or collectively
and rotated in different directions. The airflow or thrust
discharged at the ducted fan exits can also be used in
aerodynamic control. These ducted fans can be powered by
an electric motor, hybrid electric motor, combustion engine,
etc. The drive systems may include gears, belts, bearings,
friction rollers or magnets.

[0196] As seen in FIGS. 55 through 57 wing-mounted
propellers can be provided to control attitude. The wing
mounted propellers can be provided as an alternative to the
wing-mounted ducted fans in FIGS. 48 through 54, can
comptise one or more open rotors or propellers that can be
mounted on the wing structure, fixed or pivotally, likely in
a balanced arrangement, for attitude control. The propellers
may be independently or collectively activated, and can
have tilting capability, which may be actuated using mag-
netic forces, pneumatics, hydraulics, electric-mechanical
motors, electro-hydraulics combination, etc. Power can be
supplied by electric motors, hybrid electric motors, com-
bustion engines, etc. The drive systems can include gears,
belts, bearings, friction rollers or magnets.

[0197] As described and shown, the novel device provides
for a powered lift ducted fan system which can allow for a
seamless transition from vertical to forward flight with
operational flexibility. The device can be preferably pro-
vided with a rotatable ring-wing, dual shrouded contra-
rotating impellers, a central axle-mounted payload compart-
ment and the ability to take off or land on almost any surface,
including water. As a scalable and multi-purpose platform,
the novel aircraft’s size and capabilities can be expanded
depending on the mission requirements, from a small frame
UAV (or drone) to potentially a heavy lift cargo and even
passenger transport aircraft, either manned or unmanned.
[0198] In certain embodiments, the device can be a rela-
tively small, high-performance UAV, which can primarily be
used for consumer and commercial applications and can
feature a globular, high visibility medial fuselage, designed
for hemispherical viewing. Improved safety on the ground,
low noise levels and the ability to operate in more confined
environments can be provided. In other embodiments, a
larger scale, optionally piloted version can be provided to
address non-limiting markets such as urban air taxis, rapid
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cargo delivery services and personal flying vehicles. In a
further embodiment, a wedge-shaped aerodynamic fuselage
can be provided for greater speed and stealth and can be for
military applications though such use is not considered
limiting.

[0199] The aircraft can be a powered-lift flying vehicle
preferably incorporating a VTOL platform for relatively
seamless transition from vertical to forward flight. As a
preferably scalable system, the aircraft can be configured for
different sizes depending on the application, such as, without
limitation, from a small frame UAV to a large frame, piloted
heavy lift or passenger transport aircraft.

[0200] The aircraft can include a ducted fan propulsion, an
annular wing (ring-wing), a central cockpit/payload com-
partment or fuselage, and a load-sharing axle which can
bridge the annular wing and fuselage. The payload com-
partment, can be either fixed or pivotally mounted on the
axle, preferably maintains a generally upright orientation
under normal operating parameters through an attitude con-
trol system using gyro-assisted stabilization technology, and
through weight distribution, by positioning its center of
gravity or balancing point generally in the lower half. This
central payload section can take any number of shapes
including, without limitation, spherical, oval or even tear-
drop, which approximates an airfoil with the characteristics
of a lifting body. The annular wing can serve as the duct for
the impellers, providing lift through its aerodynamic sur-
faces in the upper and lower quadrants, and directional
control through its ability to partially rotate around the
fuselage, along with the impeller rings, to change thrust
vector and angle of attack. Lift produced by the airfoil wing
structure can equal or exceed lift generated from the impel-
lers in forward flight. To actuate the pivoting of the wing on
the axle, a hydraulic or otherwise powered wing tilting gear
mechanism can be used, the components of which can be
housed in nacelles, the raised areas at opposing ends of the
wing. The transverse axle can function as a structural
support and can be fitted with movable aerodynamic sur-
faces to become a middle wing or an attitude control device
by deflecting airflow. The leading edges of the wing, control
surfaces and sections of the fuselage may be scalloped to
improve efficiency. These protruding ridges, which can be
referred to as tubercles, can reduce drag and increase lift.
Other flight dynamics can be managed by adjusting the
preferred independently operated impellers, using cyclic and
collective pitch controls, similar to those on conventional
helicopters. Small frame UAV models may use fixed pitch
contra-rotating impellers. Another complex system for
maintaining lateral stability can include the use of actuators
to impart active differential thrust, called distributed electric
propulsion, which generates moments by accelerating air
around key points on the aircraft. Another embodiment can
augment pitch and roll control through the addition of
independently actuated thrust deflector vanes or control
surfaces just beneath the impellers toward the duct exit. In
addition to increased efficiency from shared disc loading, the
dual contra-rotating impellers, rotating in opposite direc-
tions, has the advantage of balancing the effects of torque.
Ducting or shrouding the impeller blades within the ring-
wing structure can also be provided to provide the aircraft
with the ability to operate in closer proximity to obstacles.
such as buildings, which expands its applicability in urban
environments. The ducted fan also can deliver significantly
greater static thrust, and therefore higher efficiency, when
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compared to open rotors of similar diameter. The duct
prevents losses in thrust from the tips of the propeller (i.e.
blade-tip losses) and allows for a higher operating rotational
speed. Compared with open rotor aircraft, the disclosed
aircraft can have greater operational flexibility and a smaller
logistical footprint, with superior maneuverability, speed,
safety, noise levels and efficiency. In its amphibious embodi-
ment, the disclosed aircraft can have the ability to take off
or land on almost any surface, including water, through
flotation of the annular wing and fuselage.

[0201] Payload, range and speed requirements of the dis-
closed aircraft, as well as other operational considerations,
can determine the type of propulsion system (prime mover)
and energy source, that is chosen for a particular embodi-
ment of the disclosed aircraft. The propulsion system may
include combustion engines that can run on jet fuel, gaso-
line, natural gas, propane, hydrogen and biofuels, hybrid-
electric motors, or electric motors that use hydrogen fuel
cells or lithium-ion batteries, possibly in combination with
supercapacitors. Supercapacitors can boost power during
flight and quickly recharge by capturing and storing excess
energy. As battery energy density continues to improve,
hybrid-electric or fully electric power systems can become
more feasible for short range and even extended range
aircraft. Various configurations of gear, belt, friction or other
drive systems may be used to turn the impeller rotor(s). In
one embodiment, a scalable drive system with a ring-shaped
architecture (i.e. “hubless motor,” “shaftless motor,”. “rim-
driven system,” etc.) can be used. In this type of electro-
magnetic drive system, the rotational force that drives the
impeller can be generated through the interaction of circum-
ferentially arranged permanent magnets attached to the
outside of the impeller ring (rotor) and a stator integrated
into the surrounding structure and not through a mechanical
link such as a shaft or hub.

[0202] The disclosed aircraft platform can be designed to
rebalance the center of thrust, lift forces and distribution of
pressure in certain flight conditions, particularly during the
shift from hover to forward flight, through coordinated
incremental adjustments to engine thrust, impeller blade
pitch, control vane deflectors and wing orientation. The
aircraft can maintain equilibrium through center of gravity
and gyro-assisted stabilization of the payload compartment.
Implementing active flow control actuators, air injection
outlets circumferentially positioned within the interior of the
duct, can also be provided to augment traditional trim
control methods. Leading-edge flow control mechanisms
can use either steady or synthetic jets of high-pressure air
blowing outward toward the direction of the oncoming
wind, separating the airflow over the duct lip. A side effect
of this leading-edge flow separation can be a lowering of
thrust, which may require additional propulsive power in
proportion to increases in flight speed. Installing flow con-
trol actuators near the trailing edge of the duct, blowing air
toward the duct exit, uses a Coanda surface to expand the
airflow leaving the duct and does not negatively affect thrust.
Each of these configurations has its advantages, with lead-
ing-edge flow control being preferred at higher angles of
attack, and the two techniques may be used simultaneously
or independently.

[0203] The disclosed aircraft can be designed for
increased safety, reliability and efliciency while preferably
matching or exceeding performance levels of existing
VTOL aircraft in terms of range, maneuverability, logistical
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footprint, payload, ceiling, operational flexibility and speed.
The disclosed aircraft can incorporate some level of Al
technology in its unmanned, optionally-manned and piloted
aircraft through an intuitive or adaptive flight control sys-
tem, including through the use of one or more sensors on the
aircraft for collecting data.

[0204] As a failsafe, the disclosed aircraft may include
dual engine systems, each of which can individually supply
adequate thrust for normal lift and flight, and modular
redundancy in all safety-critical systems, including elec-
tronic displays, electronic flight controls and certain
mechanical components. For additional safety, a ballistic
recovery parachute can be installed in manned versions of
the aircraft, preferably located in the center compartment
dome. In emergency situations, such as incapacitation of the
pilot or if the aircraft is unable to fly, a rocket-powered
parachute can be deployed, and the aircraft can slowly
descend to the ground.

[0205] The disclosed aircraft can be capable of launching
from or landing at almost any location and without runway
infrastructure and can provide for direct point to point
flights. nd landing, eliminating this process can be a major
safety advantage. The disclosed aircraft’s preferred rela-
tively compact VTOL format with ducted fan blades has the
advantage of greater safety on the ground and within more
confined environments, with lower noise and vibration, §
compared to traditional helicopters.

[0206] There are numerous potential applications in mili-
tary and commercial aviation for the disclosed aircraft
platform, in unmanned or manned configurations. As one
non-limiting example, in military aviation, the aircraft can
be purposed for missions ranging from ISR to combat
support, with mounted weapons systems and the ability to
deliver ordnance, including missiles, bombs and rockets via
the payload area or wing structure. The ISR aircraft may be
mounted with radar, sensors and camera systems to transmit
real-time data and imagery. The aircraft can also be used in
explosives detection or to support secure wireless commu-
nications. In another embodiment/application, a personnel
and heavy lift cargo transport aircraft can be designed to
deliver troops, equipment and supplies or for insertion/
extraction pararescue (PJ) operations. The ability to fly at
low altitudes and in confined environments, ¢lose to build-
ings and terrain with elevations where radar is ineffective,
makes the disclosed aircraft useful in many military mis-
sions. In addition, to further evade detection or interception,
the aircraft can be optimized its stealth properties on its
military aircraft. The device can inherently have low infra-
red (IR) emissions a low acoustic and vibration signature
with internally housed propulsion systems and ducted
impellers and can reduce its radar profile through the use of
radar-absorbing materials and IR-suppression techniques. In
an amphibious embodiment, with VTOL on water, adds
another dimension to the military uses of the disclosed
aircraft. In another embodiment preferably for the military
(though not limited thereto) the aircraft can have a low-
profile, wedge-shaped payload area or fuselage.

[0207] In the commercial sector, the disclosed platform
can be used for aircraft ranging from small frame UAVs to
large scale manned and unmanned passenger or cargo ait-
craft. In a small UAV format, the disclosed aircraft can carry
a variety of payloads for a range of applications, including,
without limitation, package delivery, security, surveillance,
detection, exploration, inspection, mapping or aerial imag-
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ery. As a larger aircraft, the disclosed aircraft can be
designed for low-altitude, local transportation purposes as
either an air taxi, personal flying vehicle or a short haul
cargo aerial vehicle, an area of aviation called urban air
mobility (UAM). The disclosed aircraft can also be used for
recreational purposes and personal enjoyment. In one
embodiment for commercial purposes the disclosed aircraft
can have a spherical payload area or fuselage.

[0208] One or more of the following components or
features can be provided in at least certain embodiments
such as, without limitation, a payload compartment, central
axle, ring wing and impeller powered with remotely con-
trolled battery powered motors and a gear drive system. In
certain embodiments, a spherical center compartment can be
provided, such as, without limitation, in certain commercial
applications as UAVs and short haul passenger transport. In
other embodiments, a wedge-shaped aerodynamic center
compartment which approximates an airfoil can be provided
and can be intended for military operations, though such is
not limiting. Each of the configurations can be scalable and
may be used for unmanned or manned systems.

[0209] Though not limiting, as mentioned above, prefer-
ably for military applications, the aircraft can have an airfoil
shaped fuselage or payload compartment to reduce drag and
provide for a reduced radar profile. The aircraft may carry a
range of payloads, including, without limitation, HD video
cameras, electro-optic/infrared (EO/IR) sensors, communi-
cations relay equipment, Lynx multi-mode all weather radar,
synthetic aperture radar (SAR), active electronically
scanned array (AESA) radar, signal intelligence (SIGINT),
thermal imagers, laser designators, range finders (LDRF),
hyperspectral systems, electronic intelligence (COMINT
and ELINT), electronic warfare (EW), communications
jamming (COMJAMM), wideband Ku SATCOM and LOS,
ground moving target indicating (GMTT), wide-area surveil-
lance (WAAS) equipment and mapping systems. In a com-
bat role, which may include, without limitation, air-to-
surface, air-to-air and air-to-missile combat, the aircraft can
be equipped with advanced weapons systems for carrying
out precision airstrikes, including Viper Strike laser-guided
glide weapous, laser-guided rockets, JAM guided bombs,
GBU-12 Paveway II bombs, Hellfire missiles, Advanced
Precision Kill Weapon System (APKWS). multi-spectral
targeting system and laser range finder/designators. A large
scale military VTOL aircraft embodiment may be used,
without limitation, in missions currently performed by heli-
copters, such as troop transport, combat search and rescue,
medical evacuation, as well as delivering supplies.

[0210] All measurements, dimensions, shapes, amounts,
angles, values, percentages, materials, degrees, configura-
tions, orientations, component layouts and configurations,
mechanical/electrical supports, mechanical/electrical con-
nection mechanisms, mechanical/electrical movement
mechanisms, drive systems, product layout, components or
parts; component or part locations, sizes, number of sec-
tions, number of components or parts, etc. discussed above
or shown in the Figures are merely by way of example and
are not considered limiting and other measurements, dimen-
sions, shapes, amounts, angles, values, percentages, mate-
rials, degrees, configurations, orientations, component lay-
outs and configurations, mechanical/electrical supports,
mechanical/electrical connection mechanisms, mechanical/
electrical movement mechanisms, drive systems, product
layout, components or parts; component or part locations,
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sizes, number of sections, number of components or parts,
etc. can be chosen and used and all are considered within the
scope of the invention.

[0211] It will be seen that the objects set forth above, and
those made apparent from the foregoing description, are
efficiently attained and since certain changes may be made
in the above construction without departing from the scope
of the invention, it is intended that all matters contained in
the foregoing description shall be interpreted as illustrative
and not in a limiting sense. The aircraft has been shown and
described herein in what is considered to be the most
practical and preferred embodiment.

[0212] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each embodiment should typi-
cally be considered as available for other similar features or
aspects in other embodiments. While one or more embodi-
ments have been described with reference to the figures, it
will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from their spirit and scope.

[0213] Unless feature(s), part(s), component(s), character-
istic(s) or function(s) described in the specification or shown
in the drawings for a claim element, claim step or claim term
specifically appear in the claim with the claim element,
claim step or claim term, then the inventor does not consider
such feature(s), part(s), component(s), characteristic(s) or
function(s) to be included for the claim element, claim step
or claim term in the claim when and if the claim element,
claim step or claim term is examined, interpreted or con-
strued. Similarly, with respect to any “means for” elements
in the claims, the inventor considers such language to
require only the minimal amount of features, components,
steps, or parts from the specification to achieve the function
of the “means for” language and not all of the features,
components, steps or parts describe in the specification that
are related to the function of the “means for” language.
[0214] Dimensions and/or proportions of certain parts in
the figures may have been modified and/or exaggerated for
the purpose of clarity of illustration and are not considered
limiting.

[0215] While the aircraft and method of use have been
described and disclosed in certain terms and has disclosed
certain embodiments or modifications, persons skilled in the
art who have acquainted themselves with the disclosure, will
appreciate that it is not necessarily limited by such terms,
nor to the specific embodiments and modifications disclosed
herein. Thus, a wide variety of alteratives, suggested by the
teachings herein, can be practiced without departing from
the spirit of the disclosure, and rights to such alternatives are
particularly reserved and considered within the scope of the
disclosure.

[0216] While preferred embodiments have been shown
and described, various modifications and substitutions may
be made thereto without departing from the spirit and scope
of the disclosure. Accordingly, it is to be understood that the
novel aircraft and method of use have been described by way
of illustrations and not limitation. This description and the
accompanying drawings illustrate exemplary embodiments
for the aircraft. Other embodiments are possible and modi-
fications may be made to the exemplary embodiments
without departing from the spirit and scope of the disclosure.
It will be apparent to one of ordinary skill in the art that the
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embodiments as described above may be implemented in
many different embodiments of aircrafts, and in drive sys-
tems for other aircraft types as well. Therefore, the descrip-
tion and drawings are not meant to limit the invention.
Instead, the appended claims define the scope of the disclo-
sure.

What is claimed is:

1. A powered-lift aircraft capable of vertical take-off and
vertical landing, hovering and translational and traverse
flight, comprising;

a continuous wing having a cavity and an inner surface,

the continuous wing defining a central open space area;
one or more propulsion impeller rings rotatably supported
within the cavity of the continuous wing;

a cockpit or payload enclosure disposed within a portion
of the central open space area and pivotally mounted to
and at least partially surrounded by the continuous
wing; and

an attitude control system configured to maintain a lon-
gitudinal axis for the cockpit or payload enclosure in a
generally constant level attitude relative to earth’s
surface and independent of an attitude of the continu-
ous wing;

wherein during vertical takeoff of the aircraft the one or
more propulsion impeller rings rotate at rotational
speeds that are sufficient to provide enough thrust force
to overcome a weight amount of the aircraft;

wherein the continuous wing axially horizontally oriented
during level flight of the aircraft.

2. The powered-lift aircraft of claim 1 wherein portions of
the continuous wing having a non-constant cross-sectional
shape contoured for providing lift.

3. The powered-lift aircraft of claim 1 further comprising
an impeller ring drive system that is supported within the
continuous wing or the cockpit or payload enclosure.

4. The powered-lift aircraft of claim 1 further comprising
a plurality of impeller blades that are pivotally or rotatably
connected to at least one of the one or more propulsion
impeller rings for variable pitch control, the plurality of
impeller blades extending inward from the pivot connection
to the impeller rings such that an outer portion of the
plurality of impeller blades are positioned within the central
open space area defined by the continuous wing and gener-
ally pointing toward the cockpit or payload enclosure.

5. The powered-lift aircraft of claim 4 further comprising
an asymmetric impeller blade pitch control system opera-
tively connected to the impeller blades to allow for indi-
vidual and differential control of the impeller blades by the
blade pitch control system to cause the one or more propul-
sion impeller rings to provide asymmetrical thrust.

6. The powered-lift aircraft of claim 2 wherein the one or
more propulsion impeller rings are a pair of propulsion
impeller rings housed within the cavity and such that a first
of the pair of propulsion impeller rings rotates in a clockwise
or counter-clockwise manner and the second of the pair of
propulsion impeller rings rotates in an opposite manner as
the rotation of the first propulsion impeller ring.

7. The powered-lift aircraft of claim 1 further comprising
an emergency ballistic recovery system associated with the
cockpit or payload enclosure.

8. The powered-lift aircraft of claim 1 wherein the con-
tinuous wing axially vertically oriented during vertical
flight, hovering and vertical landing of the aircraft.
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9. The powered-lift aircraft of claim 4 wherein the impel-
ler blades extend radially inward from at least one of the one
or more of the impeller rings.

10. The powered-lift aircraft of claim 1 further comprising
an axle extending from a first area of the continuous wing to
a second area of the continuous wing and across the central
open space area and connected to the cockpit or payload
enclosure for providing pivotal communication between the
cockpit or payload enclosure and the continuous wing.

11. The powered-lift aircraft of claim 1 further comprising
one or more powerplants secured to the continuous wing and
operatively associated with the one or more propulsion
impeller rings for causing the one or more propulsion
impeller rings to rotate.

12. The powered-lift aircraft of claim 4 further comprising
a drive system housed within the continuous wing for
individually and incrementally pivoting the plurality of
impeller blades to provide variable pitch control.

13. The power-lift aircraft of claim 4 wherein each of the
plurality of impeller blades can be individually manipulated
to pivot or rotate in a particular direction independent of the
other impeller blades of the plurality of impeller blades.

14. The power-lift aircraft of claim 1 further comprising
one or more air bearings for supporting the one or more
propulsion impeller rings within the cavity of the continuous
wing.

15. The power-lift aircraft of claim 1 wherein the cockpit
or payload enclosure having a teardrop or airfoil configu-
ration which serves as a middle wing of a tri-fold configu-
ration during generally level flight of the aircraft.

16. A powered-lift aircraft capable of vertical take-off and
vertical landing, hovering and translational and traverse
flight, comprising:

a continuous wing having a cavity and an inner surface,

the continuous wing defining a central open space area;
one or more propulsion impeller rings rotatably supported
within the cavity of the continuous wing;

a cockpit or payload enclosure disposed within a portion
of the central open space area and pivotally mounted to
and at least partially surrounded by the continuous
wing; and

an attitude control system configured to maintain a lon-
gitudinal axis for the cockpit or payload enclosure in a
generally constant level attitude relative to earth’s
surface and independent of an attitude of the continu-
ous wing;

wherein during vertical takeoff of the aircraft the one or
more propulsion impeller rings rotate at rotational
speeds that are sufficient to provide enough thrust force
to overcome a weight amount of the aircraft;

17. The powered-lift aircraft of claim 16 further compris-
ing movable surfaces provided on a leading or trailing edge
of the continuous wing and movable from an open position
to a closed position; wherein in the open position the
movable surface influence or redirect air flow.

18. The powered-lift aircraft of claim 16 wherein the
continuous wing defining one or more air vents or outlets
circumferentially positioned along a leading edge or trailing
edge of the continuous wing and further comprising one or
move valves or vanes to control airflow through the vents.

19. The powered-lift aircraft of claim 16 further compris-
ing one or more ducted fan assemblies mounted to the
continuous wing.
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20. The powered-lift aircraft of claim 16 further compris-
ing one or more propeller assemblies mounted to the con-
tinuous wing.

Feb. 27,2020



CN 106741910 A

(19) Fpde A R HFnEE R IR =5
(12) XBREF|RIF

(10)EIE NS ON 106741910 A
(43)EIE A H 2017.05. 31

(21)EHIEE 201611234136.4
(22)E15H 2016.12.28

(7EIBA LB AR AR A RSB SA A
o3k 230071 ZHE SRR & 1L X B HEE
BrJ 3%BRA9OS %
(72) KBRAN PR PR

(51)Int.Cl.
B64¢ 27/10(2006.01)
B64¢ 39/00(2006.01)

BORERF1T B2 R

(54) ZER &R

— PR AN
(57 HE

KRR ANTF T — MR AL, BSR4
7o, F it B R, FO PR BT, TR R b 5T
P EEEE: Bastle, g sl e FEE e b
HLHL, AT BFAL R3S EALRE, TR R 4
FENF N IER: PGS, ird FiEHl e B
B R HAL, FTR T AL EEER TILE, friks
HE THERE S G AR AN AT aE
Uf, 5K, B AN, W T E i S A




CN 106741910 A W F E Xk P 15

L. — PP T AL, BLAE R A0 5% , FiL i, M 2%, 045 | B T, HRRAEAE T+, Pirids Al
JEAMFe N B IER Byl e, ik Bl T 5 e BB, g BB AL AR EYLE,
FIr iR HETE S50 9 6 R R B )G, el i H e EROER TR AL, I T HE AL E R
BEMLE, rid e T HiEREs G .

2. FRAB BRI EL SR LTk (K] — PR T AL, FARFAEAE T, ks 5o 4258 1) B2 70 8 T IR B T
To NHLAT R By ] 4 S0 v, 425 ] ok mo] 4 0 e b EEL0 K 2 R 0, A S B Bl 1) O A
B A

3. MRABAHNEL SR LT ik 1K) — BT I AL, HRFAEAE T, Bl BE T b 52 8 s 4544

4 FRIEAUR LR LIk () — PRSI I AL, HORFAEAE T, Firid bR HLAE [R]— %8 B Ak 2k
Fm.

5. MR BRI EL SR A TR 1K) — PRI AN, HAFAEAE T, Bk [F] — 18 H A2 VBT BN
Pl il 2% o

6 . FRAE AR 22 5K 4 FIr ik 1K) — MBS T AL, FERFAEAE T, Firidk bR 13 DLRE T JE AL
Lo 7K TR R

7 YRR EE R AT IR 1K) — BT AL, HARFAEAE T, B B AL RSP A

8. MR BRI EL R LTk 1K) — PR E AN, HAFAEAE T, frid B4t 5 6wl
[ 5 AE b L) SR .



N 106741910 A W B P 1/2

— MR T AL

F AR S5l
[0001]  AKBHP Je—Fp RAT &%, U H A — I IC A ML,

BREA

[0002] WA RIE MR e, K 2 e AR FIN 2 Al 2 2 e BAE AL, 2 ie 8k
MMV e 3 2 9D B elas J\R L ML R 2 5 80 WHLE B RO, G KL AT TRl R, ]
IS R AL AR e A AN T AT A B DR 5778 D) i B, R e 1 22 e 320 AL LA S5 4 3 508
NHUERRBOK, G5B B % RN 22 i OB N AL TEh PERERR AN o

LZRAE
[0003] 5 1 ya Ik FRIA BRI AL , A% B B 2 St — B e AL
[0004]  Shyfig ik FORHEOR o] B, AR BB R U7 S s — BT JE AL, BLFERRETE AL 5,
R, O T, HREAE T, I B 45 W B SR iEs: B, irid EfdlG
NEBEE EEL, Bk ERLR EERE EALE, Bk B A N R S G, g
NG LR AL, IR R AL LIS P LR, ridEs e N iEE s .
[0005]  Jfr ik T o 45 i) 5 000 BT AR BEE T2 AL PT 2 250y ] 4 B0 e ek, 4 ) i 3R T 4 G0 Hl, s
K R Bl B Ja R i) B f B AL, BT IR B 4 5 R s g5 4, LR e T,
W E MR B L, iR E S B AR AR AN LR, pridk R LR
PABSETE e AL oK AR, Bk B R HLEE RS AH D, Bl F 3 il 5 T 32 66 i@ 5
SELEANE LI Sk s
[0006] AR BHAG i B < AR BHASE TR T AN ALSR FH IR oL 5 40 L 4 ey T AHIAL BB 1
PEm AN AT AR, [BIN S5 A4 5, R4 e AL , (5] IS 7 flf 4 , 5 48 42 0, {8 T Js ),
[R5 28 1 2.
[0007] Bt P U5 BH

A B AT DL b B P P AR PR e e S g — 2D
[oo08] P& 12 HEIE T AMLI IE T 45 M~ =
[0009]  [&| 252 BETE A0 52 IR AR A4 A s i 1] o
[0010]  [&|rh . #EHE AN FES1L, T 36 AP 55S21, FEVBSS L, EAES211, FRlES212, E il :S41,
HOEHES411, FHEAPLSST, EHLFES61, nf faE 45 S22, EdES221, = 6532, N4
S42, FHLALS52, FAHLES62

BRI T7 2

TN THI 2 A B ) ARSI A 0 A e BHAE 1E— 20 1 B

WL : — B RETE T ML, ELFERETL AP 52 S 11, BETS 4155 1 PN 41 30 435 44 , 110 12 1y TR otk
SERIRIERIR) s B2 e AT R E 0T BUE 21, AR S5 A P 7% 38, AT (AL 3S61 , S624%
BN N AN SARILSN , B Ah 5 bR AR vl B R Ah5eS21, Bl s b5 SR 4 e v S31, L
TSI 1R LA A7 A S KR B, B AR 4 e i i At S21 1n) LAFT HFFNSCIA] , [l iR kg S212w]



N 106741910 A W B P 2/2 T

PATE P 25 b e B [ 5 T a4 b 52 S21, AT il 55 4152 S2 1 AT AR ) £/ 4 v vt FIAEE T e AMLIK)
VB BETE AN i il B ERs bl -aSal, Eadam A i 2480, B H1E AVLE ®AT
R, FA G, B R ARFASTE , r L% M P A B O i SA1 L, L AR S411 51
MhSATIL FIARL 7 B O T e R A E E BRALSSL, LSS nT AT # 8 Ty
] V), EHAL R e EALESEL, B B AL S 4 n] B 5 Ah5e S22, n] Bl a5 Ah ot
S2218 I FEATES22 1L EAT T FF MG , [EIN A7 -RAES2227] UAEAR T 41 5% G P IRE 1EAT [ 72 5 A
[RIJE AN FES22 EELEEE = 6932, =& B IR KT % i o SA2) e -, Ji B [ NGRS 1%
Hl-ES42, TR WA RN, = Gt 66 LiERE T pLSs2, Bl L
WA THLESE2, FEHl RN il G R 5 4 [ e R AT R A5 T
WA LRI S o L S N HLERS61, S628S 3 HE T AN O TR RR , [FI B
TNHLFES6L, S62 R~ A, [ F N B LS5, SE2EREERETE T AN th A2k b, "] DAETE A
ML S B R B dp K o B MR T, it 6 AT 2 s b i L3 S6 1 FAL B S6 271 45 [ —
AT TR P TS AN 6, 722 Hss B I, I TRAT B AR e (R AL 3R S6 1 5 S6 25 8k
P CHLAE 2 P 1k, 75 BN Bl AT B A R ) R LHLBRS6 1 5 L3R S6 2 4% 1
SR P H KA S B o 24 55 B AT R B G B I, T AR, 4 ) EE 4 ) EE O A G,
R S thS3 177 1], 35 RS A T AHLA ZE s , ) I 3L AT A B 5 AL 3R S6 1 5 S6 2 45 7 7]
Pl LA HE 5 5 08 5 75 22045 A2 B, 3 i Fas AR s ) B o ] B oA L VS 31 A2 A
F& a4 il o A ML A O 5 [T 300 e 42 ol F WL B 5 e 2 T Tl s i FR LI 2 R B0

[0011] il 2: ANEIH AT L BRI 4158 St AR 45 44

[0012] DL b Jirad (1) A e BH szt 7 2, AN R4 o) 4 R BE R 0 L 1) PR e o AT A £E AR e B
(RIS 14 R0 JE D0 22 P T 6 PR A 1 5 ) 2 o R gk &5 , 349 AL 25 7 AR B (R BRI 2SR AR Py
2 P o




CN 106741910 A W MR B M /117

e TN,

<,

15y
B3 N
LS B g e

P

e
AT i
- N RASRa NS
4 N ipa VN
AR H .
H
N
3

o
B R
it

o

SNV
Ao
Ay,
N
e
N

e S

RERR

WO N
g N
=

e e

Y

in,

V\\\\\\“ v

&2



POCCHUUNCKAS ®EJEPAITUS (19) RU 1n oy Q\Q AR \\ SpR (13) c 1

& S Ead \\\\\\\\\\\\\\

(51) MIIK
B64C 39006 (2006.01)

OEJEPAIIBHAA CIIVIKBA
IO UHTEJUIEKTVAJIBHOM COBCTBEHHOCTHU

(12) OTIMCAHUE U3OBPETEHU A K ITATEHTY

Ha ocropanmm nyrkta 1 crarsu 1366 gactu gerseproit I pasxnarnckoro konexca Poccrrickott Denepanmy nareHTroo6,1a1a16/b
0653yeTcs 3aKTFOTHTE JOrOBOp 06 OTHYKICHHH MATEHTA HA YCIOBHAX, COOTRETCTBYIOIIHX YCTAHOBHBIICHCS MPAKTHKE, C JTIOOBIM
rpaxnanaaoM Poccrtickolt Denepanun HIH pOCCHHCKHM FOPHIHIECKHM JTHI[OM, KTO IEPBBIM H3BSIBH/T TAKOE JKETAHHE H YBETOMHIT

C1

2515823

R U

00 9TOM ITATEHTO061a0aTEIT H ¢6ﬂ6p2ﬂbe]ﬁ oprad HCHOJTHHTE/IBHOH BJAACTH 110 HHTSJZJZSKTYZJZBHOFI COOCTBEHHOCTH.

(21)(22) 3asBra: 2013118954/11, 23.04.2013

(24) Nara Hayaa oTcyeTa CpoKa JACHCTBUA MATCHTA!
23.04.2013

ITpuopurer(nl):
(22) Hara momaun 3assBku: 23.04.2013

(45) Onyormukosano: 20.05.2014 brom. Ne 14

(56) Cnucok TOKYMEHTOB, IUTHPOBAHHBIX B OTUCTE O
noucke: RU 2101215C1,10.01.1998.US 8181902
B2, 22.05.2012. RU 2151717 C1, 27.06.2000. US
20090230235 Al, 17.09.2009

AJlpec [Tist TIePETTUCKH:
443029, r.Camapa, yn. Comaeunas, 43a, kB. 132,
Muzxaiinopy Ceprero Brnagumuposuay

(72) ABTop(bI):
Muxaitnos Cepreii Bnagumuposuu (RU)

(73) ITatenroobaanareib(n):
Muxaitnos Cepreii Bnagumuposuu (RU)

(54) AUCKOJIET
(57) Pedepar:

M300peTeHUe OTHOCUTCS K  aBHALHMOHHOM
TEXHUKE, B  Y4CTHOCTU K  KOHCTPYKIUAM
KOMOMHHUPOBAHHBIX  JIeTATEIbHBIX  AllllapaToB.
Juckolier  BKIIIOYAET  KOPIIYC, COCAUHCHHBIN

CBOOOMHO 0¢3 TPAHCMUCCUH ¢ HECYIIAM TOHKUM
JIACKOM, CHAOXeHHBIM CKITaJTHBIMUA PaTHaThHBIMUA
JIoacTsaMu LEHTPOOSIKHOTO BEHTUIATOPA,
3aKPeMJICHHBIME IIAPHUPHO K BepXHEH TITOCKOCTH
qacka. Ilo mepudepud JUCKa PACTOOKEHBI
peryaupyeMble JOTACTH OCEBOTO BEHTHIATOPA,
npeobpaszyromierocs B HeCylmuil  BHHT B
BEPTHKAITBHOM TIOJIeTe U B KONBIEBOE KPBHIIO B

Crp.: 1

TOPU3OHTAIBHOM TofeTe. [1o/ TUCKOM yCTaHOBIEHBI
CKIIAIbIBAOIINECS 3a0JIULO C HUKHEN
MIOBEPXHOCTHIO JIUCKA JIOACTH NIPUBO/JIA BPAIICHUS
JIMCKA PeaKTUBHBIMH I'a3aMy JBUraTenel. JlBurateny
3aKpEIUICHbl K KOpIyCcy  Opd  [OMOIIHU
CTAOUIM3ATOPOB YIIpaBJIeHUs oneToM. [locTuraercs
BO3MOXHOCTh OOBEIUHUTH CBOUCTBA JIUCKOBOTO
KpPbLIa CaMOJIETa, KOTOPOE CO3/14€T IIOABEMHYEO CUITY
mpu  oOTeKaHWyd  BO3AYIIHOTO  TMOTOKA B
TOPU3OHTATIBHOM IIOJIETE, C HECYIUM BHUHTOM B
BEPTUKATIBHOM II0JIETE. 2 UJL.

€286G169¢ n

1 O



C1

2515823

R U

RUSSIAN FEDERATION (19) RU h)) L R R \\\\(13) c1

N S \\\\\\\\\\\\\

(51) Int. CL
B64C  39/06 (2006.01)

FEDERAL SERVICE
FOR INTELLECTUAL PROPERTY

(12) ABSTRACT OF INVENTION

According to Art. 1366, par: 1 of the Part IV of the Civil Code of the Russian Federation, the patent holder shall be committed to conclude
a contract on alienation of the patent under the terms, corresponding to common practice, with any citizen of the Russian Federation or
Russian legal entity who first declared such a willingness and notified this to the patent holder and the Federal Executive Authority for
Intellectual Property:

(21)(22) Application: 2013118954/11, 23.04.2013 (72) Inventor(s):

. . Mikhajlov Sergej Vladimirovich (RU)
(24) Effective date for property rights:

23.04.2013 (73) Proprietor(s):
Mikhajlov Sergej Vladimirovich (RU)

Priority:
(22) Date of filing: 23.04.2013
(45) Date of publication: 20.05.2014 Bull. Ne 14
Mail address:
443029, g.Samara, ul. Solnechnaja, 43a, kv. 132,
Mikhajlovu Sergeju Vladimirovichu
(54) DISC CRAFT
(57) Abstract:
FIELD: aircraft engineering. horizontal flight. Disc drive blades folding flush with
SUBSTANCE: proposed craft comprises the frame the disc bottom surface are arranged under the disc,
coupled without transmission with bearing thin disc disc being spinned by engine jet gas. Engines are se-
equipped with folding radial blades of centrifugal fan cured to aforesaid frame by flight control fins.
articulated with the disc top surface. Axial fan ad- EFFECT: combined design.
justable blades are arranged the disc edges converting 2 dwg

into rotor in vertical flight and into circular wing in
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N300peTeHne OTHOCUTCS K aBUAIIMOHHON TEXHUKE, B YaCTHOCTH K CAMOJIETAM, aBTOXHUPAM,
BEPTOJIETAM, U MOXET OBITh MCIIOJB30BAHO TSI CO3AAHUS TPEOOPA3yeMOTO JIETATETBHOTO
amnmapara.

N3sBecten auckodiet mo nateHTy PO Ne2101215 C1, cocTosiuii U3 KOPITyCa, COSAMHEHHOTO
CBOOOIHO, O3 TPAHCMUCCHH, C HECYIITUM TUCKOM, CHA0KEHHBIM JIOTTACTHBIM IIEHTPOOEKHBIM
BEHTWISITOPOM C OKHAMHU TIO MIEPUMETPY AUCKA U OCEBBIM BEHTUJIITOPOM, YCTAHOBIEHHBIM
o iepudepuu TUCKaA C PEeTyIUPYEMbIMH U BTTUBAEMBIMU B TUCK JIOTIACTSIMU, TBUTATEIISIMHU.
JMCK pa3aenaeH Ha BO3AYIIHYIO U JIOMACTHYIO YACTH AMAMETPAIBHON TEPErOPOAKOMN, IeEPBasi
Y9aCTh CHaOXeHA-OKHAMU COTUTAMH BBITECHEHHS COKATOTO BO3AYyXa ISl IPUBOAA BPAIIICHHS
JTUCKA, 2 BO BTOPOU PACIOI0KEHBI JIOMACTH ¢ 0apadaHOM U TpOCOM HaMOTKHU. OTHAKO Takas
KOHCTPYKIUSI CIIOHA U IMEET OOJTBINOE TIOTIEPEUHOE CEUEHUE TUCKA, UTO YXYAIIAeT
A3POAMHAMUKY TOPU3OHTAIBHOTO MOJETA.

N300perenune HAMTpaBIEHO HA YCTPAHEHHE YKa3aHHBIX HEAOCTATKOB.

JlocTuraercst 370 TeM, 9TO B TUCKOJIETE, COCTOSIIIEM U3 KOPITYCa, COSIMHEHHOTO CBOOOTHO,
0e3 TPAHCMHCCHH, C HECYIIUM JUCKOM, CHAOKEHHBIM JIOTIACTHBIM HEHTPOOEKHBIM
BEHTWISITOPOM C OKHAMMU TIO IEPUMETPY JAUCKA, U OCEBBIM BEHTUIIATOPOM, YCTAHOBJIEHHBIM
O TIEPUMETPY AUCKA C PETYIMPYEMBIMH JIOMTACTSIMHU, IBUTATENEH, JIOTACTH HEHTPOOEKHOTO
BEHTWISITOPA BBITIOJIHEHBI CKJIAAHBIMU, TIPUA 3TOM JIOTIACTH OCEBOTO BEHTUIATOPA
peoOPa3yOTCs B KOJBIEBOE KPBLTO.

Ha ¢ur.1 mokaszaH AUCKONET, BUI CBEPXY, T[I€ HA BEPXHEN MOJIOBUHE YePTEkKa MOKa3aH
JMCKOJIET CO CIOKEHHBIMU B TOPU30HTAIBHON IIOCKOCTH JIOMACTAMU AJI1 TOPU3OHTAIIBHOTO
MOJIETA, HA HXKHEH TTOJIOBUHE YEPTEKA JOMACTU AUCKOJIETA IOBEPHYTHI BEPTUKAIBHO IS
BEPTUKAIIBHOTO TOJIeTa; Ha (hUT.2 - AUCKONET, BUI COOKY U CIIEPEH.

KoucTpykuus BKIrodaeT Kopnyc 1, CoemMHEHHBIN CBOOOIHO, O€3 TPAHCMUCCHH, C HECYIITIM
TOHKHUM JTUCKOM 2, SIBIISTFOITAMCSI MAXOBHKOM U OO TEKATENIEM, CHAOKEHHBIN PETYIMPYEMbBIMU
PAaAUAIBHBIMU JIOTIACTSIMHU 3, 3aKPETLICHHBIMHU [IAPHUPHO HA BEPXHEHN TIOCKOCTH OUCKA 2,
00Pa3yOIIMMHU IIEHTPOOESKHBIN BEHTUIIATOP C BOZMOXKHOCTBIO UX CKJIABIBAHUS 3OO
mucka. [1o mepudepru qucka 2 yCTAHOBIIEHBI PETYIMPYEMBIE JIOTACTH 7, 00pa3yIolue B
COPU30HTAIBHOM MOJOKEHUHU KOJIBLEBOE KpbL10. [10a AUCKOM 2 yCTaHOBIEHBI
CKJIAIBIBAIOLIMECS 3ATIOIMIO HIKHEN TOBEPXHOCTH AUCKA JIOMACTH 4 TPUBOAA BPALLCHUS
JIMCKA PEAKTUBHBIMU ra3aMU OOHOTO U3, KAK MUHUMYM, ABYX OBUTATEICH 5, 3aKPETIICHHBIX
K KOPITyCY 1 TPy TOMOIIY CTA0MITU3ATOPOB YITPABJICHUS TOJIeTOM 6. JIBUTATEH 5
000PyI0BaAHBI TOPMO3HBIMU HHTEPLETITOPAMH, CIOCOOHBIMH OTKJIOHSITh PEAKTUBHBIE Ta3bI
HA J1OMacTH 4.

Kak BapuaHT (Ha uepTeXe He TOKA3aHO), JIOMACTH 3 HEHTPOOSKHOTO BEHTUIATOPA MOTYT
OBITh 3aKPETICHBI IO TUCKOM 2, TIPHM 3TOM CTYITHIA TUCKA OYAET UMETh CITUIIBI, 00Pa3YIOIINe
BXOJHO€ OKHO BEHTUISITOPA.

[Tpenmaraemasi KOHCTPYKIMS TUCKOJIETa OOBEIUHSIET BO3ZMOKHOCTH IUCKOBOTO KPbLTa
caMoJieTa, KOTOPOe CO3AAET MOABEMHYIO CHITY PH OOTEKAHUU BO3IYIITHOTO MOTOKA B
TOPU3OHTATBHOM MOJETE C HECYLIUM BUHTOM B BEPTUKAIBHOM IMOJIETE BEPTOJIETOB U
ABTOXXUPOB.

B BepTUKATBHOM MOJIETE JTOMACTH 3 PACKIAOBIBAIOTCS MEPTICHANKYJISIPHO TIOCKOCTH
JTUCKA, 00pa3ys NEHTPOOSIKHBIN BEHTHIISTOD, MOIAIOIMINN BO3IyX HA JIOMACTH 7 OCEBOTO
BEHTWISITOPA, CO3AaBasl PA3PEKEHUE HAZT TUCKOM, TIPU 3TOM JIONACTH 7 IEPEBOAATCA HA YTOJI
ATAKU U IPEBPALLAIOTCS B HECYLUI BUHT, CO34aBast BEPTUKAIBHYIO TATY U MOBBILIEHHOE
JABJICHHUE TIO TUCKOM, UYTO 0OECIIeUnBAET MOABEMHYIO CHITYy JUCKOJIETA. BUXpEBbIE MOTOKH,
00pasyroIuecs B pe3yabTaTe mepenana JaBIeHUs 10 IEPUMETPY AUCKA, YIaBIMBAIOTCS
JIOMACTAMM 7, UTO AAET JOTIOJTHUTEIBHYIO MOABEMHYIO CUITY. JIonmacTu 4, pacnoiOKEHHbIE
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MO AUCKOM 2, YCTAHABIIUBAIOTCS B BEPTUKAIBHOE MOJOKEHUE [T B3AUMOICUCTBUS C
OTKJIOHEHHBIM HHTEPIENTOPAMHU PEAKTUBHBIM IIOTOKOM OQHOTO M3 ABUTaTeNel 5. [loBopoT
JIUCKA ¥ KOMTIEHCAIUSI PEAKTUBHOTO MOMEHTA OT €0 BPAICHUSI OCYLIECTBISETCS U3MEHEHUEM
TSTH TMIPOTUBOIIOJIOKHOTO JBUTATEIS.

B ropu3oHTAIBHOM TIOJIETE JIOTIACTH 7 YCTAHABIUBAIOTCS HA HEOOIBIIION YTOJT ATAKH TSI
BpAILEHUs JUCKA 2, YBETUUUBAS A3POAMHAMUYECKHE KAUECTBA IUCKA B 2...3 pas3a mo
CPaBHEHHUIO C HETTOABM)KHBIM, a JIOTTACTH 4 CKJIaAbIBAIOTCS 3aTIOJIUII0 HUYKHEH MTOBEPXHOCTH
JIMCKA. YTIpaB/IeHUE TOPU30HTAIIBHBIM MOJETOM OCYIIECTBIISIETCS MTPU TTOMOIIM
CTAOUIN3aTOPOB 6, & TAKKE U3MEHEHUEM TATH IBUTATENEH 5.

dopmyna u3o0peTeHust
JIMCKOJIET, COCTOSIIIHMN M3 KOPITyCa, COSAMHEHHOTO CBOOOTHO 0€3 TPAHCMUCCHH C HECYIIUM
JTMCKOM, CHa0KeHHBIM JIOTIACTHBIM IIEHTPOOEIKHBIM BEHTHIAITOPOM C OKHAMH TI0 TIEPUMETPY
JTUCKA ¥ OCEBBIM BEHTHIATOPOM, YCTAHOBICHHBIM IO TIEPUMETPY AMCKA C PETYIUPYEMBIMHU
JIOTIACTSIMH, IBUTATENIEN, O TJUYAIOLIMIACS TEM, YTO JIOTIACTH HEHTPOOSKHOTO BEHTUIISITOPA
BBITTOJTHEHBI CKJIAHBIMH, TIPH 3TOM JIOTTACTH OCEBOI0 BEHTUIIATOPA MPeoOpa3yioTcs B
KOJIBIIEBOE KPBLIO.
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(57) ABSTRACT

An aircraft capable of vertical takeoff and landing, stationary
flight and forward flight includes a closed wing that provides
lift whenever the aircraft is in forward flight, a fuselage at
least partially disposed within a perimeter of the closed
wing, and one or more spokes coupling the closed wing to
the fuselage. One or more engines or motors are disposed
within or attached to the closed wing, fuselage or spokes.
Three or more propellers are proximate to a leading edge of
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whenever the aircraft is in forward flight.
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APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application Ser. No. 62/336,290, filed May 13, 2016 entitled
“Distributed Propulsion”, U.S. Provisional Application Ser.
No. 62/336,432, filed May 13, 2016 entitled “Forward
Folding Rotor Blades”, U.S. Provisional Application Ser.
No. 62/336,363, filed May 13, 2016 entitled “Vertical Take
Off and Landing Closed Wing Aircraft”, U.S. Provisional
Application Ser. No. 62/336,420, filed May 13, 2016 entitled
“Distributed Propulsion System for Vertical Take Off and
Landing Closed Wing Aircraft”, and U.S. Provisional Appli-
cation Ser. No. 62/336,465, filed May 13, 2016 entitled
“Modular Fuselage Sections for Vertical Take Off and Land-
ing Distributed Airframe Aircraft”, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates in general to the field
of aircraft design, and more particularly, to vertical take off
and landing closed wing aircraft.

STATEMENT OF FEDERALLY FUNDED
RESEARCH

[0003] None.

BACKGROUND OF THE INVENTION

[0004] Without limiting the scope of the invention, its
background is described in connection with aircraft. With
the popularity of unmanned drones, there has been resur-
gence in the use of “tail sitter” or “pogo” configurations.
These configurations are generally very stable, but lack the
long range and high speed of traditional aircraft. As a result,
there is a need for an aircraft that can transition between
vertical hover and horizontal airplane mode flight.

SUMMARY OF THE INVENTION

[0005] An aircraft capable of vertical takeoff and landing,
stationary flight and forward flight includes a closed wing
that provides lift whenever the aircraft is in forward flight,
a fuselage at least partially disposed within a perimeter of
the closed wing, and one or more spokes coupling the closed
wing to the fuselage. One or more engines or motors are
disposed within or attached to the closed wing, fuselage or
spokes. Three or more propellers are proximate to a leading
edge of the closed wing or the one or more spokes, distrib-
uted along the closed wing or the one or more spokes, and
operably connected to the one or more engines or motors.
The propellers provide lift whenever the aircraft is in
vertical takeoff and landing and stationary flight, and pro-
vide thrust whenever the aircraft is in forward flight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The novel features believed characteristic of the
present application are set forth in the appended claims.
However, the system itself, as well as a preferred mode of
use, and further objectives and advantages thereof, will best
be understood by reference to the following detailed descrip-
tion when read in conjunction with the accompanying draw-
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ings, in which the leftmost significant digit(s) in the refer-
ence numerals denote(s) the first figure in which the
respective reference numerals appear, wherein:

[0007] FIG. 1A is a perspective view of a closed wing
aircraft in accordance with one embodiment of the present
invention;

[0008] FIG. 1B is a front elevation view of the closed wing
aircraft of FIG. 1A;

[0009] FIG. 1C s a rear elevation view of the closed wing
aircraft of FIG. 1A;

[0010] FIG. 1D is a right side elevation view of the closed
wing aircraft of FIG. 1A

[0011] FIG. 1E is a left side elevation view of the closed
wing aircraft of FIG. 1A;

[0012] FIG. 1F is a top plan view of the closed wing
aircraft of FIG. 1A;

[0013] FIG. 1G is a bottom plan view of the closed wing
aircraft of FIG. 1A;

[0014] FIG. 2 shows a schematic of a hybrid turboshaft
engine hydraulic distributed propulsion system in accor-
dance with one embodiment of the present invention;
[0015] FIG. 3 shows a schematic of a hybrid internal
combustion engine-engine hydraulic distributed propulsion
system in accordance with one embodiment of the present
invention;

[0016] FIG. 4 shows a schematic of a hybrid electric
hydraulic distributed propulsion system in accordance with
one embodiment of the present invention;

[0017] FIG. 5 shows a schematic of a hybrid electric
hydraulic with a piezo-electric pump distributed propulsion
system in accordance with one embodiment of the present
invention;

[0018] FIG. 6A depicts the closed wing aircraft of FIG. 1A
in stationary flight (hover mode including vertical take off
and landing) in accordance with one embodiment of the
present invention;

[0019] FIG. 6B depicts the closed wing aircraft of FIG. 1A
in transition from stationary flight to forward flight and vice
versa in accordance with one embodiment of the present
invention;

[0020] FIG. 6C depicts the closed wing aircraft of FIG. 1A
in forward flight in accordance with one embodiment of the
present invention

[0021] FIG. 7A is a perspective view of a closed wing
aircraft in accordance with one embodiment of the present
invention in which the rotors on the spokes are deployed and
the rotors on the closed wing are folded forward,

[0022] FIG. 7B is a front elevation view of the closed wing
aircraft of FIG. TA;

[0023] FIG. 7C is a rear elevation view of the closed wing
aircraft of FIG. 7A;

[0024] FIG. 7D is aright side elevation view of the closed
wing aircraft of FIG. 7A;

[0025] FIG. 7E is a left side elevation view of the closed
wing aircraft of FIG. 7A;

[0026] FIG. 7F is a top plan view of the closed wing
aircraft of FIG. TA;

[0027] FIG. 7G is a bottom plan view of the closed wing
aircraft of FIG. 7A;

[0028] FIG. 8 is a perspective view of a closed wing
aircraft in accordance with one embodiment of the present
invention in which the rotors on the spokes are deployed and
the rotors on the closed wing are folded backward,
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[0029] FIG. 9A is a perspective view of a closed wing
aircraft having a sinusoidal-shaped circular wing in accor-
dance with one embodiment of the present invention;
[0030] FIG. 9B is a front elevation view of the closed wing
aircraft of FIG. 9A;

[0031] FIG. 9C is a rear elevation view of the closed wing
aircraft of FIG. 9A;

[0032] FIG. 9D is a right side elevation view of the closed
wing aircraft of FIG. 9A;

[0033] FIG. 9E is a left side elevation view of the closed
wing aircraft of FIG. 9A;

[0034] FIG. 9F is a top plan view of the closed wing
aircraft of FIG. 9A; and

[0035] FIG. 9G is a bottom plan view of the closed wing
aircraft of FIG. 9A.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] While the system of the present application is
susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail.
It should be understood, however, that the description herein
of specific embodiments is not intended to limit the present
application to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of
the present application as defined by the appended claims.
[0037] To facilitate the understanding of this invention, a
number of terms are defined below. Terms defined herein
have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present invention.
Terms such as “a”, “an” and “the” are not intended to refer
1o only a singular entity, but include the general class of
which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments
of the invention, but their usage does not delimit the
invention, except as outlined in the claims.

[0038] Illustrative embodiments of the present application
are described below. In the interest of clarity, not all features
of an actual implementation are described in this specifica-
tion. It will of course be appreciated that in the development
of any such actual embodiment, numerous implementation-
specific decisions must be made to achieve the developer’s
specific goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated
that such a development effort might be complex and
time-consuming but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of this disclosure.

[0039] As used herein, reference may be made to the
spatial relationships between various components and to the
spatial orientation of various aspects of components as the
devices are depicted in the attached drawings. However, as
will be recognized by those skilled in the art after a complete
reading of the present application, the devices, members,
apparatuses, etc. described herein may be positioned in any
desired orientation. Thus, the use of terms such as “above,”
“below,” “upper,” “lower,” or other like terms to describe a
spatial relationship between various components or to
describe the spatial orientation of aspects of such compo-
nents should be understood to describe a relative relation-
ship between the components or a spatial orientation of
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aspects of such components, respectively, as the device
described herein may be oriented in any desired direction.
[0040] As will be described in more detail below, various
embodiments of the present invention integrate a circular
wing or ring wing configuration with a distributed propul-
sion system to create a vertical takeoff and landing (VTOL)
aircraft configuration with long range and high speed. These
performance capabilities are achieved without increased
aircraft complexity and cost normally incurred with this
level of capability in a VTOL aircraft. No reconfiguration of
the aircraft is required to transition between vertical hover
and horizontal airplane mode flight. The “tail sitter” or
“pogo” configuration allows transition without any physical
configurations. However, in some embodiments, structural,
aerodynamic or power plant adjustments and/or reconfigu-
rations may be desirable. In some embodiments, the rotor
blades of the closed wing mounted propellers can be folded
either forward or back to further reduce drag and provide
increased speed and duration.

[0041] Now referring to FIGS. 1A-1G, various views of a
closed wing aircraft 100 in accordance with one embodi-
ment of the present invention are shown. More specifically,
FIG. 1A is a perspective view, FIG. 1B is a front elevation
view, FIG. 1C is a rear elevation view, FIG. 1D is right side
elevation view, FIG. 1E is a left side elevation view, FIG. 1F
is a top plan view, and FIG. 1G is a bottom plan view. This
closed wing aircraft 100 features the following: 1) Tail sitter
configuration provides for conversion to airplane mode
without reconfiguration; 2) Circular wing optimizes propul-
sion, structural, aerodynamic, and center of gravity (CG)
requirements; 3) Gearboxes and drive train are completely
eliminated; 4) Rotor cyclic and collective controls are
replaced by variable speed constant pitch propellers; and 5)
Yaw in vertical flight and roll in hover mode are provided by
trailing edge surfaces on the spokes connecting the closed
wing to the fuselage.

[0042] The closed wing aircraft 100 utilizes the ring wing
configuration to provide a symmetric matrix distribution of
hydraulic or electric motor driven propellers to maximize
controllability and provide safety in the event of a hydraulic
or electric motor failure. The ring wing also reduces the
effects of cross winds during takeoff and landing by mini-
mizing the affected wing area and eliminating induced vaw.
In airplane mode flight the ring wing allows the aircraft
maintain any roll position in order to position sensors as
required. For noise reduction the propellers within the ring
provide an acoustic barrier. Structurally, the combination of
distributed propulsion and the ring wing minimizes bending
moments allowing for lighter and stiffer structure compared
with distributed propulsion on straight wings. Engines or
fuel/batteries can be housed in the base of the fuselage or at
the intersection of the spokes to the ring wing for strength
and minimization of weight. Landing gear is positioned at
these points for similar reasons.

[0043] More specifically, the aircraft 100 can be manned
or unmanned and is capable of vertical takeoff and landing,
stationary flight and forward flight. The aircraft 100 includes
a closed wing 102, a fuselage 104 at least partially disposed
within a perimeter of the closed wing 102, and one or more
spokes 106 coupling the closed wing 102 to the fuselage
104. The closed wing 102 can be circular-shaped, oval-
shaped, triangular-shaped, polygonal-shaped or any other
shape suitable for the desired operational and aerodynamic
requirements of the aircraft 100. In addition, the closed wing
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can be made up of a plurality of wing segments 102a, 102,
102¢ and wing-spoke intersections or junctions 108a, 1085,
108¢ connected together. The cross-sectional profile of the
closed wing 102 between the leading edge 110 and trailing
edge 112 can be a symmetrical airfoil or any desirable
aerodynamic shape. The number of spokes 106 can be
determined, in part, by the shape and size of the closed wing
102, and the shape, size and payload of the fuselage 104. The
cross-sectional profile of the spokes 106 between the leading
edge 114 and the trailing edge 116 can be a symmetrical
airfoil or any desirable aerodynamic shape. The closed wing
102, the fuselage 104 and the one or more spokes 106 are
preferably symmetrically shaped to provide transition
between vertical takeoff and landing, stationary flight and
forward flight in any direction. However, non-symmetrical
shapes can be used. As a result, the shape of the closed wing
102 and number of spokes 106 shown in the figures is only
one example and is not intended to limit the scope of the
invention. The closed wing 102 may also include one or
more doors or removable sections that provide access to the
fuselage 104 when the aircraft 100 is in a landed position.

[0044] The fuselage 104 may include one or more sections
or modules that have a longitudinal axis 116 substantially
parallel to a rotational axis 118 of the propellers 120. The
shape and length of the fuselage 104 will vary depending on
the desired mission and flight characteristics. As a result, the
shape and length of the fuselage 104 shown in the figures is
only one example and is not intended to limit the scope of
the invention. For example, the fuselage 104 may include a
rear section or module 122 substantially disposed at a center
of the closed wing 102 that provides a fuselage-spoke
intersection or junction, a middle section or module 124
connected to the rear section or module 122, a front section
or module 126 connected to the middle module 124, and a
nose section or module 128 connected to the front section or
module 126. Sections or modules 122, 124, 126, 128 can be
removably connected to one another, which makes the
aircraft 100 configurable for any desired mission or func-
tion. In other words, the closed wing 102 and one or more
spokes 106 provide a stable flight platform any desired
payload. Moreover, the middle 124, front 126 and nose 128
sections or modules can detach, pivot, or retract at least
partially into one or more of the other sections or modules
for storage or transport of the aircraft 100. The rear 122,
middle 124, front 126 and nose 128 sections or modules can
be individually configured to be a cockpit module, a cabin
module, an escape module, a payload module, a sensor
module, a surveillance module, a power source module, a
fuel module, or any combination thereof. Note that the nose
section or module 128 may contain one or more parachutes.

[0045] The aircraft 100 also includes three or more land-
ing gear, pads or skids 130 operably attached to the closed
wing 102. Typically, the landing gear, pads or skids 130 will
be disposed proximate to the wing-spoke intersections or
Junctions 108a, 1085, 108¢ where there is more structural
support. The landing gear, pads or skids 130 can be retract-
able.

[0046] One or more engines or motors 132 are disposed
within or attached to the closed wing 102, fuselage 104 or
spokes 106 in a distributed configuration. Three or more
propellers 120 are proximate to the leading edge 110 of the
closed wing 102 or the leading edge 114 of the one or more
spokes 106, distributed along the closed wing 102 or the one
or more spokes 106, and operably connected to the one or
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more engines or motors 132. In the embodiment shown, nine
propellers 120 are disposed proximate to the closed wing
102, and one propeller 120 is disposed proximate to each
spoke 106. The propellers 120 can be variable speed con-
stant pitch propellers or other type of propeller. The distri-
bution and number of propellers 120 are designed to provide
stability during the failure of one or more propellers 120, or
engines or motors 132.

[0047] In one embodiment, a source of hydraulic or elec-
tric power is disposed within or attached to the closed wing
102, fuselage 104 or spokes 106 and coupled to each of the
of hydraulic or electric motors 132 disposed within or
attached to the closed wing 102, fuselage 104 or spokes 106.
The source of hydraulic or electric power provides sufficient
energy density for the aircraft to attain and maintain opera-
tions of the aircraft 100. The source of hydraulic or electric
power can be one or more batteries, a piston engine, or a
turboshaft engine. A controller is coupled to each of the
hydraulic or electric motors 132, and one or more processors
are communicably coupled to each controller that control an
operation and speed of the plurality of hydraulic or electric
motors 132. Note that a single source of hydraulic or electric
power can drive multiple hydraulic or electric motors 132.
For example, a source of hydraulic or electric power can be
located in the wing-spoke intersections or junctions 108a,
1085, 108¢ or the rear fuselage 122 where there is more
structural support. Hydraulic or electric power distribution
systems can be used to transmit the power to the hydraulic
or electric motors 132, which in turn drive the propellers
120. The hydraulic or electric motors 132 are selected based
on at least one of aerodynamics, propulsive efliciency,
structural efficiency, aeroelasticity, or weight of the aircraft.
Moreover, the propellers 120, or the engines or motors 132
can be mounted to pivot to provide directional thrust.
Similarly, additional thrusters can be disposed on the closed
wing 102, fuselage 104 or spokes 106. Various examples of
distributed power systems are shown in FIGS. 2-5.

[0048] Referring now to FIG. 2, a schematic of a hybrid
turboshaft engine hydraulic distributed propulsion system
200 in accordance with one embodiment of the present
invention is shown. In the hybrid turboshaft engine hydrau-
lic distributed propulsion system 200, a source of fuel 202
is connected to a fuel line 204 that feeds a turboshaft engine
206 that generates a mechanical force that is transmitted by
a mechanical shaft 208 that is connected to a variable
displacement hydraulic pump 210. The variable displace-
ment hydraulic pump 210 is connected to, and provides
hydraulic power to, hydraulic lines 212. The hydraulic fluid
in hydraulic lines 212 is connected to hydraulic controllers
214a-214f, which are connected mechanically by mechani-
cal shafts 215a-215fto the variable displacement hydraulic
motors 216a-216f, respectively, each of which is depicted
being connected by mechanical shafts 2184-218/to propel-
lers 120a-120f; respectively. Changing the displacement of
the variable displacement hydraulic motors 216a-216f can
control the speed and torque of the variable displacement
hydraulic motors 216a-216f. The variable displacement
hydraulic motors 216a-216f can be self-cooling. This sche-
matic shows the Hybrid Turboshaft Engine Hydraulic dis-
tributed propulsion system 200 as having six (6) hydraulic
controllers 214a-214f, and six (6) variable displacement
hydraulic motors 216a-216/. However, the skilled artisan
will recognize that the present invention can include a
smaller or larger number of variable displacement hydraulic
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motors and propellers, for example 4, 5, 6,7,8, 9,10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more. In
this embodiment, the fuel is converted into mechanical
power/energy via the turboshaft engine 206, which provides
the hydraulic power that drives the variable displacement
hydraulic motors 216¢-216f" and therefore the propellers
120a-1201

[0049] Now referring to FIG. 3, a schematic of a hybrid
internal combustion engine-engine hydraulic distributed
propulsion system 300 in accordance with one embodiment
of the present invention is shown. In this embodiment, the
hybrid internal combustion engine-engine hydraulic distrib-
uted propulsion system 300 uses a source of fuel 202 that is
connected to fuel line 204 that feeds an internal combustion
engine 302 that generates a mechanical force that is trans-
mitted by a mechanical shaft 208 that is connected to a
variable displacement hydraulic pump 210. The variable
displacement hydraulic pump 210 is connected to, and
provides hydraulic power to, hydraulic lines 212. The
hydraulic fluid in hydraulic lines 212 is connected to hydrau-
lic controllers 214a-214f, which are connected mechanically
by mechanical shafts 2154-215f1o the variable displacement
hydraulic motors 216a-216f, respectively, each of which is
depicted being connected by mechanical shafts 2184-218/'to
propellers 120a-120f; respectively. Changing the displace-
ment of the variable displacement hydraulic motors 216a-
216/ can control the speed and torque of the variable
displacement hydraulic motors 216a-216f. The variable dis-
placement hydraulic motors 216a-216/ can be self-cooling.
This schematic shows the Hybrid Internal Combustion
Engine-Engine Hydraulic distributed propulsion system 300
as having six (6) hydraulic controllers 214a-214f, and six (6)
variable displacement hydraulic motors 216a-216f. How-
ever, the skilled artisan will recognize that the present
invention can include a smaller or larger number of variable
displacement hydraulic motors and propellers, for example
4,5,6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25 or more. In this embodiment, the fuel is
converted into mechanical power/energy via the internal
combustion engine 302, which provides the hydraulic power
that drives the variable displacement hydraulic motors 216a-
216f and therefore the propellers 218a-218f.

[0050] Referring now to FIG. 4, a schematic of a hybrid
electric hydraulic distributed propulsion system 400 in
accordance with one embodiment of the present invention is
shown. In this embodiment, the hybrid electric hydraulic
distributed propulsion system 400 uses one or more batteries
402 that are connected to electrical cable 404 that directly
powers a variable displacement hydraulic motor pump 406.
The variable displacement hydraulic motor pump 406 is
connected to, and provides hydraulic power to, hydraulic
lines 212. The hydraulic fluid in hydraulic lines 212 is
connected to hydraulic controllers 214a-214f, which are
connected mechanically by mechanical shafts 215¢-215/to
the variable displacement hydraulic motors 216a-216f,
respectively, each of which is depicted being connected by
mechanical shafts 2184-218f to propellers 120a-120f,
respectively. Changing the displacement of the variable
displacement hydraulic motors 216a-216f can control the
speed and torque of the variable displacement hydraulic
motors 216a-216/. The variable displacement hydraulic
motors 216a-216f can be self-cooling. This schematic shows
the Hybrid Internal Combustion Engine-Engine Hydraulic
distributed propulsion system 400 as having six (6) hydrau-
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lic controllers 214a-214f, and six (6) variable displacement
hydraulic motors 216a-216/- However, the skilled artisan
will recognize that the present invention can include a
smaller or larger number of variable displacement hydraulic
motors and propellers, for example 4. 5, 6,7, 8,9,10, 11, 12,
13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more. In
this embodiment, the electrical power is converted into
mechanical power/energy via the variable displacement
hydraulic motor pump 406, which provides the hydraulic
power that drives the variable displacement hydraulic
motors 216a-216f and therefore the propellers 218a-218/.

[0051] Now referring to FIG. 5, a schematic of a hybrid
electric hydraulic with a piezo-electric pump distributed
propulsion system 500 in accordance with one embodiment
of the present invention is shown. In this embodiment. the
hybrid electric hydraulic with a piezo-electric pump distrib-
uted propulsion system 500 uses one or more batteries 402
that are connected to electrical cable 404 that directly
powers a piezo-hydraulic pump 408. The piezo-hydraulic
pump 408 is connected to, and provides hydraulic power to,
hydraulic lines 212. The hydraulic fluid in hydraulic lines
212 is connected to hydraulic controllers 214a-214f, which
are connected mechanically by mechanical shafts 2154-215f
to the variable displacement hydraulic motors 2164-216f,
respectively, each of which is depicted being connected by
mechanical shafts 2184-218/ to propellers 120a-120f,
respectively. Changing the displacement of the variable
displacement hydraulic motors 216a4-216f can control the
speed and torque of the variable displacement hydraulic
motors 216a-216f. The variable displacement hydraulic
motors 216a-216fcan be self-cooling. This schematic shows
the Hybrid Internal Combustion Engine-Engine Hydraulic
distributed propulsion system 500 as having six (6) hydrau-
lic controllers 214a-214f, and six (6) variable displacement
hydraulic motors 216a-216/- However, the skilled artisan
will recognize that the present invention can include a
smaller or larger number of variable displacement hydraulic
motors and propellers, for example 4, 5, 6,7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or more. In
this embodiment, the electrical power is converted into
mechanical powet/energy via the piezo-hydraulic pump 408,
which provides the hydraulic power that drives the variable
displacement hydraulic motors 216a-216/ and therefore the
propellers 218a-218f.

[0052] Some of the benefits of the distributed hydraulic
system of the present invention, in conjunction with electric
propulsion, can be attained by the present invention, for
aircraft of all sizes. For example, for use with Vertical
Take-Off and Landing (VTOL) aircraft the advantages of the
present invention include: (1) a reduction in aircraft propul-
sion installation weight through greater structural integra-
tion; (2) the elimination of (rotor cyclic) control through
differential and vectoring thrust for pitch, roll, and yaw
moments; (3) high production rates and easy replacement of
motors or propulsors that are small and light; (4) in the case
of turbine/IC engine electric power generation, reduced fuel
consumption and emissions through independent control of
engine and rotor speeds; and (5) using electric batteries
provided for more efficient energy usage, reduced emissions,
and lower noise.

[0053] Further advantages of the present invention include
addressing certain road blocks to distributed electric pro-
pulsion for larger VTOL aircraft. The present invention
provides one or more of the following benefits: (1) the
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elimination of electric motor and required controller power
densities are low at required power levels (excessive
weight); (2) eliminate electric motor torque capacity that is
inadequate for speed changes required for thrust vectoring of
larger rotors; (3) with increased power, electric motors
require large diameters with ducted air or liquid cooling to
prevent over heating (increased weight/envelope/complex-
ity); (4) with increased power electric motor bearings
require active lubrication (increased weight/complexity);
and (5) current battery technology energy density insuffi-
cient for practical applications due to excessive weight.
[0054] Referring now to FIGS. 6A-6C, the aircraft 100 is
shown in stationary flight (hover mode including vertical
take off and landing) (FIG. 6A), transition from stationary
flight to forward flight and vice versa (FIG. 6B), and forward
flight (FIG. 6C). The closed wing 102 provides lift whenever
the aircraft 100 is in forward flight. The three or more
propellers 120 provide lift whenever the aircraft 100 is in
vertical takeoff and landing and stationary flight, and pro-
vide thrust whenever the aircraft 100 is in forward flight.
During forward flight, the propellers 120 can be selectively
feathered or operated in a low power mode because the
closed wing 102 and spokes 106 provide lift. One or more
flight control surfaces are disposed on or extending from the
closed wing 102, spokes 106 or the fuselage 104 to provide
improved control and flight characteristics. The one or more
control surfaces may include one or more air foils, winglets,
elevators or ailerons. For example and as shown in FIGS.
1A-1G, winglets 134 mounted on the forward section or
module 126 of the fuselage 104. Note that the one or more
airfoils or winglets can be retractable, removable, stowable
or variable swept.

[0055] As shown, the closed wing 102, fuselage 104 and
spokes 106 are not substantially reconfigured for transition
between vertical takeoff and landing, stationary flight and
forward flight. However, in some embodiments it may be
desirable to have the one or more spokes 106 operable to
change a position of the closed wing 102 with respect to the
fuselage 104 or vice versa. In other words, the spokes 106
would selectively pivot the closed wing 102 to act like a
giant flap in horizontal mode and/or assist in transition
to/from vertical mode.

[0056] The aircraft 100 provides a stable platform for one
or more sensors or surveillance packages disposed on,
disposed within or attached to the closed wing 102, spokes
106 or fuselage 104. In fact, the configuration of the aircraft
100 allows the placement of the one or more sensors or
surveillance packages to provide a 360 degree view. More-
over, the extension of the fuselage 104 from the engines or
motors 132 provides a wide unobstructed view for the one
or more sensors or surveillance packages.

[0057] As shown in FIG. 6C and FIGS. 7A-7G, the
propellers 120 can be selectively folded in a forward direc-
tion. The propellers 120 could also be folded in a backward
direction. In the embodiment having the forward folding
propellers 700, each propeller 700 includes two or more
rotor blades 702, each rotor blade 702 in mechanical com-
munication with a hub 704 and pivotable about an axis of
rotation 118. A fold linkage mechanically couples a rotating
portion of a bearing plate to the rotor blade 702. An actvator
is coupled to a non-rotating portion of the bearing plate and
is operable to reposition the bearing plate from a first
position to a second position such that the folding links pivot
the rotor blades 702 from a deployed position to a folded
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position. The folded position can be a forward direction,
which extends past the hub 704 with the first position of the
bearing plate is closer to the hub 704 than the second
position of the bearing plate. A tip of all the rotors 702 can
be preloaded together in the forward folded position such
that a vibration of the rotors 702 is minimized.

[0058] Alternatively and as shown in FIG. 8, the folded
position can be a backward direction, which extends away
from the hub 704, and the first position of the bearing plate
is closer to the hub 304 than the second position of the
bearing plate. The angle or distance that the rotors 702 can
fold will depend on the relative size and shape of the closed
wing with respect to the pivot point and size of the rotors.
For example, FIG. 8 shows the rotors 702 folded in a
backward position, but not against the surface of the closed
wing 102 or substantially parallel to the rotational axis 118
of the rotors 702. Some embodiments of the present inven-
tion will have the rotors 702 resting against or close to the
surface of the closed wing 102 and/or substantially parallel
to the rotational axis 118 of the rotors. An example of
backward folding rotor blades is disclosed in U.S. Pat. No.
9,156,545 which is hereby incorporated by reference in its
entirety.

[0059] Now referring to FIGS. 9A-9G, various views of a
closed wing aircraft 900 having a sinusoidal-shaped circular
wing in accordance with one embodiment of the present
invention are shown. More specifically, FIG. 9A is a per-
spective view, FIG. 9B is a front elevation view, FIG. 9C is
a rear elevation view, FIG. 9D is right side elevation view,
FIG. 9E is a left side elevation view, FIG. 9F is a top plan
view, and FIG. 9G is a bottom plan view. As shown, the
leading edge 902 and trailing edge 904 of the closed wing
906 are sinusoidal-shaped. Instead of the circular wing being
a constant height around the center fuselage 104 as previ-
ously shown, the wing rises and falls to create three sinu-
soidal humps 908a, 9085, 908c. The humps 908a, 9085,
908¢ are at their highest between the three spokes 106 and
lowest where the wing 906 attaches to the spokes 106. The
advantages of this configuration are as follows: 1) Addi-
tional wing ground clearance to the circular wing when
landing. With the flat circular wing landing must be close to
perpendicular to avoid damaging the wing or the landing
gear must be made much longer. 2) Improved access to
center fuselage. With the flat circular wing access to the
center fuselage is restricted by the height of the wing. 3)
Improved stability by moving the wing center of pressure
closer to the aircrafts center of gravity. The same benefits are
achieved but to a lesser degree with four sinusoidal humps
and four spokes and two sinusoidal humps with two spokes.
With more than four sinusoidal humps the benefits are
negligible. Alternatively, only one of the leading edge 902 or
the trailing edge 904 of the closed wing 906 is sinusoidal-
shaped. Moreover, other wing shapes can be used.

[0060] It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope of the invention. Those skilled in
the art will recognize, or be able to ascertain using no more
than routine experimentation, numerous equivalents to the
specific procedures described herein. Such equivalents are
considered to be within the scope of this invention and are
covered by the claims.
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[0061] All publications and patent applications mentioned
in the specification are indicative of the level of skill of those
skilled in the art to which this invention pertains. All
publications and patent applications are herein incorporated
by reference to the same extent as if each individual publi-
cation or patent application was specifically and individually
indicated to be incorporated by reference.

[0062] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one
or more than one.” The use of the term “or” in the claims is
used to mean “and/or” unless explicitly indicated to refer to
alternatives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.” Throughout this application,
the term “about” is used to indicate that a value includes the
inherent variation of error for the device, the method being
employed to determine the value, or the variation that exists
among the study subjects.

[0063] As used in this specification and claim(s), the
words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “con-
tains” and “contain”) are inclusive or open-ended and do not
exclude additional, unrecited elements or method steps. In
embodiments of any of the compositions and methods
provided herein, “comprising” may be replaced with “con-
sisting essentially of” or “consisting of”. As used herein, the
phrase “consisting essentially of” requires the specified
integer(s) or steps as well as those that do not materially
affect the character or function of the claimed invention. As
used herein, the term “consisting” is used to indicate the
presence of the recited integer (e.g., a feature, an element, a
characteristic, a property, a method/process step or a limi-
tation) or group of integers (e.g., feature(s), element(s),
characteristic(s), propertie(s), method/process steps or limi-
tation(s)) only.

[0064] The term “or combinations thereof” as used herein
refers to all permutations and combinations of the listed
items preceding the term. For example, “A, B, C, or com-
binations thereof” is intended to include at least one of: A,
B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB,
BAC, or CAB. Continuing with this example, expressly
included are combinations that contain repeats of one or
more item or term, such as BB, AAA, AB, BBC, AAABC-
CCC, CBBAAA, CABABB, and so forth. The skilled arti-
san will understand that typically there is no limit on the
number of items or terms in any combination, unless oth-
erwise apparent from the context.

[0065] As used herein, words of approximation such as,
without limitation, “about”, “substantial” or “substantially”
refers to a condition that when so modified is understood to
not necessarily be absolute or perfect but would be consid-
ered close enough to those of ordinary skill in the art to
warrant designating the condition as being present. The
extent to which the description may vary will depend on how
great a change can be instituted and still have one of
ordinary skilled in the art recognize the modified feature as
still having the required characteristics and capabilities of
the unmodified feature. In general, but subject to the pre-
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ceding discussion, a numerical value herein that is modified
by a word of approximation such as “about” may vary from
the stated value by at least +1,2, 3,4, 5,6,7,10, 12 or 15%
from the stated value.

[0066] All of the methods disclosed and claimed herein
can be made and executed without undue experimentation in
light of the present disclosure. While the methods of this
invention have been described in terms of preferred embodi-
ments, it will be apparent to those of skill in the art that
variations may be applied to the methods and in the steps or
in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within
the spirit, scope and concept of the invention as defined by
the appended claims.

What is claimed is:

1. An aircraft capable of vertical takeoff’ and landing,
stationary flight and forward flight, comprising:

a closed wing that provides lift whenever the aircraft is in

forward flight;

a fuselage at least partially disposed within a perimeter of

the closed wing;

one or more spokes coupling the closed wing to the

fuselage;

one or more engines or motors disposed within or

attached to the closed wing, fuselage or spokes; and
three or more propellers proximate to a leading edge of
the closed wing or the one or more spokes, distributed
along the closed wing or the one or more spokes, and
operably connected to the one or more engines or
motors to provide lift whenever the aircraft is in
vertical takeoff’ and landing and stationary flight and
provide thrust whenever the aircraft is in forward flight.

2. The aircraft of claim 1, wherein the closed wing is
circular-shaped, oval-shaped, triangular-shaped, or polygo-
nal-shaped.

3. The aircraft of claim 1, wherein a leading edge or
trailing edge or a combination thereof of the closed wing are
sinusoidal-shaped.

4. The aircraft of claim 1, wherein the closed wing
comprises a plurality of wing segments connected together.

5. The aircraft of claim 1, wherein the closed wing, the
fuselage and the one or more spokes are not substantially
reconfigured for transition between vertical takeoff and
landing, stationary flight and forward flight.

6. The aircraft of claim 1, wherein the closed wing, the
fuselage and the one or more spokes are symmetrically
shaped to provide transition between vertical takeoff and
landing, stationary flight and forward flight in any direction.

7. The aircraft of claim 1, further comprising one or more
parachutes operably disposed within a nose of the fuselage.

8. The aircraft of claim 1, wherein the fuselage comprises:

a rear module substantially disposed at a center of the

closed wing and having a longitudinal axis substan-
tially parallel to a rotational axis of the three or more
propellers;

a front module removably connected to the rear module

and substantially aligned with the longitudinal axis.

9. The aircraft of claim 7, wherein:

the front module comprises a cockpit module, a cabin

module, an escape module, a payload module, a sensor
module or a surveillance module; and
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the rear module comprises a cabin module, a payload
module, a sensor module, a surveillance module, a
power source module or a fuel module.

10. The aircraft of claim 7, further comprising one or
more middle modules removably connected between the
front module and the rear module.

11. The aircraft of claim 7, wherein the front module
detaches, pivots, or retracts at least partially into the rear
module for storage or transport of the aircraft.

12. The aircraft of claim 1, wherein the aircraft is manned
or unmanned.

13. The aircraft of claim 1, further comprising one or
more flight control surfaces disposed on or extending from
the closed wing, the one or more spokes or the fuselage.

14. The aircraft of claim 13, wherein the one or more
control surfaces comprise one or more air foils, winglets,
elevators or ailerons.

15. The aircraft of claim 14, wherein the one or more
airfoils or winglets are retractable, removable, stowable or
variable swept.

16. The aircraft of claim 1, wherein the closed wing
further comprises one or more doors or removable sections
that provide access to the fuselage when the aircraft is in a
landed position.

17. The aircraft of claim 1, wherein the one or more
engines or motors comprise:

a plurality of hydraulic or electric motors disposed within
or attached to the closed wing, fuselage or spokes in a
distributed configuration;

a source of hydraulic or electric power disposed within or
attached to the closed wing, fuselage or spokes and
coupled to each of the of hydraulic or electric motors
disposed within or attached to the closed wing, fuselage
or spokes, wherein the source of hydraulic or electric
power provides sufficient energy density for the aircraft
to attain and maintain operations of the aircraft;

a controller coupled to each of the hydraulic or electric
motors; and

one or more processors communicably coupled to each
controller that control an operation and speed of the
plurality of hydraulic or electric motors.

18. The aircraft of claim 17, wherein the hydraulic or
electric motors are selected based on at least one of aero-
dynamics, propulsive efliciency, structural efficiency,
aeroelasticity, or weight of the aircraft.

19. The aircraft of claim 17, wherein the source of
hydraulic or electric power is one or more batteries, a piston
engine, or a turboshaft engine.

20. The aircraft of claim 17, wherein the plurality of
hydraulic or electric motors comprise 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21. 22, 23, 24, or 25
hydraulic or electric motors.

21. The aircraft of claim 17, wherein the hydraulic motors
are defined further as a variable displacement hydraulic
motor, wherein a speed and a torque are controlled by
changing a displacement of the variable displacement
hydraulic motor.

22. The aircraft of claim 17, wherein the hydraulic or
electric motors are self-cooling.

23. The aircraft of claim 17, wherein the source of
hydraulic or electric power comprises a turboshaft engine or
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an internal combustion engine, and a variable displacement
hydraulic pump connected between the turboshaft engine or
the internal combustion engine and the plurality of hydraulic
or electric motors.

24. The aircraft of claim 17, wherein the source of
hydraulic or electric power comprises one or more batteries,
and a variable displacement hydraulic motor pump or a
piezo-hydraulic pump connected between the one or more
batteries and the plurality of hydraulic or electric motors.

25. The aircraft of claim 1, wherein the each of the four
or more propellers comprise a variable speed constant pitch
propeller.

26. The aircraft of claim 1, wherein each propeller com-
prises:

two or more rotor blades, each rotor blade in mechanical
communication with a hub and pivotable about an axis
of rotation;

a bearing plate comprising a rotating portion and a
non-rotating portion;

a fold linkage coupled to the rotating portion of the
bearing plate and in mechanical communication with
the rotor blade; and

an actuator coupled to the non-rotating portion of the
bearing plate and operable to reposition the bearing
plate from a first position to a second position such that
the folding links pivot the rotor blades from a deployed
position to a folded position.

27. The aircraft of claim 26, wherein the folded position
comprises a forward direction extending past the hub, and
the first position of the bearing plate is closer to the hub than
the second position of the bearing plate.

28. The aircraft of claim 26, wherein the folded position
comprises a backward direction extending away from the
hub, and the first position of the bearing plate is closer to the
hub than the second position of the bearing plate.

29. The aircraft of claim 26, wherein a tip of all the rotors
are preloaded together in the forward folded position such
that a vibration of the rotors is minimized.

30. The aircraft of claim 1, wherein the three or more
propellers are selectively feathered or operated in a low
power mode.

31. The aircraft of claim 1, further comprising three or
more landing gear, pads or skids operably attached to the
closed wing.

32. The aircraft of claim 31, wherein the three or more
landing gear, pads or skids are retractable.

33. The aircraft of claim 1, further comprising one or
more sensors or surveillance packages disposed on, disposed
within or attached to the closed wing, the one or more spokes
or the fuselage.

34. The aircraft of claim 1, wherein the one or more
spokes comprise three spokes.

35. The aircraft of claim 34, wherein the propellers
comprise nine propellers disposed proximate to the closed
wing, and one propeller disposed proximate to each spokes.

36. The aircraft of claim 1, wherein the one or more
spokes are operable to change a position of the closed wing
with respect to the fuselage or vice versa.

* 0k %k k%
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1
VERTICAL TAKEOFF AND LANDING AIRCRAFT

FIELD OF THE INVENTION

The present invention relates to an aircraft and, more par-
ticularly, to an aircraft of the vertical takeoff and landing (V-
TOL) type.

BACKGROUND OF THE INVENTION

There are two general types of aircraft: those which use air
currents passing over relatively fixed airfoils for lift, and those
using substantially horizontal fans or screws to mount in the
air. Both types offer particular advantages and disadvantages.
The conventional airplane is relatively inexpensive and can at-
tain great speeds with large payloads; however, it requires ex-
tensive takeoff and landing facilities and is adversely affected
by many wind conditions. Those aircraft of the helicopter type
can take off and land vertically on any more or less flat and
solid surface; but they are very expensive, can only attain rela-
tively low cruising speeds, and cannot carry large payloads.

Solutions to the above-mentioned difficulties have been at-
tempted in the form of hybrid aircraft supposedly combining
the advantages of the two types while obviating their disad-
vantages. One such essay is an aircraft equipped with horizon-
tally oriented screw propellers that are used only on takeoff
and landing and are folded back during normal flight wherein
conventional wings and vertically oriented fans are used.
Sometimes the entire wing-and-propeller assembly is rotatable
through 90° to make this possible. Such an aircraft has certain
advantages, yet it still uses the principle of lift generated by
airflow over an airfoil for conventional flight and has, there-
fore, several disadvantages. Namely, such a vehicle must at-
tain a certain horizontal velocity before it can be converted
from one mode to the other, a speed often very difficult to ob-
tain with the means at hand. Furthermore such aircraft are
complicated and expensive in the extreme and, thus,
troublesome and often dangerous.

OBJECTS OF THE INVENTION

It is, therefore, the general object of the present invention to
provide an improved aircraft.

A more specific object is to provide an aircraft of the VTOL
type which overcomes the disadvantages of the above-
described aircraft.

SUMMARY OF THE INVENTION

The above objects are attained, in accordance with some of
the features of the present invention, by an aircraft having a
discus-shaped fuselage mounting a plurality of circum-
ferentially spaced lift-generating assemblies and thereby being
a sort of flying saucer. Each assembly comprises a rotor above
or flush with the fuselage and oriented in a generally horizon-
tal plane, means for rotationally driving the rotor, preferably
in the form of a radial-piston engine, and a compressor below
each rotor sucking air in from above and expelling it below
through a nozzle. Control means is provided to turn the noz-
zles individually or jointly in any substantially horizontal
direction and to turn them through substantially 90° so that
they can point straight down, or off to any side.

Such an aircraft can take off or land vertically, the lift being
generated substantially by the rotors and by the air being ex-
pelled in high-pressure jets from the bottom of the aircraft.
Once airborne, the craft can be displaced horizontally by
pointing the nozzles back, in the direction of travel. Simple al-
teration of motor speed and orientation of the nozzles thus
controls the craft fully. The rotors above the fuselage virtually
eliminate drag during takeoff, and permit such takeoff re-
gardiess of wind direction.

According to an important feature of this invention, the
fuselage is defined between an upper and a lower conical sur-
face (of the upper and lower halves of the airframe) centered
on the vertical axis of the aircraft so that the fuselage tapers

5

10

15

20

25

35

40

45

50

55

60

65

70

75

2

radially outward, the structure having its center of gravity
located along the vertical axis and preferably at the lower
third of the latter so that disturbances of the aircraft in flight,
e.g., as a result of air turbulence will immediately result in a
compensating movement of the aircraft to restore its horizon-
tal position with the center of gravity located in the same verti-
cal line with the top of the aircraft. It is important also to note
that the lift-generating means act along the upper surface of
the fuselage and thereby provides a lever type of action to
restore aircraft stability.

An important aspect of this invention resides in the provi-
sion, in addition to airscrews (propellers), lift-generating fans
with air increase formed by openings in the upper conical sur-
face of the fuselage while the nozzles discharge high-velocity
jets of air along the lower conical surface. The advantages of
an arrangement of this type are that it may make use in a novel
manner, of principles which have already been recognized in
fixed-wing aircraft. Thus it is known to reduce the viscous
drag or air resistance along the leading edge and upper skin of
a fixed airfoil by providing openings in the latter through
which the boundary layer is drawn and discharged below the
airfoil or at its trailing edge, thereby eliminating the turbu-
lence along the airfoil surfaces and increasing both propulsion
and lift efficiency. In accordance with this principle, the fans
draw air from along the upper surface and feed the air to the
nozzles directly or through a compressor which may be driven
on the same shafts as the fans, turbulence along the upper suz-
face of the fuselage is minimized and air resistance reduced.
The fans, moreover, may alternate with individual airscrew ar-
rangements and/or pairs or triplets of such airscrews and may
be driven by any convenient prime movement. The airscrews
or propellers are advantageously spaced above the surface so
that immediately below that there may be provided the open
mouth or inlets of the compressors which are coupled with the
propellers.

‘I have found, most surprisingly, that high stability can be as-
sured and simple steering or rudder control accomplished by
providing the discharge nozzles as flexible ducts whose upper
portions extend axially and thus are aligned with the shafts of
the respective compressors, propellers and fans, while the
lower portion of each duct is bent in a form of an elbow to pro-
vide a discharge and extending generally radially with respect
to the axis of the upper portion of the duct. The elbow is
lodged in a control disk which is generally planar and lies
along the upwardly and outwardly inclined frustoconical un-
derside of the fuselage so as to be rotatable about an axis inter-
secting the axis of the respective propeller, fan, or compressor
and extending perpendicular to the underside of the fuselage.
An especially important characteristic of this invention is that
the depending portion of the elbow, which extends more or
less radially as noted above, is formed with longitudinally ex-
tending fins performing a rudder function.

DESCRIPTION OF THE DRAWING

The above and other objects, features, and advantages will
become more fully apparent in the following description,
reference being made to the accompanying drawing, in which:

FIG. 1 is a diagrammatic top view partly broken away and
partly in section of an aircraft according to the present inven-
tion;

FIG. 2 is a section along the line II—1I of FIG. 1; and

FIG. 3 is a vertical section showing details of FIG. 1 in en-
larged scale;

FIG. 4 is a cross section view of the aircraft’s rotatable noz-
zles disclosing the stabilizing fins in enlarged scale.

SPECIFIC DESCRIPTION

As shown in FIGS. 1-3 the aircraft has a fuselage 10 shaped
like a discus with upper and lower conical faces, thereby mak-
ing the craft into a sort of flying saucer. Spaced around this
fuselage 10, equidistant from a center axis 18 and angularly
equidistant from one another are a plurality, here 12, of lift-
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generating assemblies 11.' Each assembly has a rotor in the
form of an airscrew propeller 2 or a lift fan 3, the distribution
depending on the size and weight of the craft. The airscrews 2
are substantially above the fuselage 10, while the fans 3 are
virtually flush therewith. :

Below each rotor, mounted in the fuselage 10, is a compres-
sor 4 which draws air in from below the rotor and expels it
through a flexible tube 5. This compressor 4 is mounted on the
same shaft with the rotor which is itself driven by a radial-
piston engine 1.

FIG. 3 shows more details of the craft. Mounted on the end
of the tube 5 is a nozzle 6 provided with longitudinal laterally
projecting fins 12 acting as rudders or stabilizers. The tube 5 is
fitted through a disk 7 formed with an internal gear 8 which
meshes with a pinion 14 on an electric motor 15. This arrange-
ment, with motor 18, allows the nozzles 6 to be pointed in any
horizontal direction. The nozzle 6 further mounts an arcuate
rack 16 which meshes with a pinion 17 of a motor 19 con-
nected through sliprings 20 1o a source of power. This motor
19 adjusts the inclination to the vertical of the nozzle, thereby
allowing it to point straight down or, as shown in FIG. 2, to the
side.

The fuselage has an extreme edge 21, as shown in FIG. 3,
which may carry a ramjet 22 used during flight for extra speed.

In order to take off, the nozzles 6 are either pointed straight
downward, or directed somewhat inwardly toward one
another. Once the vehicle is airborne, the nozzles 6 are
directed to a side, all in the same direction, to displace the
craft in the opposite direction. The jets 22 along one portion
of the edge 21 assist the flight in the horizontal.

The center of gravity of the loaded craft is advantageously
held in the lower third of a center region 23. In this manner,
the lift caused by the assemblies 11 is distributed all around
the load and mostly above it, thereby giving the craft great sta-
bility. Indeed, the craft’s normal center of gravity is exactly in
the center, due mainly to the symmetrical construction, so
that this stability is built in. Furthermore, change in speed of
any of the motors 1 can be effected to raise or lower an edge
of the craft, if desired.

I claim:
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1. An aircraft comprising:

a closed-skin discus-shaped fuselage of circular outline hav-
ing conical upper and lower halves centered on an axis
and defining all of the airfoil surface of the aircraft within
said outline, the center of gravity of the aircraft being
located along said axis in said lower half;

a plurality of lift-generating assemblies spaced around said
fuselage, each of said assemblies including a respective
rotor rotatable along the top of said fuselage, means for
rotationally driving said rotor, a respective compressor in
said fuselage below said rotor drawing in and compressing
air from below said rotor, and a respective nozzle con-
nected to said compressor to expel from below said
fuselage the air compressed thereby, said nozzles project-
ing downwardly below said fuselage and exclusively form-
ing rudder controls for said aircraft; and

control means for selectively directionally orienting each of
said nozzles, each of said control means including a
rotatable disk mounted on and substantially flush with the
lower surface of said fuselage, said nozzle being formed at
the lower end of a fixed-elbow tube rising through the
disk to the compressor, and drive means connected to
said disk for rotating same and thereby rotating said noz-
zle.

2. The aircraft defined in claim 1 wherein each of said con-
trol means further includes means for orienting the respective
tube and nozzle in a vertical plane.

3. The aircraft defined in claim 1 wherein said rotor is an
airscrew spaced above said fuselage.

4. The aircraft defined in claim 1 wherein said rotor is a fan
substantially flush with the upper surface of the fuselage.

5. The aircraft defined in claim 1 wherein said nozzles are

formed with longitudinal fins below said fuselage.
6. The aircraff defined in claim 1 further comprising a shaft,

said rotor and said compressor being mounted on said com-
mon shaft and said means for rotationally driving said rotor
thereby also driving said compressor.
7. The aircraft defined in claim 1 wherein said assemblies
are angularly equispaced around said fuselage.
* * * * *



