Flying-Wng Aircraft This invention relates to

flying-wing aircraft and is concerned in particul ar
wowaob/0pieyé ng-wi ng aircraft that have a verti caPCT/GB2009/000280

take-of f and | anding (VTOL) capability. VIOL

flying-wing aircraft are advantageous for flight

operations in such diverse fields!as, for exanple,

agriculture, mapping, surveillance, the oil and gas

i ndustry, energy distribution networks, emergency

services (police, fire and anbul ance) , honel and

security, the engineeri _ t ' i ndustries

and di saster recovery .Q%ggggdﬁ%gat%H?%gggFesent

invention there is provided a VIOL flying-w ng

aircraft wherein thrui%-vectoringd?ropulsion units )
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aircraft, and each thrust-vectoring propul ston unit .

bei npoper aget el etaloe-ofif Lland prattiioesl BYTOL) capability.

sel ectively and vari ably between downwards for [ift

and rearwards for forward flight. Each of the

t hr ustoLY eftyoini dHgv i@ Pal Bi €4 tiNites dthyarat SPedes 0PEF abl Bght

to vector thrust produced by it selectively and
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t hrust-vectoring propulsion units are nounted at eac

of tihelwppnsi tenenxdy edi ¢ iesowfidihenaiwigrlss r uahergency services

each y. be operable to vector its thrust_angularly
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vectoring propul sion units may be | ocated :

recovery.
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According to the present invention there is provided a
VTOL flying-wing aircraft wherein thrust-vectoring
propulsion units mounted at opposite extremities of the
wing-structure laterally either side of the fore-aft. axis

20 of the aircraft, and each thrust-vectoring propulsion unit
being operable to vector thrust produced by it selectively
and variably between downwards for lift and rearwards for
forward flight.

25 Fach of the thrust-vectoring propulsion units may also be
operable to vector thrust produced by it selectiveiy and
variably forwards for rearward manoeuvre or flight of the
aircraft.

30 Where two or more mutually-spaced thrust-vectoring

propulsion units are mounted at each of the opposite
extremities of the wing-structure, each may be operable to

vector its thrust angularly about an axis parallel to the



at each of the opposite extremties of the
W ng-structure, and the two propul sion units of each

wW@2000/098Yy6 be spaced equi di stant forward and afPCT/GB2009/000280

respectively of the centre of gravity of the aircraft.
The axes about which the thrusts of the two propul sion
units of each pair are vectored ndy be |ocated one
bel ow and one above the central plane of the

Wi ng-structure. These axes may be fixed with respect

to tmetqbngxsﬁraétgh@ apueratan ¥preraappydafdy bene or more
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d'SP%§£§§b%§ ?sEeég Er&?g %r?éﬁléfoﬁlﬁﬁﬁ gthgg be located

t her one rus propu Sion‘unit
nDunaedeatheaﬁhthé bppoeppeseREremtteéstbéSthé wheag- structure,

W ng- séructure and in these clrcunstances each na%
oper &b the Q%EtBFOPP§S%HPUE?1gﬁgEFa??9 aBdut Pe¥nhbgnspaced

axi se QM @ §€hnt O£t PGarA! Janaxaﬁt oiegsgcewgwf brapfet Bentre of

pitch axis and an axis of the aircraft or an axis
par agtrevity oﬁetpetchraxaét BoThepa&palsbontuwhushnuye thrusts
be nngnted f orward n1c centre of

of (Rb Wingter HECR Lo LR RLRE) BEoPACRabRES G gotored may

flyipg- Wegradr enhaf beDbwt &8d1 BNENAHOVe BN ef 8EnEXaNMPbEane of
be located within a range of 0 to 15% of_ the maxi num
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of t u r e c d chas

o v BB USLEE? SRELL it aPig DR e
"i nsdabplatgabhadwithghéspect otomice, required of the

aircraft. The thrust-vectoring propul sion units, which

may for exanple be ducted-fan or exposed-rotor units
mﬂthAQraMﬂéhg@anQiV@bl@h&fécﬂaﬁaﬁér9ﬁ§ﬁ &hadesruBBYvectoring

be powered byan electric notor or alternatively by a

||quptppq¢§10n unit mounted at each of the opposite
extremities of the wing-structure, and in these
circumstances each may be operable to vector its thrust
angularly about both an axis parallel to the roll axis of
the aircraft and the pitch axis and an axis of the
aircraft or an axis parallel to the pitch axis. Both

propulsion units may be mounted forward of the aerodynamic

centre of 1lift of the wing-structure.

The centre of gravity of the flying-wing aircraft of the
invention may for example be located within a range of 0
to 15% of the maximum wing chord, forward of the
aerodynamic centre of lift of the wing-structure, the
specific distance chosen being dependent upon the level of
‘stability’ or ‘instability’ and flight performance,

required of the aircraft.

The thrust-vectoring propulsion units, which may for
example be ducted-fan or exposed-rotor units with or

without variable-pitch fan/rotor blades, may be powered by



conmbustion engi ne (for exanple, a two-stroke,
four-stroke or turbo-shaft engine) . The magni tudes of

wo kooaseseps oduced by the respective propul sion BPEI/GB2008/400280
be individually controlled, but where, for exanple,
there are four propulsion units, two nmounted on each
extremty of the wi ng-structure, ¥hrust -nagnitude
control may be exercised on the units individually or

on individual pairs of the units. The pairin%;_in t he
t
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uni t can teadio-sitaef Widryitrhed r ed@haumidgraftudes adthethrust produced
side; or_of the front units w.th one anot her and

he,
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5t hr usiomaiyitiede HRduard- Oy RACRIMNY Sito AR drdB8our

be by varying engi ne speed (revol utions per mnute) |,

or, femoprelsmyre urytchamg mpurdied wroedlerexiremity of the

r ot or -.bl ad i tch, or_.a caqnbinat.i.on of bhaqth speed.and .

pi t oL OFRETE AHBHE LG OISO TS, T e exercised
mouniced teR eaght £XtdEIN iduaafl e Wmdrsiinticiudle, pairs of the
control of thrustvectoring of the propul sion units may

be e¥BidiSsed THRIRAIGUHAITS 1horthéh Iediter SLageEngffanees where

10l N theal tels rﬁﬁpgﬁ%iééq%oqﬁiﬂeid‘% MBYEHRE extremity may be

selectively: of th ront unit with the rear unit on
each ssilégtiofeliyhe dfr diite uidntomrddc hwidgindeha ttedtheinit on each

rear ynit of_ the other side; or of .the front .units .
W th R it 1 e ea PP AACE WF SR Ariuiharear unit of
Cont i@le QftHdie AideLr aftt di v Ifrpit @hhi WA EReethother and
may be effected by sel ective regulation of the
t hr udheagearudesits with one another. Variation of the thrust-
15 magnitude produced by each propulsion unit may be by
varying engine speed {(revolutions per minute), or, for

example, by changing fan, propeller or rotor-blade pitch,

or a combination of both speed and pitch.

20 Where there are four propulsion units, two mounted on each
extremity of the wing-structure, control of thrust-
vectoring of the propulsion units may be exercised
individually, or on pairs of the units. In the latter
respect the pairings may be, selectively: of the front

25 unit with the rear unit on each side; of the front unit on
each side with the rear unit of the other side; or of the
front units with one another and the rear units with one

another.

30 Control of the aircraft in roll, pitch, yaw and speed may
be effected by selective regulation of the thrust-

magnitudes produced by the propulsion units individually



produced by the propul sion units individuallyor in
pai rs and/or by selective regulation of the
w0 boaseisect ori ng they provide individually or PCT/G&2008/000280
Thrust-vectoring by the propul sion units may be
achieved at least in part by deflection fromthe units
usi ng, for exanple, angul arly-dishl aceabl e nozzl es or
vanes. However, it nmay be achieved at least in part by
angul ar drsplacenent of the unit as a whole relative
to ter ithgea¥ IR (AR o by tRkPClite regefathey 9k the thrust-

taken @@@gﬂet}g&bpﬁwfaée LA OAROP £y /SRS Bhixs

ef f ect € experience as a consequence of
the rotation of fans or rotors fronrnultrple

propul si o t ble b .
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thrust vectoring by one or nore of the propulsion
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an axdsspidEdmést foxeghe et t ves to wihel i nglasivectar ehe wing-
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uni t . D ct 9 f [ r
i (B PRS0 OB PLE, it B Scghces B fgne oo

pr g)gué;spmermédr 8s na)uncbnsle«melac@l obht elhe aratationhef fans or
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or othsis{BIbesasontbatotibe vhis Gap be sehieokiedyi having
orientation about two axes; both axes may be parall el

to thelppredtex¢iogkwine andceapateprgleCkwise rotating fans or

15 rotors.

Where thrust-vectoring by one or more of the propulsion
units is achieved in whole or in part by angular
displacement of the unit as a whole relative to the wing-
20 structure, this angular displacement may be about an axis
which is fixed relative to the wing-structure and which
may be the pitch axis of the aircraft or an axis parallel
to the pitch axis. The mounting of the unit may be
directly on this fixed axis or on an arm or other member
25 that pivots about that axis. Where the propulsion unit is
mounted on a pivotal arm or other member, that mounting
may be fixed, or it may enable angular displacement of the
unit relative to the arm or other member so that the unit
can be controlled in orientation about two axes; both axes
30 may be parallel to the pitch axis of the aircraft. Drive
for the pivotal movement of the arm or other member may

be, for example, via gear, chain or lever mechanism.



for the pivotal novenment of the arm or other nenber
may be, for exanple, via gear, chain or |ever

wore@baricsen Wher e pairs of propul sion units ar ePCTGBR0GA00280
and each unit is nmounted for angul ar displacenent for
vectoring on a pivotal arm or other nenber, the
pivoting of the armor other nenb&r may be controll ed
for the full forward-flight condition to bring about a
di sposition of the two units of each pair in which one
i s | Bearedrabsveofangophésophennits| arat édvbdived, andeeach unit
W ng: st [. nore.general aboye _and_bel ow.a
gene%%l&%ﬁéﬁégokgfthgg%gﬁc ur ;X?eWﬁg¥e£8rf3FcFﬁ§lng on a

hovepicovdit aem bheophuot negbeRy BReCHNHEEhEoFOthe arm or
brin% about the disposition in _which the two units are _
in hBFReBNPerPer| BakeRe GPRErohéednbPhekhenbpél forward-flight

5eSPeeéﬁalMio£h€opb¥9£5”9%58£0at8i§p89£¥5§§tBE the two units of
al i gnment for hover may be such as'to rold the two
uni tsaelvayairommowkiahother i sbochbedt Abdvepi aotli hje other is

located b the_t its in the h
condl T ERSS BYRPY. | HEEeP BFSPLeTEr bR pi BYi HEE qPEarERl 1y,

st abhbbvy @nd balence, guhblglferahbectubhat oswandrure) ,
flight condition folding of the units into the

di speeXean ferwkhenhevier upprditbenekbappéyotheg may be
10reargaéérgiléget8 fin S?ﬁggye%%gedfé 8£'p£b$g§nag %Eh the two

a nore conpact configuration. € W ng-structure o

t he hyimgawnengnahociadhtal &hegnmeentwvbohnmayehanéther. More

anhedral or_ di be., swept for or . swe

i hedral | waLr . t .
PACKRER TR AN " of Meh KREHTEI LRE0 oFOF HEPr AEPOBg hart éomment
el enent Shoe B MmaRYLET sHBY 89t b NEQTROERE ELHONLAOLs away from
surfaces (for exanple flaps, ailerons or flaperons) ;

wherene caneoies uf $acelkatr eheéhwabiredt integxaayabe lsedfed
15in é%&%éﬁ éﬁepg%é’uéggscggt{ﬁé ﬁgvg{rgég Etion). This
latter disposition provides greater stability and balance,
while for the full forward-flight condition folding of the
units into the disposition in which one unit (for example,
the rearmost of the pair) is above the other brings about

20 a more compact configuration.

The wing-structure of the flying-wing aircraft of the
invention may have anhedral or dihedral, be swept forward
or swept backwards and/or may have slats or other

25 aerodynamic elements which may or may not incorporate
control surfaces (for example flaps, ailerons or
flaperons); where control surfaces are involved, they may
be used, in whole or in part, for control of aircraft
pitch, yaw, roll and speed. Furthermore, the wing-

30 structure may have one or more central, stabiliser tail-
fins or a V-tail, and as such may, or may not, incorporate

control surfaces (elevators, elevons, rudders or



pitch, yaw, roll and speed. Furthernore, the
W ngstructure nmay have one or nore central, stabiliser

wao 200093836 or a V-tail, and as such may, or mayPCDGB2009/000280

i ncorporate control surfaces (el evators, elevons,

rudders orruddervators ) for use in whole or part for
control of aircraft pitch and ya® The configuration

of the thrust-vectoring propulsion units on the

Wi ng-structure and the manner in which they are
oper@M@QErYﬁ%¢rabl§Ore989t§nithh@ @ reeutt foaveagtrol of
hlgh g t and yaw contro

chara% %ﬁ?@? §§t8ﬁ g?ﬁa¥ Yhe flight-control system
required is sinple to design, inplenent and operate.

The t hrust-vectoring VIOL flying-wing aircraft of the
i nverms &PW%%l%n%dt%qumrfa%fe%cr%wgﬁromlswn units
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to enabl e snpo transition to and from hover In
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and th noeuvrabilit ot h hover d forward
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| ong- endurance flight, a_ broad and conti nuous speed
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maritime operations. Mdreover, it may have the ability
to fihe baokvel dsectorthervrok, £ Iind twirss - aﬁréﬁafﬁgof the

VTA, fgylng W n ircraft of the_invention may

adaptret Iitol%rl}‘%yéé%%%rf@%?%e i &%Wn%%pf%%ght

and ddp Ao fent S3.08 RERI h&fe SEZ fgil'[@yccgr&'t‘f‘ﬁélof‘aéf'lﬁales to
unmanned aerial vehicle (UAV) or tformfor aerial

w‘a@nﬂpkﬂugmqogmrQ@¢m$;¢KQn to and from hover in vertical

take-off and landing, excellent gust response and high
manoeuvrability in both hover and forward flight. The
aircraft furthermore, especially where designed to have
minimum weight, has potential for long-endurance flight, a
broad and continuous speed range, and an ability to
operate in challenging environments typically associated
with urban or maritime operations. Moreover, it may have

the ability to fly backwards.

Furthermore, the thrust-vectoring VTOL flying-wing
aircraft of the invention may be adapted to carry
passengers, cargo and/or supplies, and in embodiments of
smaller size may function as an unmanned aerial vehicle
(UAV) or platform for aerial viewing and/or surveillance,
aerial photography or aerial target-tracking, and may
incorporate aerial sensing and/or measuring capabilities
(for example embracing infra-red and/or other optical
sensing, and/or chemical, biological, and/or acoustic

sensing) .



aerial photography or aerial target- tracking, and may
i ncorporate aerial sensing and/or neasuring

w@apalodiehd i es (for exanpl e enbraci ng i nfra-redPErdBeE09/000280
ot her optical sensing, and/or chem cal, biological,
and/ or acoustic sensing) .The present invention
enabl es the provision of a VIOL ffying-wing aircraft
that is capable of: vertical take-off and |anding at
al nost any | ocation, whether it be stationary or
novi hige (BHeReRE LR¥eBEéRNoENE@DPIRPpthAe REPVOAYON PEyiENYTOL
safe i N, C L.OELY obgt nd-ot her., .
airc%¥¥%ﬁgn%9§§tﬁ?%égﬁgkogégtspgcg§?§§}§hgg'hygﬁtlcal take-off
degraedol andimeguat abilhosy ang QJuosttiespowniethandiinge

and beiaf readilé manyfactured in nultiple variants to
neet SBA W ORAFUNGE BPVOPEr AFreRafSehlifr 8RFENPE anghip in

sfunchbongh) capabihit s88e1JhE HSE1YEE QELROMEL !Eg'gbggacles and

VTQL aircraft according to the present invention w
now deheleszirpealt byndayiohiexanplesedi shaceferwnth tohigh

L1 SSSOMBEY ARSLRULROE) LD MRy LG dob e sns, anc

perspettii ve vi ew | u

VTObél g ngesd Ny ansgh fhttace@r dhngul iphe PaLseAts to meet a
invention; Figure 2 is an exgloded view of the

t hr U199 6329 ¢ N9t VIRRT 2 FPRY! PRyl BermenEs andrfguesienal

10Showi g 9pd pf; conponents of the aircraft; Figure 3 is
illustrative of one of two thrust-vectoring propul sion

units of a flying-wing aircraft according to the

presgnt invention, show ng axes a$ @% which the .

prop %?%ﬁ]Yﬁﬁ?o?%n%n§ﬁ$ﬁg$ywﬂ?%p ﬁ a%+5$ra£@ according to
the present invention will now be described, by way of
example, with reference to the accompanying drawings, in

15 which:

Figure 1 is a perspective view illustrative of a thrust-
vectoring VTOL flying-wing aircraft according to the
present invention;

20
Figure 2 is an exploded view of the thrust-vectoring VTOL
flying-wing aircraft of Figure 1 showing major components

of the aircraft;

25 Figure 3 is illustrative of one of two thrust-vectoring
propulsion units of a flying-wing aircraft according to
the present invention, showing axes about which the

propulsion unit is angularly displaceable;

30 Figure 4 is illustrative of two of four thrust-vectoring
propulsion units of a flying-wing aircraft according to
the present invention, and shows axes about which the

propulsion units are angularly displaceable individually;



Figure 4 is illustrative of two of four
thrust-vectoring propul sion units of a flying-w ng

wa@eeenegdebe accordi ng to the present invention, BCTHGBR@NS00280

axes about which the propulsion units are angularly
di spl aceabl e i ndividually; Figures 5a and 5b are
illustrative in side-elevation anffl perspective view
respectively, of the flying-wing aircraft of Figure 1
, showing the orientations of the individua
prob%%%?%%suﬁ?t%n@o?bp?¥%h+%bu$%§a%}Y%rbﬁtSaéemﬁéﬁvﬁhlon and
hov n 0 t [ 5 d
i R e e R R
IndIQfdm®¢up$ObU|ShONlM@IthefQW1$m¢&hl@@Sthé ghectafividual
hover gure 7 is illustrative in )
peré%r%9$%% %?eﬂprét f???ﬁ@ﬁ%?n@h%l?%?%f?gﬁfu?iﬁﬁ?% in
Yedvew Ng t he orlentatlons of the individual

propulsion units for rolling the aircraft using a
differential -thrust technique when in hover ; Figures

re_i S a evatlon and
perspg% V% @?é%%#eé%e% ¥€% ébﬁﬁ‘k l?? ngsﬁﬁﬁnd oD
air Cm‘@efﬁeqatfleegjdr esﬂowm@ommgoztmtoatmgt bonshef ihBevidual
i ndi vi du ropul sion_units for yaw of the aircraft ,
wherPT P HoVETS B Yuf e5ODPLERI G Aree |31 TRKR BE | J@vP when in

10frois@devation and perspective view respectively, of
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the flying-wing aircraft of Figure 1 , show ng the
orientations of the individual propulsion units for
forward flhght of he alrcraft: res, Jl0a and

ar evi?jlq Yt ratt Vet TSR e evit i% %C‘b]e\l% p‘éjc?‘f’v%P the

Vi ewrﬁ&ﬁﬁﬁﬁir\/@a{lr@faﬂh%f Izylgngcer\n ng shéwindttleé orientations

Figure 1 , show n g the orientations of the individua
of the individu

al propulsion units for rolling the
aircraft using a differential-thrust technique when in

hover;

Figures 8a and 8b are illustrative in side-elevation and
perspective view respectively, of the flying-wing aircraft
of Figure 1, showing the orientations of the individual

propulsion units for vaw of the aircraft when in hover;

Figures 9a and 9b are illustrative in front-elevation and
perspective view respectively, of the flying-wing aircraft
of Figure 1, showing the orientations of the individual

propulsion units for forward flight of the aircraft;

Figures 10a and 10b are illustrative in side-elevation and
perspective view respectively, of the flying-wing aircraft
of Figure 1, showing the orientations of the individual
propulsion units for pitching the aircraft up when in

forward flight;



propul sion units for pitching the aircraft up when in
forward flight;Figures 1la and lib correspond to

wor@anes9d0a and 10b respectively, show ng thePCT/GB2009/000280
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orientations of the individual propulsion units for

pitching the aircraft down when in forward flight;

Figures 12 and 13 are illustrativ® in perspective view

of the flying-wing aircraft of Figure 1 , showi ng the
orientations_of the individual propulsion units for

rol | Fhgdrgaw! tespeet Lvel OrRRERCTPA For Raguresi ¢he nd 10b
the ?éé?éééiireﬂzguéﬁéw%f’ia 2Rd 4b-ALgt$6RLI BRakhe individual
perspective views of the flying-wng aircraft o

Fi gupeopubbeonnoditsedoacpatdhnggt bheheipcesént down when in
i nvention éof;ncgrporate a slat and flap for increased

li ft FOEVQhret 128 FF 1 ustrating the condition for hover,

and Figure 14b the condition for forward flight;

Fi gures 15a and 15b are, respectively, perspective

vi enBi¢uvesbéRoandndlaboeeidfushsahbupf LBIPRIPPEGLWVEgView of

aircraft _of . Fi guk 4 1 Sk ng .
Fear baraf Spi o REES ALBeRRErCOR MTGPRYSL T ehBRine, s
Fi gubesedbataofdsl6l ktheushdatvedial pbacpabdiper spdeki fer roll

view respectively, a configuration_of fl |n%1mﬁng

ai r cRBft Ya¥cbrEPREGLEYCLHe PFREReAR fﬁ§@ﬁ¥éoﬁ haPtngtathe
smepgirggggggd di hedral wing; Figures 17a and 17b
illustrate in plan and perspective view respectively,

a configuration of flying-wng aircraft according to

i ol FPUEPBs 08 FBUo14R, - FePEFBEriOb SrbaReCT Ve Views of the

il lugtyahgPging aircraft of Figure 1 when modified according
to the present invention to incorporate a slat and flap
for increased lift, Figure 1l4a illustrating the condition
for hover, and Figure 14b the condition for forward

flight;

Figures 15a and 15b are, respectively, perspective views
from below and above of the modified flying-wing aircraft
of Figures 14a and 14b when using the rearward split-flap

as an elevator for pitch control;

Figures 16a and 16b illustrate in plan and perspective
view respectively, a configuration of flying-wing aircraft
according to the present invention having a swept-forward

dihedral wing;

Figures 17a and 17b illustrate in plan and perspective
view respectively, a configuration of flying-wing aircraft
according to the present invention having a swept-forward

anhedral wing;



possi bl e nodifications according to the present
invention, of the flying-wing aircraft of Figure 1

wOor@anesIR?2 and 23 are, respectively, plan andPCT/GB2009/000280

perspective views of another thrust-vectoring VIOL
flying-wing aircraft according to the invention, in
the hover condition; Figure 24 ist0a perspective view
of the flying-w ng aircraft of Figures 22 and 23 in a

forward-flight condition; Figure 25 is a perspective
vi ewFagunast h8r tPh?&sﬁV@cPéFSEQCW@ Vigragimlngtrating

f h f
?:{Sﬁ?sgon Itpgﬁ &EStEoSE'QXSBEBEHPS£B Bnkopyards, ; invention,

ective view

t he BEOﬁheof1§1ﬁge%ehgedltetﬁfefoEIyuggrw ng alrcraft

according to the invention;, Figure 27 is a perspective

view fromthe rear of a nodified formof the
s 1 yi pgsWi-ag §QfShaf§30ErElgyégpgét15ég9rep§§nl§n@ perspective

sectional view of the flying-w ng aircraft of Fi gure
27 |nmewpooatangthartherﬁdeEchrnog VaRy ﬁﬁg&n@ wdng

is illustrative of furt dlflca L.on of.

(1yi AOHPROLh! PEFFALORGRE: FIRLPEeREdARe 4, Lhfe POYEE
flyi pgnWipgoakrcraft in thls exanpl e has a w ng-
structure 1 that carries four thrust-vectoring

¢ hat
of tBErmragtstuEﬁgnEet 22anddt he mnlasféraaddeanght
correspondlngly carried fore and aft of a strake 7

propul sion units 2 to 5. The propulsion units 2 and 3

Eaéukgdzﬁo gﬁgL§$5%39805ag%'xfozh@ $h0ake Qing

nDunte oard extremty orimng-tip

t hat °PRINBEUATEd on the port extremity or tip of the
structure 1 . The units 2 and 4 are nounted to the
fore of
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Figure 25 is a perspective view of another thrust-
vectoring VTOL flying-wing aircraft according to the

invention, in a forward-flight condition;

Figure 26 is a perspective view from the front of a preferred

form of flying-wing aircraft according to the invention;

Figure 27 is a perspective view from the rear of a modified form

of the flying-wing aircraft of Figure 26;

Figure 28 is a sectional view of the flying-wing aircraft of

Figure 27 incorporating further modification; and

Figure 29 is illustrative of further modification of the flying-

wing aircraft.

Referring to Figure 1, the VTOL flying-wing aircraft in
this example has a wing-structure 1 that carries four
thrust-vectoring propulsion units 2 to 5. The propulsion
units 2 and 3 are carried fore and aft respectively of a

strake 6 that is mounted on the starboard extremity or



the wi ng-structure 1 on downwardl y-projecting nounting

structures 8 of their respective strakes 6 and 7 ,
wob@pees9t he units 3 and 5 are nounted to t he PEEGBRG09/000280

the structure 1 on nounting structures 9 that are

upwar di y-projecting fromthe respective strakes 6 and

7 . The propulsion units 2 to 5 dfe rotatably nounted

on the strakes 6 and 7 to enable the thrust each

produces to be vectored to the extent necessary, for

exanpiegt hipughotihe 3¢bndegivesturdolt amdakhs paihs| é and 5

tot ' ' ] I
bor t1Ee o PelBoRalin ey LAPrILOeSLL UM Eee of  prrake 7
r ot atleslt i hsli mdoanaéd yof byheopdr vl extotenstypodrshopndft dhe

vector the thrust produced vertically downwards, and
cont ¥ oF F €4 T Rt vi d’ﬁlaﬁynfﬁ% ? h?ﬁa‘it%a%ﬁaefﬁ%%tg stenghe fore of
gnot @ﬂ@“@inégséyéééﬁPetfrHﬁth@ﬂﬁéféﬂﬁsprﬁeéE@Hbﬁmounting

hover. Power consunption by the units 2 to 5 for hover
i s nestuectonesi 8abfwhkait hrespetsivecsoradedotnandds, whereas

in this way. ch unpit_2 to 5 can be angul arl

o st S ckbour TES P ot i BOakeS To OAryrERe phr fRp Structure
vect Dromombinpieyi desudtfifes ent tiedt yape apherdigeprojecting
relative to the vectoring provided by one or nore of

t he BYPRRrthmi¥especbive Skprkeeshert@l Ty, they may for
gexanple be all vectored partly downwards and forwards

to provide reverse thrust for manoeuvring and braking

pur plisespwenl ¢ f ansuhi oai Agtdronefermatatédblyghmotintad on the
st abl e hover

oteble hoters 19 9 fherent ol e o tat Lol aice vo be
f1yip8e¥bPgaats CEREt eRf ek GHEEeds @Y, SPHE BR&SDDEEthroughout
alternatives willnow be described wth reference to
Fi gu? @0 2d¢er ebs chalbpet prBpakss opetml 181 2teotBeapétehcpxis PA
153homgfr@ﬁgt£9n§9s¥§ﬁ£9ﬁre 1. 1In particular, as illustrated in
Figure 1, they may be rotated individually (by control
motors not shown) to vector the thrust produced vertically
downwards, and controlled individually (by thrust-
management systems not shown) to sustain thrust magnitudes
20 for stable hover. Power consumption by the units 2 to 5
for hover is most economical when thrust is vectored
downwards in this way. Each unit 2 to 5 can be angularly
displaced about its rotation axis to vary the thrust
vectoring it provides differentially or otherwise relative
25 to the vectoring provided by one or more of the other
units 2 to 5. More especially, they may for example be
all vectored partly downwards and forwards to provide
reverse thrust for manoeuvring and braking purposes when

transitioning from forward flight to a stable hover, and

30 differentially for yaw, pitch and roll.

More details of the construction of the VTOL flying-wing

aircraft of Figure 1 and some possible alternatives will



the thrust rearwards for forward flight. Referring to

Figure 2 , the wing-structure 1 is of aerofoil section
wheioonessodi ffer fromthis (for exanple it nay PET/GB2009/000280

pl anof orm section) , and instead of having a straight

| eadi ng edge 10 as illustrated, may be swept forwards

or backwards with or w thout anhddral or dihedral.

Furthernore, it may incorporate slats, flaps and

control surfaces such as for exanple one or nore .

el evia®Brize 4eapetpd, wakheroherence| e9ofisgurehd éenvhéch the

of I the:aLrgraft-typic ' 1.1 Pl h
rangéﬁ%éﬁ%%f%% ‘%E%f%fgvm@%g?c %ér d@%'{’%t%%‘g@n%??gﬁ{i g? vector
t he tEes odynast creanvaedof for f foobatdef WM algst ructure 1

The forward pair of thrust-vectoring propul sion
units 2 and 4 have a common axis FV of vectorrotation

5t hatrd Se0fi Ader SaBy &t ANCEhd NwihONd £ AlicthBe CENt E€0 8T aerofoil
gravity as the corresponding, common axis AV of the
r earsegtdl grai bubfmami dsf Beantroni thbeh( felr | exaMhteunttway be of

2 and 3 unted on, the strake 6 _are driyven. about their

2 oD IR AP A S Cnde S, GF VLA L PE b

and Iehdid ngiye al geds 1T hidisrdte@Nthndd BEeSPREHt VEbYwards or
The servo-notors 11 and 12 together with their

i ndiRadiar Yedrith ShsvighowhRrRAE bco¥ ofikedral .
cont controlli [ 0 u
10 odiaed e o alnt DR RIS S, L 0PL ke control
housadr i ¢ds nsweht exs chsr ngpsarGal anch&boofméhe stewkeobs,
. Cbg%$§§$nding Servonotors ear trains and
cont T O FrEF or2t hHer UMt £ EREP S are housed wi t hin
the strake 7 .Each propulsion unit 2 to 5 has an
I ndi vi dual sensor 15 for sensing its aqgular position
abolkhs teentge ¢y gFapity of the aircraft typically lies

15 within the range of 0% to 15% of wing-chord distance in
front of the aerodynamic centre of 1lift of the wing-
structure 1. The forward pair of thrust-vectoring
propulsion units 2 and 4 have a common axis FV of vector-
rotation that is of the same distance in front of the

20 centre of gravity as the corresponding, common axis AV of
the rearward pair of units 3 and 5 is behind it. The
units 2 and 3 mounted on the strake 6 are driven about
their axes FV and AV by individual electric servo-motors
11 and 12 acting via gear‘trains 13 and 14 respectively.

25 The servo-motors 11 and 12 together with their individual
gear trains 13, and the electronic controllers 14
controlling the magnitudes of thrust produced by the
propulsion units 2 and 3, are all housed within outer
casings 6a and 6b of the strake 6. Corresponding servo-

30 motors, gear trains and controllers for the units 4 and 5

are housed within the strake 7.



and for supplying signals in accordance with this to a
servo-notor control unit 16. The unit 16 signals

w@eoboedeeO©muands to the servo-notors w t hin t heCEGB200900280

6 and 7 for regulating the angul ar dispositions of the
units 2 to 5 appropriately, and the thrust produced by
them under overall control of a'®light-control

conmputer 17. lnertial and other neasurenents rel ated

to attitude and other flight variables are fed to the
conpA@t H%H?%‘H%Hﬁ%l‘lsg b hastan cindpovdral osensor 15

the #£d.yi C &n \Y

o AR AL Bl eI LS R v or av
Al t eamvhtfiore smqnpl’;em@fspgmmls nyy ddedtdend@watll this to a
ernarﬁgeela,%t r source technol o i es_such as, but not

li mi RRIrSyet i tiel 10 sy Fhssinhel § yFigRaks control-

5 of td&rm\/&rf&s St U &l €o PRY-hd¥ ¥ PFALE: 15 019 @@Pﬂést@ and 7

support power generation during hover and flight
Al t ﬁmrgqum@aummgtm repai kasr ahtsm:fSJtttueonstheﬁttm dasts 2 to

bee th ref nc ur 2.n

the%co 3321;{1 deat}/}g\%’ng a f%}ﬁetd}ﬁ %ﬁ%‘f c{/ee(g[l@( HRem, under

pr opvexiadn systteral tde aiflcrgd- dﬁiytﬁdILSthﬁﬁbLh@é/ﬁ iwst Inertial
two thrustvectoring propulsion units. The axes of

r ot A orR HI5H REATE 981 tsh kA tRek ttet iatd dptdatarsother

10 t hi s1li3tHer Lass, mere-d heed W Ftrrfém@o?ﬂpﬂf’céif”f"ﬁ Aém units 18,
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mount ed at opposite wing-tips of the wng- structure
w | landow Use tdeisex]i hpmawen tior efter eige i wHirgnrael Xeraft as a

e port vvllgi Wi th its vectored-thrust
pr oé’eﬂ 31 Cort SuM%oY es‘ﬁ&?% L3P Gdt&izm pednaney hgerargeable
Fi JWag t3riddha d.hrausteMentiGfe @&ﬁ@e% HE %Jelzjméf include new
installed at the port tip of the wing-structure
and emerging power-source technologies such as, but not
limited to, hydrogen fuel cell systems. The surfaces of
the wing-structure may incorporate solar panels to support

power generation during hover and flight.

Although the flying-wing aircraft of the invention has
been described with reference to Figures 1 and 2 in the
context of having a four-unit thrust-vectoring propulsion
system, the aircraft may instead have just two thrust-
vectoring propulsion units. The axes of rotation
applicable for thrust-vectoring operations in this latter
case where the two propulsion units are mounted at
opposite wing-tips of the wing-structure will now be
described with reference to Figure 3. Only the port wing-
tip with its vectored-thrust propulsion unit is shown in

Figure 3.

Referring to Figure 3, the thrust-vector propulsion unit
21 is installed at the port tip of the wing-structure 22

forward of the centre-of-lift and the centre of gravity.



forward of the centre-of-lif t and the centre of
gravity. The thrust-vectoring propulsion unit 21 is

wOo odoanedsbe about a primary axis QA parall el torP€TI6Ba00R®00280

5

of the wi ng-span, as well as, when appropriate, about

a secondary axis SA parallel to the axis of the

Wi ng-chord, so as to provide comifete platform control
authority. Figure 4 shows the installation detail and
rotati on axes of a four-unit thrust-vectorin

pr optiSs | BH L5t R er ¥RS pOFRRWES 1on tuatt of 1 the rotatable about
aircJ t

t Wo v3§]{ or e(#:t u%t&%r%%%}%getucﬁ }ge :/AS)PQ% &P %y\”iﬁg_sloan'

Fi gue well I%&f,erwhefrg dmpFoprd et e, ,akbdnettat\nsecondary axis SA

t hr ust - vectorln ropul si o its, 24 5 are
| ocRFRHeh ?“rfge OEPXJtﬁheO% %‘%M’mﬁ w , §9pFtafpyprovide
Wit h, %té&afam é&i@r@ﬂ%tﬁfﬂofﬂ%ﬁeﬁ ively, of

the w ng-span axis WA (whi ch extend rough the
centre-of-1if t axis of the wing) . The forward unit

24 | i cal l Ioc t ed. bel the cetre i ne,CL
t he P\%‘%‘é‘p L{a 1%:/? Lﬁ' ler%sé%as He'? eare\s/\t/-aarlai unl? E%tatlon axes
typicald ydweaireick wﬁfuﬁquaécm@@ﬁb@bwmmtsygh@n

t hrust-vectoring propul sion units 24 and 25 are
r ot am@mng rfeR vtr?emmofprt'r%rayl%s@ftm%a?w%? o Only

the axi
10 appr opr| at e v?lbo(‘:YJ\Eél ngﬁw duﬂTgs sec(gl \gé%%%éi{(@es gust propulsion
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par aldidls tics tdleovaxiisn dHiduwe W ng- chord, so as to
provi de conplete platformcontrol aut hori ty. Rotation
about the secondary axes SA is in general not required

in tﬁ'@f&%ﬂrﬁgﬁtt&fl?if@%e unj teHAMed et 0d & Nee PEOPLLG | PFopulsion
systens as been found possible in the

constritey i2h afd tHr e ek tiey agdihe | sdmee i Hes, wino-

nam%é%ﬁc utre ,(%ygfgélly with equal spacings a fore and aft

respectively, of the wing-span axis WA (which extends
through the centre-of-1lift axis of the wing). The forward
unit 24 is typically located below the centre line CL of
the wing-structure, whereas the rearward unit 25 is
typically located with equal spacing b above it. The
thrust-vectoring propulsion units 24 and 25 are rotatable
about individual primary axes PA parallel to the axis WA,
as well as being rotatable, when appropriate, about |
individual secondary axes SA parallel to the axis of the
wing-chord, so as to provide complete platform control
authority. Rotation about the secondary axes SA is in
general not required in the context of four-unit thrust-

vectoring propulsion systems.

It has been found possible in the construction of thrust-
vectoring VTOL flying-wings, to manufacture many of the
components from either a composite (such as carbon fibre,

or the fibre material sold under the registered trade mark



conmponents fromeither a conposite (such as carbon
fibre, or the fibre material sold under the registered

wo e@deossas KKEVLAR), or by using a plastic PCT/GB2009/000280

i nj ection-noul ding process. This enables weight to be

kept to a m ninumwhile ensuring maxi num structura

strength and integrity of the airéraft. The

flying-wing structure, the inner and outer w ng

strakes, the internal gear trains and the

t hr USEVLARY or PHgbpr BBiNg| anplastic nalyn pethenuhauldiad process.
int Inggﬁoﬂ?ﬁs J?Eéﬁ& ¥80£8fk af%¥ um ngle ensuring

accor ent 1nventi n can per

v advamﬁeﬁnﬁmlghtuﬁﬁﬂb&MVsesengﬂhlmmangnasgmﬁty a8 the aircraft.
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verti.cal %yke of f and Iandln%s controlled transitions

to forSef VP9 gt RInaf REGFWFRg ERS FRPEHt 2RPe8BEFF oI Y

the hovered hr@HthﬁQel‘QQlSQS&Q t AROn & T ARG Ehentﬂgugec{$ectorlng
to hover as well as flying backwards. In addition t

theszermbsmm_umh@emwebe nom fat tededi te Shepsaytav\way
pitch up or dowmn whilst stationary in the hover are
al so available as well as multiple conbinations of al

of thesest \Veetessihgi ¥hoL OPEY Bhd OREnGé &Géof:JﬂhQQtW BHe
aircraft of Figure 1 will now be described with

r ef PEPRANE onlwg%\ab@nsc% Ll%rf%meitcﬁ%@c% flyghe manoeuvres,
and é?%l&(ﬂﬁglégoa {ions o r Prt%yé%eﬁ HRjt §?1%d§.8gs,

ormar units 4 rotated to 1 ncline
the|¢omtwm$ledparamylteammetdl@ofwawdtﬁblghtt|mahnta1ning any
whi | e thrusts_of the rearmargqunlts 3 and 5 re

vertfi%ﬂ WGRT HFeBhELe t ARVEF r P i9RiptP ntPReSRES r "and
Irtfargé&@ﬁoﬁﬁn@nﬂa@p tdNeovearyargeini 4s 8190Hg5paERwards .
shown rotated to incline their thrusts partly
rearmradditopomt he these core VTOL manoeuvres, controlled side
slip, vaw, pitch up or down whilst stationary in the hover
are also available as well as multiple combinations of all

of these.

Various flight operations of the flying-wing aircraft of
Figure 1 will now be described with reference to Figures 5

to 13.

Referring to Figure 5a and 5b, the dispositions of the
propulsion units 2 to 5, with the forward units 2 and 4
rotated to incline their thrusts partly rearwardly from _
the vertical while the thrusts of the rearward units 3 and
5 remain vertically down, pitches the aircraft up in the

hover.

In Figures 6a and 6b, the rearward units 3 and 5 are shown
rotated to incline their thrusts partly rearwards from the

vertical while the thrusts of the forward units 2 and 4



vertical while the thrusts of the forward units 2 and

4dremain vertically down. This pitches the aircraft
waG@lomm/09389¢ he hover . Figure 7 illustrates the BCT/GBR100/00280

in which during hover of the aircraft the

t hrust-vectoring propulsion units 4 and 5 generate

slightly nore thrust than the uni®fs 2 and 3 , with the

result that ‘the aircraft will start to roll as

indicated in an anticl ockw se direction about its rol

axi sema\in verFigatty dawand Bhisthetpheputbeoaivaragt down in

4 an Ca shomn rotated to vector their thrusts
|ncI|ne S |ghtly rearwardly to the downward vertica
whereas the units 2 and 3 are rotated to incline their

thrusts S|I%ht|ﬁ formardlg of the downward vertical.
The TE&Wre TsitbustFatese %?r%%%??thﬁ?lhﬁ Wateh PHrang hover
5Cl OCKIM Si6e S&Pﬁ@ré‘f’@“&hét §h¥1§¥,\4:§'\)fé§t<yﬁn§' oS éégiioﬁngnlts 4
9b show the propulsion units 2 to 5 all " rota to
vect&mdt5mg¢n¢tmustslightyyrmex@etwsusﬂhtbamsthheunits 2 and

confj gur on for fu rward fli nth

ci rcums :QHE gh%mﬁ?%u#h Lafﬁggg?r ﬁ W%fbr55?HFn5° roll as

adeqﬂ@d@@@é@dmam Caht{t1l6a8pabie @f.ré@lﬁi@ﬁ naBguthets roll

entire aircraft inits flight. Fromthis condition,

rot &@%¥%6h B the units 3 and 5 to vector their thrusts
10S!ightly upward, as illustrated in Figures 10a and

10b, results in the aircraft pitching up into a clinb.

Wher i misdeeeks t $wer&nd s8ib pt ahée opropuldicomnutst andnd 5 are

to vector their thrusts slig mard as
i1 ustea etaot*r%t#g%?e%eaﬁ%r ?rﬁae%f Y Jr%?%&’fled slightly
Pi t GhGSHAOVANEo | PO @o@ﬁﬁ&ﬁ@tveﬁ¥ﬂééit$ﬁbf@&§r€£é hfits 2

in forward flight with the units 2
and 3 are rotated to incline their thrusts slightly

15 forwardly of the downward vertical. The result is to turn

the aircraft during hover in a clockwise sense about its

yaw axis YA.

Figures 9a and 9b show the propulsion units 2 to 5 all
20 rotated to vector their thrusts fully rearwards. This is
the configuration for full forward flight in the

circumstances where the wing-structure 1 is providing

adequate aerodynamic lift capable of sustaining the entire

aircraft in its flight. From this condition, rotation of

25 the units 3 and 5 to vector their thrusts slightly upward,

as illustrated in Figures 10a and 10b, results in the

aircraft pitching up into a climb. Where instead there is

rotation of the units 2 and 4 to vector their thrusts
slightly upward, as illustrated in Figures lla and 1lb,

30 the aircraft pitches downward into a descent.

While the aircraft is in forward flight with the units 2

to 5 rotated as illustrated in Figures 9a and 9b, rotation



to 5 rotated as illustrated in Figures 9a and 9b,
rotationof the units 2 and 3 to vector their thrusts

W@ kaoghedeys upwar ds, and of the units 4 and 5 t oPUEGBRI09/000280

10

15

20

25

30

their thrusts slightly dowwards, as illustrated in
Figure 12, the aircraft will roll about its roll axis

RA. If instead of rotating the uifts 2 to 5, they

remain as illustrated in Figures 9a and 9b, but the
thrusts fromthe units 4 and 5 are increased by

i ncrehsting whets 2apndpéedo *agcwruShe'aredhrnSFsgaiéghtly

I
durl‘%%g?)faaé glt“i éé\rr/tk)d{c Itg;nl onoyta?‘% \;vugxé:v%’ét 8?%6 thrusts

VTOs 11 ghty Wiognwaat&s af &s Oill:dlgtlf&tédl snirigsteated the
in Figures 14a,_ 14b,_15a and 15b, in_which the
modi 3 Heer 'ﬁgW%H UEP Lt eaBAUF nEBF pbPhl eaxhSsRAt 33fah@stead of
fI a S Sosignifi I coef

e ChACEREPLOTE | AR Yol 0811l Pkaced in
for Vaigusgeeth dsdt e, abucr glie tlnalmstdsl bnemf then thiéts 4 and 5

oY ST POk bl VPSR St oedd el e

therefpiecreoedred pights 19 Ushe VECEOFAPE WDLLStdrhOabout its
5 than of those of the unnodified Wi ngstructure 1,

for YRW malsi vy dwelngretdglitin the air, since a

greater proportion of lift is now generat ed as

aerodynamic lift fromthe w ng-structure itself.

Fi gux esodbad @antdi dbbo £ | tlmett]atxestlseecf_ottuegfv'a@LSBl@Sng wing

an el evator for adjusting.the |tch of .the npdifi
Al r GLIEERRY | O (RAOUFF o att T3 Hl%tlf%wgranfﬁ%mesﬁéa' 14b,

flap{®l eyt of533 feeshioh PEEdHELLSSArily IQtP&‘cé‘ure 31
single structure and could be split in suc% a way that

it concatporduestd oplas 3h and blaked3 or Bddstinoneayes

provgfghlflcantly the coefficient of 1lift (Cu), and therefore

the 1lift produced with forward speed. As the aircraft
transitions from the hover condition (illustrated in
Figure 14a) to forward flight (illustrated in Figure 14b),
less power is therefore required of its thrust-vectoring
units 2 to 5 than of those of the unmodified wing-
structure 1, for maintaining the aircraft in the air,
since a greater proportion of lift is now generated as

aerodynamic lift from the wing-structure itself.

Figures 15a and 15b illustrate use of the flap 33 as an
elevator for adjusting the pitch of the modified aircraft
while the aircraft is in forward flight. The
flap/elevator 33 does not need necessarily to be a single
structure and could be split in such a way that it can
also function as an air brake, or additionally provide
flap and aileron capability for inducing roll as well as

acting as an elevator for pitch control.



flap and aileron capability for inducing roll as well
as acting as an elevator for pitch contro
wo hwdiodieeat i on of the flying-wing aircraft of FCTGB200%/000280
to have a swept-forward wi ng-structure 36 with
di hedral is illustrated by Figures 16a and 16b. This
modification is likely to inprovd8roll stability and
gust response. An alternative nodification to provide
a swept-forward wing-structure 37 with anhedral is
i |1 udefafeaabyori giir EBe17avand-1pg irareftsof Figure 1 to
nodificatio I L )5 .S Lk o,pe_npre .. .
sensi 11 oen “BuEBLG Y MpbCab g by BoutRE ahpppizal i
be i hprovedaté&dgbyerigusbswsca andi f6bati vhief mbAefication is
thrust-vectoring VIOL flying-wing, aircraft of Figure 1
in whi%RlYhkodt PEBVFaHO%}o%E?E?ghtMn??g gugh Legpense.
5repl aced by open-rotor propulsion units 42 to 45,
whereas Figure 19 shows another nodification in which
a cemtraltgrhatavedmadifidétiohi th pegvade asswept-forward

fusel age or _sensor d,.|s added: clearly.the added .
uni tW gﬁ%ﬁr%gggﬁ?eEZengﬁe?%?eg%?fe&%nb¥%?sgr?g?§epy Figures
f usel Bgea@PATHt Y WStheghis edodABi @it BbheFrBaLi ¥€ability is

nmodi fication, or in addition, a tail stabiliser 47 as
i |1 ustratedtpyPri gore sonshbyvee Rigdederbicruplafed

1ol at ecaly 3LbH L yesAa [ufihes passiple modificati on,

a centra unit 48 Tay be added as illustrated by
Figure 21, for augnenting lift. This can be

advant ageous_for | arge w_,ng-span desjgns of i
f1yifme %gf%i FRPYF L gmm?éh?l%gt%%i ot v@?? haFupE-veFEoring

| i kedryort Of @i eV RE L1282 SNOF LW 801 desi GR; W the dqucted
a central lift-fan, less lift for hover is required
fronfathecyeRebrben whibst2 propul aTonremlace@ by Spep-rotor

15f“r%%€f£{@$em‘?{t§ Yo ThY I NG 09 3L GEAL 19 shows another

acc
modification in which a centrally-located unit 46, which

may act as a fuselage or sensor pod, is added; clearly the
added unit 46 may be extended where, for example, a larger
fuselage-capacity is regquired. As an alternative

20 modification, or in addition, a tail stabiliser 47 as
illustrated by Figure 20, may be added for improved
lateral stability.

As a further possible modification, a central fan unit 48
25 may be added as illustrated by Figure 21, for augmenting
lift. This can be advantageous for large wing-span
designs of flying-wing aircraft which, by their very
nature, are likely to be heavier than a shorter-wing
design. With a central lift-fan, less lift for hover is

30 required from the vectored-thrust propulsion units 2 to 5.



to the invention will now be described with reference
to Figured 22 to 24. Referring to Figures 22 to 24,
W b@9ipsege st ructure 51 in this exanpl e has fourCT/GB2009/000280
thrust-vectoring propulsion units 52 to 55 with the
units 52 and 53 nounted fore and aft respectively at
the starboard wing-tip of the stricture 51, and the
units 54 and 55 nounted correspondingly fore and aft
at the port wing-tip. Each unit 52 to 55 is carried by
an i AdEurthel examBBet b4t ai ¥TPLvSlrdngowing alrcraft according
W ng-structure 51. The.arns 56, calryi e bt
and 59 5&8 EJWSP%&PS?— Wﬁggt (Ielawoﬁ%t ﬁg)‘ég?gp%ga‘rﬂg%gln e%%rrtence to
W ngti gereaspectiovely for independent pivotal
di spl acement relative to the wing-structure 51 about a
fprvvar? axis parallel to the pitch axis of the
ai rcraft, Ivat i.spbaggment e fs RS ;
fuo B EE Ay By B o B o 4 g S eetre oL i
égnt ral kedxeimplehaias doureshfhsgrdes8oring propulsion units 52
rrespondingly, .the arns 56 carrying the units
55 al@ é?vUtlgB‘i )}’*—hﬁoblﬁtlé:& é% faﬁ@ é%af“%ggﬁ_'& daanl r|oeor5'3[%d’jlr}iqEt
m4ngF LpeckeRaG! iatelthd Qi aivtdepandany-angulod the structure
di splacenent relative to the w ng-structure 51 about a
r ear ®ar, daad $heamaliltsl Stdo amide 551 MENNEECs Cornaspondingly fore
ai rcraft, .and piyvatal_ _displac t ach :qf ;
% wo EPﬂs_aé P&l & |evé)°tr% t%ﬁ'lng gx s i;%faccglngl?lo% eSEJIj]S'i%Z °> 18
IC:hal &a%zi\ééasbgﬁaaﬂdrﬁﬁvimmlaram 56 abetshiewpivoted to the
i gures and 23 pivoted_ into horizontal .alignnment .
wi t h iR RtFRC BSuctur e BE A5 Fos icgﬁrtyﬁélgp?cgbeulusr}lotns 52 and
uni t 4.5%rteg.p§57 frafi NI urtfed R @iHLifdrboliRl WHd A% wing-
to 55in thi's disposition of the arms 56 are oriented
to ditieet relwpesttiwerlyi daid yingtrgendent pivotal displacement

15 relative to the wing-structure 51 about a forward axis

8]

parallel to the pitch axis of the aircraft. The pivotal
displacement of each of these two arms 56 relative to this
forward axis is controlled via chain drives 57 and 58.
Correspondingly, the arms 56 carrying the units 53 and 55

20 are pivotably-mounted on the starboard and port wing-tips
respectively for independent. angular displacement relative
to the wing-structure 51 about a rearward axis parallel to
the pitch axis of the aircraft, and pivotal displacement
of each of these two arms 56 relative to this axis is

25 controlled via chain drives 59 and 60.

The arms 56 are shown in Figures 22 and 23 pivoted into
horizontal alignment with the wing-structure 51 to
position the propulsion units 52 to 55 for hover of the
30 aircraft. The units 52 to 55 in this disposition of the
arms 56 are oriented to direct thrust vertically down.
More particularly, in this disposition the two arms 56

carrying the units 52 and 53 on the starboard side are



More particularly, in this disposition the two arns 56

carrying the units 52 and 53 on the starboard side
ware@boded away from one anot her, and sim | ar | BCT/B82G09000280

arms 56 carrying the units 54 and 55 on the port side

are folded away from one another so that the units 52

and 53 and the units 54 and 55 ar?® at maxi num

separation. This provides for good stability and

bal ance of the aircraft in the hover. Figure 24 shows

the 8P398di 88H Srorhengr 8parbesn anft §im2leglys ther two arms

for d - gk t hi a 5 arrying.the

ni {20 ST ERATEY Fave Bach 3% vaa 35 PRerrCoRREY didcere

57 ahdl88dt ewbhg ifrmohi ned &nbwhedssdovhaar dhy tindmst b2 and 53

hori zontal] , and the ar carrying the units 53 and .

55 1408 BREnUN Fieq?bghinapr Sthakh UrFIBSTS6CRATa655P0 This
sbe i pebingdsr earwghda YpuBL ALYy f 508 bheaRGEI 2eNtak, a3@craft in
that thrust fromall units 52 to 55 is vectored

rearWaedhgves-wel |l as partially downwardly for lift.
The downward novenent of the arns 56 carrying the
units 52 and 54, and the upward novenent of the arns

56 cRigyt+e02thehuwkt 8hb3dasfdobbt e88UbESthBaprbpaleibs units 52
an a progriate out -of al i gnnment separati on between the
uni t §°52° aher s8oanarehélughts 5Enaklisscagsr theprsRedS6

10bal ange-andycoynt haeki 88 ohgl Berhhal BELRCHS i vEHCLY their
fans/rotors of the units 53 and 54 are arranged to

rot atleaim dheveppbddi ardsblseotbet hosbinedt herwartls 83wnwardly

and 55. TF@ sense of rotatign_for_each_unit 52.to g .

o T matia FATEPOUF 8 22o00 BRCaPTON B, CRF e BoBhpsunits 53

i1 ughd ats VRa0é BBedl beivahi e th¥yindcHaDE aki¢eaft9 and 60 to

that is functionally conparable with that of
be inclined rearwards upwardly from the horizontal, so

15 that thrust from all units 52 to 55 is vectored rearwardly

as well as partially downwardly for lift. The downward
movement of the arms 56 carrying the units 52 and 54, and
the upward movement of the arms 56 carrying the units 53
and 55 ensures that there is an appropriate out-of-

20 alignment separation between the units 52 and 53 and the

units 54 and 55.

For improved balance and counteraction of inertial
effects, the fans/rotors of the units 53 and 54 are

25 arranged to rotate in the opposite sense to those of the
units 52 and 55. The sense of rotation for each unit 52

to 55 is indicated in Figure 22 by an arrow R.

Figure 25 is illustrative of an alternative flying-wing

30 aircraft that is functionally comparable with that of
Figures 22 to 24, but in which crank-arm linkages 61
instead of chain drives, are used for angular displacement

of the propulsion units 62 to 65.



Figures 22 to 24, but in which crank-armlinkages 61
i nstead of chain drives, are used for angul ar
waele@plogisedrent of the propul sion units 62 to 65PCTIGBR@®9/000280

flying-wing aircraft illustrated in Figures 22 to 25,

the propulsion units 52 to 55 and 62 to 65 are carried

by pivoted arns 56 and |inkages &1 to provi de angul ar

di spl acenents required for thrust-vectoring. However,

by way of nodification, the thrust-producing units 52

to 55 may be pivoted to their respective arms 56, and

the EHIEE 631%1?§awln 8%, %ggge li E?%%%SSEGC%HgSreS 22 to

Ilnkages €ach case a fur

al t ezbhat the pxopulsiononhiel 62 uecwraﬁ@ 63 to 65 are carried
introduced. A preferred formof fly g Wi ng aircraft
accoPn|mbveae@hermﬁvéﬁtﬁaﬁ %énkegeeté t B8 PRO¥iggr engglar

sand an§§iaeémémesp§é§§19£dffeyt ﬁP@sée@éceaeﬁﬂbs'OﬁPW§ver, by

units and 73 and and 75 t at are noved pivota

by idevoﬂumbdzﬁacatdonveehenbhreabijodmcangdumnthl52 to 55

vertical fins o i sirakes 76 and 77 respectively.

The BeY RRPTEORAL 79 LERL" SRABPAG DY WATER Ry §afythe units
frongs has 6$|M§§rrﬁée§iv@£é@rﬂolﬂﬂi’éoﬂééipéé’ﬂg{féuﬂhﬂﬁlages 61 so

stability to the aircraft during forward flight and

f or welRRt 1| eREh neadeudr Bertigpi enl djtermet sveapuss7éor

10 har Rt L P v o PR S DR SR, 0 i e

"weat her-vane' aligning effect) . The increase in
surface area fr§n1front to rear nay be above and/ or

bel ov e SH RY- RTFLA U &Y Y39 "HaE AT talarc&oﬁfjf‘n%fto the
Fi guireretionhes ei Thetirace@ae Figubel Dsv drdwe 1nvolves two pairs of

RO TN R S L R

15 pr ouisiedin pdfrot aldt y- dedtvidralt bbamn rdriafds. (¥aw shown) located

Zf?g#“#fagl8QtngY(¥;n%OQ£r&Hng.gtggﬁeél%@ ggkwgggrespectively.
The strakes 76 and 77 (the shaping of which may vary from that
illustrated) afford improved longitudinal stability to the
aircraft during forward flight and forward-flight manoeuvres.

20 Typically, the strakes 76 and 77 are each of larger surface area
to the rear than to the front of the aircraft (so as to give a
‘weather-vane’ aligning effect). The increase in surface area
from front to rear may be above and/or below the wing-structure
78, but in the aircraft of Figure 26, where the increase is

25 below the wing-structure 78, there is the advantage that they
contribute, together with open-frames 79, to the provision of

landing-gear for the aircraft.

Yaw stabilisation and/or control of the flying-wing aircraft of
30 Figure 26 may be provided by varying the thrust provided as
between the starboard propulsion units 72 and 73 and the port
propulsion units 74 and 75. However, each strake 76 and 77 of
the flying-wing aircraft of Figure 26 may, as illustrated in
Figure 27, incorporate a yaw-stabiliser or rudder 80 for use as

35 an alternative or in addition to the use of thrust-variation.



Figure 26 may be provided by varying the thrust
provi ded as between the starboard propul sion units 72
w@eeh/B®Eead the port propul sion units 74 and 7BCT/GB2009/000280
However, each strake 76 and 77 of the flying-w ng
aircraft of Figure 26 may, as illustrated in Figure
27, incorporate a yaw stabili <@ or rudder 80 for use
as an alternative or in addition to the use of
thrust-variation. Figure 28 shows a further
nodi fication of the flying-wng aircraft of Figure 26,

| NpYL LD AN @nWivB0a SEUGlek! ﬁogﬁfﬂ'&%laﬂ sAdi Y -raggaqgskaig
8l to i rove the raqge of the angle-of-attack of _the

wi AgT Betidr ©fsFARPT RS THE whwmgtf\ﬁ NPGT § Crugturss 78 has a

F'QQ&&%héaiddé 38at gl ude s hbApse /telee¥ahgt SoBEHehahgds eof-attack
nost-clear Iy seen in Figures 27 and 28. A further

poSsi Bt Wing PPEAY® ottaMAPEh is illustrated in Figure
29, involves the mounting of a fan unit 83 in each of

t he mﬁng strakes or vertical fins 84 of the airgraft
ThEhgnfLy1i89-piog @drchadst ofnFoEHESHEt &5 &Lerd 1nclude

2%hg?g§eb%t%&%e8§ E%%QaQE%”hE%% _a4ded1\Oseen in Figures

ative, yaw cont and stabilisation. The
coptr ehdi 88effected sinply by varying the thrusts they
produce rel ative to one another. The thrust-vectoring
VTOL flying-wing aircraft of the present invention

OV@r Qe s B R s@fi H1lke mda i ea® 1as5 0ehalced 1w tillustrated in
conventional fixed-wing aircraftstructures and

r oFduref 29 . Usavefl viege they meyniing Ofr detfdie Udidbi8ds in each
alr g%t wﬁ %h%t&%k%% rgduced s gla%lﬁgs%ﬁug% BHY MPBcraft.

equirement for a fuselage and
flmgatuﬁam@raB $ﬂkﬁ6ﬁ&5t&mﬁhtaanaop@dsa@&%ﬂ&ﬁﬂﬂ#hﬂdlreCtlonS

el evators and their aSSOCIated act uat avoi de
By tQuPEEl & HESHGR Fhe o Fifigwi 7§ & A ErEAL G ¢ g control

Pres@Nktabilisation. The control is effected simply by

varying the thrusts they produce relative to one another.

The thrust-vectoring VTOL flying-wing aircraft of the
present invention overcomes many of the problems
associated with conventional fixed-wing aircraft-
structures and rotorcraft. Use of the flying-wing
structure enables aircraft-weight to be reduced to an
absolute minimum, in that the requirement for a fuselage
and flight-control surfaces such as a tail-plane and/or
elevators and their associated actuators, is avoided. By
suitable design, the flying-wing aircraft of the present
invention is not only stable, but can outperform other
types of fixed-wing aircraft or rotorcraft in gusty
breezes. Furthermore, recovery from gust stalls can be
instantaneous without loss of altitude. Advanced designs
of flying-wing aircraft according to the invention,

incorporating, for example slats and flaps, can deliver



invention is not only stable, but can outperform other

types of fixed-wing aircraft or rotorcraft in gusty
whe@enes9s Furt her nore, recovery from gust st al PGT/CBR00D©O00280

i nst ant aneous wi thout | oss of altitude. Advanced

designs of flying-wing aircraft according to the

i nvention, incorporating, for ex@iple slats and fl aps,

can deliverhigher coefficients of |ift, enabling such

aircgaft to fl¥ at .very | ow speeds on_full w ng-borne

i ft DLGRET \Aee ?F?Fﬁﬁtﬁnﬁé At Er afRabtingesprbsaprcraft to fly
| nvent i paryay ol §8eQSSPBHVEQ§9 @$n ﬁaﬁﬁg ggptrolled

nodel aircraft, and in this respec e prOV|ded

for sale in k|t formd ains : . A VTCL flying- mnng

airc aft P n.thrust-vectori Pg gfogh sion _unj are
mount&d Opp PR RIPE R FFERT bf Wi RGESSER u&P pgtion may
5] at esbd yb@l phevigedeasfat heai ororttoBxed Rbdkheaircraft, and
aircraft, and each thrust-vectori ropul sion unit is

oper Bl #8119 %%%?tmwsbep%@mb@@g bgortsgbeeem kefyform.

and vari ably between downwards for lift and rearwards

for forward flight. 2 . A VIOQL flying-wing aircraft

according to Caim1 wherein each of the

t hrust-vectoring propulsion units is also operable to

vector thrust produced by it selectively and variably

forwards for rearward manoeuvre or flight of the

aircraft. 3 . AVIOQL flying-wing aircraft according to

Caiml1l or Caim2 wherein two or nore nutually-spaced
thrustvectoring propul sion units are nounted at each

of the opposite extremties of the wi ng- structure,

each being operable to vector its thrust angularly

about an axis parallel to the pitch axis of the

aircraft.



4 . AVIQL flying=wing aircraft according to Claim3

wherein at | east one pair of the thrust vectoring
wEe@pdBPONn units is |ocated at each of the oppOFGB2009/000280

extremties of the wing-structure. 5. A VIOL

flying-wing aircraft according to Caim4 wherein the

two propul sion units of each pa4 are spaced

equi di stant forward and aft respectively of the centre

of gravity of the aircraft.6 . A VIOL flying-w ng

aircraft according to Claim4 or Claim5 wherein the

ax€3aapmsut which the thrusts of the two propul sion

units of each pair are vectored are | ocated above and

bel ow respectively the central plane of the w ng-

stnuct upevrol, £14iMEOwihbybAgGcwafg ahegedht rdet@tdivigtoring

to any one of Clains 4 to 6 wherein the axes about

whPERPHAS 10K H§t1§soﬁr?h@0t1%6e§r apuPPPes it exteemiddies of

pai{ _a e e t

i re L Ry B g B TR B SIRRCE, e Bore-ate

aceaiei o§ theanyremefef €hdi each tbréswheeeitorting grepulsion

about which the thrusts of the two _prop n_uni,ts of

eatRifaiFf QPSrG‘E’éFoFQdngFEO& §BFB§§aBF8g\WA P¥spéct

t 0sbhecwiBg15t bhet YaeiadlyAb¥tEeeh! Hohawwrag Forcnaft and

according to Caim1l or aim2 wherein just one

t hrestrwaedsofong fprvpuldsifdaghiti-t is mounted at each of

the opposite extremties of the wing-structure . 10. A

VTOL flying-wing aircraft according to Claim$9 wherein

eagh of at keopr gpylisgoring bsrcgagpetakbediagy et Qlaits 1

thrust angul arly about both an axis parall el to t he

[ OMPCERRS GRCHhE alher SPEVERAVERSOFIPEN PERPY I oppanits is

also operable to vector thrust produced by it selectively
and variably forwards for rearward manoeuvre or flight of

the aircraft.

3. A VTOL flying-wing aircraft according to Claim 1 or
Claim 2 wherein two or more mutually-spaced thrust-
vectoring propulsion units are mounted at each of the
opposite extremities of the wing-structure, each being
operable to vector its thrust angularly about an axis

parallel to the pitch axis of the aircraft.

4. A VTOL flying=wing aircraft according to Claim 3
wherein at least one pair of the thrust vectoring
propulsion units is located at each of the opposite

extremities of the wing-structure.

5. A VTOL flying-wing aircraft according to Claim 4
wherein the two propulsion units of each pair are spaced
equidistant forward and aft respectively of the centre of

gravity of the aircraft.



aircraft or an axis parallel to the pitch axis. 11 . A

VTOL flying-wing aircraft according to Caim9 or
wW@@o193b®% wher ei n each thrust-vectoring propul BEDGBAWEN00280

is mounted forward of the aerodynamc centre of Iift

of the wing-structure . 12. A VIQL flying-w ng

aircraft according to any one o8 ains 1 to 11

wherein the centre of gravity of theaircraft is

| ocgt ed af ey & 19fi 1% iaQy @dy¥eadire @Ry Idd tc1fim 4 or
the wing- structure within a range of 0 to I5% of the

magiladm b miestednd tdfe tah@salaﬂo@luaf whitk® tha ¥Yhdusts of the
fI)él ng ai.rcraft. acc d|n o ané ane

3 RROPLR Y St poctorPig. By nE 8 daitsia dig dooated

i's a@@kyeeme@ @Tel|cﬁﬁ&te9§édtdkztelby tﬁ%f lceefriran @fldndy ust the
fromthe units . 14 . A VIQL flying-wing aircraft
ac¥srPgr UG taAE -one of Clains 1 to 13 wherein thrust
vectoring by each propulsion unit is achieved at | east

in part by angul ar di splacenent of the propul sion unit

as 7a whal ¥Togl ftliniema-witiee adiregstftuecaoeditly th ARQL one of

or GRRNEFOA 541 © FOSTEIR G GRAnBEPRE BFSS ncdbrE ot of

ab@ﬂ% @Woabw%ﬁﬂﬂéﬁbd5%ﬂ3tée@fr%h%h|ﬁ%l&oa&@Evectored are
W ng-structure . 16. A VICOL flying-wing aircraft

acesrsi figxed @idmrEspard: dion thige WENged tLAICEUTE  he

pitch axis of the aircraft or an axis parallel to the
pitch axis. 17 . A VIOQL flying-wng aircraft according

t 08Q ai m ronhersiimd-he ngr efulcsiadn anicbrids'ng)mu enhwra)ne of

a nmenber that is pivotable about ap axis_ which
1 %4airel & itoe & SRS b pGe ghout wnich the thrusts of

the two propulsion units of each pair are vectored are

displaceable with respect to the wing-structure.

9. A VTOL flying-wing aircraft according to Claim 1 or
Claim 2 wherein just one thrust-vectoring propulsion unit
is mounted at each of the opposite extremities of the

wing-structure.

10. A VTOL flying-wing aircraft according to Claim 9
wherein each of the propulsion units is operable to vector
its thrust angularly about both an axis parallel to the
roll axis of the aircraft and the pitch axis of the

aircraft or an axis parallel to the pitch axis.

11. A VTOL flying-wing aircraft according to Claim 9 or
Claim 10 wherein each thrust-vectoring propulsion unit is
mounted forward of the aerodynamic centre of 1lift of the

wing-structure.

12. A VTOL flying-wing aircraft according to any one of

Claims 1 to 11 wherein the centre of gravity of the



18. A VTIQL flying-wing aircraft according to Caim1l7

wherein the fixed axis is the pitch axis of the
wa@rooengdobe or an axis parallel to the pitch axi BC&B2005000280

VTCL flying-wing aircraft according to Caim17 or

Claim 18 wherein the propulsion unit is nmounted on the

pi vot abl e menber for angul ar di &l acenent about t hat

menber such that orientation of the propulsion unit is

varg, in stg &l Alligy (F e WASRITHGIM &nt f
20.al%@\7%(§f ﬁtsyi r?g)&\%\nser% z??:trv{:ar aft accorgéi ngctﬁ{)r{CI arm 1ng re e
whériditn otfhehenoriangess tanes thuteh widnhdln el namaeheo i@ dip 15% of

axis of the aircraft. 2 QL f.lying-w ng aircraft

ac glredin}?dcmwn&é:}bq‘r]adog g‘el‘?lt%:r Stherein drive

for pivotal novenent of the pivotable nenber is via

gear, chain or |ever nechanism 22 . A VICL

f1 yidng- Wi WFORi fdwamgadas dilgrad tamrcorelislo Gaiany rpe of
to 2L .includin ' f i is r.ej .
tmﬁﬁrlén%ullsi%gnq&ﬁ?‘{%esro neac}hq&t|og€§|5r"%e%rte%qu%:;)[1 n?%}cei oér1 6%ulsmn
angifiars dissplcddervei torl estt dm mpgran byesfeedtdateion of thrust
pi vot abl e members which for forward flight of the

ai i tthey @738t rol led to locate the two propul sion

units of the pair one above the other relative to the

W ng-structure, and which for hover of the aircraft

ar d dcontd 6ITC3d filyinscatiang tee nams ffr geposidimaurtiq gmyf one of

t he,pair i.n horizontal .alignment wth not he :

. %1\?’3&5 £ )}"longlﬁvmwﬁlgeréallrncra usg-‘cggrc&oﬁgq’%o%doa%ré}bf%ﬁOPUISlon
wherrgith ifsoladmaeiedfatt heeaiy drafdartthéypiamdlie displacement
menbers of the two propul sion units of the pair are

pi Rt ddeamaPPrrlemoshaitiotdferd WIPLea TeRAE 1S/ HY- Wi g’ na-
ai rsccrxq_f‘cttuqfrec'or ding to any one of

15. A VTOL flying-wing aircraft according to Claim 14
wherein the propulsion unit is mounted for angular
displacement about an axis which is fixed relative to the

wing-structure.

16. A VTOL flying-wing aircraft according to Claim 15
wherein the fixed axis is the pitch axis of the aircraft

or an axis parallel to the pitch axis.

17. A VTOL flying-wing aircraft according to Claim 14
wherein the propulsion unit is mounted on a member that is
pivotable about an axis which is fixed relative to the

wing-structure.

18. A VTOL flying-wing aircraft according to Claim 17
wherein the fixed axis is the pitch axis of the aircraft

or an axis parallel to the pitch axis.



Clains 1 to 23 wherein the wi ng-structure has one or
nmore central, stabiliser tail-fins or a V-tail.
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19. A VTOL flying-wing aircraft according to Claim 17 or
Claim 18 wherein the propulsion unit is mounted on the
pivotable member for angular displacement about that
member such that orientation of the propulsion unit is

variable in two axes relative to the wing-structure.

20. A VTOL flying-wing aircraft according to Claim 19
wherein the two axes are both parallel to the pitch axis

of the aircraft.

21. A VTOL flying-wing aircraft according to any one of
Claims 17 to 20 wherein drive for pivotal movement of the

pivotable member is via gear, chain or lever mechanism.

22. A VTOL flying-wing aircraft according to any one of
Claims 17 to 21 including pairs of propulsion units
wherein the two propulsion units of each pair are mounted
for angular displacement for vectoring on respective
pivotable members which for forward flight of the aircraft
are controlled to locate the two propulsion units of the
pair one above the other relative to the wing-structure,
and which for hover of the aircraft are controlled to
locate the two propulsion units of the pair in horizontal

alignment with one another.

23. A VTOL flying-wing aircraft according to Claim 22
wherein for hover of the aircraft the pivotable members of
the two propulsion units of the pair are pivoted away from

one another.

24. A VTOL flying-wing aircraft according to any one of
Claims 1 to 23 wherein the wing-structure has one or more

central, stabiliser tail-fins or a V-tail.



