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CTAHOBWLE

OTHOCHO: [IpedsapumesnHo npoyysaHe 3a Hoeocm Ha “KoMnakTeH MHOroKoprnyceH camoneT C
HEMNOABWXHM CTPENOBUAHM Kpuna CbC CrbBaemu nepudepumn 6e3 aepogmMHaMUYHW KOpMUMa, BEKTOPHO
ynpaBnsiBaH CbC CKanapHO KOHTponMpaHa Tara”, cbesiacHo uckaHe ¢ ex. Ne CnC-1004 om 19.09.2025e.

OBekTbT Ha HacToAWOTO nNpoyyBaHe e onpedeneH oOT efHa He3aBucuma MpeTeHums U
AeBeTHageceT 3aBUCUMU NPETEHLUN.

CobrnacHo nbpBa He3aBMCMMA MPETEeHUUs, KOMNAaKTeH MHOrOKOPMYCEH CaMOfeT C HEMOABWKHU
CTPEnoBMAHN Kpuna cbC crbBaemMmn nepudepun 6e3 aepoanHamuyHU KOpMuUna, BEKTOPHO ynpasnsiBaH CbC
CKanapHO KOHTpONuMpaHa Tdra, BKYBALL CEKLMOHWPaHO KPUIO C HENOABWXHWU cekummn (1) U nogBuKHM
cekumn (2), xapaktepmampaly, ce ¢ ToBa, Ye Uma NoHe eAnH camoneTeH kopnyc (3), KbM KONTO Ca CBbp3aHu
OCHOBWTE Ha HEMoABMXHUTE CeKuMU Ha kpunaTta (4), kKaTo KbM NPOTUBOMOMNOXHUS Kpaln Ha BCAka OCHoBa (4)
€ LWapHUpHO npucbeduMHeHa OCHoBaTa Ha nepudepHata W cekuusa (5), a B 3agHaTa 4acT Ha BCeKu
camoreTeH kopnyc (3) € MOHTMPaH MOHe edWH CKanapHO KOHTponupaH Taros arperat (5), Npu KOeTo BCeku
KOHTponupaH TAroB arperat (5), mpes M3NbAHUTENHO ycTponcTBO (6), € CBbp3aH C CbC CbOTBETEH
ynpaBneHCK/N N3BOA OT LeHTparneH KOMMTbPeH ynpasneHcku 6nok (7), YuMTo KoMaHaeH BXo4 € CBbP3aH C
KOMaHOeH M3BO4 OT KOMaHAeH UeHTbp (8), a NbpBWMAT CUrHaneH BXOA Ha UeHTpanHus KOMMIOTbPEH
ynpasrneHckn 6ok (7) e 6e3xunyHo CBbp3aH C AaTyuK 3a TeKyla BUCOYMHA Hag TepeHa (9), BTOpuAT My
curHaneH Bxog e 6e3XMYHO CBbp3aH C M3BOA OT KOMOMHMpaH OaTyuk 3a TeKylaTta camorieTHa CKOpPOCT U
nocoka Ha ABwxeHue, cnpamo TepeHa (10), TpeTuaT my curHaneH Bxof e 6e3XM4HO CBbp3aH C n3Bog OT
KOMOVHUpaH gaTymnk 3a atmocdepHuTe ycrnosus (11), 4eTBbPTUAT My CUrHaneH Bxog € 6e3XM4YHO CBbp3aH C
n3BoA OT KOMOMHMPaH AaTyuk 3a OnM3kM NpenATcTBMSA OKOMo camoneTta (12), NneTUsT My curHaneH Bxog e
6e3XXMYHO CBBbP3aH C N3BOA OT AATUMK 338 BbHLUHO eNeKTpoMarHuTHo obnbysaHe (13).

CbrnacHo 2-pa 3aBuMcuMMa NpeTeHUUss KOMMaKTHUS MHOTOKOPMyCeH camMoseT, CbrnacHo npeTeHums
1, ce XxapakTepusuMpa C TOBa, Ye CKanapHO KOHTpONUpaHuAT TAroB arperat (5) Bkmo4Ba egHO
KOHBEHLMOHANHO BUTIO.

CbrnacHo 3-Ta 3aBMcUMa MpeTeHLMs, KOMNaKTHNUS MHOFOKOPMYCeH camoreT CbrnacHo npeTeHumn 1
M 2, ce xapaktepusnpa C TOBa, Ye CKanapHO KOHTPONMpaHusaT TArosB arperaT (5) BkmwoyBa ABe
NPOTUBOMOSIOXHO BbPTALUN Ce€ KOHBEHLMOHAMNHM BUTNA.

CvrnacHo 4-ta 3aBMCMMa MpeTeHLMs, KOMMaKTHUA MHOFOKOPMYCEH CaMOfeT CbIMacHO npeTeHunn
oT 1 po 3, ce xapakTepuaupa C TOBa, Y€ CKamnapHO KOHTPONMpaHuAT TaroB arperaT (5) BknouBa aBe
NPOTUBOMOSOXHO BLPTALLM Ce TopouganHui BUTna.

CobrnacHo 5-ta 3aBMCMMa MpeTeHLUMs, KOMMaKTHUA MHOFOKOPMYCEH CaMOfeT CbIMacHO npeTeHuunn
oT 1 go 4, ce xapakTepusupa C TOBa, Y€ CKanapHO KOHTPONWpaHWAT TAroB arperat (5) BkM4Ba egHo
TOopoMAanHoO BUTIIO.

CbrnacHo 6-Ta 3aBMCMMa MpPeTeHUMsi, KOMNAKTHUA MHOFOKOPNYCeH CamorieT CbrfacHO MpeTeHuMn
oT 1 pgo 5, ce xapakTepusuMpa C ToBa, Y€ CKanapHO KOHTpONUpaHuaT TaroB arperaTt (5) BkouyBa
TypbopeakTuBeH gBuraten.

CobrnacHo 7-ma 3aBucMMa NpeTeHUMsi, KOMMakTHUS MHOFOKOPMYCEeH caMorieT CbrnacHO npeTeHuun
oT 1 #o 6, ce xapakTepusmpa € TOBa, Ye CKarapHO KOHTPONMMPAHUAT TAroB arperar (5) BkrouBa poTauuoHeEH
BaHKemnoB Apurarten.

CornacHo 8-ma 3aBucuMMa NpeTeHUMsi, KOMMakTHUS MHOFOKOPMYCEH caMorieT CbrfacHO npeTeHuun
oT 1 go 7, ce xapakTepusupa C TOBa, Ye cKkanapHO KOHTPONMPaHWUAT TAros arperaTt (5) Bknoysa xubpuaeH
asurarern.

CbrnacHo 9-Ta 3aBMCMMa MpeTeHUMsi, KOMNAKTHUA MHOFOKOPNYCeH CamorieT CbrfacHO MpeTeHuMu
oT 1 go 8, ce xapakTepusupa C TOBa, Ye CkanapHO KOHTPONMPaHWUAT TAroB arperat (5) BkniouBa pakeTeH
AasuraTtern.

CwbrnacHo 10-Ta 3aBncMMa NpeTeHLMs, KOMNAKTHUA MHOTOKOPMYCeH camoreT CbINacHO npeTeHumn
oT 1 pgo 9, ce xapakTepusupa C TOBa, 4e CKarapHO KOHTPONMUPaHWUAT TAros arperat (5) Bkmo4Ba MOHHO-
nnasmeH gpuraren.

CvrnacHo 11-ta 3aBMcuMa NpeTeHUnsi, KOMMaKTHUSA MHOTOKOPMYCEH CamMoseT CbrNacHO npeTeHunn
oT 1 po 10, ce xapakTepuaupa C TOBa, Y€ BCUYKUTE CKanapHO KOHTponupaHu TaroBu arperatu (5) ca
e[QHaKBW.

CornacHo 12-ta 3aBucumMa NpeTeHunsi, KOMMaKTHUS MHOTOKOPMYCEH CamMoseT CbrNacHO npeTeHunn
oT 1 go 11, ce xapakTtepuanpa C TOBa, Y€ BCUYKUTE CEKUMOHWMPaHW Kpuna C HermogBwxHM cekuum (1) ca
e[HaKBW 1 yCcropeaHu noMmexay Cw.

CwbrnacHo 13-Ta 3aBMcMMa NpeTeHLMs, KOMNAKTHUS MHOTOKOPNYCeH camMoreT CbINacHO npeTeHumn
oT 1 po 12, ce xapakTepusupa C TOBa, Y4e BCUMYKMTE MOABWXHW CeKuuu (2), ca egHakBu W CrbBaemmu
HaaMbXHO MO camoneTHUTe kopnycu (3).

CwbrnacHo 14-ta 3aBncMMa NpeTeHLMs, KOMNAKTHUS MHOTOKOPNYCeH camMoreT CbINacHO npeTeHumn
oT 1 po 13, ce xapakrtepusupa C ToBa, Ye HenoaBwxHuTe cekuun (1) U NOABMXHUTE cekumn (2) u
camoreTHuUTe kopnycu (3) ca HanpasBeHn OT MaTepuanu C HUCKa pagapHa OTPaXXaTernHoCT.

CwrnacHo 15-Ta 3aBucMMa npeTeHLmMs, KOMNaKTHUS MHOTOKOPMYCeH camMoreT CbIMacHO npeTeHumn
oT 1 go 14, ce xapaktepuaupa c ToBa, 4Ye e 6e3 xopa Ha 6opaa.



CwvrnacHo 16-Ta 3aBucuMa nNpeTeHUnsi, KOMMNaKTHUS MHOTOKOPMYCEH camMoneT CbrNacHO npeTeHunn
or 1 po 15, ce xapaktepusupa C TOBa, Ye € ynpaBngBaH OT MporpamvpyeM KOMaHaeH ueHTbp (8) ¢
N3KYCTBEH MHTENEKT 32 e4HOBPEMEHHO YNpaBfeHne Mo MHOXECTBO KOMaHAHW KaHanw.

CwrnacHo 17-Ta 3aBncMMa NpeTeHLMs, KOMNaKTHUS MHOTOKOPNYCeH camMoreT CbInacHO npeTeHumn
oT 1 go 16, ce xapakTepuaupa C ToBa, Ye KOMaHaHaTa Bpb3ka C KOMaHAHWSA LeHTbp (8) e ABYyNocoYHa u e
kabernHa.

CwrnacHo 18-Ta 3aBuncvMMa npeTeHumMs, KOMNaKTHUS MHOTOKOPNYCeH camMoreT CbINacHO npeTeHumn
oT 1 go 17, ce xapakTepuaupa C ToBa, Ye KOMaHaHaTa Bpb3ka C KOMaHAHWSA LEeHTbp (8) e ABYyNoCcoYHa u e
BeaxnyHa.

CwvrnacHo 19-ta 3aBucuma nNpeTeHUnsi, KOMMNaKTHUS MHOTOKOPMYCEH CamMoneT CbrNacHO npeTeHunn
oT 1 0o 18, ce xapakTtepusupa ¢ ToBa, Y€ HeMoABWXHMTE cekuun (1) 1 NoABUXKHUTE CeKumm (2) ca C TECHU
reoMeTpUYHN pasmepu 1 ca n3paboTeHn oT MaTepuanm NorfbLLALLN eNeKTPOMarHUTHUTE BbITHWN.

CwvrnacHo 20-Ta 3aBvcMMa NPeTeHUMsi, KOMMNaKTHUS MHOTOKOPMYCEH CamMosneT CbrNacHO npeTeHunn
oT 1 go 18, ce xapakTepusmpa C TOBa, Ye HenoaBWXHWUTE cekummn (1), noaBmxHUTE cekuun (2) wu
camoneTHuTe kopnycu (3) ca 6osamcanHn ¢ 6ou, NornbLUALLM eNEKTPOMArHUTHUTE BbIHW.

anI N3BBPLUEHOTO MpoyyBaHe Ca HaMepeHun OOKYMEHTU, NOCOYEeHU B MNpUiioXeHuma [oknaa,
peneBaHTHM Ha TeXHNYECKOTO peLleHne Ha obekTa OT HacTOoSLLOTO npoy4yBsaHe, a MMEHHO:

HokymeHTbT US8800912B2, nybnukyBaH Ha 12-08-2014, ce oTHacsi 4O cCaMOSeT C BepTUKarHo
n3nMTaHe M KauaHe, MMall MoHe TpW Kpwura M MNOoHe LWeCT ABuraTesiHM arperaTta, BCEKUM OT KOUTO €
pasnonoXeH paguanHo oT ABa CbCeOHW OBWUraTernHu arperarta, nog paBHU Unu nodtu pasHu brnu. LLectte
ABuraTenHu arperata 3aefHoO ca pPas3nofioKeHNW CUMETPUYHO UMW B MOYTU CUMETPUYHM NO3ULMUN OKOJI0
NpuOnM3NTENHUA LEHTBP Ha TEXecTTa Ha camoreTa, rnegaHo otrope. Moxe ga ce nsnonsea unu ga He ce
n3nonaea BepTuKaneH crabunmsatop. AKO He ce M3Mnon3Ba BepTUKaneH ctabunusartop, ynpaBreHWETO Ha
OTKINOHEHWETO OT Kypca MO BpeMe Ha XOPW3OHTarneH rnofet MoXe fa ce NocTUrHe ypes andepeHuunanHa
TAra, usnonssalya noHe LWeCTTe ABMraTenHun arperata. YnpaBrneHMeTo Ha OTKNOHEHMETO OT Kypca no Bpeme
Ha BepTUKaneH noreT MoXe Ja ce OCUrypu OT MHOXECTBO NaHenu 3a ynpaerneHue Ha OTKIOHEHWEeTO OT
Kypca. [Npu nunca Ha naHenu 3a ynpaeBneHue Ha OTKNOHEeHUEeTOo OT Kypca, yrnpaBreHNeTo Ha OTKITOHEHUETO
OT Kypca Mno Bpeme Ha BepTuKaneH nosieT MoXe Ja ce ocurypu, U3nonspavkv andepeHunanHu brnm Ha
HaKnoHa Ha ABuratenHuTe arperaTu.

B W0O2015089679A1, nyonukyBaH Ha 25-06-2015, ce paskpvBa caMofeT C BEPTUKANHO U3nuTaHe
(VTOL), konTo ce cbeTom oT drosenax (10), ABe ocHOBHU kpuna (41, 42), pa3nonoxeHu oT ABeTe CTpaHu Ha
3afHaTa 4acT Ha to3enaxa (10), ase sutna (53, 54), kKaTo BbB BCEKM criydyan no eaHo BUTIO (53, 54) e
pasnonoXeHO Ha BCAKO OCHOBHO Kpuro (41, 42) Taka, Ye Ja MOXe Oda ce BbPTU OKOMO XOPU3OHTanHa
HagnbXHa oc, n potop (70) ¢ noHe ase poTtopHu nonatku (71, 72), kato poTopsT (70) € pasnonoxeH Bbpxy
Hocay Ha poTtopa (60), MOHTUpaH Ha pro3enaxa Taka, Ye Aa MOXe [Ja Ce BbPTU OKONOo HanpeyHa oc. Tasu
KOHCTpyKUMsi e ocobeHO npocTta U cnegoBaTtenHo peHTabunHa 3a peanuaupaHe. T nos3BonsiBa
camocTabunuanpaHe m No TO3W Ha4MH NIECHO ynpaBrfieHWe C HaOeXAHW MONeTHM cBoKcTBa. PotopsbT (70),
OnarogapeHne Ha CBOSAITa Bb3MOXHOCT 33 MaxBaHe, MOXe [fa ce MW3Mon3Ba 3a nogrnomaraHe Ha
3aBWKBAHETO U OCUrypsiBa Masko Bb34YLIHO CbNPOTUBIIEHME NPU XOPU3OHTArNeH nosner.

OokymeHTbT US2010051742A1, nyonukyBaH Ha 04-03-20010, ce oTHacs OO CrbBaemo KpWro U
3aknioyBall MexaHu3bM. [NogobpeHnTe MexaHuM3Mu 3a CrbBaHe M 3aKM4BaHe Ha KpUIlo Ha camoneT u
ynpaBrfeHne Ha enepoHnNTE Ha KPUIOTO Ype3 CrbBaHe Ha KPWUMOTO ca MOTMBMPaHU OT pa3paboTBaHeTo Ha
camoreT, noaxodsi, 3a [ABWXeHWe no nbTuwara. [punoXxvMmMu 3a no-LIMPOK Krac camofieTw, Tesu
MexaHu3Mmn Mo3BONsIBAT No-6e30MacHO M MOo-NeKo pelleHne 3a npobrnema CbC CrbBaHETO Ha KpunoTo OT
Hanu4yHoTo B MOoMeHTa. CucTemara 3a ynpaBsreHue ¢ kaben no3BonsiBa BbHLUHATa CeKUUS Ha KPUIoTo Aa ce
OBMXN eOHOBpPEeMEHHO CbC 3a,qu7ICTBaHa BbTpellHa CceKunda Ha KpunoTo. Samroqsau.wlm MEeXaHN3bM
no3sonsBa aBTomatusmMpaHa pabota u BusyanHa nposepka. MexaHM3MbT 3a ynpaBfeHne Ha enepoHuTe
ocurypsiBa UeHTpMpaHe M 3akfiyBaHe B [AOMb/IHEHME KbM YNpaBleHMeTO Ha noreTra 4pe3 ocTa Ha
LapHupa.



B BG65998B1, ny6nukyBaH Ha 30-09-2010, ce paskpuMBa caMoONieT CbC CbYJIEHEHO KpWUIIO.
CamoneTbT Hamupa NpUoXKeHUe Npu NMNOTUPaHN U 6e3NUNOTHUTE CaMONeTU 3a CMOPTHU LENN, raceHe Ha
noxapu, MOHUTOPUHI W npefoTBpaTsiBaHe Ha rpagywkn. C npunaraHeTo My ce nocTura BMCOKa
MaHeBPEHOCT 4Ype3 KOMOWHMPaAHO ynpaBreHWe Ha KopMuiata U BekTopa Ha TdraTa Ha OBWXUTENs, npu
KOeTO ce MmocTura AMPEKTHO U UHAWPEKTHO U3MEHEHWe Ha aepoavMHaMu4YHUTE cunu. Bb3moxHO e ga ce
M3BbpLUBaA BepTMKanHO M3nuTaHe WM KauaHe. CbYNeHEeHOTO KpWUio e YCTOMYMBO Ha MNpeToBapBaHUATA,
Bb3HMKBaLUWM Mpu eBonoumnnTe. CaMoneTbT ce CbCTOM OT NpeaHo kpuno ¢ Tano (1) n 3agHo Kpuno (2), Kouto
umat eneponu (10), npeakpunku (8) n 3agkpunkm (9), kKaTo KpunaTa ca CBbp3aHu NoMexay cun ¢ obTekaeMm
cunoBu enemeHtn (3 n 4), aswkuten (5), 3axBaHaT 3a LeEHTpaneH cunoB enemeHT (3) NOCpeacTBOM
wapHupm (6, 7) Ha pama (12). O6TtekaemuTe cunosu enemeHTn (4) umat kopmuna (11).

OokymeHTbT US12162602B2, ny6nukyBaH Ha 10-12-2024, ce oTHacs OO CUCTEMW M MeTOAM
3a crbBaHe Ha kpuna Ha camoneT . NpumepHaTta cucTema BKM4YBa KOMOWHMPAHO TAMO Ha KpuUIo, KbAeTo
KOMOWHMPAHOTO TAMO Ha KPUIO BKIOYBA OCHOBHO TSSO M NMOHE e4HO KPWIo, NaHTa, pasnorioXeHa Ha noHe
edHO KpWro M KoHdWrypupaHa ga nos3BofisiBa CrbBaHe Ha NOHe edHO KpWno, CMcTeMa 3a 3afdencTBaHe,
KOH(UrypmpaHa ga crbBa MOHe €4HO KPWo, WU KOHTponep, KoHurypupaH ga ynpasnsiBa NOHe efHa
cucTemMa 3a 3agencTaaHe.

HOBOCT

Cnepn uW3BbpLUEH CpaBHWUTENEH aHanu3 mexagy obekTa, npedMeT Ha HacTosIWOTO Mpoy4vBaHe WU
HaMepeHUTe Npu NPoyyYBaHeTO AOKYMEHTMW, Ce YCTaHOBM, Y€ B HUTO eOQuH OT HaMEPEHUTE OOKYMEHTU He e
pasKpUT KOMMaKTEH MHOFOKOPMYCEH CaMOorieT C HEMOABWXKHM CTPENOBMAHM Kpuna CbC CrbBaemMu nepmdepun
6e3 aepognHaMUYHM KOpMUIa, BEKTOPHO YMpaBnsiBaH CbC CKanapHO KOHTponMpaHa Tsara, KOWTo Aa BKtoYBa
BCUYKN TEXHUYECKM MPU3HALM OT ONUCAHUETO M NMpeTeHUMnTe Ha obekTa Ha npoy4BaHeTo. CriefoBaTesiHo,
06eKTHT Ha HACTOSILLOTO NPOYYBaHe, CbIMacHO Taka (OPMYNMpaHUTe NPeTeHLMM, € HOB MO CMUCHIIA Ha Y.
8, an. 1 oT 3akoHa 3a naTeHTUTEe U perncTpaumsita Ha nonesHmute mogenu (3rPMM).
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(57) ABSTRACT

Aspects relate to systems and methods for folding wings on
an aircraft. An exemplary system includes a blended wing
body, where the blended wing body includes a main body
and at least a wing, a hinge located on the at least a wing and
configured to allow folding of the at least a wing, an
actuation system configured to fold the at least a wing, and
a controller configured to control the at least an actuation
system.
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limited to, a serial port, a USB connection, a FIREWIRE
connection, a parallel connection, and any combinations
thereof.

The foregoing has been a detailed description of illustra-
tive embodiments of the invention. Various modifications
and additions can be made without departing from the spirit
and scope of this invention. Features of each of the various
embodiments described above may be combined with fea-
tures of other described embodiments as appropriate in order
to provide a multiplicity of feature combinations in associ-
ated new embodiments. Furthermore, while the foregoing
describes a number of separate embodiments, what has been
described herein is merely illustrative of the application of
the principles of the present invention. Additionally,
although particular methods herein may be illustrated and/or
described as being performed in a specific order, the order-
ing is highly variable within ordinary skill to achieve
methods, systems, and software according to the present
disclosure. Accordingly, this description is meant to be taken
only by way of example, and not to otherwise limit the scope
of this invention.

Exemplary embodiments have been disclosed above and
illustrated in the accompanying drawings. It will be under-
stood by those skilled in the art that various changes,
omissions and additions may be made to that which is
specifically disclosed herein without departing from the
spirit and scope of the present invention.

What is claimed is:

1. A system for folding wings on an aircraft, the system
comprising:

a blended wing body, wherein the blended wing body

comprises:

a main body; and

at least a wing comprising an outboard flight compo-
nent, wherein the outboard flight component com-
prises at least a flight control surface;

a hinge located on the blended wing body and configured
to allow folding of the at least a wing, wherein the
hinge is inboard relative to the outboard flight compo-
nent;

an actuation system configured to fold the at least a wing;

a controller configured to control the at least an actuation
system; and

a transmission system comprising a connection wherein
the connection disconnects as a function of folding of
the at least a wing.

2. The system of claim 1, wherein the at least a connection
comprises a selectably disconnectable communication sys-
tem.

3. The system of claim 1, wherein the at least a connection
comprises a fluidic connection.

4. The system of claim 1, wherein the at least a connection
comprises an electrical connection.

5. The system of claim 1, wherein the transmission system
is configured to facilitate communication with the outboard
flight component, wherein the transmission system com-
prises a wireless communication component configured to
transmit communication to the outboard flight component.

6. The system of claim 5, wherein the wireless commu-
nication component is further configured to transmit com-
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munication to the outboard flight component using a line-
of-sight communication method.

7. The system of claim 5, wherein the wireless commu-
nication component is further configured to transmit com-
munication to the outboard flight component using radio
communication.

8. The system of claim 1, further comprising a transmis-
sion system, wherein the transmission system comprises a
slip ring.

9. The system of claim 1, further comprising a transmis-
sion system, wherein the hinge comprises a conduit, wherein
the conduit is configured to contain at least a portion of the
transmission system.

10. A method of folding wings on an aircraft comprising
a blended wing body, wherein the blended wing body
comprises a main body and at least a wing, the method
comprising:

allowing, using a hinge located on the blended wing body

and inboard relative to an outboard flight component of
the at least a wing, folding of the at least a wing,
wherein the outboard flight component comprises at
least a flight control surface;

folding, using an actuation system, the at least a wing;

controlling, using a controller, the at least an actuation

system; and

disconnecting a connection of a transmission system as a

function of folding of the at least a wing.

11. The method of claim 10, wherein the at least a
connection comprises a selectably disconnectable commu-
nication system.

12. The method of claim 10, wherein the at least a
connection comprises a fluidic connection.

13. The method of claim 10, wherein the at least a
connection comprises an electrical connection.

14. The method of claim 10, further comprising wirelessly
communicating, using the transmission system, with the
outboard flight component, wherein the transmission system
comprises a wireless communication component configured
to transmit communication to the outboard flight compo-
nent.

15. The method of claim 14, wherein wirelessly commu-
nicating, using the transmission system, with the outboard
flight component comprises transmitting communication to
the outboard flight component using a line-of-sight commu-
nication method.

16. The method of claim 14, wherein wirelessly commu-
nicating, using the transmission system, with the outboard
flight component comprises transmitting communication to
the outboard flight component using radio communication.

17. The method of claim 10, further comprising commu-
nicating, using a transmission system, with the outboard
flight component, wherein the transmission system com-
prises a slip ring.

18. The method of claim 10, further comprising commu-
nicating, using a transmission system, with the outboard
flight component, wherein the hinge comprises a conduit,
wherein the conduit is configured to contain at least a portion
of the transmission system.
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(57) ABSTRACT

A vertical takeoff and landing aircraft having at least three
wings and at least six propulsion units, each of which are
located radially from two adjacent propulsion units, by equal
or substantially equal angles. The at least six propulsion units
together being located symmetrically, or at substantially sym-
metric positions, about the approximate center of gravity of
the aircraft, when viewed from above. A vertical stabilizer
may or may not be employed. If no vertical stabilizer is
employed, yaw control during horizontal flight may be
achieved through differential thrust using the at least six
propulsion units. Yaw control during vertical flight may be
provided by a plurality of yaw control panels. Absent yaw
control panels, yaw control during vertical flight may be
provided using differential propulsion unit tilt angles.
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Individual propulsion unit fuel systems provide com-
pletely independent fuel systems, preventing failure of more
than one unit due to a single problem. There are no fuel
selectors or cross-feed controls planned, just fuel shutoff
switches in the cockpit.

With the advent of Primary Flight Displays (PFDs) and
Multifunction Displays (MFD) the availability of a highly
reliable power source on the aircraft is mandatory. As a matter
of fact the FAA demands it. Today the FAA considers alter-
nators and batteries as power sources. This embodiment
shown with six propulsion units has twelve (12) power
sources. A properly designed electrical system can produce
the fail safe power source for these and other important elec-
tronic systems including remote control and communication
links for the UAV versions of this vehicle. The safety increase
of having a virtually fail-proof power source is simply put,
great.

Efficiencies

The rear wing of this configuration supports its share of the
vehicle weight as opposed to conventional aircraft. Conven-
tional aircraft normally use a less efficient un-cambered air-
foil known as the horizontal stabilizer. The stabilizer operates
witha downward force during normal flight. This force effec-
tively adds additional weight reducing payload capability. It
also creates drag due to this negative lift, known as “trim
drag”. The V22 Osprey uses a conventional horizontal stabi-
lizer and elevator in its configuration. The supersonic Con-
cord actually pumped fuel to a tank in its tail to reduce this
trim drag.

The front wing is a cambered airfoil wing which operates
as a lift producer and at the same time provides pitch control
as a canard with elevator. So, rather than paying for the
weight, trim drag, and negative lift of the horizontal stabilizer.
The rear wing becomes part of the lift producing wing func-
tion as well as sharing pitch control with the front wing.

The location of the propulsion units near the wing ends can
provide an end plate effect which reduces the normal magni-
tude of wing tip vortices and improving span efficiency factor,
reducing induced drag and, therefore, increasing range.

A structural efficiency can be gained by distributing pro-
pulsion unit weight near the wing tips which reduces wing
root bending loads and, therefore, wing weight.

The use of six propulsion units avoids the weight, com-
plexity, and cost of a cross coupled engine drive shaft system.
Industrial Applicability

The invention is applicable to aircraft and in particular
VTOL aircraft. While there have been shown and described
and pointed out the fundamental novel features of the inven-
tion as applied to the preferred embodiments, it will be under-
stood that the foregoing is considered as illustrative only of
the principles of the invention and not intended to be exhaus-
tive or to limit the invention to the precise forms disclosed.
Obvious modifications or variations are possible in light of
the above teachings. The embodiments discussed were cho-
sen and described to provide the best illustration of the prin-
ciples of the invention and its practical application to enable
one of ordinary skill in the art to utilize the invention in
various embodiments and with various modifications as are
suited to the particular use contemplated All such modifica-
tions and variations are within the scope of the invention as
determined by the appended claims when interpreted in
accordance with the breadth to which they are entitled.

What is claimed is:

1. A vertical takeoff and landing aircraft comprising:

a fuselage;

three wings fixed to the fuselage, including a front wing, a

middle wing and a rear wing; and
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six rotatable propulsion units,

wherein first and second propulsion units are fixed to the
front wing, third and fourth propulsion units are fixed to
the middle wing and fifth and sixth propulsion units are
fixed to the rear wing, and

wherein each of the six propulsion units is located radially

from each of two adjacent propulsion units by equal or
substantially equal angles.

2. The vertical takeoff and landing aircraft of claim 1,
wherein the six propulsion units are symmetrically posi-
tioned, or at substantially symmetric positions, about the
approximate center of gravity of the aircraft.

3. The vertical takeoff and landing aircraft of claim 1,
wherein each of the rotatable propulsion units are rotatable to
first orientation during forward flight and to a second orien-
tation during vertical flight.

4. The vertical takeoff and landing aircraft of claim 3,
wherein the first and second propulsion units are fixed to a
first and second outboard end of the front wing, respectively;
the third and fourth propulsion units are fixed to a first and
second outboard end of the middle wing, respectively; and the
fifth and sixth propulsion units are fixed to a first and second
end of the rear wing, respectively.

5. The vertical takeoff and landing aircraft of claim 4
further comprising:

a plurality of yaw control panels.

6. The vertical takeoff and landing aircraft of claim 5,
wherein the plurality of yaw control panels comprises a first,
second, third and fourth yaw control panel located outboard
of, fixed to and rotatable with the first, second, fifth and sixth
propulsion unit, respectively.

7. The vertical takeoff and landing aircraft of claim 4
further comprising:

differential propulsion unit tilt angle vaw control during

vertical flight.

8. The vertical takeoff and landing aircraft of claim 1,
wherein the front, middle and rear wings are vertically dis-
placed relative to each other.

9. The vertical takeoff and landing aircraft of claim 8,
wherein the middle wing is vertically displaced higher than
the front wing, and the rear wing is vertically displaced higher
than the middle wing.

10. The vertical takeoff and landing aircraft of claim 9,
wherein the front wing exhibits a negative dihedral, the
middle wing exhibits a neutral dihedral and the rear wing
exhibits a positive dihedral.

11. The vertical takeoff and landing aircraft of claim 1
further comprising:

differential thrust yaw control during horizontal flight.

12. The vertical takeoff and landing aircraft of claim 1
further comprising:

a vertical stabilizer fixed to the fuselage.

13. A vertical takeoff and landing aircraft comprising:

a fuselage;

three wings fixed to the fuselage, including a front wing, a

middle wing and a rear wing; and
six propulsion units,
wherein first and second propulsion units are rotatably
fixed to the front wing, third and fourth propulsion units
are rotatably fixed to the middle wing and fifth and sixth
propulsion units are rotatably fixed to the rear wing,

wherein each of the six propulsion units is located radially
from each of two adjacent propulsion units by equal or
substantially equal angles, and

wherein each of the six propulsion units are rotatable to a

first orientation during horizontal flight and rotatable to
a second orientation during vertical flight.
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14. The vertical takeoff and landing aircraft of claim 13,
wherein the six propulsion units are symmetrically posi-
tioned, or at substantially symmetric positions, about the
approximate center of gravity of the aircraft.

15. The vertical takeoff and landing aircraft of claim 13,
wherein the first and second propulsion units are rotatably
fixed to a first and second outboard end of the front wing,
respectively; the third and fourth propulsion units are rotat-
ably fixed to a first and second outhoard end of the middle
wing, respectively; and the fifth and sixth propulsion units are
rotatably fixed to a first and second end of the rear wing,
respectively.

16. The vertical takeoff and landing aircraft of claim 15
further comprising:

a plurality of yaw control panels.

17. The vertical takeoff and landing aircraft of claim 16,
wherein the plurality of yaw control panels comprises:

a first yaw control panel and a second yaw control panel
fixed to and rotatable with the first propulsion unit and
the second propulsion unit, respectively; and

a third yaw control panel and a fourth yaw control panel
fixed to and rotatable with the fifth propulsion unit and
the sixth propulsion unit, respectively.
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18. The vertical takeoff and landing aircraft of claim 15
further comprising:

differential propulsion unit tilt angle vaw control during

vertical flight.

19. The vertical takeoff and landing aircraft of claim 13,
wherein the front, middle and rear wings are vertically dis-
placed relative to each other.

20. The vertical takeoff and landing aircraft of claim 19,
wherein the middle wing is vertically displaced higher than
the front wing, and the rear wing is vertically displaced higher
than the middle wing.

21. The vertical takeoff and landing aircraft of claim 19,
wherein the front wing exhibits a negative dihedral, the
middle wing exhibits a neutral dihedral and the rear wing
exhibits a positive dihedral.

22. The vertical takeoff and landing aircraft of claim 13
further comprising:

differential thrust yaw control during horizontal flight.

23. The vertical takeoff and landing aircraft of claim 13
further comprising:

a vertical stabilizer fixed to the fuselage.
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€] ABSTRACT

Improved mechanisms for folding and locking an aircraft
wing and controlling the wing’s aileron through a wing fold
have been motivated by development of a roadable aircraft.
Applicable to a broader class of aircraft, these mechanisms
allow for a safer, lighter-weight solution to the wing-folding
challenge than currently available. The cable control system
allows an outer wing section to be moved in concert with an
actuated inner wing section. The locking mechanism allows
for automated operation and visual inspection. The aileron
control mechanism provides centering and locking in addi-
tion to flight control through the hinge axis.
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(53). Step (58) is a feature on lever (54) which engages with
a similarly shaped receptacle in outer wing latch receiver
(83), and prevents (54) from overshooting its locked position
in (53). In the locked position, in the preferred embodiment,
the top surface of lever (54) is flush with the top surfaces of
outer wing latch receiver (53) and inner wing latch mount
(52) allowing smooth airflow over the inner wing (50) and the
outer wing (51), and providing a visual and tactile indication
that said wing panels are securely locked together. The lever
(54) 1s directly visible, and no other device such as a sensor,
window or indicator is required, although such devices could
be added. In the unlocked position, part of lever (54) pen-
etrates the surface plane of the inner wing (50), allowing a
visual and tactile indicator that the wings are in an unlocked
state. The sides of lever (54) may be painted a warning color
such as red to enhance the visual indication of the unlocked
state.

[0069] To unlock and re-fold the inner wing (50) and the
outer wing (51), actuation cable (59) is pulled. In the pre-
ferred embodiment, actuation cable (59) is a cable that runs to
a control lever in the cockpit, although (59) could be actuated
by other means such as electrically, hydraulically etc., or (59)
could be an actuator connected directly to lever (54). Actua-
tion cable (59) provides more torque to lever (54) than to
spring (57), causing (54) to rotate around lever pin (55) and
disengage from outer wing latch receiver (53). Once lever
head (62) and lever opposing face (63) are no longer engaged,
inner wing latch mount (52) and outer wing latch receiver
(53) are free to separate and the inner wing (50) and the outer
wing (51) can rotate about the mid wing pivot (56) to move
into the folded position. It should be observed that since the
actuation cable (59) and the spring (57) are attached in the
positions that they are, a break or failure in (59) will allow
(57) to continue pulling lever (54) into the locked position:
incase (59) fails the wing will remain locked in flight-capable
configuration. In the preferred embodiment, actuation cable
(59) is a push-pull cable, so in the event that spring (57) fails,
lever (54) is still held in place. The double redundancy pro-
vides an extra level of safety when the wing is in use.

[0070] FIG. 3 shows the folding torque tube used to actuate
the aileron in the preferred embodiment of the folding wing
mechanism. This joint is located between the inner (50) and
outer (51) wings in FIG. 3. The input torque tube (40) which
is made of carbon fiber or other stiff material, is rigidly
attached to the input hinge (41). The input hinge (41) and the
output hinge (42) are allowed to pivot about the hinge pin
(44), which is in line with the hinging axis of the wing. Output
torque tube (43)is rigidly attached to output hinge (42). When
the wing is folded, output torque tube (43) passes through mid
position (45) and stops at folded position (46) when the wings
are completely folded.

[0071] When the wings are in the open position, the output
torque tube (43) and input torque tube (40) are collinear. Any
rotational movement or force imparted by the input torque
tube (40) goes through the hinge assembly and rotates or
provides a force on the output torque tube (43), which trans-
mits it to the aileron. In the preferred embodiment, the aileron
is free to be moved by a mechanism linked to the control stick
in the vehicle cockpit. When the wings are to be folded, the
input torque tube (40) is moved to the center rotational posi-
tion, so that the hinge pin (44) significantly aligns with the
hinge axis of the inner and outer wing. The hinge is self
centering over small angles, so small errors in alignment will
be self correcting. Once the wing folds, the output torque tube

Mar. 4, 2010

(43) will move to the folded position (46). In this position the
aileron will be held rigidly in the center position, and the
control stick will also be held rigidly in the center position.
[0072] When the wings are unfolded said torque tubes
realign and are again free to rotate about their longitudinal
axes.

We claim:

1) A bi-fold wing mechanism which provides relative rota-
tion of an outer wing section to an inner wing section when
said inner wing section rotates relative to a vehicle compris-
ing:

a) said vehicle,

b) said inner wing section,

¢) an inner wing hinge connecting said inner wing section
to said vehicle,

d) said outer wing section,

e) an outer wing hinge connecting said outer wing section
to said inner wing section,

) a means for converting rotational motion of said inner
wing relative to said vehicle to rotational motion of said
outer wing relative to said inner wing
whereby said outer wing rotates when said inner wing

rotates.

2) A bi-fold wing mechanism which provides relative rota-
tion of an outer wing section to an inner wing section when
said inner wing section rotates relative to a vehicle compris-
ing:

a) said vehicle,

b) said inner wing section,

¢) an inner wing hinge connecting said inner wing section
to said vehicle,

d) said outer wing section,

e) an outer wing hinge connecting said outer wing section
to said inner wing section,

1) a first means for deploying said outer wing section when
said inner wing section deploys,

g) a second means for stowing said outer wing section
when said inner wing section stows.

3) The mechanism in claim 2 wherein said first means and

said second means are accomplished with one device.

4) The mechanism in claim 2 wherein said second means is
comprised of a spring, bungie, gravity, or any other similar
means that apply a biasing force or torque on said outer wing
in an direction opposite of the force or torque applied by said
first means.

5) The mechanism in claim 2 wherein said first means, said
second means, or both said first means and said second means
are comprised of:

a) a cable or similar transmitter of linear motion,

b) said cable connected at one end to said vehicle at a
predetermined location, whereby said cable moves rela-
tive to said inner wing when said inner wing rotates
relative to said vehicle,

¢) a pulley, or similar converter of linear motion to rota-
tional motion,

d) said pulley connected to said outer wing whereby rota-
tional motion of said pulley is transmitted to said outer
wing.

¢) said cable connected to said pulley

f) whereby when said inner wing moves relative to said
vehicle, said mechanism causes said outer wing to
rotate.

6) The mechanism in claim 5 wherein said cable is a rod,

chain, belt, push-pull cable, or similar device.
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7) The mechanism in claim 5 wherein said pulley is a cam,
offset pulley, linkage, lever, mounting location on said outer
wing, or similar converter of linear motion to rotational
motion.

8) The mechanism in claim 2 wherein said first means
and/or said second means is comprised of:

a) a linkage connected on one end to said vehicle,

b) a first pulley with an axis of rotation fixed relative to said

inner wing,

¢) a connection between said linkage and said first pulley

whereby when said inner wing rotates relative to said
vehicle, said linkage causes said first pulley to rotate
with respect to said inner wing,

d) a first cable or similar transmitter of linear motion,

e)a connection between said first cable and said first pulley,

) a second pulley, or similar converter of linear motion to

rotational motion,

£) a connection between said second pulley and said outer

wing whereby rotational motion of said second pulley is
transmitted 1o said outer wing,

h) a connection between said first cable and said second

pulley,

whereby when said inner wing rotates relative to said
vehicle, said mechanism causes said outer wing to
rotate with respect to said inner wing.

9) The mechanism in claim 8 wherein said cable is a rod,
chain, belt, push-pull cable, or similar device.

10) The mechanism in claim 8 wherein said pulleys are
cams, offset pulleys, linkages, levers, cable mounting loca-
tion on said outer wing, similar converter of linear motion to
rotational motion, or some combination thereof.

11) The mechanism in claim 8 wherein said mechanism
includes:

a) a second cable or similar transmitter of linear motion,

b) a connection between said second cable and said first

pulley, whereby said second cable moves relative to said
inner wing when said inner wing rotates relative to said
vehicle,

¢) a third means for converting linear force from said sec-

ond cable into rotational motion of said outer wing

whereby both said first cable and said second cable
provide the means for rotating said outer wing in
either direction.

12) The mechanism in claim 11 wherein said cables are
rods, chains, belts, push-pull cables, similar device or some
combination thereof.

13) The mechanism in claim 11 wherein said pulleys are
cams, offset pulleys, linkages, levers, mounting location on
said outer wing, similar converter of linear motion to rota-
tional motion, or some combination thereof.

14) The mechanism in claim 11 wherein said mechanism
includes a connection between said second cable and said
second pulley whereby tension in said second cable causes
said outer wing to rotate in a direction opposite to the direc-
tion said outer wing rotates when tension is applied to said
first cable.

15) The mechanism in claim 11 wherein said cables are
replaced by a singular belt or a plurality of belts or other
transmitters of rotational motion.

16) The mechanism in claim 11 wherein said cables are
replaced by a singular cable or a plurality of cables of other
transmitters of linear motion.

17) The mechanism in claim 11 wherein said third means
comprises of:
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a) a third pulley

b) said third pulley connected to said outer wing whereby

rotational motion of said pulley is transmitted to said

outer wing,

¢) a connection between said second cable and said third

pulley

whereby tension in said second cable causes said outer
wing to rotate in a direction opposite to the direction
said outer wing rotates when tension is applied to said
first cable.

18) The mechanism in claim 17 wherein said pulleys are
cams, offset pulleys, linkages, levers, cable mounts on said
outer wing, similar converter of linear motion to rotational
motion, or some combination thereof.

19) The mechanism in claim 2 wherein

a) said first means is comprised of:

i) a linkage connected on one end to said vehicle,

i1) a first pulley with an axis of rotation fixed relative to
said inner wing,

iii) a connection between said linkage and said pulley
whereby when said inner wing rotates relative to said
vehicle, said linkage causes said pulley to rotate with
respect to said inner wing,

iv) a first cable or similar transmitter of linear motion,

v) a connection between said first cable and said first
pulley, whereby said first cable moves relative to said
inner wing when said inner wing rotates relative to
said vehicle,

vi) a second pulley.,

vii) a connection between said second pulley to said
outer wing whereby rotational motion of said second
pulley is transmitted to said outer wing,

viii) said first cable connected to said second pulley,
whereby when said inner wing moves relative to said

vehicle, said outer wing rotates with respect to said
inner wing.

b) said second means is comprised of:

1) a second cable or similar transmitter of linear motion,

i1) said second cable connected at one end to said vehicle
at a predetermined location, whereby said second
cable moves relative to said inner wing when said
inner wing rotates relative to said vehicle,

iii) athird pulley, or similar converter of linear motion to
rotational motion,

iv) said third pulley connected to said outer wing
whereby rotational motion of said third pulley is
transmitted to said outer wing.

v) said second cable connected to said third pulley
whereby when said inner wing moves relative to said
vehicle, said outer wing rotates with respect to said
inner wing.

20) The mechanism in claim 19 wherein said cables are
rods, chains, belts, push-pull cables, similar device or some
combination thereof.

21) The mechanism in claim 19 wherein said pulleys are
cams, offset pulleys, linkages, levers, mounting location on
said outer wing, similar converter of linear motion to rota-
tional motion, or some combination thereof.

22) The mechanism in claim 2 wherein:

a)said first, said second means is comprised ofa cable, belt,

chain or similar device for transmitting linear motion,

b) said mechanism includes adjustment means for chang-

ing the path, length, tension or combination thereof of

said cable or cables.
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23) The mechanism in claim 22 wherein:

a) said adjustment means is a pulley, cam, sprocket, slide,
turnbuckle or other device in contact with said cable,

b) said adjustment means has a variable position or orien-
tation whereby the path, tension, length or combination
thereof of said cable are adjusted.

24) The mechanism in claim 22 wherein the location or
orientation of said adjustment means can be adjusted from
outside the wing whereby the rotational orientation of said
outer wing can be adjusted easily without disassembly of said
mechanism.

25) A wing-fold lock mechanism comprising:

a. a wing,

b. a body,

c. ahinge comprising of a first hinge half connected to said

wing and a second hinge half connected to said body,

d. a first mechanical stop located on said wing,

e. a second mechanical stop located on said body,

f. a locking device that prevents one of said mechanical
stops from moving away from said opposing mechanical
stop
whereby a combination of said mechanical stops and

said locking mechanism prevent said wing from mov-
ing with respect to said body when said locking device
is engaged.

26) The mechanism in claim 25 wherein said locking
device is a lever comprising;

a)apivot axis located in one of said mechanical stops about
which said lever pivots,

b) an interlocking shape that interfaces with a correspond-
ing recess in said opposing mechanical stop.

27) The mechanism in claim 26 wherein said hinge is
located on the lower side of said wing, and said first mechani-
cal stop is located on the top side of said wing.

28) The mechanism in claim 26 wherein said lever is
shaped like the capital letter T, or the capital letter L, or any
shape that prevents said first mechanical stop from moving
with respect to said second mechanical stop.

29) The mechanism in claim 26 wherein said lever comes
flush or nearly so with the outer surface of either or both said
mechanical stops whereby said lever can be easily inspected
to ensure that said lever is completely locked, and smooth
airflow is maintained over the wing.

30) The mechanism in claim 26 wherein said mechanism
includes means for returning said lever to the locked position.

31) The mechanism in claim 30 wherein said means is
accomplished using a spring, bungie cord, electrical actuator,
cable, rod, or any method that actively or passively returns
said lever into the locked position.

32) The mechanism in claim 26 wherein said mechanism
comprises of means for returning said lever to the unlocked
position.
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33) The mechanism in claim 32 wherein said means is
accomplished using a spring, bungie cord, electrical actuator,
cable, rod, or any method that actively or passively returns
said lever into the unlocked position.

34) The mechanism in claim 26 wherein said lever has
colored components only visible in the unlocked position to
aid visual identification of an unlocked state.

35) A mechanism for articulating a control surface through
a folding wing joint comprising:

a) a wing assembly comprising:

i) an inner wing section or body,
i1) an outer wing section that folds with respect to said
first wing section,

b) a first torque tube located adjacent to or inside said inner
wing section,

¢) a second torque tube located adjacent to or inside said
outer wing section,

d) a hinge that:

i) connects said first torque tube with said second torque
tube,

i1) has an axis of rotation that is substantially collinear
with the axis of rotation between said inner and said
outer wing section when said control surface 1s placed
in a predetermined orientation with respect to said
outer wing section,

e) afirst means for attaching said second torque tube to said
control surface,

f) a second means for controlling the axial orientation of
said first torque tube whereby said aileron will be con-
trolled during flight
whereby said wing can be folded without the need for

disconnecting said aileron, also said aileron is auto-
matically held in a predetermined orientation when
said wing is folded, and said mechanism transmits
toque thereby controlling said aileron when wings are
unfolded.

36) The mechanism in claim 35 wherein said mechanism
includes a third means for ensuring said control surface is
placed in a predetermined orientation before folding said
wing.

37) The mechanism in claim 36 wherein said third means is
comprised of:

a) a control stick, yoke, or any similar device,

b) a lock that holds said control stick in a predetermined
position whereby said control surface is held in a prede-
termined orientation.

38) The mechanism in claim 35 wherein said hinge’s axis
of rotation is substantially perpendicular to, but not necessary
intersecting, the axis of rotation of said torque tubes whereby
when a torque is applied to said torque tubes, there is no
resulting force attempting to fold or unfold said hinge.

k ok ok %k %
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M3006peTenue OTHOCUTCS K obJacTu
OOHAPYKEHUST U PACITO3HABAHUS MATOTa0apUTHBIX
OCCITUITOTHEIX JIeTaTeNIbHBIX antmapatros (MBJIA). B
3asBIICHHOM CITOCOOEe TTPUMEHEHSIOTCS TPU U DolTee
HW300paKeHUE W CUTHAlloB B TpeX U Oojee
MPOCTPAHCTBEHHO  pasHeceHHBIX  ToYKaxX Ha
THPOCTAOUTHUUPYIONUX TTaTGopMax, CBA3AHHBIX
MeXTy cobolt pabounmu Oazamu. Paboume 0a3bl
ABTOMATHYECKH OMPECTAIOT PACCTOSHUS MEKIY
coBoM 1 CBOU MPOCTPAHCTBEHHBIE KOOPAUHATHI, 4YTO
TTO3BOJISIET PA3MECTUTH B JTIOOBIX YIOOHBIX MECTaX
KaK Ha MOABWKHOM, TaK U CTAIIMOHAPHOM 0OBEKTE.
Ha xkaxmoit 6aze pasMellleHo MO TPH J4aTYHKA,
paboTaroluX B ONTHYECKOM (KaMephl KPYroBOrO
o030pa), aKycrudeckoM W B TpeX H 0Dojee
HACTPAUBAEMBIX PaTAOIOKAIMOHHBIX JHAa30HaX
SIIeKTPOMATHUTHRIX BOIH. YTpasjieHue paboToi
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TpeX KaHajoB U 00paboTKoM MomydeHHOU
uHpopMaUM U CUTHATIOB ocyIlecTBiseT IBM ¢
3lIeMeHTaMU UCKYCCTBEHHOT'0 UHTEIIEKTa, KOTopas
cama BbIOMpaerT HaubOoJiee IPPEKTUBHBIC KaHAIbI
JUTst Dollee TOYHOTO OOHAPYKEHUSI U ONpe/IeIeHUs
MIPOCTPAHCTBEHHBIX KoopauHaT MBJIA B pa3nuuHbIX
VCIOBUAX BeJICHUS HAOIIOJICHUS, YTO MO3BOAET
noctpouth odbeMHoe 3D uzobpaxenue MBJIA u
CPaBHUTH C U3BECTHBIMH H300PaKCHUSIMU IS UX
PACIIO3HABAHUS U OIpeielieHUS CPe/ICTB DOPHOBI ¢
MBJIA. Texuudeckuit pesynprar - paspadorka
Merofa obHapyxkenuss MBJIA B pa3nuuHBIX
YCIIOBUSAX BeJIeHUs HAOIIIO/ICHUS C UCTIONb30BAHUEM
JIATYUKOB, pabOTAONIMX B ONTHYECKOM, 3BYKOBOM
U PaMOIOKAIMOHHBIX JmanasoHax
SMIeKTPOMATHUTHBIX BOITH. 4 HIT.

c€€6599¢C ndy

1 O



Dur.1

RU

2559332

1 O

C1

2€E€6G6¢2

nay

Ctp.: 2



2559332 C1

R U

RUSSIAN FEDERATION

FEDERAL SERVICE
FOR INTELLECTUAL PROPERTY

(12) ABSTRACT OF INVENTION

PRUY 2 8859 332" C1

L R Al el

(51) Int. CL
GOIS 17/00 (2006.01)

(21)(22) Application: 2014107108/28, 25.02.2014
(24) Effective date for property rights:

25.02.2014
Priority:

(22) Date of filing: 25.02.2014
(45) Date of publication: 10.08.2015 Bull. Ne 22

Mail address:
440005, g.Penza-5, VAMTO, Otdel organizatsii
nauchnoj raboty i nauchno-pedagogicheskikh
kadrov, Ustinov Evgenij Mikhajlovich

(72) Inventor(s):
Shishkov Sergej Viktorovich (RU)

(73) Proprietor(s):
Federalnoe gosudarstvennoe kazennoe voennoe
obrazovatel'noe uchrezhdenie vysshego
professional'nogo obrazovanija "Voennaja
akademija material'no tekhnicheskogo
obespechenija imeni generala armii A.V.
Khruleva" Ministerstva oborony Rossijskoj
Federatsii (RU)

(54) METHOD OF DETECTING SMALL UNMANNED AERIAL VEHICLES

(57) Abstract:

FIELD: physics, navigation.

SUBSTANCE: invention relates to detection and
identification of small unmanned aerial vehicles
(SUAV). The disclosed method employs three or more
images and signals at three or more spaced-apart points
on gyro-stabilised platforms connected to each other
by operating bases. The operating bases automatically
determine the distance between each other and their
spatial coordinates, which enables positioning at any
convenient places on both a mobile and fixed object.
Each base has three sensors operating in an optical (all-
round looking camera), acoustic and in three or more
adjustable radar electromagnetic wave ranges. Control
of the operation of the three channels and processing
of the obtained information and signals is carried out
by a computer with artificial intelligence elements,
which selects the most efficient channel for more
accurate detection and determination of spatial
coordinates of the SUAV in different surwveillance
conditions, which enables to construct a 3D image of
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the SUAV and compare with known images for
identification thereof and determining means of
counteracting the SUAV.

EFFECT: developing a method of detecting a SUAV
in different surveillance conditions using sensors
operating in the optical, audio and radar electromagnetic
wave ranges.
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N300perenne OTHOCUTCS K 001aCTH OOHAPYKEHUSI U PACTTO3HABAHUS MAIOTA0aPUTHBIX
OCCIUIOTHBIX JIETATEBHBIX anmapaTtoB (MBJIA) 1 MOXET OBITh UCITOJIB30BAHO B BOSHHOM
TEXHUKE.

W3BEeCTHBI pa3IMdHbIC METOABI U TEXHUYECKHE PEICHUS [Tl OOHAPYKEHUS JTIETATSTbHBIX
AIMmapaToB C UCIIOIB30BAHUEM CITOCO0a KPYrOBOTO 0030pa MATPUIHBIM (POTOTTPUEMHBIM
YCTPOUCTBOM U YCTPOUCTBO AJIs €r0 OCyInecTBIeHus (MaTeHT PD No2445644), onTruueckum
JIOKATOPOM KpyroBoro o63opa (mateHt PD No2352957) [1, 2]. HemocTtaTkamu sIBIISTFOTCS
CIIO’)KHOCTB KOHCTPYKIIUH, OOJTBINHE PA3MEPBI, OOIbINAst MOIITHOCTD IBUTATES TSI BPAIIEHHS
KaMepbl (KpyroBOTO 0030pa) M COOTBETCTBEHHO OIMTUOKU B CHATUU PE3yJIbTATA.

Criocod BU3yalTbHO-OMITHYECKOTO KOHTPOJIS JIA3EPHOTO CKAHUPOBAHUS ATMOCHEPBI (TATEHT
P® No2489732). HenocTraTkamu SIBASIOTCS] aKTUBHBINM METO OOHAPYKEHUSI U MUHIMATbHBIE
TypOYIIEHTHBIE TOTOKH U3-32 MAJIBIX PA3MEPOB U UCITOIB30BaHUs AneKTpoasurateneit MBJTA
[3].

Cnocod obHapyxenust 00beKkTOB (aTeHT PD Ne2331084, mMpOTOTHIT), 3aKITFOUATOIIUANCS
B CEJIEKIMU 00'BEKTA HA YAAJIEHHOM (DOHE, 3aKITFOUATONINICS B TpueMe U POPMUPOBAHUN IBYX
U300paXkeHH B ABYX MIPOCTPAHCTBEHHO PA3HECEHHBIX TOUKAX, 4 TAKKE OTHOBPEMEHHOMN
peructpaiuu chopMUPOBAHHBIX UG POBBIX U300PAKEHUH, O TIUIAIOITHIACS TEM, UTO OITOPHOE
U CpaBHUBaEMOE MU POBBIE N300 PAKEHUSI PETUCTPUPYIOT OTHOMOMEHTHO TSI KAXKIOTO
(hparmenTa (MKCeNns ) U300 paKeHM ABYMS UACHTHYHBIMU BUICOCUCTEMAaMH HA OCHOBE
MHOTO3JIEMEHTHBIX BBICOKOCKOPOCTHBIX (DOTOMPUEMHUKOB, HarpuMep CMOS-maTpui] ¢
00 BEKTHUBAMU, KOTOPBIC TPEABAPUTEIBHO (PUKCUPYIOT HA HEOOIBIIIOM IO CPABHEHHIO C
yaAJIEHUEM OT TIPEATIONAraeMOro MeCTa MOSBICHUSI 00BEKTA PACCTOSHUN MEXTY COOOM
mapajuieIbHO APYT APYTY B HAMMPABIEHUN HA KOHTPOIMPYEMOE IIPOCTPAHCTBO, 4 aHAJTU3
U300pakeHHI TTPOBOISIT TIPH MIOMOIIM OTIPEACIICHUS BETUUUH CMEIIEHUS A XapaKTepPHBIX
(hparMeHTOB CPAaBHUBAEMOTO U300 PAKEHUS C AHAIIOTUIHBIMU (PparMeHTaMH OTIOPHOTO TIPH
MaKCUMAJTBHO BO3MOXHOM WX COBITAJICHUN B HAITPABIICHUH MAPAIIAKTUUECKOTO CMEIIICHHUSI
U TIOCJIEAYFOIIETO BBISIBIICHUS CEJIEKTUPYEMOTO U (DOHOBBIX OOBEKTOB U3 TTOYUEHHBIX
cMmelrtenuit A u T.0. [4].

N3BeCTHBINM CIOCOO UMEET CITEIYIONTNE HEAOCTATKH: OTPAaHWYEHHBIE (DYHKIIMOHATBHBIE
BO3MOYKHOCTH, CBSI3AHHBIE C HEBO3MOXHOCTBIO 0OHapy)eHuss MBJIA Ha 360° 1o TOpU30HTAITN
u Ha 180° 1Mo BepTUKAIIN; OTPAHUYEHHYIO TPUMEHUMOCTD BUAUMBIM IHATIA30HOM PadOThI
BUIEOKAMED; HEBO3MOXHOCTb UCITOIb30BAHUSI B IBM)KEHUU U CO3MTAHUS TOCTOBEPHOTO
TpEeXMepHOTO 00beMHOTO U300paxenuss MBJIA u onpenenenus ero naabHEHIIero
HATIPABIICHUSI IBUKCHHUSI.

3agaueit, CTOSIIEH ITepeT HACTOSIITM H300PETEHUEM, SIBJISIETCS ITOBBIIIIEHUE BOZMOXKHOCTH
obnapyxennss MBJIA na 360° mo ropuzoHTamy u Ha 180° O BEPTUKAIH, TTAPATUTEITBHOM
padoTe B ONTHUECKOM, 3BYKOBOM U PAAMOIOKAMOHHOM AHATIA30HE JIEKTPOMATHUTHBIX
BOJTH, BO3MOXXHOCTH Pa3MeIeHUs Ha TIOABMKHBIX 00BEKTAX U CO3AAHUS JOCTOBEPHOTO
TpEeXMepHOTO 00beMHOTO U300paxenuss MBJIA u onpenenenus ero naabHEHIIero
HATIPABIICHUSI IBUKCHHUSI.

[TocraBnenHas 3aa4da peMIaeTCs CIETYIOMUM 00Pa30OM.

B meTone obnapyxenus MBJIA, 3akmrogaromemcsi B mpreMe U GOPMUPOBAHUU TPEX U
Ooee 300paXKEHUHN U CUTHAJIOB B TPEX M 00JIee TPOCTPAHCTBEHHO PA3HECEHHBIX TOUKAX HA
TUPOCTAOMITM3UPYIONUX TTaThopMax 1, CBI3aHHBIX Mex Ay coO0if pabounmu 6azaMu 2,
ABTOMATHYECKH OTPEALISIIONIUMH PACCTOSHUS MEX Iy COOOM U CBOUM MPOCTPAHCTBEHHBIC
KOOPAWHATHI, UTO MO3BOJISIET PA3MECTUTD B JIFOOBIX YIOOHBIX MECTaX KaK HAa TTOABUKHOM
00BEKTE, TAK U cTaMOHapHOM (¢ur. 1). Ha xaxkmoit 6aze pa3MeIIeHo 1Mo TPy JATYMKA: TaTIUK
3 (kamepa KpyroBoro 0030pa), padOTAOITHI B ONITHUECKOM TMATA30He, JATUUK 4,
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paboTaromui B aKyCTUUECKOM JTHATTA30He, U TaTUHK S5, padoTaromuil B Tpex u 0oee
HACTPAUBAEMBIX PATUOIOKANIMOHHBIX JUAMTA30HAX 3JIEKTPOMATHUTHBIX BOJTH. YTIPaBIeHUE
paboToit 1 06padoTKOM MoNMyueHHON HHpOPMaIK oCyIecTBasieTcst 9BM 6 ¢ anemeHTaMu
UCKYCCTBEHHOTO MHTEJIIEKTA, KOTOPbIN caM BbIOUpaeT Haudoee 3¢hHeKTUBHbIE TATUYMKHU TS
0oJiee TOYHOTO OOHAPYKEHHSI U OTIPEACTIEHUS TPOCTPAHCTBEHHBIX KoopauHaT MBJIA B
pPa3IMUHbBIX YCIOBUSAX. OMHOBpEMEHHAS PETUCTPAIUSI KaIPOB BUACOMOCIEA0BATEIBHOCTH U
OTIpEeTIEHUS] TEOMETPUIECKHX U IIBETOBBIX U3MEHEHUM CHOPMUPOBAHHBIX U300 pakeHMit [ 5],
COTJIACHO M300PETEHUIO KOHTPOIBHOE (HAUOOIIee IPKO-BBIPAKEHHOE) U CPABHUBAEMOE

1 poBBIe U300PAKEHUST PETUCTPUPYIOT OMHOBPEMEHHO TS Kaxa0ro gparmenTa

U300 pakeHMit TpeMs U 00Jiee MASHTUYHBIMHM BUICOCHCTEMAMH (HaTYMKAMU) 3 HA OCHOBE
MHOTO3JIEMEHTHBIX BBICOKOCKOPOCTHBIX (POTOMTPUEMHUKOB 7 ((ur. 2). AHATN3 U300 pakeHuM
mpoBoauTcs Ha DBM 6 1 ompenensiroTes BeMMUuHbI cMetenus Py, Py, P; (dur. 3) xapaktepHbix

thparmeHnToB 8 ((ur. 4) cpaBHUBAEMOTO U300PAKEHHUS C AHATOTHIHBIMU (hparMEeHTAMH
KOHTPOJBHOTO MPU MAKCUMAITBHO BO3MOXXHOM UX COBMA/ICHUM B HATIPABJICHUU
MaPAIAKTHUECKOTO cMettieHns 9. CyHOCTh m3Mepenus pacctostaust 10 MBJIA 3akmouaercs
B CYMMapHOM OTIPEIEICHUU JIMTHEHHOTO MapaJiIakca, KOTOPOE PACCUUTBIBAETCS MEX Y ABYMSI
nataukamu 1-2 (2-3, 1-3 unm 1-i), OMHOBPEMEHHO 1O TpeM u OoJiee 6azam (¢ur. 2) mo hopmyire
H=b/tgY (cTrepeockonuueckuii 0a30BbIM METO U3MEPEHUS JATbHOCTH).

HamsHOCTb 11 o Touku 1 MBJIA ompenensieTcst Mo BEMMUMHE MAPAITIAKTUYECKOTO YIia

Y v o BenmumHe Gasbr MEXIYy AaTUMKAMU Bl'z, OnpeneIsieMoi CyMMOM

Y, =Y, +Y, =P, /f + P,/ f (dur.2). COOTBETCTBEHHO TAK)KE OTPEEAIOTCS PACCTOSTHHS
1o apyrux Touek MBJIA ([, d3, d4), 9TO MO3BOISET C TOMOIIBI0O DBM 6 ToCTpOouThH
00bpeMHOe 3D H300pakeHne U CPABHUTH C U3BECTHBIMU MBJIA ¢ nenbio HX pacmo3HaBaHHUS.
Onpenensisi KOOPAUHATHI AATYMKOB 3 U YIJIbI HATIPABICHUS Yl1 , Yzl , OBM 6 paccuntbiBaeT

MPOCTPAHCTBEHHBIE KOOpauHaThl MBJIA B onTHdeckoM auamna3oHe 3JIeKTPOMATHUTHBIX
BOJIH. O1peensisi MOCTOSIHHO TPOCTPaHCTBEHHBIE KOOpAUHATHL, DBM 6 onpenenser CKopocTh
U HAIIPABJICHUE JBMIKEHUS, UTO MTO3BOJISIET MTPOU3BOAUTE ConpoBoXaeHue MBJTA.

Hmnst Hanbosee qoctoBepHOTo obHapy)erust MBJIA B yClnoBHsIX TUTOXOM BUAUMOCTH,
KOT1a ONITUYECKUM KaHAI 110 BBIOOpy DBM 6 He 3¢h(pekTHBHO UCTIONB30BATH (TYCTOM TyMaH,
MOJTHASI TEMHOTA U T.[.), B IIPOIECCe OOHAPYKEHUS UCTIONIB3YETCS 3BYKOBOMU U
PAAVOIOKAMOHHBIN KaHAJBL. JJaTurku 4 ¥ 5 pa3MeIIeHbl COBMECTHO HA
TUPOCTAOMITM3UPYIONUX TaThopMax 1 U mapauieTbHO QUKCUPYIOT MOSIBJICHUSI OOBEKTA, U
TaKXe ¢ TOMOIIBI0 DBM 6 ompenensifoT mpoCcTpaHCTBeHHbIE KOOpauHAThl MBJIA B 3ByKOBOM
U PAAUOJIOKAMOHHOM JUATIa30HaX 3MEKTPOMATHUTHBIX BOJTH.

HcTtounuku nHbOpMATIUT

1. Bpoyn ®.M., Bonkos P.U., ®unatos M.I., Xa3oB A.M. Criocod kpyroBoro od3opa
MAaTPUYHBIM (PO TOTIPUEMHBIM YCTPOUCTBOM U YyCTPOUCTBO IS €0 OCYIIECTBICHUS. - [laTeHT
Ha m300pererne Ne2445644, 20.03.2012 T.

2. Apxunios B.I'., Uxan FO.B. Ontuueckutt TIokaTop KpyroBoro od3opa. - [lateHT Ha
u3ooperenue Ne2352957, 20.04.2009 r.

3. IMoncyi C.I1., Taypun B.D., I1Isenos U.B., [1Ienosa C.A. Criocod BU3yaabHO-
OTITUYECKOTO KOHTPOJIS JIA3€PHOTO CKAaHUPOBaHUS aTMOChepsl. - [laTeHT Ha n300peTeHue
Ne2489732, 10.08.2013 .

4. TToaropuos B.A. Criocod obHapyxkeHus 00beKTOB. - [lateHnT Ha u300peTerne No2331084,
10.08.2008 T.

5. lIumkos C.B. ITporpamma ompeneaeHus: TEOMETPUUECKUX U3MEHEHMI HA Kapax
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BUIEOTIOCIIEIOBATENLHOCTH M1t oOHapyxenus ITJTA. / My3zau K., Ycrunos E.M.,
[Tapxomenko A.B., Uepnos E.M., lllepoaxoB A.C. /. CBHAETEIHCTBO O TOCYAAPCTBEHHOMN
peructpauuu mporpammbl A I9BM Ne2013611694, 31.01.13.

dopmyna u3o0peTeHust

Metoa oOHApY)KEHHUS MATIOTA0APUTHBIX OSCTIMIIOTHRIX JIeTaTebHBIX anmapaToB (MBJIA),
3AKITFOYATOIIMIACS B CEIIEKIMK 00BEKTA HA yAAIGHHOM (hOHE, B MpueMe U GOPMUPOBAHUU
U300pakeHHl B TPOCTPAHCTBEHHO PA3HECEHHBIX TOYKAX, & TAK)KE OJHOBPEMEHHOM
perucTpanui ChOPMHPOBAHHBIX MUDPOBBIX H300PAKEHUN BEICOKOCKOPOCTHBIMH
(hoToMpUEMHUKAMHU, AHATH3 U300 PAXKEHUN IIPOBOIAT ITPU TTOMOIIN OTIPEICTICHUS BETMUNH
CMEIICHUS XaPaKTePHBIX GPATMEHTOB CPABHUBAEMOT' O N300 PaKEHHUsI C AaHATIOTUIHBIMHU
(hparmeHTaMH OTIOPHOTO, OTIUYATOITUNCS TEM, UYTO B TIPHEME B POPMUPOBAHUH HCITOJTB3YIOTCS
Tpu 1 0oJiee U300 paKEHHIM U CUTHAJIOB B TPEX U 0OJIee MPOCTPAHCTBEHHO PA3HECEHHBIX
TOYKAX HA TUPOCTAOMTM3UPYIOHX TIATPOPMaX, CBI3aHHBIX MEXTy COO0I padourMu Oazamu,
ABTOMATHYECKH OTPEALISIIONIUMH PACCTOSHUS MEX Iy COOOM U CBOUM MPOCTPAHCTBEHHBIC
KOOPAMHATHI, UTO MO3BOJISIET PA3MECTUTh B JIFOOBIX YIOOHBIX MECTaX KaK HA TTOABUKHOM,
TaK U CTAIMOHAPHOM OOBEKTE, Ha KaXKIOU 0a3e pa3MeIIeHO IO TP JIaTUMKA, PAOOTAFOIINX
B OIITHYECKOM (KaMEPBI KPYTOBOTO 0030Pa), AKYCTHUECKOM U B TPEX ¥ 00JIee HACTPAUBAEMBIX
PAIMOIOKAIIMOHHBIX TUATIa30HAX 3JIEKTPOMATHUTHBIX BOJIH, YITpaBeHHE paboTol Tpex
KaHAJIOB ¥ 00padOTKOM MOJydeHHOM HH(OPMAIIMK M CUTHAIOB OCYIeCTBIsieT DBM ¢
3JIEeMEHTAMH UCKYCCTBEHHOT'O MHTEIIEKTA, KOTOpasi caMa BeiOupaeT Haudonee 3 ek THBHBIE
KaHAJTBI 151 00JIee TOYHOTO OOHAPYKESHUSI U OTIPEAETIEHUS] TPOCTPAHCTBEHHBIX KOOPAWMHAT
MBJIA B pa3nuuHbBIX YCIOBUSIX BEACHUS HAOIIOACHUS, UTO TTO3BOISET MTOCTPOUTH 0OBEMHOE
3D uzoOpaxenue MBJIA u CpaBHUTH C U3BECTHBIMHU JIs1 X PACIIO3HABAHUS U OTIPEICIICHHS
cpeacts 00prObI ¢ MBJIA.

Ctp.: 6
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MaHEBPEHOCT Ha CaMOJieTa c¢ ITOCTHIa 4pes
v KOMOHHHPAHO ynpaR/eHne Ha KOPMIJIATA 1 BEKTOpa
m Ha TArara Ha JBHXHTEIA, [IPU KOETO Ce MOCTHra
@O AHMPEKTHO H HHAMPEKTHO H3MEHEHHE Ha
@\ acponHHaMudHuTE CHH. CHUIEHEHOTO KpHIO €
YCTOHYHMBO Ha IPETOBAPBAHUATA, BH3HMKBALIH [IPH
¢BoMmoLKHTe. BHCOKOMaHEBPEHUAT camolleT Chbe
CBUICHEHO KPHJIO ce cbeton oT npexto (1) u 3a
AHO (2) xpusio ¢ enepoun (10), npeakpunxu (8) u
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(54) CAMOJIET CbC CBYJIEHEHO KPHJIO

O06./1acT Ha TEXHHKATA

H3o6perennero ce oTHACA 40 CaMOJIeT ChC
CbWIECHEHO KPHIIO, KOHTO MOXKE Aa HAMEPH TIPUJIO-
KEHHE B IUJIOTHPaHATa H 6e3MIIOTHA aBHALWSA, TT10-
CHCIHAIIHO B JIETATEJIHUTE araparuy, IIpH KOUTO €€
H3HCKBA BHCOKA MAHEBPEHOCT, YCTOHYMBOCT Ha BH~
COKH NPETOBapBAaHUA W JUPEKTHO YNpaBicHHE Ha
ACPOJUHAMHUYHHUTE CUITH.

HpenulecTBamo ChCTOSIHHE HA TEXHHKATA

W3BecTeH € caMoleT Che CHUNIEHEHO KPHIIO,
CbCTOAL C€ OT MPEHO KPHJIO C TAJIO H 3a]1HO KPHJIO,
CBBP3aHH MIOMEXKIY CU ChC CTPAHHYHH 00TEKaeMH
CUJIOBH €NIEMEHTH MPEAKPHIIKH, 3aJKPUIKH H C
€/IePOHH, 3aXBaHATH 3a KPHJIATa H IABIDKUTEN H BEp-
THKANEH CTabMNM3aTOD B 3aJHHA MYy Kpail.
TIpeaHoTO KPUIIO € CheRMHEHO C IPEIHATA YacT Ha
TAJIOTO, @ 3aJHOTO KPUJIO € CheIHHEHO C TOPHHA
Kpaii Ha BEPTHKA/ICH CTabH/IH3aTOP, KATO KpaHiaTa
Ha KPUJIaTa Ca CBBP3aHK MOMEXIY CH MOCPEICTBOM
crpaHuyHH obrexkaemu enemenTH (US 4365773).

OCHOBHHAT NPOGIEM €, Ye YCHIHATE MEXKIY
ABETE KpUJa Ce MPeIaBaT Npe3 TAJIOTO U BEPTHKAI-
HHA CTA0HIIM3ATOP, KOETO I'M YTEXHABA, a CHILO H
Y€ TO3M CaMOJIET He PUTEIKABA MHOTO BHCOKA Ma-
HEBPE€HOCT Nopaan TBBbPAOTO 3aXBalliaHE HA
ABHTaTeIINTe, KOETO HE MO3BOJABA yNPARICHHE HA
BCKTOpA Ha TArara.

Texuuvecka chIHOCT HA H306peTEHHETO

3anayaTa Ha 300peTEHHETO € 3 Ce Ch3aje
CaMOJIET, KOHTO J]a NIPHTEXaBa BHCOKA MaHEBpe-
HOCT, HAMAJICHH pa3MepH U 1e(pOpPMHUPYEMOCT, BH-
COKa AKOCT, IONOOPEHH aepOIMHAMUYHM XApaKTe-
PHCTHKHM H CbKpaTeHH pasber u npober.

3ajayara e pelieHa cb¢ CaMOJIET CBC Chy-
TICHEHO KPHUJIO, CHCTOALL Ce OT MPEIHO KPHJIO C To-
70 M 33JHO KPHJIO, CBBP3aHH MOMEXIY CH CBC
CTPAaHUYHU 0oOTEKaeMH CHMJIOBH eleMeHTH
NPEIKPHIIKH, 33IKPUIIKH U C €NepPOHH, 3aXBaHATH
3a Kpunara u JBWkHTe]. ChINaCHO H300pEeTEHHETO,
UEHTPAITHHTE YACTH HA KPUJIATa Ca CBBP3aHH 4Ype3
o0TeKkaeM UEHTpPAJIEH CUJIOB eIEMEHT, 06pasyBall ¢
TAX H CTPaHUYHHTE OOTEKAEMH CHJIOBH €JIeMEHTH
TIPOCTpaHCTBEeHA paMKa. K'bM LieHTpannus obteka-
€M CHJIOB €/IEMEHT NOCPEACTBOM paMKaTa / i lap-

10

15

20

25

30

35

40

45

50

HHPH € MOHTHPaH JBHXKHTEJIA, IIPH KOETO BEKTOPBT
Ha TAraTa e [pe3 LeHTbpa Ha MacaTa Ha caMoJeTa U
€ ¢ BE3MOKHOCT 3a OTKJIOHSBAHE.

ChbIIIacHO BAPHAHT HA U3NbJIHEHHE IBHAKH-
TENAT BKJIFOUBA BHT/IO B 1034 C JBHraTen.

JIBHXMTENAT MOXe na Oblie U peakTHBEH
JBUTATEI.

OO6TekacmuTe CHIOBH eJIEMEHTH B Kpas Ha
KPHJIATa €a MI0CTaBEHHU 10/ BI'bJI CIIPAMO B3Iy 1l-
HUA NIOTOK M HMAaT KOPMHUJIA.

Kopmunara, enepoHuTe 1 BEKTOPBT Ha TAra-
T4 Ha IBIKHTENIS ¢a C BB3MOKHOCT 32 KOMOHHHpa-
HO OTKJIOHSBAHE.

[IpeaKpHIKKTE, 3aJKPHITKHTE HA TIPELHOTO U
38AHOTO KPHJIO H JIBIDKHTEIIAT Ca C Bb3MOXHOCT 3a
KOMOMHUpPAHO 3ajeiicTBaHe, NpH MOBUIIABAHE HA
HOCELIaTa COCOOHOCT U pasLIMpsSBaHe AHaNa3oHa
Ha LIEHTPOBKHMTE HAa CAMOJIETA.

[IpeakpHIKUTE, 3aAKPHIIKUTE, EEPOHUTE H
BEKTOPBT HA TAraTa Ha JABHKHMTENSA Ca C BB3IMOX-
HOCT 3a KOMOMHHPAHO OTKJIOHSBAHE.

IlpemmcTBara Ha caMoJieTa ChIVIaCHO W306-
peTEHHETO ca:

Kpunara mMorar 1a ce usnon3sar koMOMHHU-
paHo, B 3aBHCHMOCT OT HM3ITBJIHABAHUSA MAHBOBB].
Ilpy TOBa 3aAKPUIIKHTE U eJIEPOHUTE MOTAT Ja H3-
[TBJTHSBAT POJIATA HA KOPMIJIA 33 BHCOYMHA, 32 32~
BOH M IUPEKTHO YNpaB/IcHHE Ha TOeMHATa H CTpa-
HUYHATa CHJIA.

EnHOBpeMEHHOTO OTKIIOHABAHE HAa MEXAHH-
3allMATA Ha JBETE KPUIIA CAMOJIETHT [O3BOMIABA Ja
Ce MOBHMIIM PA3KO MAaKCHMalHATa My HOCEINa
CNnocobHOCT, 6e3 1a ce Ch3AaBaT JOMbIHUTENHH
MOMEHTH, KOMTO Tp40Ba ia 6b1ar GanaHcupany, npu-
MEPHO 4pe3 U3MEHEHHE Ha bIbja Ha OCTABAHE Ha
XOpH30HTasIeH cTabuitu3atop. ITpu CHHXpOHH3Mpa-
HO OTKJIOHEHHE Ha MEXaHH3AIHATA MOXKE SHAYHTE]-
HO J1a ce pa3llMpPH JMana3oHa Ha eKCII0aTalOH-
HHUTE LICHTPOBKH.

HIapHUPHOTO 3aKpenBaHe Ha JBHKUTEA T103-
BOJIABA OTKJIOHSBAHETO MY Ha TOJIEMU BIVH U YII-
PaBNeHHE Ha BEKTOPa Ha TATaTa B XOPH30HTAIHATA
H BEPTHKaJHaTa PaBHHHA.

EnHoBpeMEHHOTO KOMOMHMPAHO OTKIIOHSBA-
He Ha KOPMHIIaTa U IBMXKHTEIA IT03BOJISBA JUPEKT-
HO M HHIMPEKTHO YIIPABNEeHHE Ha aepOHHAMHYIHH-
T€ CHJIH U U3MbJIHEHHE HAa MAHEBPH C PA3KO H3Me-
HEeHHE Ha II0COKATa Ha JBH)KEHHE H BITIOBOTO MO-
JIOKEHHE Ha CaMoJIeTa.
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CamoneTbT 1e MOXe Aa U3THTA H KaLa pu
JIOCTaTb4HA TATOBbOPBHXKEHOCT H BEPTUKAJIHO.
[IpeanaraHusT caMoNET MOXE 2 H3TUTa H CAMO C
elIMH ABUraren, KOWTO OCHTYpPABA H XOPH3OHTAN-
HHS TI0JIET. YCTOMUHMBOCTTA [IPY U3JIUTAHE U KaUaHe
MOXe Ja Ce OCUI'YPH C MaJKH OTKJIOHEHHS Ha
IBWXHTENS, TaKa Ye BEKTOPBT Ha TATaTa My BHHArH
Jla MUHaBA Npe3 LEHThpa Ha MacaTa.

CamoneTbT MOXE Jia Ce U3MON3Ba B MUIIO-
THpaH U 6e3MuI10TeH BapuaHT. [Ipy NUIOTHPaH Ba-
PHaHT MOrar Jia IPOeKTUPAT CaMOJIETH C MHOTO I0-
TOJIAM NOJE3€H TOBap, NPH €AHAKBH pa3sMepH ChC
CBLIECTBYBALMTE 10 TO3H MOMEHT.

OcBeH TOBa CHUJIEHEHOTO KPHJIO, 3a€/IHO C
LIEHTPAIIHHMS CUJIOB €JIEMEHT OCUTYPABAT BE3MOX-
HOCT J1a Ce U3BBPLIBAT MAHEBPH ¢ MHOTO BUCOKH
NpETOBAaPBAaHHs, KAKBUTO ca HeoOXomuMu 3a Ges-
NHJIOTHHTE CAMOJIETH.

OO0TekaeMuTe CTPaHHIHH CHJIOBH €JIEMEHTH
B Kpas Ha KpHJIaTa Ca I0CTABEHH MO/ bI'bJI CIIPAMO
BB3/IYLIHHA TIOTOK ¥ OCHTYPsIBAT YCTOMMMBOCT Cpe-
LIy OTKJIOHEHHS OT Kypca M HakJioHa. Te Morar fa
MMAar KOPMHJIA 33 32BOH U JIUPEKTHO YIpaBleHHe
Ha cTpaHHYHara cuna. KoMOMHMpaHOTO OTKIOHS-
BaHe Ha KOPMMJIATA M BEKTOpa Ha TATaTa OT CHCTE-
MaTa 3a yIIpaB/eHHe NPUIABaT Ha CAMOJIETA CBOJC-
TBaTa CBPbXMAHEBPEHOCT M ITBPTaBOCT, T.€. TOH MO-
Xe Jid U3MbJIHABA MAaHEBPH, KOHTO HE Ca BH3MOXK-
HH 3a CAMOJIETH C APYTH CXEMH.

ITo1e3HHAT TOBap MOKE [a ce MOMECTH B
LIEeHTPOIIAHMUTE Ha KpUJjara, opMara Ha KOHTO ce
0(opMs B 3aBHCHMOCT OT HEOOXOJIMMHTE 3a TOBA
obemu.

O6TekaeMuTe CHIOBH €NEMEHTH B Kpasd Ha
KpHJIaTa ca OCTABEHH IOJl BI'bJI CIIPAMO Bb3Iy1Ll-
HHS TIOTOK, KOETO JONpPHHACA 32 OCHTYpsABaHE Ha
YCTOHYHMBOCT Cpelly OTKJIOHEHHS OT Kypca M
HakJoHa. Te MMaT KOpMHIIa 32 3aBOH M JUPEKTHO
yTpaBJieHHe Ha CTpaHW4HaTa cuna. OCBEH ToBa
NMPEAKPHIKKUTE, 3aJKPHIIKUTE HA TIPEJHOTO U 3a]-
HOTO KPHJIO H IBUKHMTENAT Ca ¢ Bh3MONKHOCT 3a
kOMOMHHPaHO 3aeHCTRAHE 3a IOBHLIABAHE HA HO-
celliata CHOCOGHOCT M pasLIMpsBaHE AUANA30HA HA
LIEHTPOBKHUTE Ha CaMoJIeTa.

H3non3panoTo TexHMueCcko peleHHE HaMa-
715182 HeOOXO0/IMMaTa pasliepeHoCT H Macara Ha KOH-
CTPYKLMATA HA CAMOJIETA, [IPH KOETO TOH UMa mo-
MaJlka pa3epeHoCT H COGCTBEHO Tero, IPH Cpas-
HCHHE C CKBMBAJIEHTHH CAMOJIETH OT JIPYTH CXEMH,
KOETO My OCHTYpsIBA IPeAMMCTBA IIPU JIETATETHATA
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H TEXHHUYCCKa eKCIToararus.

llpym CBLUCCTBCHN NpECAUMCTBA Ca, Y€ Ca-
MOJIETHT MOXe Jia Objie 663HPIJIOTCH, KaKTO W 1a U3-
JINTA H Kala BEPTHKAJIHO.

IosicHeHue Ha MPHAOKeHUTE PUTYDH

H306peTeHneTo ce MOACHABA ¢ MPHMEPHO
M3IIbJIHEHHE, TOKA3aHO Ha NPUJIOXKEHHTe QUrypy,
OT KOHUTO:

¢urypa 1 npeacrasisBa akCOHOMETPHYEH H3-
ie] OTIpeS M OTIOpe Ha BHCOKOMAHEBPEHHUS Ca-
MOJIET CbC CHWIEHEHO KPUIIO;

¢urypa 2 - nome 0Trope Ha caMoJieTa;

¢urypa 3 - mornea oTpe] Ha CaMoJieTa.

IIpumepHn 3a H3NbJHeHHe HA W3006PETEHHETO

BrcokoMaHeBpeHUAT CAMOJIET ChC ChUJIEHE-
HO KPHJIO, [IOKa3aH Ha QHT. 1, ce CECTOM OT HPEAHO
KPHJIO C TA0 1 M 33JJHO KpUJNO 2, CheUHEHH 110
cpenarta ¢ LEHTPAIEH CHIIOB €eMEHT 3, a B Kpa-
HI1aTa CbC CTPAHUYHU OO TEKaeMH CHIIOBH €JIeMEH-
TH 4. K'bM UEHTPATHUS CHIIOB €NIEMEHT 3 [IAPHUPHO
€ 3aKpereH JBMXKHTEN 5, IOCpecTBOM paMKa 12 ¢
XOPH30HTAJIEH LIAPHHD 6, 32 XOPU3OHTATHO 3aBbp-
TBaHE Ha JIBMOKUTE/IS 5 M HAKJIOHEH IIApHUp 7, 3a
ABMOKEHHE Ha NBHXHTENS 5 MO BEpPTHKANa.
JBWXHTEIAT 5 BKIIO4YBA BHTIO B AF034 M JBUTATEN
WM PEAKTHBEH WIM PakeTeH ABUrarel. LieHTpanHusaT
CHJIOB €JIEMEHT 3, kpunara 1, 2 u cTpaHuYHKTE 06-
TEKaeMH CHJIOBH €JIEMEHTH 4 06pasyBaT npocTpan-
CTBEHATA CHJIOBA PaMKa, IPHaBala YCTOHYHBOCT
Ha KoHCTpyKumATa. [Ipennoto 1 u 3aaHo 2 kpusno
MMaT MeXaHHM3allus, BKIIOYBAllA NPEIKPHIIKH 3,
3aJKpHIKH 9, eneponu 10, a ctpaHUuHKTE 00TEKA-
€MH CHJIOBH eJIeMEeHTH 4 umar kopMia 11, kouTo
MOTaT A2 Ce H3MON3BaT KOMOHHHPAHO, B 3aBHCH-
MOCT OT M3ITbJIHABAHUA MaHBOBBD. [1pu TOBA 3a1K-
punkure 9, eneponnte 10 U kopmuiara 11 u3msiHs-
Bar poJiATa Ha KOPMHIA 3a BHCOYHHA, 34 3aBOH W
AMPEKTHO yNpaB/ieHHe Ha NIOIEMHATA H CTPAHMYHA-
Ta CHJIA.

BB3MOXHU ca BAPHAHTH C HAKONKO CHJIOBH
€JIEMEHTa 3, 32 KOMTO Ca 3aXBAHATH IIAPHUPHO He-
KOJIKO ABHXKUTENA 5.

Ipunoxenne Ha H300peTEHHETO

CaMOJIETBT ChC CHU/IEHEHO KPHIIO H yIIpaB-
JIAEM BEKTOP Ha TATAaTa MOXE Jia Ce U3MO0N3BA B TH-
JNIOTHpaHaTa ¥ 6e3MHII0THA ABHALIMA 3a [IPEBO3 Ha ITBT-
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HUOU M TOBapH, CNOPTHH M yueOHHM uenH, 3a
HaOmoJeHuUe, 3a raceHe Ha NOXapH X peJoTBpaTs-
BaHE Ha IpayIlKy.

CaMoNeThbT ChC CHYIEHEHO KPHJIO € C YNpaB-
Ji1eM BEKTOp Ha TATATa, IPU KOETO BHCOKATA MAHEB-
PeHOCT e HeobXoIMMa NPH aKPOOATHYHH CIIOPTHH Ca-
MOJIETH Y IIPH CaMOJIETH 3a raceHe Ha MOXapH B
TNIaHHHCKU MECTHOCTH.

[Ipy u3NMTaHe U KalaHe KaTo caMoJIeT (ChC
3aCHJIBAHE M U3THPKAJIBaHe) eIeMEHTUTE Ha MeXa-
HU3aXATA HA MPEAHOTO | M 3afHOTO 2 KpWio ca
CITyCHATH, KOETO YBE/IMYaBa koe(hUIMEHTa Ha IOJEM-
HaTa Cuna, a JBIDKMTEIIST 5, KOHTO € 3aKpeIieH B LeH-
Thpa Ha MacaTa, MOXe [ia CE 3aBbPTH OKOJO XOPH-
30HTAJIHHUA IIAPHHD 6, KaTO Ch3]aBa JOMbIHHTE IHA
MOJIEMHA CHJIa M TOBA MO3BOJIABA HAMAIABAHE Ha
npobera u pasbera, a npu A0CTaThbuHA
TATOBBOPBKEHOCT, CAMOJNIETHT MOMKE J1a H3JIHTA H Ka-
112 BEPTHKAJTHO.

IMaTenTHH IPeTCHIIUH

1. CamoneT Cbe CHUNEHEHO KPHIIO, CHCTOSIN]
C€ OT NPEeJHO KPHUJIO C TANO M 33HO KPHIIO, CBBp-
3aHH MOMEXY CH ChC CTPAHHYHH 00TEKaeMM CH-
JIOBH €JIeMEHTH NPEAKPHIKH, 3aAKPHIKH H C
€NICPOHH, 3aXBaHATH 32 KPHIATa U JBHXXMTE, Xa-
paKTepH3Hpaill Ce C TOBA, Ye EHTPATHUTE YaCTH Ha
kpunara (1 u 2) ca cBbp3aHu upe3 o6TexacM LEHT-
PaJieH CHJIOB €neMeHT (3), 00pa3syBalll ¢ TAX U CTpa-
HUYHMTE 00TEKaEMH CHJIOBH enieMenTH (4) mpoct-
paHcTBeHa pamka (12), kaTo KbM LEeHTpaTHKA 06Te-
KaeM CHJIOB eJIeMEHT (3) nocpeAcTBoM paMkara (12)
H WapHupH (6 U 7) € MOHTHpaH ABxuTENAT (5),
NIPH KOETO BEKTOPBT Ha TAraTa e Tpe3 LEeHThPa Ha
MacaTa Ha CaMoJeTa H € ¢ Bb3MOXKHOCT 32 OTIJIOHA-
BaHe.
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2. CaMonet cbIVIacHO NMpeTeHLHUA 1, xapak-
TEpHU3HpaLl Ce ¢ TOBA, Y€ ABHKHTENAT (5) BKIIOU-
BA BHTJIO B JII03a C ABHFaTEll.

3. Camoner cbrmacHo npeteHUus 1, xapak-
TEPH3HpALIl Ce ¢ TOBA, Ye ABIXKUTENAT (5) € peak-
THBEH JIBUTATEL.

4, CaMonet CbIIaCHO NpeTeHHu  oT 1 Ji0 3,
XapakTepH3Mpalll ce ¢ ToBa, 4e O0TeKaeMHUTe CH-
JoBM eeMeHTH (4) B kpast Ha kpunara (1, 2) ca
MIOCTAaBEHH [0 BI'bJI CLIPSAMO BE3AYIIHHS TOTOK U
uMar xopmmna (11).

5. CaMoner chIIacHO npeTeHuun oT 1 10 4,
XapaKkTepH3dpall ce ¢ ToBa, 4ye kopmunara (11),
enepoHuTe (10) ¥ BEKTOPHT Ha TATATa HA JBHIKUTE-
ns (5) ca ¢ BB3MOXHOCT 32 KOMOHHUPAHO
OTKJIOHABAHE.

6. CaMoneT ChIVIaCHO MpeTeHL H OT 1 710 4,
XapaKTepU3Upalll Ce C TOBa, ue Mpeakpuakute (8),
3aKpUKuTe (9) Ha peiHoTO (1) ¥ 33THOTO KpH-
710 (2) ¥ 1BUXHTENAT (5) Ca ¢ BB3MOXKHOCT 32 KOM-
OMHHMpaHO 3ajelicTBaHe, NPH OBHIIABAHE HA HO-
cewara CocoOHOCT M pasiukpABaHe IHaNa3oHa Ha
LICHTPOBKHTE Ha CaMOJIeTa.

7. CamoneT CbIIacHO peTeHIHu oT 1 10 4,
XapakTepu3Hpalll ¢e ¢ TOBa, 4e npeaxpuikure (8),
3apkpunkute (9), eneponute (10) ¥ BEKTOPLT Ha
TArara Ha ABMKHMTENSA (5) ca ¢ Bb3MOXHOCT 32 KOM-
OMHUPAHO OTKJIOHABAHE.

Ipuaoxenne: 3 purypu
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TWIN BOOM VTOL ROTORCRAFT WITH
DISTRIBUTED PROPULSION
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BACKGROUND OF THE INVENTION

[0002] The helicopter is an essential modern air transpor-
tation vehicle. Rotorcraft and rotary-wing vehicle are the
technical term designated for aircraft equipped with rotating
wing, which provides lift, propulsion and steering control.
Rotoreraft can land and take-off without the presence of a
long runway. However, travelling in a helicopter is expen-
sive, due to the high operational cost. Moreover, helicopter
with fossil fuel engine flying over an urban area is known to
be a source of noise and air pollution.

[0003] The world of aviation is under pressure to reduce
emission. As a result, there is numerous new designs of
E-VTOL (electrical vertical take-off and landing) rotorcraft
in progress, and the term “Air Taxi”, UAM (urban air
mobility) or AMM (Advanced Air Mobility) are adopted for
this type of personal or cargo aerial transportation. An
E-VTOL rotorcraft is quiet, emission free and low opera-
tional cost.

[0004] As the traffic is increasingly congested in the global
urban area, an affordable E-VTOL rotorcraft is the solution
for daily commuter to avoid the congestion on the road.
Without traffic delay, an affordable E-VTOL rotorcraft can
also serve as law enforcement vehicle, ambulance and
medical cargo transporter.

[0005] Since the weight of electrical energy storage
accounts for a large fraction of the total weight of the
E-VTOL rotorcraft, it is paramount to design an electrical
rotorcraft with higher propulsive thrust and lift thrust effi-
ciency. The electrical energy storage for electrical rotorcraft
is not limited to electrical battery or fuel cell. Based on the
momentum theory of propeller, small disc area with high
disc loading leads to lower lift thrust efficiency. Therefore,
higher power is required to lift the rotorcraft and more
energy is consumed to hover. The best demonstration of this
theory can be found in human powered rotorcraft. The
human powered rotorcraft with multiple giant rotors is as
large as the size of a basketball court. The disc area must be
very large, in order to reduce the disc loading and increase
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lift thrust efficiency, therefore a person can provide the
required power to hover the rotorcraft. However, long light
weight rotor blade has limited strength and non-practical for
landing on a small area. Moreover, the longer rotor blade
increases of the risk of impact surrounding obstacle and
human.

SUMMARY OF THE INVENTION

[0006] The primary objective of the present invention is to
disclose a VTOL rotorcraft with distributed propulsion,
which is suitable for larger and heavier aerial vehicle appli-
cation. The distributed propulsion includes at least four lift
rotors and at least four proprotors to benefit from the reliable
and agile function of a quadcopter. The proprotors provide
lift thrust and flight forward thrust. Moreover, the four lift
rotors can be stowed during horizontal flight to reduce drag.
[0007] 1. In one embodiment of the VIOL rotorcraft is
provided, comprising of the fuselage, the opposing wing, a
pair of opposing inboard booms, at least one pair of oppos-
ing outboard booms, an inverted V-tail, a plurality of pro-
protors, and a plurality of lift rotors.

[0008] 2. In one embodiment of the VIOL rotorcraft is
provided, comprising of the fuselage, the opposing wing, a
pair of opposing inboard booms, at least one pair of oppos-
ing outboard booms, a high-tail, a plurality of proprotors,
and a plurality of lift rotors.

OBJECT OF THE INVENTION

[0009] The primary object of the present invention is an
aerial vehicle with the capability to convert between VTOL
flight to airplane flight.

PRIOR ART

[0010] Traditionally, helicopter is equipped with a single
large rotor for lift, propulsion and steering control. Helicop-
ter is distinctive by the tail rotor to balance the torque effect
of the main rotor. A significant amount of energy is wasted
in the tail rotor in hover and low-speed flight. In order to
eliminate the need for the tail rotor, the contra-rotating rotors
were introduced in helicopter design. The contra-rotating
rotors can balance the torque effect and increase power
without increase in disc frontal diameter. A light weight
civilian helicopter with large main rotor is known to have
lower disk loading. As a result, the lift thrust efficiency is the
highest among the VTOL (vertical take-off and landing)
vehicle. The fact that helicopter has large main rotor with
high inertia, it is not possible to modulate the rotational
speed to vary the output thrust. As a result, helicopter’s rotor
operates at constant speed, and the pitch of the rotor blade
is changed by the swash plate mechanism. The swash plate
mechanism is linked to the collector and cyclic to steer the
helicopter, which is a complex and heavy equipment. Natu-
rally, both single rotor or contra-rotating rotary wings have
the complex mechanical swash plate system.

[0011] The arrival of distributed electrical propulsion sys-
tem allows modern multirotor to substitute the single main
rotor helicopter. The electrical propulsion system is
equipped with multiple independent rotors of smaller disc
area to provide lift, propulsion and steering control. Quad-
rotorcraft is a popular design for electrical rotorcraft, since
it contains four moving parts, which are the four rotating
rotors. The fixed pitch rotor with small diameter has low
inertia, therefore it can rapidly change the output thrust by
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modulating the rotational speed of the rotor. The change of
the output thrust of the four rotors creates the thrust vector
for 1ift, propulsion and steering control. The distributed
electrical propulsion architecture decreases rotor loading by
increasing the number of lift rotor.

[0012] Advantageously, VTOL (vertical take-off and land-
ing) vehicle can operate without a runway. However, an
aerial vehicle operating in VTOL mode requires signifi-
cantly higher amount of energy than an airplane with fixed
wing to maintain forward flight. Therefore, the usefulness of
the VTOL vehicle is limited to short-range flight. The
modern VTOL vehicle is commonly designed with electrical
power plant. In order to reduce the weight of electrical
energy storage, a viable VTOL vehicle can adapt to airplane
mode for long range forward fight. The proprotor is a rotor
which can provide lift thrust and forward thrust. The pro-
protor has the advantage to reduce drag during horizontal
flight and reduce the overall weight of the rotorcraft. FIG. 11
provides examples of designs known to the art from Archer
Aviation 1000, Wisk Aero 1001 and Vertical Aerospace
1002. The examples depict a VTOL vehicle design with a
plurality of booms coupled on the wings, and the booms are
provided with a plurality of proprotors and a plurality of lift
rotors. In this example, a plurality of proprotors is positioned
forward of the center of gravity and a plurality of lift rotors
is positioned aftward of the center of gravity. Consequently,
from the failure of the plurality of proprotors, the plurality
of lift rotors alone is inadequate to provide flight control
authority to the vehicle in the pitch plane.

BRIEF DESCRIPTION OF DRAWINGS

[0013] It should be observed that three mutual orthogonal
directions X, Y, and 7 are shown in some of the FIGS. The
first direction X is said to be “longitudinal”, and the forward
side is referenced to be positive. A rotational movement
around the longitudinal direction is known as roll. The
second direction Y is said to be “transverse”, and the port
side 1s referenced to be positive. A rotational movement
around the transverse direction is known as pitch. Finally,
the third direction 7 is said to be “vertical”, and the up side
is referenced to be positive. A rotational movement around
the vertical direction is known as yaw. Moreover, it should
be observed that force vector is shown in dash lead arrow
and the direction of movement is shown in bold lead arrow.
[0014] FIG. 1 shows a perspective view of the embodi-
ment of the twin boom rotorcraft in VTOL mode and hover
mode.

[0015] FIG. 2 shows a top orthogonal view of the embodi-
ment of FIG. 1.
[0016] FIG. 3 shows a perspective view of the embodi-

ment of FIG. 1 with forces acting thereon.

[0017] FIG. 4 shows a perspective view of the embodi-
ment of the twin boom rotorcraft in airplane mode with
forces acting thereon.

[0018] FIG. 5 shows a back orthogonal view of the
embodiment of the twin boom rotorcraft in landed configu-
ration.

[0019] FIG. 6 shows a perspective view of another
embodiment of the twin boom rotorcraft in VIOL mode and
hover mode.

[0020] FIG. 7 shows a perspective view of the embodi-
ment of FIG. 6 with forces acting thereon.
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[0021] FIG. 8 shows a perspective view of the embodi-
ment of the twin boom rotorcraft in airplane mode with
forces acting thereon.

[0022] FIG. 9 shows a side orthogonal view of the
embodiment of an optional configuration of the inboard
boom provided with the lift rotor.

[0023] FIG. 10 shows a side orthogonal view of the
embodiment of an optional configuration of the outboard
boom provided with the lift rotor.

[0024] FIG. 11 are photos of existing or proposed VTOL
rotorcraft design known in the art.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Regarding the invention disclosure, the feature and
advantage of the invention are particularly pointed and
distinctly claimed in the claims. Detailed description and
methods are given to provide further comprehension of the
functionality of the invention. In the disclosure of the
invention, the technical term “rotor” is referred as the
rotating blade with airfoil to generate thrust by moving air.
Moreover, the technical term “proprotor” is referred as the
rotating blade with airfoil to generate thrust by moving air
as an airplane-style propeller and helicopter-style rotor.
Moreover, the term “opposing” is used to describe a com-
ponent, feature, or element which is symmetrical with
respecting to median plane of the rotorcraft. It is further

2 <

understood that the terms “includes”, “including”, “com-
prises”, “comprising”, “couples”, ‘coupled”, “mounts”, and
“mounted”, when used herein, specify the presence of stated
features, components and elements, without the further
detail on the method of mechanical interconnexion. In
addition, it is also understood that the singularity form “a”,
“an”, and “the” used throughout the description are intended
to includes plural forms as well, unless the context clearly
specifies otherwise.

[0026] FIG. 1 shows a perspective view of the embodi-
ment of the twin boom rotorcraft 100 in VTOL and hover
mode. The rotorcraft 100 comprising of the fuselage 101, the
wings 102, the inboard booms 103, the outboard booms 108,
the inverted V-tail 104, the rudders 105, a plurality of
proprotors 106 and 109, a plurality of lift rotors 107, and the
ailerons 110. The proximal ends of the transversely extended
opposing wings 102 are coupled to the longitudinally
extended fuselage 101. Naturally, the center of the wings is
positioned near the center of gravity of the rotorcraft along
the longitudinal direction. The wings 102 are provided with
the first longitudinally extended inboard booms 103 and
second longitudinally extended outboard booms 108. The
inboard booms 103 and outboard booms 108 comprises of a
structure forward of the wings 102, and a structure aftward
of the wings 102. The V-tail 104 includes a pair of opposing
diagonal stabilizers. The aftward structure of the inboard
booms 103 are coupled to the proximal ends of the V-tail
104. The distal ends of the diagonal stabilizers of the V-tail
104 are coupled together. The diagonal stabilizers of the
V-tail 104 are provided with the rudders 105. The structure
of the inboard booms 103 forward of the wings 102 is
coupled through a tilt mechanism to the proprotor 106. The
structure of the inboard booms 103 aftward of the wings 102
is provided with the lift rotor 107. The structure of the
outboard boom 108 forward of the wings 102 is provided
with the lift rotor 107. The structure of the outboard boom
108 aftward of the wings 102 is coupled through a tilt
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mechanism to the proprotor 109. The proprotors 106 and
109 may be provided with more than two blades with
variable collective pitch capability. Moreover, the lift rotors
107 may be provided with two blades or a pair of two blades
in coaxial corotating arrangement. The proprotors 106 and
109 can tilt in the pitch axis to vector rotor thrust in the
vertical direction for VTOL and hover mode. The thrust of
the lift rotors 107 is also contributing for vertical flight. The
axis of the rotation of the lift rotors 107 and proprotor 106
or 109 may be canted from the vertical axis to minimize the
damage resulting from a blade failure event (commonly
referred to as rotor burst). In detail, the canted configuration
allows rotor burst trajectory to avoid impacting the fuselage
101, adjacence propulsion unit and flight critical compo-
nents. The opposing wings 102 are provided with the
ailerons 110.

[0027] FIG. 2 shows a top orthogonal view of the twin
boom rotorcraft 100 in VTOL and hover mode.

[0028] FIG. 3 shows a perspective view of the embodi-
ment of the twin boom rotorcraft 100 in VTOL and hover
mode shown with the propulsive forces. It can be observed
that each one of the lift rotors 107 is configured to generate
vertical lift vector F1, F2, F3, and F4. During stable vertical
flight and hover, the sum of the lifting vector F1, F2, F3, and
F4 generated thereby passes approximately through the
center of gravity of rotorcraft 100. Similar to a quadcopter
architecture, some of the lift rotors 107 rotate in opposite
directions, as indicated by the curved bold arrows. As a
result, the torque effect generated by lift rotors 107 substan-
tially cancel each other out. Also shown in FIG. 3, the output
thrust of the proprotor 106 and 109 is oriented vertically,
therefore the thrust is represented by vertical lift vector F3,
F6, F7, and F8. The sum of the lifting vector F5, F6, F7, and
F8 gencrated thereby passes approximately through the
center of gravity of the rotorcraft 100, during stable vertical
flight and hover. Some of the proprotor 106 and 109 rotate
in opposite directions, as indicated by the bold curved
arrows, so that the torque effect generated by proprotor 106
and 109 substantially cancel each other out. Naturally,
during stable vertical flight and hover, the sum of the eight
lift forces F1 to F8 is intersecting the center of gravity of the
rotorcraft 100. Finally, flight movements such as maintain-
ing leveled hover, tilting in the pitch axis to fly forwards or
backwards, tilting in the roll axis to fly sidewards and
yawing along the vertical axis can be accomplished by
modulating the magnitude of the thrust of each individual
rotor.

[0029] FIG. 4. shows a perspective view of the embodi-
ment of the twin boom rotorcraft 100 in airplane mode with
the propulsive forces. The rotorcraft 100 is depending on the
forward speed to generate airfoil lift from the wings 102.
The axis of rotation of the proprotors 106 and 109 is oriented
horizontally, therefore the output thrust F5, F6, F7, and F8
are propelling the rotorcraft 100 forward. The proprotors
106 is in tractor configuration and the proprotors 109 is in
pusher configuration. The lift rotors 107 are inactive and the
blades are locked in position to minimized frontal area
exposure to reduce drag during forward flight. The rudders
105 and ailerons 110 function as flight control surfaces to
provide pitch, roll and yaw authority to the rotorcraft 100.
[0030] FIG. 5. shows a back orthogonal view of the of the
embodiment of the twin boom rotorcraft 100 landed on
ground. The proprotors 106 is oriented vertically and the
proprotors 109 are oriented horizontally. This configuration
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of proprotors 106 and 109 allows easy ingress and egress to
fuselage 101 and rear door 111.

[0031] FIG. 6 shows a perspective view of the embodi-
ment of the twin boom rotoreraft 200 in VTOL and hover
mode. The rotorcraft 200 comprising of the fuselage 201, the
wings 202, the inboard booms 203, the outboard booms 208,
the high-tail 204, the rudders 205, the elevator 205q, a
plurality of proprotors 206 and 209, a plurality of lift rotors
207, and the ailerons 210. The proximal ends of the trans-
versely extended opposing wings 202 are coupled to the
longitudinally extended fuselage 201. Naturally, the center
of the wings is positioned near the center of gravity of the
rotorcraft along the longitudinal direction. The wings 202
are provided with the first longitudinally extended inboard
booms 203 and second longitudinally extended outboard
booms 208. The inboard booms 203 and outboard booms
208 comprises of a structure forward of the wings 202, and
a structure aftward of the wings 202. The high-tail 204
includes a horizontal stabilizer and a pair of opposing
vertical stabilizers. The aftward structure of the inboard
booms 203 are coupled to the proximal ends of the high-tail
204. The horizontal stabilizer is coupled between the distal
ends of the vertical stabilizers. The opposing vertical stabi-
lizers of the high-tail 204 are provided with the rudders 205.
The horizontal stabilizer of the high-tail 204 is provided
with the elevator 205a. The structure of the inboard booms
203 forward of the wings 202 is coupled through a tilt
mechanism to the proprotor 206. The structure of the
inboard booms 203 aftward of the wings 202 is provided
with the lift rotor 207. The structure of the outboard boom
208 forward of the wings 202 is provided with the lift rotor
207. The structure of the outboard boom 208 aftward of the
wings 202 is coupled through a tilt mechanism to the
proprotor 209. The proprotors 206 and 209 may be provided
with more than two blades with variable collective pitch
capability. Moreover, the lift rotors 207 may be provided
with two blades or a pair of two blades in coaxial corotating
arrangement. The proprotors 206 and 209 can tilt in the pitch
axis to vector rotor thrust in the vertical direction for VIOL
and hover mode. The thrust of the lift rotors 207 is also
contributing for vertical flight. The axis of the rotation of the
lift rotors 207 and proprotor 206 or 209 may be canted away
from the vertical axis to minimize the damage resulting from
a blade failure event (commonly referred to as rotor burst).
In detail, the canted configuration allows rotor burst trajec-
tory to avoid impacting the fuselage 201, adjacence propul-
sion unit and flight critical components. The opposing wings
202 are provided with the ailerons 210.

[0032] FIG. 7 shows a perspective view of the embodi-
ment of the twin boom rotorcraft 200 in VTOL and hover
mode with the propulsive forces. It can be observed that
each one of the lift rotors 207 is configured to generate
vertical lift vector F1, F2, F3, and F4. Moreover, each of the
proprotors 206 and 209 is configurated to generate vertical
lift vector F5, F6, F7, and F8. The rotorcraft 200 shares the
same propulsive characteristic as rotorcraft 100 in VTOL
and hover mode.

[0033] FIG. 8. shows a perspective view of the embodi-
ment of the twin boom rotorcraft 200 in airplane mode with
the propulsive forces. The rotorcraft 200 is depending on the
forward speed to generate airfoil lift from the wings 202.
The axis of rotation of the proprotors 206 and 209 is oriented
horizontally, therefore the output thrust F5, F6, F7, and F8
are propelling the rotorcraft 200 forward. The lift rotors 207



US 2024/0002048 Al

are inactive and the blades are locked in position to mini-
mized frontal area exposure to reduce drag during forward
flight. The rudders 205, elevator 2052 and ailerons 210
function as flight control surfaces to provide pitch, roll and
yaw authority to the rotorcraft 200.

[0034] FIG.9. shows a side orthogonal view of an optional
embodiment of the inboard boom 103 or 203 provided with
lift rotor 107 or 207. It can be observed that lift rotor 107 or
207 is integrated within the structure of the inboard boom
103 or 203. During airplane mode, the stowed lift rotor 107
or 207 is hidden inside the structure of the inboard boom 103
or 203, as a result a further drag reduction is achieved.
Moreover, inboard boom 103 or 203 can be provided with an
optional door to fully encapsule the stowed lift rotor 107 or
207.

[0035] FIG. 10. shows a side orthogonal view of an
optional embodiment of the outboard boom 108 or 208
provided with lift rotor 107 or 207. It can be observed that
lift rotor 107 or 207 is integrated within the structure of the
outboard boom 203 or 203. During airplane mode, the
stowed lift rotor 107 or 207 is hidden inside the structure of
the outboard boom 108 or 208, as a result a further drag
reduction is achieved. Moreover, outboard boom 108 or 208
can be provided with an optional door to fully encapsule the
stowed lift rotor 107 or 207.

[0036] FIG. 11. are photos of existing or proposed VIOL
rotorcraft designs known in the art. The examples show the
possible choices of VIOL rotorcraft design from Archer
Aviation 1000, Wisk Aero 1001 and Vertical Aerospace
1002. In general, the aerial vehicle design is shown with a
plurality of booms coupled on the wings, and the booms are
provided with a plurality of proprotors and a plurality of lift
rotors.

[0037] Naturally, there are numerous variations, modifi-
cations and configurations which may be made hereto with-
out departing from the scope of the disclosure invention. It
should be understood that the embodiments are for illustra-
tive and explanatory purpose and it is not conceivable to
identify exhaustively all possible embodiments. Many other
embodiments will be apparent to those of skill in the art
upon reviewing the above description. During VTOL and
hover flight, the placement of the four lift rotors permanently
allows the rotorcraft to benefit from the reliable and agile
function of a quadcopter. Moreover, the twin boom design
allows an unobstructed access path to the rear door.

1. A rotorcraft adapted for vertical take-off, vertical land-

ing and horizontal flight comprising:

a longitudinally extended fuselage;

a pair of opposing wings, each of said opposing wings
having a wing proximal end and a wing distal end,
wherein the proximal end of each of the wings is
coupled to the fuselage;

a pair of opposing inboard booms, each of said inboard
booms having a longitudinal structure forward of the
wings and a longitudinal structure aftward of the wings,
wherein each of the inboard booms is coupled closely
to the proximal end of each wing, and the fuselage is
positioned between the inboard booms;

at least one pair of opposing outboard booms, each of said
outboard booms having a longitudinal structure for-
ward of the wings and a longitudinal structure aftward
of the wings, wherein each of the outboard booms is
coupled closely to the distal end of each wing, and the
fuselage is positioned between the outboard booms;
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An inverted V-tail, wherein the inverted V-tail having
opposing diagonal stabilizers with the proximal ends
coupled to the aftward structure of the inboard booms,
and the distal ends coupled together;

A first plurality of proprotors, wherein the proprotor is
coupled on the forward structure of the inboard booms
by a tilt mechanism configurated to rotate between
VTOL and airplane mode;

A second plurality of proprotors, wherein the proprotor is
coupled on the aftward structure of the outboard booms
by a tilt mechanism configurated to rotate between
VTOL and airplane mode;

A first plurality of lift rotors, wherein the lift rotor is
coupled on the aftward structure of the inboard booms
between the wings and the V-tail;

A second plurality of lift rotors, wherein the lift rotor is
coupled on the forward structure of the outboard
booms;

A pair of ailerons, wherein the ailerons are coupled to the
wings by a pivot mechanism;

A pair of rudders, wherein the rudders are coupled to the
diagonal stabilizers by a pivot mechanism.

2. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotors can tilt on the pitch axis to direct the
output thrust to the vertical direction in the VTOL configu-
ration.

3. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotors may have blades with variable col-
lective pitch capability.

4. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotors in the VIOL configuration and a
plurality of lift rotors provide the vertical thrust to hover, fly
up, fly down, fly forward, fly backward, fly sideway and
change vaw heading.

5. A rotorcraft as set forth in claim 1, wherein said a
plurality of lift rotors and proprotors in the VIOL and hover
configuration can have the axis of rotation canted from the
vertical axis to direct rotor burst trajectory away from
critical flight components and passenger.

6. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotors in the VTOL configuration has the
function to improve propulsive efficiency by reducing col-
lective disc loading.

7. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotor can pivot on the pitch axis to direct the
output thrust to the horizontal direction in the airplane
configuration.

8. A rotorcraft as set forth in claim 1, wherein said a
plurality of proprotors in airplane configuration provides the
thrust for horizontal flight and said wings provide the lift
force to maintain airborne.

9. A rotorcraft as set forth in claim 1, wherein said a pair
of ailerons and a pair of rudders provide the flight control for
pitch, roll and yaw in airplane mode.

10. A rotorcraft as set forth in claim 1, wherein said a
plurality of lift rotors can be integrated within the structure
of the supportive booms.

11. A rotorcraft adapted for vertical take-off and horizon-
tal flight comprising:

a longitudinally extended fuselage;

a pair of opposing wings, each of said opposing wings
having a wing proximal end and a wing distal end,
wherein the proximal end of each of the wings is
coupled to the fuselage;
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a pair of opposing inboard booms, each of said inboard
booms having a longitudinal structure forward of the
wings and a longitudinal structure aftward of the wings,
wherein each of the inboard booms is coupled closely
to the proximal end of each wing, and the fuselage is
positioned between the inboard booms;

at least one pair of opposing outboard booms, each of said
outboard booms having a longitudinal structure for-
ward of the wings and a longitudinal structure aftward
of the wings, wherein each of the outboard booms is
coupled closely to the distal end of each wing, and the
fuselage is positioned between the outboard booms;

A high-tail, wherein the high-tail having a horizontal
stabilizer and the opposing vertical stabilizers, wherein
the vertical stabilizers having proximal ends coupled to
the aftward structure of the inboard booms, and
wherein the horizontal stabilizer is coupled to the distal
ends of the vertical stabilizers;

A first plurality of proprotors, wherein the proprotor is
coupled on the forward structure of the inboard booms
by a tilt mechanism configurated to rotate between
VTOL and airplane mode;

A second plurality of proprotors, wherein the proprotor is
coupled on the aftward structure of the outboard booms
by a tilt mechanism configurated to rotate between
VTOL and airplane mode;

A first plurality of lift rotors, wherein the lift rotor is
coupled on the aftward structure of the inboard booms
between the wings and the high-tail;

A second plurality of lift rotors, wherein the lift rotor is
coupled on the forward structure of the outboard
booms;

A pair of ailerons, wherein the ailerons are coupled to the
wings by a pivot mechanism;

A pair of rudders, wherein the rudders are coupled to the
vertical stabilizers by a pivot mechanism;

An elevator, wherein the elevator is coupled to the hori-
zontal stabilizer by a pivot mechanism.
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12. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors can tilt on the pitch axis to direct the
output thrust to the vertical direction in the VTOL configu-
ration.

13. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors may have blades with variable col-
lective pitch capability.

14. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors in the VIOL configuration and a
plurality of lift rotors provide the vertical thrust to hover, fly
up, fly down, fly forward, fly backward, fly sideway and
change yaw heading.

15. A rotorcraft as set forth in claim 11, wherein said a
plurality of lift rotors and proprotors in the VTOL and hover
configuration can have the axis of rotation canted from the
vertical axis to direct rotor burst trajectory away from
critical flight components and passenger.

16. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors in the VTOL configuration has the
function to improve propulsive efficiency by reducing col-
lective disc loading.

17. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors can pivot on the pitch axis to direct
the output thrust to the horizontal direction in the airplane
configuration.

18. A rotorcraft as set forth in claim 11, wherein said a
plurality of proprotors in airplane configuration provides the
thrust for horizontal flight and said wings provide the lift
force to maintain airborne.

19. A rotorcraft as set forth in claim 11, wherein said a pair
of rudders, elevators and a pair of ailerons provide the flight
control for pitch, roll and yaw in airplane mode.

20. A rotorcraft as set forth in claim 11, wherein said a
plurality of lift rotors can be integrated within the structure
of the supportive booms.

* 0k % % ¥



US 20180105279A1

asy United States

a2 Patent Application Publication (o) Pub. No.: US 2018/0105279 A1

Tighe et al.

(43) Pub. Date: Apr. 19, 2018

(54)

(7

(72)

2D

(22)

(51

MULTICOPTER WITH BOOM-MOUNTED
ROTORS

Applicant: Kitty Hawk Corporation, Mountain
View, CA (US)

Inventors: James Joseph Tighe, San Jose, CA
(US); Eric Allison, Mountain View, CA
Us)

Appl. No.: 15/297,035

Filed: Oct. 18, 2016

Publication Classification

Int. CL

B64D 29/02 (2006.01)
B64C 29/00 (2006.01)
B64D 27/24 (2006.01)
B64C 5/08 (2006.01)

200 ~

204
Ny

(52) US.CL
CPC oo B64D 29/02 (2013.01); B64C 5/08
(2013.01): B64D 27/24 (2013.01); B64C
29/0025 (2013.01)

(57) ABSTRACT

A multicopter aircraft with boom-mounted rotors is dis-
closed. In various embodiments, a multicopter as disclosed
herein includes a fuselage; a port side wing coupled to the
fuselage; and a starboard side wing coupled to the fuselage.
Each of the wings has mounted thereto one or more booms,
each boom having a forward end extending forward of a
corresponding wing to which the boom is mounted and an
after end extending aft of said corresponding wing to which
the boom is mounted. The aircraft further includes a first
plurality of lift rotors, each rotor in said first plurality being
mounted on a forward end of a corresponding one or said
booms; and a second plurality of lift rotors, each rotor in said
second plurality being mounted on an after end of a corre-
sponding one or said booms. Each rotor produces vertical
thrust independent of the thrust produced by the other rotors.
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MULTICOPTER WITH BOOM-MOUNTED
ROTORS

BACKGROUND OF THE INVENTION

[0001] Multicopter aircraft typically include a plurality of
horizontally oriented rotors, sometimes referred to as “lift
fans,” to provide lift, stability, and control. A flight control
system, sometimes referred to as a “flight controller” or
“flight computer”, may be provided to translate pilot or other
operator input, and/or corrections computed by an onboard
computer, e.g., based on sensor data, into forces and
moments and/or to further translate such forces and
moments into a set of actuator (e.g., lift rotors; propellers;
control surfaces, such as ailerons; etc.) and/or associated
parameters (e.g., lift fan power, speed, or torque) to provide
the required forces and moments.

[0002] For example, pilot or other operator inputs may
indicate a desired change in the aircraft’s speed, direction,
and/or orientation, and/or wind or other forces may act on
the aircraft, requiring the lift fans and/or other actuators to
be used to maintain a desired aircraft attitude (roll/pitch/
yaw), speed, and/or altitude.

[0003] An aircraft typically is considered to have six
degrees of freedom of movement, including forces in the
forward/back, side/side, and up/down directions (e.g., Fx,
Fy, and Fz) and moments about the longitudinal (roll) axis,
the transverse (pitch) axis, and the vertical (yaw) axis (e.g.,
Mx, My, and Mz). If an aircraft has more actuators than
degrees of freedom, it must be determined how the various
actuators will be used to act on the aircraft in response to
commands received via manual and/or automated controls.
For a given set of one or more pilot commands under given
circumstances, some combinations of actuators capable of
acting on the aircraft to achieve the result indicated by the
pilot command(s) may be more effective and/or efficient
than others. For example, some may consume more or less
power and/or fuel than others, provide a more smooth
transition from a current state than others, etc.

[0004] Rotors may spin at a high rate and could pose a risk
to an occupant of a manned multicopter and/or to equipment
housed in a fuselage or other structure comprising the
multicopter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Various embodiments of the invention are dis-
closed in the following detailed description and the accom-
panying drawings.

[0006] FIG. 1 is a block diagram illustrating an embodi-
ment of a flight control system.

[0007] FIG. 2A is a block diagram illustrating an embodi-
ment of a multicopter aircraft with angled rotors.

[0008] FIG. 2B is a block diagram showing a front view
of the multicopter aircraft 200 of FIG. 2A.

[0009] FIG. 2C is a block diagram illustrating an example
of angled rotors as implemented in an embodiment of a
multicopter aircraft with angled rotors.

[0010] FIG. 2D is a block diagram illustrating a top view
of an embodiment of a multicopter aircraft with angled
rotors.

[0011] FIG. 2E is a block diagram illustrating an example
of forces and moments capable of being generated by angled
rotors in an embodiment of a multicopter aircraft with
angled rotors.
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[0012] FIG. 2F is a block diagram showing a side view of
the multicopter aircraft 200 of FIG. 2A.
[0013] FIG. 2G is a block diagram showing a side view of
the multicopter aircraft 200 of FIG. 2A.

DETAILED DESCRIPTION

[0014] The invention can be implemented in numerous
ways, including as a process; an apparatus; a system; a
composition of matter; a computer program product embod-
ied on a computer readable storage medium; and/or a
processor, such as a processor configured to execute instruc-
tions stored on and/or provided by a memory coupled to the
processor. In this specification, these implementations, or
any other form that the invention may take, may be referred
to as techniques. In general, the order of the steps of
disclosed processes may be altered within the scope of the
invention. Unless stated otherwise, a component such as a
processor or a memory described as being configured to
perform a task may be implemented as a general component
that is temporarily configured to perform the task at a given
time or a specific component that is manufactured to per-
form the task. As used herein, the term ‘processor’ refers to
one or more devices, circuits, and/or processing cores con-
figured to process data, such as computer program instruc-
tions.

[0015] A detailed description of one or more embodiments
of the invention is provided below along with accompanying
figures that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope of the invention is limited only by the claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not been described in detail so that the
invention is not unnecessarily obscured.

[0016] A multicopter aircraft with angled rotors is dis-
closed. In various embodiments, a multicopter aircraft as
disclosed herein includes a plurality of lift fans or other
rotors disposed in a configuration around a fuselage and/or
other centrally-located structure of the aircraft. In some
embodiments, a first subset of the rotors may be disposed on
a one side of the aircraft and a second subset of the rotors
may be disposed on an opposite side of the aircraft. In
various embodiments, each of at least a subset of the rotors
is mounted at a corresponding non-zero angle off of a
horizontal plane of the aircraft. In some embodiments, the
angle at which each rotor is mounted is determined at least
in part by a location of the rotor relative to the fuselage
and/or a human or other occupied portion thereof, the angle
being determined at least in part to ensure that a plane in
which the rotor primarily rotates does not intersect the
fuselage and/or a human or other occupied portion thereof.
In various embodiments, the respective angles at which at
least a subset of the rotors are mounted may be determined
at least in part to provide the ability to generate lateral force
components in the horizontal plane of the aircraft at rotor
mount locations that are offset in the horizontal plane from
a center of gravity of the aircraft, so as to provide an ability
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to use the rotors to control yaw of the aircraft (i.e., rotation
about a vertical axis of the aircraft) by applying moments
about the vertical axis.

[0017] FIG. 1 is a block diagram illustrating an embodi-
ment of a flight control system. In the example shown, flight
control system 100 includes a source of flight control inputs
102 configured to provide flight control inputs 104 to a
controller 106, e.g., a flight control computer. In some
embodiments, source of inputs 102 may comprises one or
both of pilot input, e.g., via manual flight controls, and
auto-pilot or other self-piloting technologies. For example,
in a self-piloting aircraft inputs 104 may be generated by a
self-piloting program/computer 102. In various embodi-
ments, source of inputs 102 may include manual input
devices (sometimes referred to as “inceptors™), such as stick,
throttle, rudder, collective, joystick, thumb stick, and/or
other manual control/input devices configured to be manipu-
lated by a pilot or other operator to control the flight of an
aircraft. Such inceptor devices and/or associated electronics,
and/or a self-piloting program, computer, or module, may be
configured to provide as input signals 104 one or more of a
roll direction, roll rate, yaw direction, yaw rate, pitch angle,
pitch rate, altitude, altitude rate and/or forward or other
thrust input signal. In the example shown, controller 106
also receives sensor data 118, e.g., wind speed, air tempera-
ture, etc., from sensors 116. Flight controller 106 translates,
aggregates, and/or otherwise processes and/or interprets the
received flight control inputs 104 and/or sensor data 118 to
generate and provide as output associated forces and/or
moments 108 to be applied to the aircraft via its control
assets (e.g., propellers, rotors, lift fans, aerodynamic control
surfaces, etc.; sometimes referred to herein as “actuators”) to
maneuver the aircraft in a manner determined based at least
in part on the flight control inputs 104 and/or sensor data
118. In various embodiments, forces/moments 108 may
include forces and/or moments along and/or about one or
more axes of the aircraft, such as x, y, and z axes, corre-
sponding to longitudinal, transverse, and vertical axes of the
aircraft, respectively, in various embodiments.

[0018] Referring further to FIG. 1, the flight control sys-
tem 100 includes an online optimizer/mixer 110 configured
to receive forces/moments 108. Online optimizer/mixer 110
receives as input forces/moments 108 and computes
dynamically (online) a set of actuators and associated com-
mands/parameters 112 to achieve the requested forces/mo-
ments 108. In some embodiments, the optimizer minimizes
total power given a desired combination of forces and
moments. Actuators 114 are configured to operate in
response to actuator commands/parameters 112 provided by
online optimizer/mixer 110.

[0019] In the example shown, sensors 116 provide sensor
data 118 to online optimizer/mixer 110. Examples of sensors
116 and/or sensor data 118 may include one or more of
airspeed, temperature, or other environmental conditions;
actuator availability, failure, and/or health information; air-
craft attitude, altitude, and/or other position information;
presence/absence of other aircraft, debris, or other obstacles
in the vicinity of the aircraft; actuator position information;
etc. In various embodiments, online optimizer/mixer 110
may be configured to take sensor data 118 into account in
determining an optimal mix of actuators and associated
parameters to achieve a requested set of forces and
moments. For example, in some embodiments, six or more
lift fans may be provided to lift an aircraft into the air, enable
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the aircraft to hover, control aircraft attitude relative to the
horizontal, etc. In some embodiments, failure of a lift fan
may be reflected in sensor data 118, resulting in a seamless
response by online optimizer/mixer 110, which provides an
optimal set of actuators and parameters 112 that omits (does
not rely on) the failed lift fan. Likewise, in some embodi-
ments, sensor data reflecting diminished power/perfor-
mance, overheating, etc., may be taken into consideration,
such as by adjusting a mapping of actuator parameter to
expected effect on the aircraft for affected actuators.
[0020] FIG. 2A is a block diagram illustrating an embodi-
ment of a multicopter aircraft with angled rotors. In various
embodiments, a flight control system such as flight control
system 100 of FIG. 1 may be embodied in an aircraft such
as aircraft 200 of FIG. 2A. In the example shown, aircraft
200 includes a fuselage (body) 202 and wings 204. A set of
three underwing booms 206 is provided under each wing.
Each boom 206 has two lift fans 208 mounted thereon, one
forward of the wing and one aft. Each lift fan 208 may be
driven by an associated drive mechanism, such as a dedi-
cated electric motor. One or more batteries (not shown)
and/or onboard power generators (e.g., small gas turbine)
may be used to drive the lift fans 208 and/or charge/recharge
onboard batteries.

[0021] In various embodiments, each boom 206 is posi-
tioned at an angle relative to a vertical axis of the aircraft
such that the lift fans 208 are mounted thereon at an
associated angle, as described more fully in connection with
FIGS. 2B-2E.

[0022] In the example shown in FIG. 2A, a propeller 210
is mounted on the fuselage 202 and configured to push the
aircraft through the air in the forward (e.g., x axis) direction.
The propeller 210 is positioned between a pair of tail booms
212 that extend aft and are joined at their aft end by a tail
structure on which aerodynamic control surfaces including
elevators 216 and rudder 218 are mounted. In various
embodiments, each of the inboard booms 206 forms at least
in part an integral part of the corresponding port/starboard
side tail boom 212. In some embodiments, the tail booms
212 comprise extensions aft from the respective inboard
booms 206. For example, the tail booms 212 may be formed
as part of or fastened (e.g., bolted) to an aft end of the
corresponding inboard boom 206. Additional control sur-
faces include ailerons 214 mounted on the trailing edge of
wings 204.

[0023] In the example shown, four ailerons 214 are
included, e.g., to provide redundancy. In some embodi-
ments, if a single aileron 214 is lost or fails the remaining
three ailerons 214 are sufficient to control the aircraft.
Likewise, in some embodiments, loss of one rudder 218
results in one remaining rudder to provide a degree of yaw
control, along with the lift fans. Finally, in some embodi-
ments four elevators 216 are provided for loss/failure toler-
ance.

[0024] In some embodiments, an aircraft 200 as shown in
FIG. 2A may have the following approximate dimensions:

Wingspan: 36.0 feet
Nose to tail 214 feet
Centerline to first boom 6.1 feet
Distance between inner booms 12.2 feet
Spacing between booms (same wing) 4.0 feet
Push propeller sweep 6.5 feet
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-continued

4.2 feet
8.7 feet

Lift fan sweep
Distance between fan centers (same boom)

[0025] FIG. 2B is a block diagram showing a front view
of the multicopter aircraft 200 of FIG. 2A. Coordinate axes
in the z (vertical) and y (side) direction are indicated. The
front view shown in FIG. 2B illustrates the respective angles
off the vertical axis (z axis as labeled), sometimes referred
to herein as “cant angles”, at which the outboard, middle,
and inboard pairs of lift fans 206 are oriented. In various
embodiments, angling the lifi fans, as indicated, may pro-
vide additional options to control the aircraft, especially at
or near hover. For example, different combinations of fans
may be used to exercise yaw control (e.g., rotate around z
axis), to slip sideways or counteract the force of wind while
in a hover (y axis), etc.

[0026] In various embodiments, the respective angles at
which lift fans 208 may be oriented may be determined
based at least in part on safety considerations, such as to
increase the likelihood that debris thrown centrifugally from
a lift fan, e.g., should the lift fan break apart, would be
propelled on a trajectory and/or in a plane that does not
intersect a human-occupied portion of fuselage 202. In some
embodiments, two side by side seats are provided for
passengers in a forward part of fuselage 202. Batteries to
power the lift fans 208 and/or push propeller 210 may be
located in a central/over wing part of the fuselage 202, and
in some embodiments both the human-occupied and battery
occupied parts of the fuselage are protected at least in part
by canting the booms/lift fans as disclosed herein.

[0027] In some embodiments, lift fan cant angles may be
determined at least in part via a constrained optimization
design process. The fan cants (e.g., roll and pitch fan angles)
may be determined by an optimization process in which an
object is to minimize the amount of torque required by any
individual motor for a variety of trimmed or equilibrium
conditions including: angular accelerations, any individual
fan failure, crosswinds, and center of gravity variations. In
some embodiments, the optimization is subject to con-
straints of preventing the plane of the fan blade from
intersecting the crew in the event of catastrophic failure of
a fan. Another example of a constraint that may be applied
is ensuring that the fans are aligned to the local flow angle
for forward flight with the fans stopped and aligned with the
boom.

[0028] In various embodiments, the effective forces and
moments capable of being provided by each respective lift
fan may be stored onboard the aircraft 200 in a memory or
other data storage device associated with the onboard flight
control system. In various embodiments, a matrix, table,
database, or other data structure may be used.

[0029] In some embodiments, effectiveness under differ-
ent operating conditions may be stored. For example, effec-
tiveness of a lift fan or control surface may be different
depending on conditions such as airspeed, temperature, etc.
In some embodiments, forces and moments expected to be
generated by a lift fan or other actuator under given condi-
tions may be discounted or otherwise reduced, e.g., by a
factor determined based at least in part on an environmental
or other variable, such as a measure of lift fan motor health,
[0030] In an aircraft having angled lift fans as in the
example shown in FIG. 2B, the forces and moments capable
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of being generated by a given lift fan may reflect the angle
at which each lift fan is mounted. For example, lift fans
mounted at an angle relative to the horizontal plane of the
aircraft would generate a horizontal force component and a
vertical force component, and each force may generate a
corresponding moment about one or more axes of the
aircraft, depending on the location at which the fan is
mounted relative to the center of gravity of the aircraft.
[0031] FIG. 2C s a block diagram illustrating an example
of angled rotors as implemented in an embodiment of a
multicopter aircraft with angled rotors. In the example
shown, the approximate angles at which the left side (as
viewed from the front) rotors of the aircraft 200 as shown in
FIGS. 2A and 2B are mounted are shown. In particular, the
left most (outboard) lift fan is shown to be mounted at an
angle 01 to the vertical (and, therefore, horizontal/lateral)
axis of the aircraft, tilting away from fuselage 202, resulting
in a plane of rotation of the lift fan, indicated by the dashed
arrow extending away from the lift fan, not intersecting the
fuselage 202. In some embodiments, the plane of rotation
may intersect the fuselage but not a human-occupied or
otherwise critical portion thereof.

[0032] Similarly, in the example shown the middle lift fan
and the inboard lift fan have been angled in towards the
fuselage 202, resulting in their respective planes of rotation
being rotated downward by corresponding angles, such that
they do not intersect the fuselage 202.

[0033] In various embodiments, angling lift fans or other
rotors towards or away from a fuselage or critical portion
thereof, and/or other critical structures, may decrease the
risk that debris thrown centrifugally from the rotor would hit
the fuselage or other structure.

[0034] FIG. 2D is a block diagram illustrating a top view
of an embodiment of a multicopter aircraft with angled
rotors. Specifically, in FIG. 2D a top view off aircraft 200 of
FIG. 2A is shown. Coordinate axes in the x (forward) and y
(side) direction are indicated. In the example shown, the
aircraft 200 includes twelve lift fans 208, six on either side
of the fuselage 202. On each side of the fuselage 202, three
lift fans are mounted forward of the wing 204 and three aft.
The lift fans 208 are mounted in pairs on corresponding
booms 206 mounted under the wings 204. The outermost
booms are tilted away from the fuselage 202 and the middle
and inner booms are tilted towards the fuselage, as shown in
FIGS. 2B and 2C.

[0035] FIG. 2E is a block diagram illustrating an example
of forces and moments capable of being generated by angled
rotors in an embodiment of a multicopter aircraft with
angled rotors. In FIG. 2E, the fuselage 202 of the aircraft 200
of FIG. 2D is shown to have a center of gravity 220. The
circles in FIG. 2E each represent a corresponding one of the
lift fans 208. The arrows labeled I, F,,, etc. represent the
respective lateral (y-axis) components of the force generated
by the angled lift fans 208 by virtue of their being mounted
at angles, and shown in FIGS. 2A-2D. The rear (aft) fans are
shown to be mounted at an x-axis distance x, from center of
gravity 220. As a result, the y-axis components of the rear
lift fans, as shown, would result in corresponding moments
of magnitudes proportional to the distance x1 being applied
to the aircraft about the vertical axis (z-axis, using the
convention shown in FIGS. 2A-2E). The moment contrib-
uted by any given one of the rear lift fans would be
determined by the lift force generated by the lift fan as
actuated by the flight control system, with the direction
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(counter-clockwise or clockwise) depending on the position
of the lift fan and whether it was tilted away from or towards
the fuselage 202. For example, the rear leftmost lift fan
would contribute a lateral force P, resulting in contributing
a counter-clockwise moment component about the center of
gravity 220. The right side (as shown in FIG. 2E) rear inner
and middle lift fans (F 4, F s) similarly would contribute a
counter-clockwise moment component. By contrast, the lift
fans associated with lateral force components F ,, F 5, and
F s would contribute clockwise moment components.
[0036] Similar to the rear lift fans, the forward lift fans
(associated with lateral force components F,-F ,,, in this
example) would contribute moment components propor-
tional to the x-axis distance X, at which they are mounted
relative to the center of gravity 220.

[0037] In various embodiments, the respective lift fans
208 may be rotated in alternating clockwise or counterclock-
wise rotations, e.g., to balance side forces associated with
rotation direction. In the example shown in FIGS. 2A-2F, a
total of twelve lift fans 208 are included. In various embodi-
ments, an even number of 1ift fans including at least four lift
fans may be included and distributed evenly on each side of
the fuselage. Upon loss or failure of a lift fan, a correspond-
ing lift fan on an opposite side of the aircraft may be
de-activated, to maintain balance. For example, loss of a
clockwise rotating lift fan on a forward end of an innermost
boom on a port side of the aircraft may result in a counter-
clockwise rotating lift fan in a complementary position on
the opposite side, such as the aft end of the innermost boom
on the opposite side, may be shut down and omitted from use
(e.g., zero RPM/torque added as a constraint for that lift fan)
in subsequent optimization computations to determine
mixes of actuators and associated parameters to achieve
desired forces and moments.

[0038] FIG. 2F is a block diagram showing a side view of
the multicopter aircraft 200 of FIG. 2A. In the example
shown, the lift fans 208 are mounted at a prescribed forward
tilt relative to a horizontal plane of the aircraft 200. The
booms 206 are shown to be mounted substantially aligned
with the horizontal plane of the aircraft 200 when in level
flight. The wings 204 sweep up slightly as they extend away
from the fuselage 202. In various embodiments, the angle at
which the lift fans 208 are tilted forward may be determined
at least in part on the same considerations as the angles
llustrated in FIGS. 2B and 2C, i.e., to ensure that debris
thrown centrifugally from a lift fan if it were to break apart
would not intersect at least a human-occupied or otherwise
critical portion of a cockpit or cabin portion of fuselage 202.
In some embodiments, the angle at which the lift fans 208
are tilted forward may be selected at least in part to minimize
drag, turbulence, or other undesirable acrodynamic effects of
the lift fans when the aircraft 200 is in forward flight, e.g.,
being propelled by push propeller 210.

[0039] FIG. 2G is a block diagram showing a side view of
the multicopter aircraft 200 of FIG. 2A. In the example
shown, approximate airflow patterns are illustrated by
arrows 242 and 244. Arrow 242 shows air flowing with
minimal resistance over the forward lift fans 208 and, due in
part to the forward tilt of the forward lift fans 242, continu-
ing relatively unimpeded over wing 204, and clearing the aft
lift fans 208 (or, in some embodiments, flowing over them
in a relatively low drag path, due in part to their forward tilt).
Arrow 244 shows air flowing under/through the forward lift
fans 208, under the wing 204, and flowing over the aft lift
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fans 208 in a relatively low drag manner, due at least in part
to the forward tilt of the aft lift fans 208.

[0040] In some embodiments, the wing 204 may not
sweep upward to the same extent as shown in FIGS. 2F and
2@, and in some such embodiments the aft lift fans may be
more within a same horizontal plane as the forward lift fans
208 and wing 204. In some such embodiments, the aft lift
fans 208 may be tilted back slightly, instead of forward, to
provide a continuous, relatively low drag pathway for air to
flow over the forward lift fans 208, the wing 204, and the
after lift fans 208, e.g., when the aircraft 200 is in forward
flight mode.

[0041] In various embodiments, a flight control system,
such as flight control system 100 of FIG. 1, is configured to
determine a mix of actuators and corresponding actuator
parameters, including of lift fans 208, to achieve required
forces and moments, including by taking into consideration
the moments about the z-axis that would be generated and
applied to the aircraft 200 by virtue of the lift fans being
mounted at angles, as disclosed herein.

[0042] In various embodiments, techniques disclosed
herein may be used to provide a multicopter aircraft having
angled lift fans and/or rotors. Each rotor may be mounted at
an angle such that debris thrown centrifugally from the lift
fan, in a plane of rotation of the lift fan, would not intersect
the fuselage or other critical structure of the aircraft. In
various embodiments, angling rotors as disclosed herein
may provide a degree of authority over (ability to control or
influence) yaw of the aircraft, e.g., during hover or vertical
takeoff (1ift) or landing operations.

[0043] Although the foregoing embodiments have been
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What is claimed is:

1. An aircraft, comprising:

a fuselage;

a port side wing coupled to the fuselage;

a starboard side wing coupled to the fuselage;

wherein each of said wings has mounted thereto one or
more booms, each boom having a forward end extend-
ing forward of a corresponding wing to which the boom
is mounted and an after end extending aft of said
corresponding wing to which the boom is mounted;

a first plurality of lift rotors, each rotor in said first
plurality being mounted on a forward end of a corre-
sponding one or said booms; and

a second plurality of lift rotors, each rotor in said second
plurality being mounted on an after end of a corre-
sponding one or said booms;

wherein each rotor in said first plurality and each rotor in
said second plurality produces an amount of vertical
thrust independent of levels of vertical thrust produced
by the other rotors.

2. The aircraft of claim 1, wherein each of said pylons is
mounted to said port side wing or said starboard side wing
at a non-zero angle relative to a substantially vertical axis of
the aircraft.

3. The aircraft of claim 1, wherein a first subset of said
pylons each is mounted to said port side wing or said
starboard side wing at a non-zero angle relative to a sub-
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stantially vertical axis of the aircraft such that the pylon is
tilted inboard towards the fuselage.

4. The aircraft of claim 3, wherein a second subset of said
pylons each is mounted to said port side wing or said
starboard side wing at a non-zero angle relative to a sub-
stantially vertical axis of the aircraft such that the pylon is
tilted outboard away from the fuselage.

5. The aircraft of claim 1, wherein the port side wing and
the starboard side wing each has three pylons mounted
thereto and wherein the first plurality of lift rotors is 6 and
the second plurality of lift rotors is 6.

6. The aircraft of claim 1, wherein the lift rotors in the first
and second plurality of lift rotors are driven by electric
motors.

7. The aircraft of claim 1, wherein the port side wing and
the starboard side wing comprise a single wing structure
mounted to the fuselage such that said port said wing

Apr. 19, 2018

comprises a port side portion of said single wing structure
extending to the port side of the fuselage and said starboard
said wing comprises a starboard side portion of said single
wing structure extending to the starboard side of the fuse-
lage.

8. The aircraft of claim 1, further comprising a split boom
structure extending after from each of an inboard pair of said
pylons, the split boom structure comprising a port side boom
and a starboard side boom extending aft of the fuselage and
being joined at an after end of the split boom structure by a
tail structure.

9. The aircraft of claim 8, wherein each of said pylons
comprising the inboard pair of pylons forms at least in part
an integral part of a corresponding one of said port side
boom and said starboard side boom.

[ T R T
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TWIN FUSELAGE TILTROTOR AIRCRAFT

TECHNICAL FIELD

[0001] This disclosure relates in general to the field of
tiltrotor aircraft and, more particularly, though not exclu-
sively, to twin fuselage arrangements for such aircraft.

BACKGROUND

[0002] An electric vertical takeoff and landing (eVTOL)
aircraft is a type of aircraft that uses electric power to supply
rotational energy through electric motor(s) to props, rotors,
or fans in an aircraft propulsion system for enabling the
aircraft to hover, take off, and land vertically. Because of
their versatility and lack of a need for a runway, eVTOL
aircraft are particularly useful for providing urban air mobil-
ity. As used herein, the term eVTOL also includes VTOL
aircraft that use hybrid-electric (with an engine running a
generator producing electricity and battery stored power) or
turbo electric (an engine running a generator providing all
power required) propulsion systems. One particular type of
eVTOL aircraft is an electric tiltrotor aircraft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] To provide a more complete understanding of the
present disclosure and features and advantages thereof,
reference is made to the following description, taken in
conjunction with the accompanying figures, in which like
reference numerals represent like elements:

[0004] FIGS. 1A-1B illustrate a tiltrotor aircraft having a
twin fuselage hexrotor configuration in accordance with
embodiments described herein;

[0005] FIG. 1C illustrates a hexrotor arc arrangement of
rotors of the tiltrotor aircraft of FIGS. 1A and 1B;

[0006] FIGS. 2A-2B illustrate a tiltrotor aircraft having a
twin fuselage quadrotor configuration in accordance with
embodiments described herein;

[0007] FIGS. 3A-3B illustrate a tiltrotor aircraft having a
twin fuselage hexrotor configuration including a cargo pod
between the fuselages in accordance with embodiments
described herein; and

[0008] FIGS. 4A-4B illustrate a tiltrotor aircraft having a
twin fuselage hexrotor configuration including a weapons
assembly between the fuselages in accordance with embodi-
ments described herein.

DETAILED DESCRIPTION

[0009] The following disclosure describes various illus-
trative embodiments and examples for implementing the
features and functionality of the present disclosure. While
particular components, arrangements, and/or features are
described below in connection with various example
embodiments, these are merely examples used to simplify
the present disclosure and are not intended to be limiting. It
will of course be appreciated that in the development of any
actual embodiment, numerous implementation-specific
decisions must be made to achieve the developer’s specific
goals, including compliance with system, business, and/or
legal constraints, which may vary from one implementation
to another. Moreover, it will be appreciated that, while such
a development effort might be complex and time-consum-
ing; it would nevertheless be a routine undertaking for those
of ordinary skill in the art having the benefit of this disclo-
sure.
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[0010] In the specification, reference may be made to the
spatial relationships between various components and to the
spatial orientation of various aspects of components as
depicted in the attached drawings. However, as will be
recognized by those skilled in the art after a complete
reading of the present disclosure, the devices, components,
members, apparatuses, etc. described herein may be posi-
tioned in any desired orientation. Thus, the use of terms such
as “above”, “below”, “upper”, “lower”, “top”, “bottom”, or
other similar terms to describe a spatial relationship between
various components or to describe the spatial orientation of
aspects of such components, should be understood to
describe a relative relationship between the components or
a spatial orientation of aspects of such components, respec-
tively, as the components described herein may be oriented
in any desired direction. When used to describe a range of
dimensions or other characteristics (e.g., time, pressure,
temperature, length, width, etc.) of an element, operations,
and/or conditions, the phrase “between X and Y™ represents
a range that includes X and Y.

[0011] Additionally, as referred to herein in this specifi-
cation, the terms “forward”, “aft”, “inboard”, and “out-
board” may be used to describe relative relationship(s)
between components and/or spatial orientation of aspect(s)
of a component or components. The term “forward” may
refer to a spatial direction that is closer to a front of an
aircraft relative to another component or component aspect
(s). The term “aft” may refer to a spatial direction that is
closer to a rear of an aircraft relative to another component
or component aspect(s). The term “inboard” may refer to a
location of a component that is within the fuselage(s) of an
aircraft and/or a spatial direction that is closer to or along a
centerline of the aircraft (wherein the centerline runs
between the front and the rear of the aircraft) or other point
of reference relative to another component or component
aspect. The term “outboard” may refer to a location of a
component that is outside the fuselage(s) of an aircraft
and/or a spatial direction that farther from the centerline of
the aircraft or other point of reference relative to another
component or component aspect.

[0012] Further, the present disclosure may repeat refer-
ence numerals and/or letters in the various examples. This
repetition is for the purpose of simplicity and clarity and
does not in itself dictate a relationship between the various
embodiments and/or configurations discussed. Example
embodiments that may be used to implement the features
and functionality of this disclosure will now be described
with more particular reference to the accompanying figures.

[0013] Described herein are various configurations for
twin fuselage tiltrotor aircraft. In particular, both hexrotor
and quadrotor configurations are disclosed. Embodiments of
tiltrotor aircraft described herein may be suitable for use in
a variety of unmanned aircraft applications, including but
not limited to unmanned logistics operations, joint surveil-
lance and target attack radar system (JSTAR) applications,
and military and other unmanned aerial systems (UAS)
applications, to name a few. Embodiments described herein
distribute propulsion around the aircraft to achieve large
center of gravity (CG) envelopes and employ a long wing to
facilitate efficient cruise operation. Twin fuselages may be
used for packaging aircraft components and/or to support
landing gear, which may include but is not limited to skids,
fixed wheels, and retractable wheels, to name a few. Modu-
lar payload, such as a cargo pod, a weapons assembly and/or
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one or more sensors, may be mounted to the underside of a
center wing section between the fuselages. In certain
embodiments, twin fuselages may be implemented as twin
booms. A distinguishing feature of embodiments described
herein is the lack of a center boom/fuselage between the twin
(outboard) fuselages.

[0014] FIGS. 1A and 1B illustrate an example tiltrotor
aircraft 100 that is convertible between a VTOL or hover
(also commonly referred to as helicopter) mode (shown in
FIG. 1A), which allows for vertical takeoff and landing,
hovering, and low speed directional movement, and a cruise
(also commonly referred to as airplane) mode (shown in
FIG. 1B), which allows for forward flight. Aircraft 100
includes two fuselages 102a, 1025, and a wing assembly 104
including a center wing section 105 extending between and
interconnecting fuselages 102a, 1025, and outboard wing
portions 106a, 1065, extending outboard of fuselages 102a,
1025. In accordance with features of embodiments described
herein, aircraft 100 further includes three pairs of propulsion
systems, including forward propulsion systems 108a, 1085,
connected to the forward ends of the fuselages 1024, 1025,
aft propulsion systems 110a, 1105, connected proximate the
aft ends of the fuselages 102a, 1025, and a pair of wing-
mounted propulsion systems 1124, 1125, proximate opposite
ends of wing assembly 104. In particular, in accordance with
features of embodiments described herein, and as illustrated
in FIGS. 1A and 1B, wing-mounted propulsion systems
1124, 1125, are connected to inboard ends of wing tips 1144,
114b, disposed on outboard ends of outboard wing portions
106a, 1065. As shown in FIGS. 1A and 1B, aircraft 100
further includes a tail assembly 113 connected to aft ends of
fuselages 1024, 1025. Although as shown in FIGS. 1A and
1B, tail assembly 113 is illustrated as including a pair of
boom-mounted stabilizers, other tail assembly configura-
tions may be implemented without departing from the spirit
or scope of embodiments described herein.

[0015] In the illustrated embodiment, each forward pro-
pulsion system 108a, 108, includes a drive system housing
comprising a pylon 120a, 1205, and a rotatable open rotor
assembly comprising a plurality of rotor blades 124q, 1245,
connected to a rotor shaft and configured to rotate about a
rotor axis. As shown in FIGS. 1A and 1B, the rotor assem-
blies of forward propulsion systems 108a, 1085, include two
(2) rotor blades; however, it should be recognized that more
blades may be implemented without departing from the
spirit and the scope of the embodiments described. Rotation
of rotor blades 124a, 1245, generates lift while operating in
helicopter mode and thrust while operating in airplane
mode. Each pylon 120a, 1205, may house one or more
electric motors therein configured to produce rotational
energy that drives the rotation of the rotor assembly. Alter-
natively, each pylon 120a, 1205, may house a gearbox
therein that drives the rotation of the rotor assembly, wherein
the gearbox receives rotational energy from a driveshaft.

[0016] In the illustrated embodiment, each wing-mounted
propulsion system 112a, 1125, includes a drive system
housing comprising a pylon 130a, 1305, and a rotatable
open rotor assembly comprising a plurality of rotor blades
134a, 1345, connected to a rotor shaft and configured to
rotate about a rotor axis. As shown in FIGS. 1A and 1B, the
rotor assemblies of propulsion systems 112a, 1125, include
two (2) rotor blades; however, it should be recognized that
more blades may be implemented without departing from
the spirit and the scope of the embodiments described. It
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should also be recognized that rotor assemblies of propul-
sion systems 112a, 1125, may include a different number of
rotor blades than rotor assemblies of propulsion systems
108a, 1085. Rotation of rotor blades 134a, 1345, generates
lift while operating in helicopter mode and thrust while
operating in airplane mode. Each pylon 1304, 1305, may
house one or more electric motors therein configured to
produce rotational energy that drives the rotation of the rotor
assembly. Alternatively, each pylon 130a, 1305, may house
a gearbox therein that drives the rotation of the rotor
assembly, wherein the gearbox receives rotational energy
from a driveshaft.

[0017] In the illustrated embodiment, each aft propulsion
system 110q, 1105, includes a drive system housing com-
prising a pylon 140a, 1405, and a rotatable open rotor
assembly comprising a plurality of rotor blades 144a, 1445,
connected to a rotor shaft and configured to rotate about a
rotor axis. As shown in FIGS. 1A and 1B, the rotor assem-
blies of propulsion systems 110a, 1105, include two (2) rotor
blades; however, it should be recognized that more blades
may be implemented without departing from the spirit and
the scope of the embodiments described. It should also be
recognized that rotor assemblies of propulsion systems
110a, 11054, may include a different number of rotor blades
than rotor assemblies of propulsion systems 108a, 1085,
1124, 1125.

[0018] Rotation of rotor blades 144a, 1445 generates lift
while operating in helicopter mode. Each pylon 140a, 1405,
may house one or more electric motors therein configured to
produce rotational energy that drives the rotation of the rotor
assembly. Alternatively, each pylon 140a, 1405, may house
a gearbox therein that drives the rotation of the rotor
assembly, wherein the gearbox receives rotational energy
from a driveshaft.

[0019] In accordance with features of embodiments
described herein, and as illustrated in FIGS. 1A and 1B,
wing-mounted propulsion systems 112a, 1124, are con-
nected to inboard ends of wing tips 114a, 1145, attached to
outboard ends of wing assembly 104. Wing tips 114a, 1145,
together with wing-mounted propulsion systems 112a, 1125,
tilt relative to wing assembly 104 between a first position
(FIG. 1A). in which propulsion systems 112a, 1125, and
wing tips 114a, 1145, are configured in a hover mode, and
a second position (FIG. 1B), in which propulsion systems
1124, 1125, and wing tips 114a, 1145, are configured in a
cruise mode. It will be recognized that wing tips 114a, 1145,
are not necessary and that in alternative embodiments, wing
tips are omitted.

[0020] In accordance with features of embodiments
described herein, forward propulsion systems 108a, 1085,
(and more specifically, pylons 120a, 1205) are tiltably
connected to forward ends of fuselages 102a, 1025, such
that they may be tilted between a first position (FIG. 1A), in
which propulsion systems 108a, 1085, are configured in a
hover mode, and a second position (FIG. 1B), in which
propulsion systems 108a, 1085, are configured in a cruise
mode.

[0021] In accordance with features of embodiments
described herein, aft propulsion systems 110a, 1105, are
fixedly attached to fuselages 102a, 1025, proximate aft ends
thereof (forward of tail assembly 113) and do not convert
between hover mode (FIG. 1A) and cruise mode (FIG. 1B).
[0022] The position of the rotor assemblies of the forward
propulsion systems 108a, 1085, and wing-mounted propul-
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sion systems 112a, 1125, as well as the pitch of individual
rotor blades 124a, 1245, 134a, 134bH, 144a, 144b, can be
selectively controlled in order to selectively control direc-
tion, thrust, and lift of aircraft 100. As previously noted,
propulsion systems 108a, 1085, 112a, 1125, are each con-
vertible, relative to fuselages 102a, 102b, between a vertical
position, as shown in FIG. 1A, and a horizontal position, as
shown in FIG. 1B. Propulsion systems 108a, 1085, 1124,
1125, are in the vertical position during vertical takeoff and
landing mode. Vertical takeoff and landing mode may be
considered to include hover operations of aircraft 100.
Propulsion systems 108a, 1085, 112a, 1125, are in the
horizontal position during forward flight mode, in which
aircraft 100 is in forward flight. In forward flight mode,
propulsion systems 108a, 1085, 112a, 1125, direct their
respective thrusts in the aft direction to propel aircraft 100
forward. Aircraft 100 is operable to fly in all directions
during the vertical takeoff and landing mode configuration
of FIG. 1A, although faster forward flight is achievable
while in the forward flight mode configuration of FIG. 1B.
Propulsion systems 108a, 1085, 1124, 1125, may be tiltable
between the vertical and horizontal positions by actuators
(not shown) that are tiltable in response to commands
originating from a pilot and/or a flight control system. Each
of the propulsion systems 108a, 1085, 1104, 1105, 1124,
1126, may utilize an electric motor and gearbox unit dis-
posed within a respective pylon 120a, 1205, 130a, 1305,
140a, 1405 or a direct drive motor of group of motors on the
same shaft as a power source to rotate the respective rotor
assembly about the rotor axis via the rotor shaft.

[0023] It should be noted that, although propulsion sys-
tems 108a, 108b, are shown and described as being tiltable
between cruise and hover positions, those propulsion sys-
tems may be fixed in the hover positions, similarly to
propulsion systems 110a, 1105. Additionally and/or alterna-
tively, propulsion systems 112a, 1125, may be connected to
opposite ends of the wing assembly 104 such that only
pylons 130a, 1305, or a portion thereof, are tiltable relative
to the wing assembly 104. The tiltable pylons 120a, 1205
and 130a and 1305 may also be differentially tiltable and
may vary in power to control yaw of the aircraft whereas
different thrust for roll and pitch is controlled through
differential blade pitch, rpm, and motor power.

[0024] In accordance with features of embodiments
described herein, when aircraft 100 is in cruise mode, the
rotor assemblies of aft propulsion systems 110a, 1105, may
cease rotation. In embodiments in which forward propulsion
systems 108a, 1085, are also fixed (i.e, do not convert
between hover and cruise modes), rotor assemblies of pro-
pulsion systems 108a, 1085, may also cease rotation when
aircraft 100 is in cruise mode. Fewer active rotor assemblies
in cruise mode improves blade loading and propulsive
efficiency of the props. In addition, stopping or slowing the
aft rotors reduces drag. The lift is accomplished with the
wings so lift from rotors 110a, 1105, is not necessary. With
six rotor assemblies, a rotor assembly can be lost while still
allowing aircraft 100 to hover even without motor redun-
dancy per rotor assembly. In the event of a rotor failure, the
rotor on the opposite side of the aircraft would be powered
down, allowing the aircraft to hover as a quad copter with
the four remaining rotors operating at elevated power levels.
In accordance with features of embodiments described
herein, if the aft left rotor were to fail, the forward right rotor
would also be powered down, allowing the thrust on the
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remaining rotors to balance. Electric power to the motors
allows the distributed nature of the aircraft 100 to stay
weight efficient without requiring extensive cross-connects.
[0025] Because the aircraft 100 includes six (6) rotor
assemblies, the aircraft may be referred to as a “hexrotor
aircraft.” FIG. 1C illustrates a hexrotor arc arrangement 150
when aircraft 100 is in hover mode. In particular, to allow
the minimum number of rotors and still allow loss of a rotor
as a recoverable failure mechanism in a hover, the rotors are
arranged in an arc arrangement both side-to-side and for-
ward-to-aft. As a result, when one rotor is lost and a second
rotor is powered down, the aircraft can still be balanced as
a quad arrangement on the remaining rotors. If a linear
arrangement were used, the power and balance requirements
would prevent recovery on just four rotors. Multi-copters
with more than six rotors may recover by offsetting opposing
rotors, but six in the illustrated arc arrangement is the
minimum to allow a recovery after failure and result in
significant weight savings due to fewer redundant motors
and rotors.

[0026] FIGS. 2A and 2B illustrate an example tiltrotor
aircraft 200 that is convertible between a VIOL or hover
(also commonly referred to as helicopter) mode (shown in
FIG. 2A), which allows for vertical takeoff and landing,
hovering, and low speed directional movement, and a cruise
(also commonly referred to as airplane) mode (shown in
FIG. 2B), which allows for forward flight. Aircraft 200
includes two fuselages 202a, 2025, and a wing assembly 204
including a center wing section 205 extending between and
interconnecting fuselages 202a, 2025, and outboard wing
portions 206a, 2065, extending outhoard of fuselages 202a,
202b. In accordance with features of embodiments described
herein, aircraft 200 further includes two pairs of propulsion
systems, including forward propulsion systems 208a, 2085,
connected to the forward ends of the fuselages 2024, 2025,
and aft propulsion systems 210a, 2105, connected proximate
the aft ends of the fuselages 202a, 2025. As shown in FIGS.
2A and 2B, aircraft 200 further includes a tail assembly 213
connected to aft ends of fuselages 202a, 2025. Although as
shown in FIGS. 2A and 2B, tail assembly 213 is illustrated
as including a pair of boom-mounted stabilizers, other tail
assembly configurations may be implemented without
departing from the spirit or scope of embodiments described
herein.

[0027] In the illustrated embodiment, each forward pro-
pulsion system 208a, 2085, includes a drive system housing
comprising a pylon 220a, 2205, and a rotatable open rotor
assembly comprising a plurality of rotor blades 224a, 2245,
connected to a rotor shaft and configured to rotate about a
rotor axis. As shown in FIGS. 2A and 2B, the rotor assem-
blies of forward propulsion systems 208a, 2085, include two
(2) rotor blades; however, it should be recognized that more
blades may be implemented without departing from the
spirit and the scope of the embodiments described. Rotation
of rotor blades 224a, 224b, generates lift while operating in
helicopter mode and thrust while operating in airplane
mode. Each pylon 220a, 2205, may house one or more
electric motors therein configured to produce rotational
energy that drives the rotation of the rotor assembly. Alter-
natively, each pylon 220a, 2205, may house a gearbox
therein that drives the rotation of the rotor assembly, wherein
the gearbox receives rotational energy from a driveshaft.
[0028] In the illustrated embodiment, each aft propulsion
system 210a, 2106, includes a drive system housing com-
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prising a pylon 240a, 240, and a rotatable open rotor
assembly comprising a plurality of rotor blades 244a, 2445,
connected to a rotor shaft and configured to rotate about a
rotor axis. As shown in FIGS. 2A and 2B, the rotor assem-
blies of propulsion systems 210a, 2105, include two (2)
rotor blades; however, it should be recognized that more
blades may be implemented without departing from the
spirit and the scope of the embodiments described. It should
also be recognized that rotor assemblies of propulsion
systems 210q, 2105, may include a different number of rotor
blades than rotor assemblies of propulsion systems 208a,
208b.

[0029] Rotation of rotor blades 244a, 244D generates lift
while operating in helicopter mode. Each pylon 240a, 2405,
may house one or more electric motors therein configured to
produce rotational energy that drives the rotation of the rotor
assembly. Alternatively, each pylon 240a, 2405, may house
a gearbox therein that drives the rotation of the rotor
assembly, wherein the gearbox receives rotational energy
from a driveshaft.

[0030] In accordance with features of embodiments
described herein, forward propulsion systems 208a, 2085,
(and more specifically, pylons 220a, 2205) are tiltably
connected to forward ends of fuselages 2024, 2025, such
that they may be tilted between a first position (FIG. 2A), in
which propulsion systems 208a, 2085, are configured in a
hover mode, and a second position (FIG. 2B), in which
propulsion systems 208a, 2085, are configured in a cruise
mode. In accordance with features of embodiments
described herein, aft propulsion systems 210a, 2105, are
fixedly attached to fuselages 202a, 2025, proximate aft ends
thereof (forward of tail assembly 213) and do not convert
between hover mode (FIG. 2A) and cruise mode (FIG. 2B).

[0031] The position of the rotor assemblies of the forward
propulsion systems 208a, 2085, as well as the pitch of
individual rotor blades 224a, 224b, 244a, 244b, can be
selectively controlled in order to selectively control direc-
tion, thrust, and lift of aircraft 200. As previously noted,
propulsion systems 208a, 208b, are each convertible, rela-
tive to fuselages 202a, 2025, between a vertical position, as
shown in FIG. 2A, and a horizontal position, as shown in
FIG. 2B. Propulsion systems 208a, 2085, are in the vertical
position during vertical takeoff and landing mode. Vertical
takeoff and landing mode may be considered to include
hover operations of aircraft 200. Propulsion systems 208a,
208b, are in the horizontal position during forward flight
mode, in which aircraft 200 is in forward flight. In forward
flight mode, propulsion systems 208a, 2085, direct their
respective thrusts in the aft direction to propel aircraft 200
forward. Aircraft 200 is operable to fly in all directions
during the vertical takeoff and landing mode configuration
of FIG. 24, although faster forward flight is achievable
while in the forward flight mode configuration of FIG. 2B.
Propulsion systems 2084, 208b, may be tiltable between the
vertical and horizontal positions by actuators (not shown)
that are tiltable in response to commands originating from a
pilot and/or a flight control system. Each of the propulsion
systems 208a, 2085, 210a, 2105, may utilize an electric
motor and gearbox unit disposed within a respective pylon
220a, 2205, 2404, 2405 or a direct drive motor of group of
motors on the same shaft as a power source to rotate the
respective rotor assembly about the rotor axis via the rotor
shaft.
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[0032] The tiltable pylons 220a, 2205, may be differen-
tially tiltable and may vary in power to control yaw of the
aircraft whereas different thrust for roll and pitch is con-
trolled through differential blade pitch, rpm, and motor
power.

[0033] In accordance with features of embodiments
described herein, when aircraft 200 is in cruise mode, the
rotor assemblies of aft propulsion systems 210a, 2105, may
cease rotation or rotate slower. Fewer active rotor assemblies
in cruise mode improves blade loading and propulsive
efficiency of the props. In addition, stopping or slowing the
aft rotors reduces drag. The lift is accomplished with the
wings so lift from rotors 210a, 2106 is not necessary.

[0034] Because the aircraft 200 includes four (4) rotor
assemblies, the aircraft may be referred to as a “quadrotor
aircraft.”

[0035] FIGS. 3A-3B illustrate an example tiltrotor aircraft
300 that is convertible between a VTOL or hover (also
commonly referred to as helicopter) mode (shown in FIG.
3A), which allows for vertical takeoff and landing, hovering,
and low speed directional movement, and a cruise (also
commonly referred to as airplane) mode (shown in FIG. 3B),
which allows for forward flight. The aircraft 300 is substan-
tially identical to the aircraft 100 (FIGS. 1A-1B) except that
the aircraft 300 includes a cargo pod 302 connected to the
underside of wing assembly between twin fuselages 304a,
3045.

[0036] FIGS. 4A-4B illustrate an example tiltrotor aircraft
400 that is convertible between a VTOL or hover (also
commonly referred to as helicopter) mode (shown in FIG.
4A), which allows for vertical takeoff and landing, hovering,
and low speed directional movement, and a cruise (also
commonly referred to as airplane) mode (shown in FIG. 4B),
which allows for forward flight. The aircraft 400 is substan-
tially identical to the aircraft 100 (FIGS. 1A-1B) except that
the aircraft 400 includes a weapons assembly 402 disposed
between twin fuselages 404a, 404b. It will be recognized
that other types of external cargo, such as sensors, may be
supported between the fuselages as shown in FIGS. 3A, 3B,
4A, and 4B.

[0037] It should be appreciated that aircraft illustrated
herein, such as aircraft 100, is merely illustrative of a variety
of aircraft that can implement the embodiments disclosed
herein. Indeed, the various embodiments of the electric drive
system line replaceable unit described herein may be used
on any aircraft that utilizes motors. Other aircraft imple-
mentations can include hybrid aircraft, tiltrotor aircraft, quad
tiltrotor aircraft, unmanned aircraft, gyrocopters, airplanes,
helicopters, commuter aircraft, electric aircraft, hybrid-elec-
tric aircraft, and the like. As such, those skilled in the art will
recognize that the embodiments described herein for an
electric drive system line replaceable unit can be integrated
into a variety of aircraft configurations. It should be appre-
ciated that even though aircraft are particularly well-suited
to implement the embodiments of the present disclosure,
non-aircraft vehicles and devices can also implement the
embodiments.

[0038] The components of rotor assemblies described
herein may comptrise any materials suitable for use with an
aircraft rotor. For example, rotor blades and other compo-
nents may comprise carbon fiber, fiberglass, or aluminum;
and rotor shafts and other components may comprise steel,
aluminum, or titanium.
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[0039] Example 1 provides an aircraft comprising first and
second fuselages; a wing assembly connecting the first and
second fuselages, wherein the first and second fuselages are
parallel 10 one another; first and second forward propulsion
systems tiltably attached to forward ends of the first and
second fuselages; and first and second aft propulsion sys-
tems fixedly attached proximate aft ends of the first and
second fuselages.

[0040] Example 2 provides the aircraft of example 1,
further comprising a tail assembly attached to the aft ends of
the first and second fuselages.

[0041] Example 3 provides the aircraft of any of examples
1-2, further comprising first and second wing-mounted
propulsion systems tiltably connected to outboard ends of
the wing assembly.

[0042] Example 4 provides the aircraft of example 3,
further comprising first and second wing tips fixedly con-
nected to outboard sides of the first and second wing-
mounted propulsion systems.

[0043] Example 5 provides the aircraft of example 4,
wherein the first and second wing-mounted propulsion sys-
tems and the first and second wing tips are collectively
tiltable between a first position when the aircraft is in a hover
mode and a second position when the aircraft is in a cruise
mode.

[0044] Example 6 provides the aircraft of any of examples
1-5, wherein each of the propulsion systems includes a rotor
assembly comprising a plurality of rotor blades.

[0045] Example 7 provides the aircraft of example 6,
wherein the rotor assemblies of the first and second aft
propulsion systems rotate when the aircraft is in the hover
mode and cease to rotate when the aircraft is in the cruise
mode.

[0046] Example 8 provides the aircraft of any of examples
1-7, wherein the first and second forward propulsion sys-
tems are tiltably connected to the forward ends of the first
and second fuselages such that the first and second forward
propulsion systems are tiltable between a first position when
the aircraft is in the hover mode and a second position when
the aircraft is in the cruise mode.

[0047] Example 9 provides the aircraft of any of examples
1-8. wherein the propulsion systems collectively comprise a
hexrotor arc when the aircraft is in the hover mode.
[0048] Example 10 provides the aircraft of any of
examples 1-9, further comprising a cargo pod between the
first and second fuselages.

[0049] Example 11 provides the aircraft of example 10,
wherein the cargo pod is connected to an underside of the
wing assembly.

[0050] Example 12 provides the aircraft of any of
examples 1-11, further comprising external payload between
the first and second fuselages.

[0051] Example 13 provides the aircraft of example 12,
wherein the external payload is connected to an underside of
the wing assembly.

[0052] Example 14 provides the aircraft of example 12,
wherein the external payload comprises at least one of a
weapons assembly and a sensor.

[0053] Example 15 provides an eVTOL selectively con-
vertible between a hover mode and a cruise mode, the
eVTOL comprising a first fuselage; a second fuselage par-
allel to the first fuselage; a wing assembly connecting the
first and second fuselages; first and second forward propul-
sion systems attached to forward ends of the first and second
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fuselages, the first and second forward propulsion systems
comprising first and second pylons tiltable relative to the
first and second fuselages between a first position when the
aircraft is in a hover mode and a second position when the
aircraft is in a cruise mode, wherein each of the pylons
houses a drive system for providing rotational power to rotor
assemblies of the forward propulsion systems; and first and
second aft propulsion systems fixedly attached proximate aft
ends of the first and second fuselages.

[0054] Example 16 provides the eVTOL of example 15,
further comprising first and second wing-mounted propul-
sion systems tiltably connected to outboard ends of the wing
assembly.

[0055] Example 17 provides the eVTOL of example 16,
further comprising first and second wing tips fixedly con-
nected to outboard sides of the first and second wing-
mounted propulsion systems.

[0056] Example 18 provides the eVTOL of example 17,
wherein the first and second wing-mounted propulsion sys-
tems and the first and second wing tips are collectively
tiltable between a first position when the aircraft is in a hover
mode and a second position when the aircraft is in a cruise
mode.

[0057] Example 19 provides the eVIOL of any of
examples 16-18, wherein each of the propulsion systems
includes a rotor assembly comprising a plurality of rotor
blades.

[0058] Example 20 provides the eVTOL of example 19,
wherein the rotor assemblies of the first and second aft
propulsion systems rotate when the aircraft is in the hover
mode and cease to rotate when the aircraft is in the cruise
mode.

[0059] At least one embodiment is disclosed, and varia-
tions, combinations, and/or modifications of the embodi-
ment(s) and/or features of the embodiment(s) made by a
person having ordinary skill in the art are within the scope
of the disclosure. Alternative embodiments that result from
combining, integrating, and/or omitting features of the
embodiment(s) are also within the scope of the disclosure.
Where numerical ranges or limitations are expressly stated,
such express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude
falling within the expressly stated ranges or limitations (e.g.,
from about 1 to about 10 includes, 2, 3, 4, etc.; greater than
0.10 includes 0.11, 0.12, 0.13, etc.). For example, whenever
a numerical range with a lower limit, R, and an upper limit,
Ru, is disclosed, any number falling within the range is
specifically disclosed. In particular, the following numbers
within the range are specifically disclosed: R=RI+k*(Ru-
RI), wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, . . . 50 percent, 51
percent, 52 percent, . .., 95 percent, 96 percent, 95 percent,
98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the
above is also specifically disclosed. Use of the term “option-
ally” with respect to any element of a claim means that the
element is required, or alternatively, the element is not
required, both alternatives being within the scope of the
claim. Use of broader terms such as comprises, includes, and
having should be understood to provide support for narrower
terms such as consisting of, consisting essentially of, and
comprised substantially of. Accordingly, the scope of pro-
tection is not limited by the description set out above but is
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defined by the claims that follow, that scope including all
equivalents of the subject matter of the claims. Fach and
every claim is incorporated as further disclosure into the
specification and the claims are embodiment(s) of the pres-
ent invention. Also, the phrases “at least one of A, B, and C”
and “A and/or B and/or C” should each be interpreted to
include only A, only B, only C, or any combination of A, B,
and C.

[0060] The diagrams in the FIGURES illustrate the archi-
tecture, functionality, and/or operation of possible imple-
mentations of various embodiments of the present disclo-
sure. Although several embodiments have been illustrated
and described in detail, numerous other changes, substitu-
tions, variations, alterations, and/or modifications are pos-
sible without departing from the spirit and scope of the
present disclosure, as defined by the appended claims. The
particular embodiments described herein are illustrative
only and may be modified and practiced in different but
equivalent manners, as would be apparent to those of
ordinary skill in the art having the benefit of the teachings
herein. Those of ordinary skill in the art would appreciate
that the present disclosure may be readily used as a basis for
designing or modifying other embodiments for carrying out
the same purposes and/or achieving the same advantages of
the embodiments introduced herein. For example, certain
embodiments may be implemented using more, less, and/or
other components than those described herein. Moreover, in
certain embodiments, some components may be imple-
mented separately, consolidated into one or more integrated
components, and/or omitted. Similarly, methods associated
with certain embodiments may be implemented using more,
less, and/or other steps than those described herein, and their
steps may be performed in any suitable order.

[0061] Numerous other changes, substitutions, variations,
alterations, and modifications may be ascertained to one of
ordinary skill in the art and it is intended that the present
disclosure encompass all such changes, substitutions, varia-
tions, alterations, and modifications as falling within the
scope of the appended claims.

[0062] One or more advantages mentioned herein do not
in any way suggest that any one of the embodiments
described herein necessarily provides all the described
advantages or that all the embodiments of the present
disclosure necessarily provide any one of the described
advantages. Note that in this specification, references to
various features included in “one embodiment”, “example
embodiment”, “an embodiment”, “another embodiment”,
“certain embodiments”, “some embodiments”, “various
embodiments™, “other embodiments™, “alternative embodi-
ment”, and the like are intended to mean that any such
features are included in one or more embodiments of the
present disclosure but may or may not necessarily be com-
bined in the same embodiments.

[0063] As used herein, unless expressly stated to the
contrary, use of the phrase “at least one of””, “one or more of”
and “and/or” are open ended expressions that are both
conjunctive and disjunctive in operation for any combina-
tion of named elements, conditions, or activities. For
example, each of the expressions “at least one of X, Y and
77, “atleast one of X, Y or 27, “one or more of X, Y and 77,
“one or more of X, Y or Z”* and “A, B and/or C” can mean
any of the following: 1) X, but not Y and not Z; 2) Y, but not
X and not Z; 3) Z, but not X and not Y; 4) X and Y, but not
7;5)X and Z, butnot Y; 6) Yand Z, but not X; or 7) X, Y,
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and Z. Additionally, unless expressly stated to the contrary,
the terms “first”, “second”, “third”, etc., are intended to
distinguish the particular nouns (e.g., blade, rotor, element,
device, condition, module, activity, operation, etc.) they
modify. Unless expressly stated to the contrary, the use of
these terms is not intended to indicate any type of order,
rank, importance, temporal sequence, or hierarchy of the
modified noun. For example, “first X” and “second X are
intended to designate two X elements that are not necessar-
ily limited by any order, rank, importance, temporal
sequence, or hierarchy of the two elements. As referred to
herein, “at least one of”, “one or more of”, and the like can
be represented using the “(s)” nomenclature (e.g., one or
more element(s)).

[0064] In order to assist the United States Patent and
Trademark Office (USPTO) and, additionally, any readers of
any patent issued on this application in interpreting the
claims appended hereto, Applicant wishes to note that the
Applicant: (a) does not intend any of the appended claims to
invoke paragraph (f) of 35 U.S.C. Section 112 as it exists on
the date of the filing hereof unless the words “means for” or
“step for” are specifically used in the particular claims; and
(b) does not intend, by any statement in the specification, to
limit this disclosure in any way that is not otherwise
reflected in the appended claims.

1. An aircraft comprising:
first and second fuselages;

a wing assembly connecting the first and second fuse-
lages, wherein the first and second fuselages are par-
allel to one another;

first and second forward propulsion systems tiltably
attached to forward ends of the first and second fuse-
lages such that the first and second propulsion systems
are tiltable between a first orientation in which rotor
blades of the first and second forward propulsion
systems are disposed above the first and second fuse-
lages and a second orientation in which the rotor blades
of the first and second forward propulsion systems are
disposed forward of forward ends of the first and
second fuselages; and

first and second aft propulsion systems fixedly attached to
the first and second fuselages proximate aft ends
thereof such that rotor blades of the first and second aft
propulsion systems are rotatable in a plane substantially
parallel with longitudinal axes of the first and second
fuselages, wherein the first and second aft propulsion
systems comprise pylons attached directly to upper
surfaces of the first and second fuselages.

2. The aircraft of claim 1, further comprising a tail
assembly attached to the aft ends of the first and second
fuselages.

3. The aircraft of claim 1, further comprising first and
second wing-mounted propulsion systems tiltably connected
to outboard ends of the wing assembly.

4. The aircraft of claim 3, further comprising first and
second wing tips fixedly connected to outboard sides of the
first and second wing-mounted propulsion systems.

5. The aircraft of claim 4, wherein the first and second
wing-mounted propulsion systems and the first and second
wing tips are collectively tiltable between a first position
when the aircraft is in a hover mode and a second position
when the aircraft is in a cruise mode.
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6. The aircraft of claim 1, wherein each of the propulsion
systems includes a rotor assembly comprising a plurality of
rotor blades.

7. The aircraft of claim 6, wherein the rotor assemblies of
the first and second aft propulsion systems rotate when the
aircraft is in the hover mode and cease to rotate when the
aircraft is in the cruise mode.

8. The aircraft of claim 1, wherein the first and second
forward propulsion systems are tiltably connected to the
forward ends of the first and second fuselages such that the
first and second forward propulsion systems are tiltable
between a first position when the aircraft is in the hover
mode and a second position when the aircraft is in the cruise
mode.

9. The aircraft of claim 1, wherein the propulsion systems
collectively comprise a hexrotor arc when the aircraft is in
the hover mode.

10. The aircraft of claim 1, further comprising a cargo pod
between the first and second fuselages.

11. The aircraft of claim 10, wherein the cargo pod is
connected to an underside of the wing assembly.

12. The aircraft of claim 1, further comprising an external
payload between the first and second fuselages, wherein the
external payload is modular.

13. The aircraft of claim 12, wherein the external payload
is connected to an underside of the wing assembly.

14. The aircraft of claim 12, wherein the external payload
comprises at least one of a weapons assembly and a sensor.

15. An electric vertical takeoff and landing aircraft (eV-
TOL) selectively convertible between a hover mode and a
cruise mode, the eVTOL comprising:

a first fuselage;

a second fuselage parallel to the first fuselage;

a wing assembly connecting the first and second fuse-

lages;

first and second forward propulsion systems attached to

forward ends of the first and second fuselages, the first
and second forward propulsion systems comprising
first and second pylons tiltable relative to the first and
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second fuselages between a first position when the
aircraft is in a hover mode, in which rotor blades of the
first and second forward propulsion systems are dis-
posed above the first and second fuselages, and a
second position when the aircraft is in a cruise mode,
in which the rotor blades of the first and second forward
propulsion systems are disposed forward of forward
ends of the first and second fuselages, wherein each of
the pylons houses a drive system for providing rota-
tional power to rotor assemblies of the forward pro-
pulsion systems; and

first and second aft propulsion systems fixedly attached to

the first and second fuselages proximate aft ends
thereof such that rotor blades of the first and second aft
propulsion systems are rotatable in a plane substantially
parallel with longitudinal axes of the first and second
fuselages, wherein the first and second aft propulsion
systems comprise pylons attached directly to upper
surfaces of the first and second fuselages

16. The eVTOL of claim 15, further comprising first and
second wing-mounted propulsion systems tiltably connected
to outboard ends of the wing assembly.

17. The eVTOL of claim 16, further comprising first and
second wing tips fixedly connected to outboard sides of the
first and second wing-mounted propulsion systems.

18. The eVTOL of claim 17, wherein the first and second
wing-mounted propulsion systems and the first and second
wing tips are collectively tiltable between a first position
when the aircraft is in a hover mode and a second position
when the aircraft is in a cruise mode.

19. The eVTOL of claim 15, wherein each of the propul-
sion systems includes a rotor assembly comprising a plu-
rality of rotor blades.

20. The eVTOL of claim 19, wherein the rotor assemblies
of the first and second aft propulsion systems rotate when the
aircraft is in the hover mode and cease to rotate when the
aircraft is in the cruise mode.
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1
AMPHIBIOUS AIRCRAFT

BRIEF DESCRIPTION

Aircraft which can take off and land on the water have
populated the skies for many years, since the dawn of
powered aviation. Such aircraft have been considered sea-
planes if unable also to take off and land on the ground, and
amphibious if able to take off and land both on the ground
and water. For purposes of this document, seaplanes are
included in and considered a subcategory of amphibious
aircraft, as amphibious aircraft which do not feature or have
not been fitted with the sort of landing gear which allows
takeoff and landing on the ground.

Amphibious aircraft have typically been of two general
types. The first general type includes single fuselage designs
in which the fuselage serves as flotation and usually includes
appropriate hydrodynamic contouring. A prime example is
the PBY Catalina multiengine aircraft in wide use in the
mid-20” century. The second general type also has a single
fuselage, but the fuselage is supported on floats or pontoons.
Examples include any number of conventional aircraft
which have been fitted with floats.

The single fuselage/hull amphibious aircraft have gener-
ally taken the form of larger, high-winged, multi-engine
designs in an effort to position engine intakes and propeller
arcs above water and spray. Lake Aircraft models, however,
feature a single fuselage/hull design with high wing and a
powerplant mounted on a strut above the fuselage. Other
float design general aviation class aircraft avoid the spray
issue by dimensioning the float struts of sufficient length to
raise the fuselage and propeller arc of the typically forward-
mounted engine above water line, spray being less of an
issue since the engine is forward of the floats.

A significant issue with conventional float designs is the
considerable additional aerodynamic drag created by the
floats. That drag not only reduces range and airspeed, but it
also creates additional moments of inertia about all of the
yaw, pitch, and roll axes of the aircraft, and can thus degrade
maneuverability of the aircraft. For smaller aircraft, the
inventor has found that the designs featuring powerplants
mounted too great a distance above the fuselage introduce
stability issues, particularly on the water as well as in
situations requiring radical power changes, as well as
maneuverability issues which may arise as a result of the
thrust axis being located an excessive distance above the
center of gravity.

Twin fuselage aircraft have also been designed and used
for various purposes, including the P38 Lightening, the P51
Mustang twin fuselage version and the B26 bomber designs
widely used in World War II. Those designs typically offer
an additional site at the forward end of a fuselage for a power
plant and/or armament, together with additional stability at
least about the roll axis. Similar designs include the single
cockpit/twin tailboom aircraft such as the P61 Black Widow
and the C119 Flying Boxcar.

One aspect of certain embodiments according to the
present invention is to provide general aviation class
amphibious aircraft which avoid any or all of aerodynamic
drag and concomitant issues presented by pontoons and
floats as well as structural, control and maneuverability
issues presented by fuselage supported high engine designs,
and which leverage the advantages of a twin fuselage, twin
hull design in which the power plant is located aft and
positioned advantageously with respect to water and spray.

Another aspect of certain embodiments according to the
present invention is to provide amphibious aircraft in the
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2

general aviation class with any or all of increased range,
speed and maneuverability, among other advantages, rela-
tive to conventional smaller float amphibious aircraft.

Another aspect of certain embodiments according to the
present invention is to provide amphibious aircraft in the
general aviation class which are eminently stable during take
off, landing and taxiing phases on the water.

Other objects, features and advantages of the invention
and embodiments thereof will become apparent with respect
to the remainder of this document.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a first embodiment of an
amphibious aircraft according to the present invention.

FIG. 2 is a view of a portion of the embodiment of FIG.
1

FIG. 3 is a top plan view of the embodiment of FIG. 1.

FIG. 4 is a front elevational view of the embodiment of
FIG. 1.

FIG. 5 is a bottom plan view of the embodiment of FIG.
1.

FIG. 6 is a rear elevational view of the embodiment of
FIG. 1.

FIG. 7 is a cross sectional view of the embodiment of FIG.
1.

FIG. 8 is another cross sectional view of the embodiment
of FIG. 1.

DETAILED DESCRIPTION

FIGS. 1-8 all show a preferred embodiment of an
amphibious aircraft according to a preferred embodiment of
the present invention. This embodiment features a twin
fuselage, twin hull design with aft mounted, ducted propeller
power plant. The first and second fuselages, 12 and 14
respectively, can each contain any or all of pilot/co-pilot/
passenger accommodations. Pilot and copilot flight controls
may be located in any number of permutations. For example,
the port cockpit 16 might contain primary flight controls for
the pilot in command and the starboard cockpit controls for
a co-pilot. This configuration could be reversed, no co-pilot
controls need be included, or both of pilot and co-pilot
controls could be placed in either of cockpits 16 or 18 with
additional passenger space in either or both of those cockpits
as desired.

Each fuselage 10, 12 is preferably faired and configured
for appropriate hydrodynamic effects, both statically and
dynamically during all phases of taxing, takeoff and landing.
The fuselages may feature any desired shape, length, width
and height to accomplish the result of appropriate aerody-
namic and hydrodynamic performance for a general aviation
class amphibious aircraft with favorable stability, airspeed,
range, and maneuverability characteristics. An aft hydrody-
namic stabilizer 20 may be included as shown in these
figures. The stabilizer generally affects performance during
taxing, takeoff and landing on the water. Retractable or
non-retractable landing gear 21 may also be included.

Primary lifting surface 22 of this particular embodiment is
a generally cantilevered, preferably positive dihedral design
with a significant aerodynamically active portion located
between the fuselages 12 and 14. The lifting surface 22
might be of any desired structural design, swept or unswept,
any desired combination of camber, chord, airfoil, aspect
ratio and any length and structural configuration. Short
Takeoff/Landing or other variable lift/wing performance
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structures may be chosen as appropriate and can include
configurable surfaces such as slats and/or flaps in addition to
flight control surfaces such as ailerons, flaps, combination
flaps/ailerons, elevators, combination ailerons and elevators,
trim tabs and other appropriate surfaces. Any and/or all of
these surfaces may be manually controlled, computer
controlled, or a combination of the two. In addition to
primary lifting surface 22, canards (not shown) can be
employed. Additionally, surfaces on the fuselages and the
ducting described hereafter can contribute to the lift pro-
duced by the aerodynamic structure of aircraft 10.

Flight control surfaces in the forms of combination flaps/
ailerons 24 are shown in FIGS. 1, 3 and 5.

The power plant in the particular embodiment shown in
FIGS. 1-8 is a reciprocating propeller/fan design surrounded
by duct 26. Duct 26 may provide lift and may contain
elevators and/or rudder flight control surfaces, together with
other flight control surfaces as desired. The power plant 28
may be of any desired manufacture or design, including
reciprocating or jet. The fan or propeller may be constant
speed or variable speed, controllable pitch or otherwise. One
particular form of ducted powerplant design which is appro-
priate is a fanjet or jet engine with high bypass ratio, which
may be used with or without other ducting structure 26 of the
sort shown in the drawings; in that the cowling around the
fan serves as the duct.

Power plant 28 and prop/fan 30 may be supported within
duct 26 by appropriate structure such as web 32 extending
from both fuselages 12, 14, and assisting in support of duct
26.

Fuel tanks may be located within fuselages 12, 14, lifting
surface 22 or duct 26 or a combination, appropriate weight
and balance, maneuverability and fuel flow issues taken into
account.

Any or all components including structural components
and surfaces of embodiments according to the present inven-
tion may be formed of conventional materials including
metallic materials and/or composites, preferably with appro-
priate corrosion-resistant characteristics for operation in salt
water aggressive environments.

The fuselages 12, 14 may be positioned relative to each
other at sufficient distance for optimum maneuverability and
control, together with appropriate performance on the water
and structural integrity. The fuselages 12, 14 preferably act
in combination with the lifting surface 22 and the ducting 26
to provide favorable aerodynamic performance with or
without power applied, thus providing smooth transition into
an engine out mode, and smooth performance as power is
applied such as for takeoff.

The low center of gravity together with the positioning of
the ducted prop/fan power plant, in combination with lifting
surface 22 interposed between the fuselages 12, 14 allows
any or all of at least these advantages:

(1) substantially removing the power plant 28 and the

prop/fan 30 from water and spray;

(2) improved hydrodynamic performance combined with
aerodynamic performance relative to conventional
float/pontoon designs;

(3) favorable stability and maneuverability on the water,
and stable control in landing and takeoff modes
whether on the water or on the ground.

(4) improved speed and range relative to comparably
sized and power amphibious aircraft;

(5) favorable comfort and visibility for operators and
passengers, due in part to cockpits placed well forward
of the power plant.
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What is claimed:

1. A general aviation class amphibious aircraft adapted to
take off and land on water, comprising:

(2) a pair of fuselages joined by a cantilevered lifting
surface, each fuselage containing a cockpit and hydro-
dynamic fairing;

(b) a power plant mounted on a web supported by each of
the fuselages, the power plant located adjacent to
portions of the fuselages and connected to at least one
of a propeller or fan;

(¢) a duct surrounding the power plant and connected to
the fuselages for improving efficiency of the power-
plant and providing lift.

2. An aircraft according to claim 1 in which the lifting
surface includes elevators and aileron surfaces and the duct
includes rudder surfaces.

3. An aircraft according to claim 1 in which one cockpit
contains primary flight controls and the other cockpit con-
tains secondary flight controls.

4. An aircraft according to claim 1 in which the lifting
surface contains combination flap and aileron flight surfaces.

5. An aircraft according to claim 1 in which the duct
contains elevator and rudder flight control surfaces.

6. An aircraft according to claim 1 in which the duct
includes flight surfaces which perform a combination of
elevator and rudder functions.

7. An aircraft according to claim 1 in which the power
plant is reciprocating.

8. An aircraft according to claim 1 in which the power
plant includes a turbojet.

9. An aircraft according to claim 1 in which all external
surfaces are formed of composites.

10. A general aviation class aircraft adapted to land and
take off on water, comprising:

(2) a pair of fuselages joined by a cantilevered lifting
surface, each fuselage containing a cockpit and hydro-
dynamic fairing, each fuselage adapted at least partially
to float the aircraft on water in order to allow take off,
taxiing and landing operations;

(b) a power plant mounted on a web supported by each of
the fuselages, the power plant located adjacent to
portions of the fuselages and connected to at least one
of a propeller or fan;

(c) a duct surrounding the power plant and connected to
the fuselages for improving efficiency of the power-
plant and providing lift, wherein

(d) the duct includes at least one flight control surface
adapted to affect rotation of the aircraft about at least
one of the yaw and the pitch axes.

11. An aircraft according to claim 10 in which the duct

contains elevator and rudder flight control surfaces.

12. An aircraft according to claim 10 in which the duct
includes flight control surfaces which perform a combina-
tion of elevator and rudder functions.

13. An aircraft according to claim 10 in which the lifting
surface includes elevators and aileron surfaces and the duct
includes rudder surfaces.

14. An aircraft according to claim 11 in which one cockpit
contains primary flight-controls and the other cockpit con-
tains secondary flight controls.

15. An aircraft according to claim 10 in which the lifting
surface contains combination flap and, aileron flight sur-
faces.

16. An aircraft according to claim 10 in which the power
plant is reciprocating.

17. An aircraft according to claim 10 in which the power
plant includes a turbojet.
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18. A general aviation class aircraft adapted to take off and (¢) a generally tubular duct surrounding the power plant
land on water, comprising: and structurally connecting the fuselages, for improv-
(2) a pair of fuselages joined by a cantilevered lifting ing efficiency of the powerplant, adding structural
surface, each fuselage containing a cockpit and hydro- integrity to the aircraft and providing lift, wherein
dynamic fairing; 5 (d) the duct includes at least one flight control surface
(b) a power plant mounted on a web supported by each of adapted to affect rotation of the aircraft about each of
the fuselages, the power plant located adjacent to the yaw and the pitch axes.

portions of the fuselages and connected to at least one
of a propeller or fan; ® ok ok k%
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(57) ABSTRACT

A dimensionally size-efficient aircraft being of a twin-fuse-
lage configuration that addresses long-range high-capacity
passenger commercial or military application needs, unique
in that propelling engines (two, three, or four engine arrange-
ments) are centrally mounted aft of a central cross-wing sec-
tion, that section addressing the structural requirements of
fuselage attachment with a means of passage between fuse-
lages, the outer main wings being free from hanging append-
ages, thereby enabling efficient aerodynamic-lift wing
design, the configuration using a split stabilizer and a split
vertical tail for stable aerodynamic control. Engine locations
are biased high and aft with the central and outer wings
providing ground noise abatement while in flight, passenger
cabin noise low due to aft engine locations.

Efficiencies of operation derive from: 1) a low overall weight/
revenue seat ratio, 2) large and adaptable passenger floor
plans, 3) compatibility with existing ground terminal facili-
ties, 4) multiple engine configuration selections enabled by
this aircraft layout, both turbo-fan and turbo-prop, and 5)
opportunities of growth within this configuration. It is a low
wave-drag configuration that better approaches the cross-
sectional frontal-area shape ideal for minimum drag at near
transonic speeds. This disclosure represents a general design
concept and not a specific point design.

TABLE #1

Disclosure Aircraft

Wingspan: (ft) 223

Length: (ft) 207

Design Point Height: (ft) 45
Range: n.mi. 8,300 Thiust: {Ibs) 192,000
Seatng capacity 470 Fuel Capacity. {Ibs) 375,000
Takecff waight: {Ibs) 818,000 Max Payload: {Ibs}) 200,000

Payload: {Ibs) 97,000 Max. Seating Capacity 640
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Disclosure Aircraft

Design Paint
Range: n.mi. 8,300
Seating capacity 470
Takeoff weight: {Ibs) 818,000
Payload: {Ibs) 97,000

Wingspan: (ft)
Length: (ft)

Height: (ft)

Thrust: (Ibs)

Fuel Capacity: {Ibs)
Max Payload: (lbs)
Max. Seating Capacity

223
207
45
192,000
375,000
200,000
640
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BACKGROUND OF THE INVENTION

[0003] Air traffic model forecasts suggest there is need for
large capacity commercial aircraft to meet future air travel
needs. Aircraft manufacturers already are in process of envi-
sioning and designing new aircraft, and researching enabling
technologies to meet anticipated demands. The largest of
such aircraft now in service, are compromised in design by
limits of ground facilities able to handle them. Such aircraft
are also placing strain on the technologies of propulsion,
structural design, and materials. Restrictions in place limit
maximum wingspan and maximum weight for these aircraft.
New blended-wing aircraft are now being researched for the
eventual replacement of tube-wing aircraft design, but they
present their own set of design issues, highest priority being
how to solve safely cabin pressurization requirements and
assure proper performance stability margins as a commercial
aircraft. Blended-wing designs have efficiency advantages
over traditional tube-wing designs of today, but are a further
down-line solution, and may not be viable in time to meet
nearer term needs.

[0004] This disclosure aircraft represents a transition
design, based on proven technologies of today’s aircraft, and
offers a paradigm shift to a twin-fuselage tube-wing design
concept, thereby retaining traditional pressurization solutions
present tube/wing designs offer. This two fuselage design
doubles the seating capacity of the newest non-jumbo jet,
rivals jumbo-jet capacity, with considerably more efficient
dimensions, lesser wingspan, and reduced length and height.
Further, growth within a family of aircraft based on the twin-
fuselage configuration of this disclosure may surpass mega-
transport seat capabilities.

BRIEF SUMMARY OF THE INVENTION

[0005] The disclosure aircraft (10) describes an aircraft of
significant physical size designed to carry hundreds of pas-
sengers at a maximum range greater than 8000 nautical miles.
It is dimensionally smaller than today’s jumbo-jet designs
and therefore very amenable to all world airports able to

Sep. 18,2014

service these largest of commercial airliners. Unique to this
design is the twin-fuselage tubular-wing configuration joined
by a cross-wing structure that contributes lift and provides a
passage means to allow movement from one fuselage to the
other.

[0006] The fuselage is envisioned to be able to accommo-
date 9-abreast seating in a double row coach class. Each
fuselage is typically able to seat 230 to 300 passengers in
multiple-class arrangements.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0007] Theaircraftofthis disclosure (10) is described by 21
figures and one table and represent the configuration basis for
the claims made. The disclosure aircraft (10) is estimated to
be compatible with specification presented in Table #1; all
other performance assumptions are based on this specifica-
tion for the disclosure aircraft. The specifications of Table #1
are for the purpose only of giving further understanding as to
the general size and weight of the disclosure aircraft, and
these specifications do not represent a singular point design to
which the claims presented herein only apply.

[0008] Below is a summary of the figure specifics.

[0009] FIG. 1 is an isometric view of a Cross-Wing Twin-
Fuselage Aircraft (10), the name given to the disclosure air-
craft, in take-off mode, the Isometric view looking from
above.

[0010] FIG.2isanisometric view of the Cross-Wing Twin-
Fuselage Aircraft (10) in take-off mode, the view looking
from below.

[0011] FIG. 3 is the same aircraft (10) in an isometric view,
the aircraft being in final approach as seen from below just as
the aircraft has passed.

[0012] FIGS. 4,5, and 6 show a top plan view, a side view,
and a frontal view respectively for the Cross-Wing Twin-
Fuselage Aircraft (10).

[0013] FIG. 7 shows typical main deck seating and service
accommodations, 9-abreast seating for coach (48) and 6 to 8
abreast seating for other classes (first class (46) and business
class (47)). The figure suggests a 3-class capacity of 538
passengers or more. Typical locations for lavatories (59) and
galleys (58) are also shown.

[0014] FIG. 8 shows the fuselage under-belly allocations
below the main deck and points out the main cross-wing
structure (51), the structural tie for the engines (52), the
location of fuel tanks (32,33,41,42.43), holds for cargo (34),
forward (21) and main landing gear (23) stowage, buoyancy
holds (61), crew rest areas (63), an on-board lounge (49),
stairways to the lounges (37), the passage between the fuse-
lages (36), and the aft fuselage bulkheads (62).

[0015] FIGS. 9,10, and 11, show examples of turbo-fan jet
engine installations (29) located just rear of the central cross-
wing section as it connects the twin fuselages together.
[0016] FIG. 12 shows that the disclosure aircraft (10) is
compatible with other propulsion techniques, that shown is
with prop-prop engines (55) and contra-rotating propellers

[0017] FIG. 13 shows a design variant using a v-tail (53-54)
configuration.

[0018] FIG. 14 shows capabilities for three different air-
craft design approaches, comparing today’s aircraft (aircraft
#1-#5), with the disclosure aircraft design, and blended wing
expectation, design capability bands, plotted in terms of the
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overarching efficiency factor (Maximum take-off weight
including payload and fuel/revenue seat).

[0019] FIG. 15 shows the center-of-gravity movement ref-
erenced to the center-of-lift for several flight and payload
conditions as function of the disclosure aircraft weight.

[0020] FIG. 16 shows state-of-the-art fuselage and total
aircraft wetted areas, a factor affecting drag, and the point
design wetted areas for the disclosure aircraft, plotted as a
function of maximum take-off weight.

[0021] FIG. 17 shows typical commercial aircraft frontal
area and how itincreases with aircraft seating capacity, show-
ing also the frontal area of this disclosure aircraft (10) to be
within a reasonable design scatter band.

[0022] FIG. 18 shows the similar frontal areas but refer-
enced to aircraft weight at liftoff.

[0023] FIG. 19 shows the cross-sectional area presented to
the atmospheric ether ofa typical jumbo-jet of current design,
at nose-to-tail stations, compared to the smooth ideal sug-
gested by the area-rule for least wave drag.

[0024] FIG. 20 shows the same information as FIG. 19, but
for the cross-wing twin-fuselage aircraft of this disclosure
(10).

[0025] FIG. 21 shows the disclosure aircraft (10) plane of
symmetry (57) and that mature design can effectively take
advantage of a lowered drag coefficient as is the case for
catamaran design, by self-canceling a portion of the wave
drag.

[0026] Each figure shows identification number callouts of
the disclosure aircraft assembly or feature, and are here sum-
marized for reference:

[0027] 1D #: Cross-wing Twin-Fuselage aircraft of this dis-
closure (10); Right-Fuselage (nose-section with pilot deck)
(11); Right-fuselage (main central section) (12); Right-fuse-
lage (Rear-section) (13); Right-Main wing (14); Left-Fuse-
lage (nose-section) (15); Left-fuselage (main central section)
(16); Left-fuselage (Rear-section) (17); Left-Main wing (18);
Central Cross-wing (19); Unassigned (20).

[0028] 1D #: Forward-Landing-Gear dual-wheel [Steered]
(2) (21); Forward-Landing-Gear Cowling bubble (one/fuse-
lage) (22); Main-Landing-Gear triple bogey-wheel (2) (23);
Main-Landing-Gear Cowling bubble (one/fuselage) (24);
Split-Stabilizer (2) one/fuselage (25); Split-Vertical-tail (2)
one/fuselage (26); Right vortex-control Winglet (27); Left
vortex-control Winglet (28); Turbo-fan engine with Nacelle
(3) (29); Unassigned (30).

[0029] 1D #: Central Wing-box structure containing per-
sonnel passage (31); Right wing fuel tank (32); Left wing fuel
tank (33); Cargo containers (14 per Fuselage) (34); APU (35);
Personnel passage tunnel in cross-wing box (36); Stairways
(37); Fuselage cowling for reduced drag [helps approach area
rule] (38); Anti-shock pods (not to scale) and for cross-sec-
tional smoothing and housing of flap mechanicals (39); Unas-
signed (40).

[0030] 1D #: Forward cross-wing fuel tank (41); Middle
cross-wing fuel tank (42); Aft cross-wing fuel tank (43);
Forward main-deck access door (44); Middle main-deck
access door (45); First-class seating section (46); Business-
class seating section (47); Coach-class seating section (48);
On-board lounge (49); Unassigned (50).

[0031] ID # Wing-box structural reinforcement housing
main-landing-gear, (51); Aft tie-structure for engine (52);
Right-fuselage V-tail (53); Left-fuselage V-tail (54); Turbo-
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prop engine (55); Contra-rotating propeller pair (56); and
Longitudinal Plane-of-Symmetry (57); Galleys (58); Lavato-
ries (59); Unassigned (60).

[0032] ID#: Buoyancy holds (61); Afi-fuselage pressuriza-
tion bulkhead (62); Crew rest area (63).

DETAILED DESCRIPTION OF THE INVENTION

[0033] The aircraft (10) of this disclosure is presented with
isometric views FIGS. 1-3, plan-views FIGS. 4-6, and cut-
away detail views FIGS. 7-8.

[0034] Fuselage

[0035] The description of the fuselage concept is to show
how very similar it is to the fuselage designs of the commer-
cial airlines of today.

[0036] The fuselage of the disclosure aircraft (10) is just
over 200 ft in length. The main deck provides seating accom-
modations for passengers and services FIG. 7. It is anticipated
that passenger loading can be accommodated through two
forward entrances (44,45) for each fuselage.

[0037] One of the twin fuselages, left or right, in the nose
section (11 or 15) will contain the pilot cockpit cabin,
equipped as other commercial aircraft, but with additional
displays for scene visibility masked by the fuselage twin nose
section, so viewing from the chosen cockpit need not com-
promised. The other fuselage nose section is available to
provide passenger amenities, as airlines would so choose.
[0038] The forward under-belly section FIG. 8 of each
fuselage (12,16) provides for container/palletized cargo (34).
Just in front of this cargo hold is stowage volume for the
forward steering landing gear (21) and avionics. A cargo door
opening to the cargo hold would be positioned just aft of the
forward landing gear. Moving further aft in the fuselage belly
are passenger lounges (49) stairs (39), passage tunnel
entrance (36) for connection and passage between the twin
fuselages, then crew rest areas (63)—servicing also as medi-
cal centers. The wing box (51) follows. Aft of the wing box
(51) are the main landing gear (23) stowage volumes, the
main landing gear (23) being a triplet-paired wheel bogey,
simply hinged inward and down for landing. Behind the main
landing gear is the engine tie structure (52) a reinforcement
bridging structure for support of the fuselage-mounted
engines (29), then additional cargo holds. As shown in the
figures, each twin-fuselage is a near-mirror image of its twin.
The fuselage is to be designed and manufactured in accor-
dance with accepted practice of today.

[0039] There are no tricks for cabin pressurization. All but
the tail section of each fuselage is pressurized forward of a
rear bulkhead (62) at the aft end of the passenger cabin.
Exceptions to this pressurized section description are the
under-belly sections containing the landing gear. In the
under-belly section surrounding the main landing gear (23),
additional structure (52) supplements the generically
designed fuselage sections (12,16) for landing gear support
transitions, and for structure necessary to support the engines
(29). Pressurization safety margins in these holds can and will
be achieved without difficulty.

[0040] Behind the main fuselage rear bulkhead (62) are
tapered fuselage transitions (13,17) supporting vertical tail
(26) and stabilizer (25) interfaces. At the most aft station of
one fuselage is location for an auxiliary power unit [APU]
(35) as is presently accepted practice. The fuselage rear tran-
sitions (13,17) are biased high allowing for takeoff angles-
of-attack and may include cowling to reduce drag, i.e. to
improve area-rule cross-sectional smoothness.
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[0041] Along the inner side of the under belly, localized
bulging of the outer-skin is used to provide necessary enve-
lope for housing stowed landing gear. Further, transitional
flaring cowled volumes (38) are added at and before the
outer-wing (14,18) root interface to smooth the increasing
area presented to the atmospheric ether. Itis not by design that
the fuselage will act to provide any lifting force at a zero
angle-of-attack. The fuselage will add lift for positive angles-
of-attack.

[0042] Preliminary analyses of the complete aircraft indi-
cate that localized flared cowling volumes (38) at the fuse-
lage—outer wing aerodynamic transition act to minimize
overall near-sonic drag, the localized bulging effecting a
smoother transition of the increasing and decreasing station
equivalent frontal areas, criteria’s suggested by area cross-
sectional rules for minimum drag. Typical fuselage bulging
(38) are as shown and act also to provide cowling at the
fuselage wing and central cross-wing interfaces, and aid in
providing additional stowage volume for the main landing
gear. The bulging (38) shown is typical of what may be
beneficial, though to exactly define the optimum of outer-
wing fuselage transition, wind tunnel data is necessary.
[0043] Aft Engine Mounting

[0044] The aft mounted engines (29) make the aircraft a
pusher design, i.e. the thrust vector is behind and in this case
above the aircraft center-of-gravity. The engine thrust vector
develops a nose-down moment about this center-of-gravity,
fully compensated by tail stabilizer design (25). The moment
helps in overall aircraft stability allowing the center-of-lift
[CL] to be near to the center-of-gravity [CG] without stability
margin issues. The engine compliment (29) mounts aft on the
fuselage, thus eliminating outer-wing hanging appendages
that effect overall wing lifting capability, thus providing a
greater outer-wing lift coefficient due to elimination of usual
wing-engine pylon and exhaust-flap issues. This means less
drag, particularly in the critical take-off climb phase, less
asymmetric yaw in event of engine-failure since engines are
near to the aircraft centerline, and allows shorter landing gear,
air-stair, and exit-slide lengths. The engines mount together
on a single bridging structure (51), without need for pylons,
this structure (51), attaches to each fuselage just under the
main decks, meaning a close structural connection to fuselage
reinforced structure required for the main landing gear and
the central wing box connection. This arrangement means
efficient weight design, opportunity for engine-noise isola-
tion, and reduced cabin vibration than for pylon mounted
fuselage engines commonly seen in today’s in-service air-
craft.

[0045] More benefits of this engine configuration for the
disclosure aircraft (10), are listed below:

1) Engine thrust torque allows for full stability even if the lift
center-of-pressure were to move slightly forward of aircraft
center-of-gravity;

2) Throttle back-off will cause the nose to rise in the opposite
direction afforded by wing flap extension, thereby achieving
lower approach and landing speed,;

3) For takeoff and landing, angle-of-attacks can be lower;
4) Engines work to reduce stall tendency;

5) Engine services concentrated within local engine area, not
wing-to-wing for reduced weight.

6) Aft fuselage-engine-mounts are safer in event of a ditch
scenario in that the engines (29) and outer wings (14,18) are
not susceptible to tear-off.

Sep. 18,2014

[0046] Engine Nesting

[0047] Turbo-fan engine configurations (29) for the cross-
wing twin-fuselage aircraft (10) are numerous. For each con-
figuration, engines mounted high and aft of the central wing
means engine noise radiates up and away from the ground
while in flight (Under wing designs reflect noise off the wing
bottom and toward the ground). Three concepts are shown in
this disclosure, 2, 3 and 4 engine layouts.

1) A two-engine design FIG. 10, each engine mounted high on
the single bridging structure (52), just aft of the cross-wing,
engine thrust determined by the aircraft requirements.

2) A three-engine configuration FIG. 11, [shown in most of
the figures], the third engine mounted on the under side of the
single bridging structure (52), the third engine centrally
located on that structure. Aerodynamic trim can also be incor-
porated on this connecting member.

3) A four-engine compliment FIG. 12, a fourth engine mount-
ing along side the under-side mounted engine of the three-
engine configuration, thereby sharing that same bridging
lower-fuselage connecting structure (52).

[0048] In each of the engine arrangements, the collective
engine thrust force applies a nose down moment about the
aircraft center-of-gravity [CG] in an additive fashion, as does
the center-of-gravity of the aircraft, relative to the wing lift
center-of-pressure [CP]. This means that the correcting sta-
bilizer moment may be larger than with aircraft designs that
mount the engines below the wings. Further, ample stability
margins in pitch control are achieved with lesser CG/CP
separation due to the moment direction provided by the high
thrust position. All engines can be angled slightly up or down
as determined by wind tunnel test results.

[0049] Central Cross-Wing

[0050] The central cross-wing structure (19) is designed to
provide structural connection, bridging between the twin
fuselages (11-13,15-17). This wing structure (19) provides
about 25% of the total lift, its airfoil not designed for a
maximum lift, as are the outer-main lifting wings (14,18). Its
position and lift contribution relative to the main outer-wings
is tailored for the fuselage design-length chosen. Further,
enhanced ground effects will be present due to the central
cross-wing section contributing to lower take-off and landing
speeds; this lift also tailored to assist takeoff and landing
stabilities. This wing section (19)1s not pressurized, as are the
fuselages (11-12,15-16), except for a tubular passage connec-
tion (36) that allows personnel movement between the fuse-
lages. Aerodvnamic functionalities could include laminar
over-surface flow control, lift abatement capability, but is not
expected to include flap or other active aerodynamic control
surfaces. Wing-to-fuselage cowling (38) will be designed to
minimize drag.

[0051] This wing section (19) also provides fuel tank vol-
ume for about half ofthe loaded fuel, that tankage being in the
mid-to-rear portions of this wing section airfoil. Depending
on specification of the user, forward portions of this wing
section can house buoyancy holds to enhance floatability of
the aircraft.

[0052] Itis expected that the placement of an airfoil just in
front of the engine compliment will have beneficial effects,
for example, negative pressures caused by the engine intakes
just behind the wing may increase laminar flow over the
airfoil adding lifting efficiency for this wing section, and/or
may help lower in-going air temperature seen by the engines,
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enhancing engine efficiencies at cruse. These are possibilities
that the design suggests, but require test and detailed simula-
tion to quantify.

[0053] Main Lifting Wings

[0054] Each of the main outer wings (14,18) is swept at
about 35 degrees and carries the other half of the fuel load.
The wing root is from the lower mid-section of the fuselage
(12,16) and attaches to the main cross-wing box (51) con-
necting each wing (14,18) to each other. The mean chord of
the main wings have a contour that provides a lift coefficient
of >0.5, and a stall angle-of-attack characteristic of >15
degrees when combined with the central cross-wing structure
(19). Vortex winglets (27,28) enhance the wing area lift effec-
tiveness and manage wing vortex generation.

[0055] The wing root (38) is shaped to minimize fuselage/
wing drag interactions. Wing softness (compliance) is inte-
gral to the outer wing design and is expected to eliminate
cabin flight roughness. Leading edge design is of traditionally
accepted standards. Wing flaps are utilized for landing, while
wing ailerons and trim surfaces work to provide roll stability
and pitch force trim. Note the disclosure aircraft roll moment-
of-inertia is greater than comparable tube-wing aircraft of
today. Ailerons sizing will be larger, but the disclosure aircraft
will not be as susceptible to forces effecting roll.

[0056] Each of the main lifting outer-wings (14,18) may
include anti-shock pods (39) (two per wing shown; not-to-
scale) to improve the flow over the upper outer-wing surface,
facilitate a smoother area profile presented to the slip-stream,
and act as cover for flap extension mechanicals.

[0057] Stabilizer

[0058] The rear stabilizer (25) is of a split design, one-half
attached to each fuselage rear cone section (13,17). The sta-
bilizer is an airfoil designed to produce a negative lift force.
The design is to be such that at altitude and cruse speed,
overall aircraft drag will be lowest and in-flight control sta-
bility and margins are maintained. The stabilizer provides
pitch control for take-off and counters wing-flap effects dur-
ing approach and landing. There is nothing new or revolu-
tionary as to the way the stabilizer is designed, or the way the
disclosure aircraft will handle, except that no state-of-the-art
fuel tank volume would be incorporated into the stabilizer.
[0059] Vertical Tail

[0060] A vertical tail (26) rises above each of the aft twin
fuselages (13,17) as shown by the figures. Aircraft yaw con-
trol is the vertical tail function, just as with other aircraft.
Benefits of this configuration are that the forces needed of the
vertical tail are lower than for conventional aircraft of size.
Crosswinds and engine out situations usually size the vertical
tail area requirement. This configuration reduces fuselage
cross-section exposure to crosswinds due to protections the
wind-facing fuselage offers the leeward fuselage. Engine-out
yaw moments are of much less magnitude due to the central
location of the engines. Each vertical tail is expected to be less
in area than the usual single tube/wing aircraft tail size, mean-
ing the combined vertical tail surface area will be about half.

Comparisons with State-Of-The-Art

[0061] Necessary to the viability of any proposed large
aircraft is an assessment of design, state-of-the-art compari-
son, and analyses of factors affecting performance and range.
It is shown that a twin-fuselage aircraft, like that of this
disclosure (10) offers airlines and manufacturers a transition
design option, even as they research ways to develop more
efficient aircraft for the future. Measured in the promise of
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lowered aircraft weight per passenger revenue seat, much of
today’s technology centers on solving problems that will
make a blended-wing aircraft feasible. Blended-wing design
offers promise for much lower operational costs as shown in
FIG. 14. The weight at takeoff per revenue seat is an excellent
direct measure of operational cost per seat, the blended wing
representing a solution approaching half the operating costs
of today’s aircraft. Blended-wing technology, however, is a
way into the future. Needs today for greater capacity are
pushing design to second deck transition solutions to add seat
capacity, ground-facilities limiting aircraft footprint size
increases. State-of-the-art double deck solutions seem neces-
sary, a lighter weight two-fuselage approach just not being in
view. However, the two-fuselage design offers a compelling
alternative, equivalent capacity, lower weight, and less airport
footprint at lower cost. The twin-fuselage approach incorpo-
rates and builds on now-available material and state-of-the-
art engineering technologies for fuselage and wing design,
taking full advantage of lightweight composite materials. It
would seem that a twin-fuselage aircraft is an overlooked
alternative until now.

[0062] FIG. 14 shows this directly. The overarching effi-
ciency factor (Maximum take-off weight/revenue seat) com-
pares today’s aircraft (aircraft #1-#5) with the disclosure
aircraft (10), and a blended wing design band of expectation.
It is easily seen the disclosure aircraft occupies a transition
efficiency space between aircraft of today and tomorrow’s
aircraft. The disclosure aircraft (10) offers a transition “half-
way step”, a step that technology of today can support. FIG.
14 shows bands-of-design capabilities for the tube-wing air-
craft designs oftoday, expected blended-wing aircraft design,
and the gap band filled by the disclosure aircraft (10). As is
seen, the disclosure aircraft (10) offers between 20% and 30%
improvement in overall capability, based on the ratio param-
eter, take-off-weight/revenue seat. The comparison shown is
for aircraft with a similar maximum range. None of this
should is a surprise, except in the effectiveness of this transi-
tional solution. It is in effect a paradigm shift that should and
must be considered, for the needs of commercial aviation are
here now, particularity needs for capacity increase at long
range.

[0063] The cross-wing twin-fuselage is not a strange look-
ing aircraft (10); rather it offers a pleasing profile, very much
like an aircraft should look. It is not a radical departure from
the aircraft of today. Two, three and four engine configura-
tions are tradable options. Military transport configuration
options abound. Development costs are expected to be rea-
sonable for the potential gains offered by this configuration.
Much of the design can be borrowed from today’s aircraft.
Fuselage cabin dimensions can be borrowed as well as
engines and wing-compliant technologies.

[0064] This disclosure aircraft (10) should well be consid-
ered as evolutionary design, not revolutionary design, but its
impact for increasing seat capacity within or lesser dimen-
sions of today’s junmbo jets is revolutionary, with much low-
ered seat costs/mile performance.

[0065] Here are a few more reasons why airlines and pas-
sengers should like this aircraft.

1) Passenger surroundings will feel familiar, not over
crowded, and safe.

2) Usual percentage of window-isle seating retained.

3) Opportunity for creative use of “cockpit” space.

4) Seat capacity rivals the largest of jets with operating costs
reduced by 20% to 25%.



US 2014/0263831 Al

5) Capable of nearly doubling seat revenue within today’s
accepted overall aircraft dimensions.

6) Serviceable from existing airport gates.

7) Passenger loading from up to four entrances.

8) Rear engine location makes for quiet cabins.

9) Will be noise-friendly near airports.

Other Factors

[0066] The viability of large aircraft in this niche is pretty
much determined by overall weight as discussed in the State-
of-the-art comparisons paragraph above. Other factors of
design related to the cross-wing twin-fuselage disclosure air-
craft uniqueness are addressed below. Data results shown are
from preliminary design assessments and comparative analy-
ses of the disclosure aircraft with today’s state-of-the-art
commercial jumbo-jets, and was used to validate overall
flight stability, drag estimates, and the expected benefit of the
disclosure aircraft.

[0067] Control and Stability Characteristics

[0068] Stability safety margins for the disclosure aircraft
are comparable with those of today’s commercial aircraft. An
analysis of center-of-gravity positions over a flight profile
from takeoff through landing has been estimated to validate
that controllability and stability are safely achieved. Results
of the disclosure aircraft center-of-gravity movements are
shown in FIG. 15, at varying flight conditions as a function of
aircraft weight. For all cases examined, maximum takeoff
gross weight (TOGW), three mid-flight weights, and for two
landing weights, (maximum payload, and maximum range
payload), the center-of-gravity always remains ahead of the
lift center-of-pressure, within bounded limits equivalent to
less 10% of the outer-wing average wing cord-length, well
within accepted practice for controllability, stability, and
safety, the analyses based on fuel tank loading and depletion
management schedules.

[0069] The center-of-lift can and will also be controllable,
within limits, in manners used by today’s aircraft, including,
but not limited to leading edge and flap extensions, spoilers,
boundary-layer laminar-flow enhancement techniques, and
angle-of-attack changes. Suffice to say, the aircraft of this
disclosure will not be a difficult aircraft to fly.

[0070] Drag Factors and Characteristics.

[0071] Drag issues are discussed and compared with the
current state-of-the-art aircraft. Parasitic drag factors are dis-
cussed in terms of the wetted, frontal area, and wave-drag.
[0072] Wetted Area

[0073] A two-fuselage solution at first seems to be an
unnatural design. After all, two fuselages will lead to a greater
fuselage wetted-surface area parasitic drag for an equivalent
cross-sectional area single fuselage. The same logic applies
for frontal area comparisons. So how can the disclosure air-
craft compete with the single large equivalent cross-section
fuselage approach? The answer is in the numbers, the design,
and that induced drag is of near equal importance to parasitic
drag magnitudes.

[0074] 1) For equivalent seat capacity, the twin fuselage
aircraft will always be substantially lighter in total weight
than a single fuselage aircraft. (See FIG. 14). This means that
the induced drag-component will also always be less.
[0075] 2) Frontal fuselage cross-sectional areas of single
and twin fuselage aircraft need not be the same for equivalent
payload floor areas and/or seating capacities.

[0076] 3) Wetted areas for an aircraft are more than just the
fuselages. Wetted area must include the whole of the aircraft,

Sep. 18,2014

wings and all. A larger parasitic drag-component does not
disqualify an aircraft design in terms of overall efficiency.
[0077] FIG. 16 shows wetted arca comparisons of aircraft
in service today and the wetted areas for the disclosure air-
craft, fuselage only and total. Fuselage wetted areas as shown
are relatively large for the twin fuselage design, but the figure
also shows wetted areas for the complete aircraft, inclusive of
wings, stabilizer and vertical tail, wing-fuselage transitions,
engine pylons, and nacelles; the total aircraft wetted area
differences not being pronounced as they are when compar-
ing fuselage-wetted areas only. In the end, what is first
thought to be an overarching factor in determining overall
drag is not, nor does it accurately predict drag effect consid-
erations at the bottom line.

[0078] Frontal Area

[0079] Frontal areas of large aircraft are large indeed. Fron-
tal area is a component of aircraft parasitic-drag; it affects
thrust requirements and cruse speed. Frontal area is best
presented as a parameter associated with aircraft seating
capacity and/or overall aircraft weight. FIGS. 17 and 18 show
these comparisons. The disclosure aircraft is within point
design scatter of existing aircraft, and shows best when ref-
erenced to seat capacity. Twin fuselage frontal area falls well
within acceptable ranges, particularly if based on seat capac-
ity at max range FIG. 17. It is to be remembered that frontal
area consideration is only one of several design parameters
affecting parasitic drag. Aircraft can achieve lower total drag
by addressing other factors as well, (lowered gross weight,
adherence to area-rule shapes, and higher wing-aspect ratios),
frontal area impacts thereby lessened.

[0080] The Wave-Drag Effects

[0081] The smoothness of the cross-sectional area change
along an aircraft body length, nose-to-tail, helps to determine
wave-drag magnitudes (a factor in determining the overall
parasitic drag component) at cruise speeds, and surprisingly
is largely independent of actual shape. Aircraft designs that
approximate what is called the transonic area-rule, (an aero-
dynamic shape should change in cross-sectional area as
smoothly as possible) approach the ideal shape for lowest
parasitic drag at transonic speeds, particularly above Mach
0.75, this being a most important operating speed range for
commercial aircraft. A “perfect” aerodynamic shape would
roughly look like a fat cigar, pointed at both ends. FIG. 19
compares this ideal with the typical jumbo-jet used today and
FIG. 20 is the same cross-sectional presentation for the cross-
wing twin-fuselage aircraft of this disclosure. The figures
show that though the average cross-sectional area presented
to the atmospheric ether volume (frontal average areas are
roughly similar), the disclosure aircraft more nearly approxi-
mates the ideal. This then should allow the disclosure aircraft
to be characterized by a lower-than-expected overall drag
coefficient, meaning higher cruse speed.

[0082] For the typical jumbo-jet presented in FIG. 19, the
cross-section grows quickly, levels off, then grows rapidly as
the wing-nacelle cross-sections present themselves, after
that, then quickly fall to again quickly rise once more over the
tail and stabilizer cross-sections. Transitions can be made
somewhat smoath, but cannot be a good approximation of the
also shown ideal shape profile.

[0083] In contrast, the profile for the disclosure aircraft
much better approximates the shape ideal until such point that
the engine nacelle cross-sections are accounted for, FIG. 20.
The engine nacelle cross-sections represent the sudden rise,
then fall-off just past mid-station. The much closer adherence
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to the area-rule achieved by the disclosure aircraft is expected
1o equate to alowered coefficient-of-drag, meaning a lowered
parasitic drag, and therefore an at least equivalent or higher
overall cruse speed at the minimum drag point.

[0084] Catamaran Effects

[0085] There is another design consideration that the dis-
closure aircraft will benefit from, that being a “catamaran
effect”, where facing fuselages develop wave-drag profiles
that partially cancel, cancellation due to the opposing fuse-
lage wave-drag fronts. FIG. 21 shows the longitudinal plane-
of-symmetry where drag-waves will interact. These wave-
drag interactions reduce left and right-directed drag wave
propagations, by the right and left fuselages respectively,
thereby effecting overall drag. Though not shown, each fuse-
lage could be contour tailored, nose-to-tail, as would be seen
in a top plan form view, shaped such that induced wave-drag
of the inside left and right fuselages interact with greater
wave-drag cancellation, the outward facing fuselage surfaces
being less curved to the atmospheric ether, thereby reducing
the outboard fuselage surface net contribution to the coeffi-
cient-of-drag.

Detail Description Summary

[0086] Theoverall performance and operational benefits of
this disclosure aircraft are clear. It is established that lowered
seat operational costs are a fallout of this twin fuselage
design. The disclosure aircraft provides significantly lower
weight per seat-mile at maximum range, and though exhibit-
ing a higher coefficient-of-drag, still promises 20 to 30%
greater affordability than capabilities of today’s single-fuse-
lage aircraft. All technologies are here now, meaning accept-
able risk and development cost. The disclosure aircraft fits
into a niche airlines need, passengers will appreciate, and if
developed will help to reduce overall energy expenditures by
aircraft.

1. What I claim as my invention is a dimensionally efficient
large long-range aircraft design being of a cross-wing twin-
fuselage configuration, unique in that propelling engines
(two, three, or four engine arrangements) are centrally
mounted aft of a central cross-wing section, such section
being both partial wing, fuel tanks, and structural connection
for twin-fuselage attachments, inclusive with means-of-pas-
sage between fuselages, the outer main wings being free from
hanging appendages, thereby enabling of efficient aerody-
namic-lift wing design, such configuration utilizing both a
split stabilizer and a split vertical tail, the full flight center-
of-gravity profile adequately forward of wing lift-center, that
lift-center, along with engine thrust, both contributing a nose
down center-of-gravity moment, which is countered by a
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reverse lift airfoil stabilizer providing ample nose-up
moment, thereby achieving flight safety margins with low
drag for both normal and engine-out operations, said engine
locations biased high and aft, so that the central cross-wing
and outer wings provide ground noise abatement, passenger
cabin noise minimized by aft engine installations.

2. What I claim as my invention is a dimensionally efficient
large long-range aircraft of claim 1, but for a configuration
with turbo-prop engines used to propel the aircraft in place of
turbo-fan engines, turbo-prop engines turning contra-rotating
propeller pairs, one or two such pairs acting along co-aligned
longitudinal axes, the propeller pairs being of type and design
to achieve high overall efficiency and speed.

3. What I claim as my invention is a dimensionally efficient
large long-range aircraft of claim 1, inclusive of the wing-
fuselage arrangement of cross-sectional frontal area increase
and decrease, achieving a smoothed and tailored shape, spe-
cifically designed to closely approximate the transonic area-
rule minimum-drag ideal, that shaping accomplished by the
staggering of the central cross-wing forward and the outer-
wings aft, bulging of the fuselage transition from fuselage to
the outer wing forward root, and localized bulging in aft
sections of the fuselages, the effect of such tailored and
smooth cross-sectional area transitional shaping, nose-to-tail,
achieving a lowered overall coefficient-of-drag, that lowered
drag coefficient affecting a higher optimal speed achieved at
the point of minimum required thrust.

4. What I claim as my invention is a dimensionally efficient
large long-range aircraft of claim 1, the fuselage contour,
nose-to-tail, in a top plan form view shaped such that induced
wave-drag of the left and right facing fuselages interact to
cancel a portion of developed wave drag, a so-called “cata-
maran effect’, the outward facing fuselage surface being less
curved to the atmosphere ether, thereby effecting the net drag
inducing cross-sectional area equivalent.

5. What I claim as my invention is a dimensionally efficient
large long-range aircraft of claim 1, with dual and fully redun-
dant cockpits, such aircraft being capable of being flown from
either fuselage, or with two pilot cabins being at the most
forward location of the twin fuselages respectively, typically,
pilot in left fuselage, copilot in right fuselage, with virtual
camera functionality in each cabin respectively of opposite
cabin visibility.

6. What I claim as my invention is a dimensionally efficient
large long-range aircraft of claim 1, with consideration of
growth opportunities, and for a configuration using a com-
bined v-tail and a larger wing plan, with stability control
similar to that of blended-wing configurations.
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