Fl yi.ng-Wng Aircraft This invention relates to flying-w ng
“aircraft and is 5concerned in particular with flying-wing aircraft
that have a vertical take-off and | anding (VTOL) capability. VTOL
flying-wing aircraft are advantageous for flight operations in such
di verse fields as, for exanple, 10agriculture, nmapping, surveill ance,
the oil and gas industry, energy distribution networks, energency
services (police, fire and anbul ance), honel and security, the

engi neering and construction industries and di saster recovery. 15
Accor di ng t owpbhenprsesent i nvention there is provi ded XCYHBRI0%000280
flying-wng aircraft wherein thrust-vectoring propul sion units
nmounted at opposite extremties of the wing-structure laterally
either side of the fore-aft axis 20 of the aircraft, and each

t hrust-vectoring propul sion unit being operable to vector thrust
produced by it selectively and variably bet ween downwards for lift
and rearwards for forward flight. %? £ Wgn .Qe thrgst vectoring
propul sion units may al so be opera € ? torciﬁTust produced by it
selectively and variably forwards for rearmard manoeuvre or flight of
the aircraft. 30Wiere I t e n
propul si on uni tswg}r%e ﬁ%ﬁ%ﬁg rg}[}regg&]# L&? kﬁyﬁga%gg?tg%%aﬁémﬁt?elss gf

t he w ng-struct uregnaeaeRdnay p@eftégﬁ%rbwetbof%@tgownm fipwrast that

angul arly about ap,@XisSvRafld1elakO-dfand 1anding (VToL) capability.

VTOL flying—wihg aircraft are advantageous for flight
operations in such diverse fields as, for example,

10 agriculture, mapping, surveillance, the o0il and gas
industry, energy distribution networks, emergency services
{police, fire and ambulance), homeland security, the

engineering and construction industries and disaster

recovery.

15
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 1lift and rearwards for
forward flight.

25 Each of the thrust-vectoring propulsion units may also be
operable to vector thrust produced by it selectively and
variably forwards for rearward manceuvre 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



pitch axis of the aircraft. Mdrre especially, one or nore pairs of >
thrust vectoring propulsion units may be | ocated at each of the
opposite extremties of the wing-structure, and the two propul sion
units of each pair may be spaced 5equi di stant forward and aft
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 may be | ocated one bel ow and one above the central plane of
the wi ng-structure. These axes may be fixed with respect 10to the

W ng- st ruct ure,2obdwbses an al ternative nmay be di spl aceaioir&prdotinose
respect toit. As an alternative, there may be just one
thrust-vectoring propul sion unit nounted at_each of the opposite
15extrem ties of the w ng-structure, and i n°t hese circunstances each
may be operable to vector its thrust angularly about both an axis

parallel to the rghtcrgs0bt the akreraftl. aperd fe%pe:;:i&ﬁﬁx'oﬁea&dnége
axis of the aircraff or _an axi séparal]el to the pitch axis. Both

20pr opul si on uni t 8 EY He HOWFT SFFOT VI BT BPUYHEaBR S e Be ckarared
of lift of the w ag-sidruefutiee o‘ﬂ@escemterxer@ffmgireavatm thﬂ@ structure,
flying-w ng alrcraf(l'i@)t the |nve tion may fo ex%nﬁ%e be gcated

within a range of “0 Y595 0t° éorﬁélﬂlnﬁn’?we G cRdTY, "o PRaf R G

t he aerodynan$c cemxcaairbntlfctrwﬁ:dthnedwfmgrswEtthueky d¢thehepeaitfreCof
di stance chosen b ngent he vel ty
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of the two propu1510n units of each pair are vectored may

be located one below and one above the central plane of

the wing-structure. These axXes may be fixed with respect
10 to the wing-structure, but as an alternative may be

displaceable with respect to it.

As an alternative, there may be just one thrust-vectoring
propulsion unit mounted at each of the opposite

15 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

20 propulsion units may be mounted forward of the aerodynamic

centre of lift 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
25 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.
30
The thrust-vectoring propulsion units, which may for
example be ducted-fan or exposed-rotor units with or

without wvariable-pitch fan/rotor bhlades, may be powered by



»30 The thrust-vectoring propulsion units, which may for exanple be
~ducted-fan or exposed-rotor units with or without variable-pitch
fan/rotor bl ades, may be powered by 3 an electric notor or
alternatively by a liquid-fuel combustion engine (for exanple, a
t wo-stroke, four-stroke or turbo-shaft engine). The nagnitudes of
t hrust produced by the respective propul sion units may be
i ndividually 5controlled, but where, for exanple, there are four
propul sion units, two mounted on each extremty of the
W ng- struct U, 2009(9P 4Ly - magni t ude control may be exer ciPsaEBaHIP§ES0
units individually or on individual pairs of the units. The pairings
in the latter circunstances where 10there afe two units nounted on
either extremty may be selectively: of the front unit with the rear
unit on each side; of the front unit on each side with the rear unit
of the other side;anoeleftyir motontowmiltsrydttilvednebarrotthaniéritheflhe

rear units with ong anot h&l en¥ahkatinQfndie ghw&tsu&gﬁgﬁu&wg@mke

produced by each propulsion unit may be by varying engi ne speed
(revol utions per mrnbteeyo-Braftt grIinp| B Froehardin§if aRrugr speftyesd

or rotor-blade pitghcnerrasfibi-aatinisiobeihcs PR RRNENBI$iHhally
20Where there are four f£%£$IS|on units, two npunted on each

extremty of ¥he Wi§FS GPE, YRt r 6PF GFARL G5t ERAFE BF?n’Ef”&f t he
propul sion units mayphksexentiised tvwidimsiutitesd ona, efth GktRahisy off the

units. In the latter res ect the pairin sel.ectively: of.th
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the aircraft inro yaw and sp
10 there are two units mounted on elther extremity may be

selectively: of the front 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 ancther and
the rear units 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 cof the aircraft in roll, pitch, yvaw and speed may
be effected by selective regulation of the thrust-

magnitudes produced by the propulsion units indiwvidually



be effected by selective regulation of the thrust-nmagnitudes produced
by the propulsion units individually W) 2009/ 095696PCT/ GB2009/ 000280
4 or in pairs and/or by selective regulation of the thrust-vectoring
they provide individually or in pairs. Thrust-vectoring by the

propul sion units may be achi eved 5at |east in part by deflection from
the units using, for exanple, angul arly-displ aceabl e nozzl es or

vanes. However, it may be achieved at |east in part by angul ar

di spl acenent of the unit as a whole relative to the wi ng-structure.
In either cav®2®eps my be taken to ensure 10t hat adCEiGBe00%/000280
gyroscopic/inertial effects that m ght be experienced as a
consequence of the rotation of fans or rotogs fromnultiple

propul sion units are as far as possible balanced out. This may be
achi eved by having alternate cl ockwi se and counter-cl ockw se rotating
fans or 15rotors. Mhanephirdshdyeetlsf isagebyi@neegulamiica of tiwe thrust-
propul sion units is achieved in whole or .in pa by angul ar

di spl acenent of th‘ée‘ifﬁirfn%stq%?YV\BB?‘él ST doaéai’hge/rvﬁ h§atrs-

20structure, this angul ar displacenent may be about an axis which is

fixed relative to t.he W ng-structur n ' Ltoh axls
of the aircraft orrh}arﬁls\gx‘l’%t;oarrlgl I %(%ir% gﬁ%ﬁ%ﬂﬁ% %ﬁegﬁoﬁﬁ ng

of the unit nty beatdileest|in agrrthby ddfledtion From e amispmoindot ey

member example, angularly-displaceable nozzles or vanes.

However, it may be achieved at least in part by angular
displacement of the unit as a whole relative to the wing-
structure., In either case, steps may be taken to ensure
10 that adverse gyroscopic/inertial effects that might be
experienced as a conseguence of the rotation of fans or
rotors from multiple propulsion units are as far as
possible balanced out. This may be achieved by having
alternate clockwise and counter-clockwise 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
digplacement 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 pivetal 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.



25t hat pivots about that axis. Were the propulsion unit is nounted

“on a pivotal armor other nenber, that nounting may be fixed, or it
may enabl e angul ar di spl acenent of the unit relative to the armor
ot her nenber 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 novenent of the arm or other nenber
may be, for exanple, via gear, chain or |ever nechanism 5 Were
pairs of propul sion units are involved and each unit is nounted for
angul ar di spPM2RENYSf or vectoring on a pivotal arm ofCHERAPHERDer
the pivoting of the armor other nenber may be controlled for the
full forward-flight 5condition to bring abogt a disposition of the
two units of each pair in which one is |ocated above, and the other
is located below, the wing-structure (or nore generally, above and
bel ow a general pWaaes gfaitrha¢f giropol si®) yniheress ihoolede ahavedch unit

condition the pivoti % of.l i about the
di sposition in vvh|9(_:h t he tmggﬂr]?%%gaé% eéllsg)qﬁ%%léz?%engg ‘éﬁ%@r’fﬁ%ﬂto%at h
one anot her. Mor ePtspiedl girinyor tdidepi wenkieng te eitvhisndorfi zbat adm or

alignment for hovgind®¥eRBes Uty de Lohd:0hded et WRURLES f%%xré{fﬁgght

one another (so that their pivoting axes are |ocated l5between t

two units in he ABVEY-1O8NE?P tROME. 2HPitts 3 Gi EResidiieposf thiten tpe oviidesot
greater stabilityeans daakanseninhi bee fior 1bbgedldnotor wardthki Ghtter is
condi tion foldinglof Hgg ugits iinto,the disposition in which one unit
(for exanple, the PEAIFOEEIGY: (HhE PLRF)® FEHHT & OFhBODT IFsnebr T Hys
about 20a nore coapaet andnbelpw at beneralheluhapSthaet amicahréhe
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10 contrelled te bring about the disposition in which the two
units are in horizontal alignment with one another. More
especially, the pivoting into this horizontal alignment
for hover may be such as to fold the two units away from
one another (so that their pivoting axes are located

15 between the two units in the hover condition). 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 cenfiguration.

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 oxr
filaperons); where control surfaces are involved, they may
be used, in whole or in part, for control of aircraft
pitch, yvaw, 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



25aer odynam ¢ el ements which nmay or may not incorporate contro
surfaces (for exanple 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. Furthernore, the

wi ng- 30structure may have one or nore central, stabiliser tail- fins
or a V-tail, and as such may, or may not, incorporate control
surfaces (elevators, elevons, rudders or WO

2009/ 095696PCT/ GB2009/ 000280 6 ruddervators) for use in whole or part
for control w®wfo2esrerssft pitch and yaw. The confi gur at irem/GBRoop/INe280

t hrust-vectoring propul sion units 5on the w ng-structure and the
manner in which they are operated, desirably results in the aircraft
havi ng hi ghl ydecoupl ed pitch, roll and yaw control characteristics,
so that the flight-control systemrequired is sinple to design

i npl ement and opefgddarvh@oFhE AW Ush-MEGHOLE NG YIGL #4128t ¥bNGr
aircraft of the invention nq¥.have manned and/ or unmanned fl i ght

capabi lities, and*he§ftavB*Ff} WL ¥d%itrol facilities to enabl e snooth
transition to and from hover in vertical 15take-off and | anding,

excel | ent gust I’E%ﬁgﬂg%%f§89r£%£¥% of the thrust-vectoring propulsion units

5 on the Wing—stxucture and the manner in which they are
operated, desirably results in the aircraft having highly-
decoupled pitch, roll and vaw control characteristics, so
that the flight-control system required is simple to
design, implement and operate.

10
The thrust-vectoring VIOL flying-wing aircraft of the
invention may have manned and/or unmanned flight
capabilities, and may have flight-control facilities to
enable smooth transition to and from hover in vertical

15 take-off and landing, excellent gust response and high
manceuvrability in both hover and forward flight. The
aircraft furthermore, especially where designed to have
minimum weight, has potential for long-endurance f£light, a
broad and continuous speed range, and an ability to

20 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

25 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

30 incorporate aerial gensing and/or measuring capabilities
(for example embracing infra-red and/or other optical
gsensing, and/or chemical, bioclogical, and/or acoustic

sensing) .



“maneeuvrability in both hover and forward flight. The aircraft

furthernore, especially where designed to have m ni num wei ght, has
potential for |ong-endurance flight, a broad and continuous speed
range, and an ability to 20 operate in challenging environnments
typically associated with urban or maritine operations. Mreover, it
may have the ability to fly backwards. Furthernore, the
thrust-vectoring VIOL flying-wing 25aircraft of the invention nay be
adapted to carry passengers, cargo and/or supplies, and in

embodi ment s B0 BRAMPY size may function as an unmann@§TABR0%00250
vehicle (ON or platformfor aerial view ng and/or surveillance,
aerial photography or aerial target-tracking, and may 30i ncorporate
aerial sensing and/or measuring capabilities (for exanpl e enbracing
infra-red and/or other optical sensing, and/or chem cal, biological,
and/ or acoustic s&nhsiprpsent 7iMsntypaserdblienven irguvésbdl es theToL

provision of a VTe,{lyiAdaWh NG aickcrafd sthaty bieceﬁa%e%%:QEa Vendd. sak

take-of f and | anding at al nost any | ocati on, et her ationary
or noving (such ad"f heTdéar ¥ HmeRE PN 18gBtian) whethemgtsheel y in

close proxinmty tQtQ@h’i:tréQL/e§r a1 Qb h e rasr@ﬁé d%eﬁ Y thig;gngl osed
spaces, with a hig C@gree of manoeuvrability and gust-response

handl i ng; and® bei ﬁﬁtjr di FyYirsherdetursy Cﬁﬂs?nﬁrtoixﬁ?“éthﬂ &REs2¢1esnaed

a wide range of opefiat iadRaka BN \EnEORIERS eAblodddebbOBS) with a high

L0capabi li ties. Thrysts veckoring.LLyi ng- wao,\I0k ahreratt, aceordin
being readily manufactured in multiple variants to meet a
wide range of operational environments and functional

10 capabilities.

Thrust-vectoring flying-wing VTOL aircraft 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 VIOL 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 f£lying-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;



the present invention will now be described, by way of exanple, wth
reference to the acconpanyi ng drawi ngs, in 15which: Figure 1 is a
perspective view illustrative of a thrust- vectoring VIOL flying-w ng
aircraft according to the present invention; 20 Figure 2 is an

expl oded view of the thrust-vectoring VIOL flying-wing aircraft of
Figure 1 show ng maj or conponents of the aircraft; 25Figure 3 is
illustrative of one of two thrust-vectoring propul sion units of a
flying-wing aircraft according to the present invention, show ng axes
about whi ch whezopvoegsed si on unit is angul arly di spl aceatres:288kiozgor e 4
is illustrative of two of four thrust-vectoring propulsion units of a
flying-wng aircraft according to the presepnt invention, and shows
axes about which the propulsion units are angularly displ aceabl e
individually; 8 Figures 5a and 5b are illustrative in side-elevation
and perspective VFegrespechhd ey aref itlwecthying-in Bgaaidieratiomdhnag

Figure 1, showi ng the orientations of the.indiyvidual_ propulsion units

. ' rg t 1y, —wi

for pitching the Biterart Gp WAeh T R-BHOVET b/ S PLEPYA By LAILES
of Figure 1, showing the orientations of the individual

propulsion units for pitching the aircraft up when in

5 hover;

Figures 6a and 6b correspond to Figures 5a and 5b
respectively, showing the orientations of the individual
propulsion units for pitching the aircraft down when in

10 hover;

Figure 7 1s illustrative in perspective view of the
flying-wing aircraft of Figure 1, showing the orientations
of the individual propulsion units for rolling the

15 aircraft using a differential-thrust technicgue when in

hover;

Figures 8a and 8b are illustrative in side-elevation and
perspective view respectively, of the flying-wing aircraft
20 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
25 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
30 of Figure 1, showing the orientations of the individual

propulsion units for pitching the aircraft up when in

forward flight;



Figures 6a and 6b correspond to Figures 5a and 5b respectively,

" showi ng the orientations of the individual propulsion units for
pitching the aircraft down when in 10hover; Figure 7 is illustrative
in perspective view of the flying-w ng ai rcraft of Fi gure 1, show ng
the orientations of the individual propulsion units for rolling the
15aircraft using a differential-thrust techni que when in hover;
Figures 8a and 8b are illustrative in side-elevation and perspective
vi ew respectively, of the flying-wing aircraft 20of Figure 1, show ng
t he orient at MO89@P5%%he i ndi vi dual propul sion units fJACTERIPIFPIIAe
aircraft when in hover; Figures 9a and 9b are illustrative in
front-el evati on and perspective view respecgively, of the flying-w ng
aircraft 25o0f Figure 1, showing the orientations of the individual
propul sion units for forward flight of the aircraft; Figures 10a and
10b are il lustratiFiguies dildeard ehidt correrrdnpers fdguree Wawnd 10b

respectively, of the,ld¥iAagyW HohARLCER br30Radiicaur 85 lunsNowh pondahe
orientations of the 1ndividual propdlsion units for pitching the

aircraft up mherliPﬁoP%ﬁ%MQPdUF+Fiﬂﬁ9r pptching the aircraft down when in
forward flight;

Figures 12 and 13 are illustrative in perspective view of
the flving-wing aircraft of Figure 1, showing the
orientations of the individual propulsion units for roll
and yvaw respectively, when in forward flight of the

10 airecraft;

Figures l4a and 14b are sectional perspective wviews of the
flyving-wing aircraft of Figure 1 when modified according
to the present invention to incorporate a slat and flap

15 for increased 1lift, Figure l4a iliustrating the condition
for hover, and Figure 1l4b the condition for forward

flight;

Figures 15a and 15b are, respectively, perspective views
20 from below and above of the modified flying-wing aircraft
of Figures l4a and 14b when using the rearward split-flap

as an elevator for pitch control;

Figures l1l6a and 16b illustrate in plan and perspective
25 view respectively, a configuration of flying-wing aircrart
according to the present invention having a swept-forward

dihedral wing;

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

anhedral wing;



Figures ha and Il b correspond to Figures 10a and 10b respectively,
showi ng the orientations of the individual propulsion units for
pitching the aircraft down when in forward flight; 5 Figures 12 and
13 are illustrative in perspective view of the flying-wing aircraft
of Figure 1, showing the orientations of the individual propulsion
units for roll and yaw respectively, when in forward flight of the
lO0aircraft; Figures 14a and 14b are sectional perspective views of
the flying-wing aircraft of Figure 1 when nodified according to the
present i nvemta weyobed ncorporate a slat and flap 15f orrdrresz@sisezso
lift, Figure 14a illustrating the condition for hover, and Figure 14b
the condition for forward flight; Figures l%a and 15b are,
respectively, perspective views 20 from bel ow and above of the
nodified flying-wing aircraft of Figures 14a and 14b when using the

rearward split-flapgaseqnsekevat refl perdflideehve ontdwal i1 iguwsesnd6a and
16b illustrate in plan and perspective 25 view respectively, a

configuration of PPFFHRYSVREGISFTHTEPE HECEFFATRGT FPERRT e ppvention,
i nvention havi ng assveptrivonyesthyliahedradt witngiodHdegures 17a and 17b
illustrate in plan and perspective 30 view respectively, a
configuration of flying-wng aircraft according to the present

i nventi on havbng @iswept 22oewdriB amkedredremichygely . 1®1ERgurd pet8peatie

are perspective vi,gussldd Usbtali N9.8088Dl8 iRg kAL O, aaGEY di NG
to the present invention, of the ying-wng aircraft ©o Igure 1;
aircraft according to the invention, in the hover

condition;

10 Figure 24 is a perspective view of the flying-wing
aircraft of Figures 22 and 23 in a forward-flight

condition;

Figure 25 is a perspective view of another thrust-
15 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;

20
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

25 Figure 27 incorporating further modification; and

Figure 29 is illustrative of further modification of the flying-

wing aircraft.

30 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



+SFigures 22 and 23 are, respectively, plan and perspective views of
"anot her thrust- vectoring VIOL flying-wing aircraft according to the

I nvention, in the hover condition; 10Figure 24 is a perspective view
of the fIying-mﬁng aircraft of Figures 22 and 23 in a forward-flight
condi tion; Figure 25 is a perspective view of another

t hrust-15vectoring VIOL flying-wing aircraft according to the

I nvention, in a forward-flight condition; Figure 26 is a perspective
view fromthe front of a preferred f or m of flying-wing aircraft
accordi ng t oMOEPNG¥nt i on; 20 Figure 27 is a perspectTVERAUWOBP om
the rear of a nodifijed formof the flying-wng aircraft of Figure 26;
Figure 28 is a sectional view of the flyingiw ng aircraft of 25Fi gure
27 incorporating further nodification; and Figure 29 is illustrative
of further nodification of the flying-wing aircraft. 30Referring to
Figure 1, the Wouiriqwingowtﬁge aingrafrucinre Hi s andabpt ariigs 4 and S

W ng- structure 1 Lhat. GREELESERHY LW USh- ¥&d Qhkngr Prapyl §t:9£keuﬂl ts
2 to 5. The propulsion units 2 and 3 are carried fore and a

respectively of at®l% dife™BuRtrst OPSt%Wédeﬁf%éys?%rqi@aPé @ﬁ remty

or 11 structure 1. The units 2 and 4 are mounted to the fore of

5 the wing-structure 1 on downwardly-projecting mounting
structures 8 of their respective strakes € and 7, whereas
the units 3 and 5 are mounted to the rear of the structure
1 on mounting structures 9 that are upwardly-projecting
from the respective strakes 6 and 7.

10
The propulsion units 2 to 5 are rotatably mounted on the
strakes 6 and 7 to enable the thrust each produces to be
vectored to the extent necessary, for example throughout
360 degrees, about an axis parallel to the pitch axis PA

15 of the wing-structure 1. In particular, as illustrated in
Figure 1, they may be rotated individually (by control
motors not shown) to vector the thrust produced vertically
dowvnwards, 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 wvary the thrust
vectoring it provides differentially or otherxrwise relative

25 to the vectoring provided by one or more of the other
wnits 2 to 5. More especially, they may for example be
all vectored partly downwards and forwards to provide
reverse thrust for manceuvring and braking purposes when
transitioning from forward flight to a stable hover, and

30 differentially for vaw, pitch and roll.

More details of the construction of the VTOL flying-wing

aircraft of Figure 1 and some possible alternatives will



wing-tip of the wing-structure 1, and the units 4 and 5 are
correspondingly carried fore and aft of a strake 7 that is nounted on
the port extremty or tip of the structure 1. The units 2 and 4 are
nounted to the fore of 6the wing-structure 1 on downwardl y-projecting
nmounting structures 8 of their respective strakes 6 and 7, whereas
the units 3 and 5 are nounted to the rear of the structure 1 on
nmounting structures 9 that are upwardly-projecting fromthe
respective strakes 6 and 7. 10 The propulsion units 2 to 5 are
rot at abl y nothft28¢p/0859&¢ he strakes 6 and 7 to enabl e t heeQTi&BAKP/0@286 h
produces to be vectored to the extent necessary, for exanple

t hroughout 360 degrees, about an axis paralkel to the pitch axis PA
150f the wing-structure 1. In particular, as illustrated in Figure 1,
they may be rotated individually (by control npbtors not shown) to
vector the thrustnpwdsucledcyisdd aakhyrademunes ds; rFapdre antiholvhech the

i ndividually (by t -~.managenent _systens_nat shown) t ust ai n
t hr ust nagnitudesggéﬁ%Flgga ?@: %vg?.é 5ﬁb?a@%ﬁ§ﬁﬁﬁt%%%ﬂﬁ§ ?ﬁé“ﬁﬁffs
2 to 5 for hover tRendstusgcoeromacdE frerdorhatdtfliighvect ored downwar ds
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 otherw se ¥ el aRehermiBgote Welayreet dr ithg piovidedcbyrone i6r ofprarodpil

the other units 25t0c%n MiEen8sRECEAL | ot BRYs MBY% | BkaiaMRt endie ral bt
vectored partly downwards and forwards to provide reverse thrust for

manoeuvring and bPERIHGPUPPOSER  whdtf tigherd i TnPAYLEY FmstErhaltd
flight to a stabl gehdMey cagadiBQdi £ Brertial) ¥nadhObeyaveptPirtbehaaind or
roll. Mre detailga f the constructj.on of %gE};{T%% L£ﬁg&¥%fm ng

ckwards with or without an
10 Furthermore, it may incorporate slats, flaps and control
surfaces such as for example one or more elevators,

flaperons, ailerons or elevons.

The centre of gravity of the aircraft typically lies

15 within the range of 0% to 15% of wing-chord distance in
front of the aerodynamic centre of 1ift of the wing-
structure 1. The forward pair of thrust-vectoring
propulsion units 2 and 4 have a common axis FV of wvector-
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 zervo-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
contrelling the magnitudes of thrust produced by the
propulsion units 2 and 3, are all housed within ocuter
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.



aircraft of Figure 1 and sone possible alternatives will 12 now be

" described with reference to Figure 2 in which the propul sion units 2
to 5 are each shown rotated to vector the thrust rearwards for
forward flight. 5Referring to Figure 2, the wing-structure 1 is of
aerofoil section but may differ fromthis (for exanple it may be of
pl anof orm section), and instead of having a straight |eading edge 10
as illustrated, nay be swept forwards or backwards wth or wthout
anhedral or dihedral. 10Furthernore, it may incorporate slats, flaps
and control HHYOEEsuch as for exanple one or nore ECEERRYP/E0280
fl aperons, ailerons or elevons. The centre of gravity of the aircraft
typically lies 15within the range of 0% to135% of w ng-chord di stance
in front of the aerodynamc centre of |ift of the w ng-structure 1.
The forward pair of thrust-vectoring propulsion units 2 and 4 have a
comon axi s FV of E3cpgprulsian uoatthdo Pshad anhendamplhuwdilstamse LA

front of the 20cepsr qeqbigyamid ﬁn@éléﬁ%o%ii&?%ﬂ??ﬁ n%]se%gcgrg%, %421%\6'6‘;/

of the rearward pair of units 3 and 5 i's behin unrts
nount ed on the st¥4kéo6 arePlyingehiesdst 1 msigordrese M tindhiv tdoya

i ndi vi dual el ect r s&rveemdQolicddtSol luadnd142 agld 0giVifs G88hat s AAS I8
and 14 respecivel g 28TNe, SELV QMR Ol odd ANH 12 LO0gLNEL Ll their
i ndi vi dual at
for regulating the angular dispositions of the units 2 to
5 appropriately, and the thrust produced by them, under
overall control of a flight-control computer 17. Inertial
and other measurements related to attitude and other
10 flight variables are fed to the computer 17 from units 18,
and electrical power for the flying-wing aircraft as a
whole is provided by LiPo (lithium polymer) rechargeable
batteries 19. Alternative sources of power may include new
and emerging power-source technologies such as, but not
15 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

20 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

25 case where the two propulsion units are mounted at
cpposite 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.

30
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.



gear trains 13, and the electronic controllers 14 controlling the
magni tudes of thrust produced by the propul sion units 2 and 3, are
all housed within outer casings 6a and 6b of the strake 6.
Correspondi ng servo- 30notors, gear trains and controllers for the
units 4 and 5 are housed within the strake 7. 13 Each propul sion
unit 2 to 5 has an individual sensor 15 for sensing its angul ar
position about its axis FV or Al and for supplying signals in
accordance with this to a servo-notor control unit 16. The unit 16
si gnal s cont Mgl 20098¢mirands to the servo-notors w t hi n RAT&BRp/akEs 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 flight-control computer 17. Inertial and other neasurenents
related to attitude and other 10flight variables are fed to the

conputer 17 from uné ttﬁurﬁat—%&o&liagtgsﬂ@ahsp@vvemifton1th@ role ¥ t AgraMaBgut
aircraft as a whole i,s provided_b i um pol r

rechar geabl e batt8rfed?ty. “R% é‘“né?ﬁ/lgleslog 3 Sfigﬁo%‘gf&%ﬁvl?%ﬁpﬁae
new and energi ng pewerllsesr cédrneehpobmgiaes, sahzimtaa sétdndaey 4bls SRt ed
to, hydrogen fuel alueﬁy§ & aIEES SHhACces Plblg "‘éo“%ss‘i:r“c}o‘%rr Se

my i ncor porate S% ar pane port power~ gener at1on duri

and flight. Athoogtrldte Pl%ﬂvgm/\ﬁ:ﬁgtmlr enalﬁqud:fy t he invention has
20been described with reference to Figures 1 and 2 in the

Figure 4 shows the installation detail and rotation axes

of a four-unit thrust-vectoring propulsion system

carresponding to that of the aircraft of Figure 1. Only
10 the port wing-tip with its two vectored-thrust propulsion

units is shown in Figure 4.

Referring to Figure 4, the two thrust-vectoring propulsion
units 24 and 25 are located at the tip of the wing-

15 structure 26, typically with ecual spacings a fore and aft
respectively, of the wing-span axis WA (which extends
through the centre-of-lift axis of the wing). The forward
unit 24 is typically located below the centre line CL of
the wing-structure, whereas the rearward unii 25 is

20 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

25 wing-chord, so as to provide complete platform control
authority. Rotaticon about the secondary axes SA is in
general not reguired in the context of four-unit thrust-

vectoring propulsion systems.

30 It has been found possible in the construction of thrust-
vectoring VIOL 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



~.context of having a four-unit thrust-vectoring propul sion system the
aircraft may instead have just two thrust-vectoring propul sion units.
The axes of rotation applicable for thrust-vectoring operations in
this latter 25case where the two propul sion units are nounted 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. 30 Referring to
Figure 3, the thrust-vector propulsion unit 21 is installed at the
port tip of MPS'R'MYMPstructure 22 forward of the cent PEFEB2(7400288ng
the centre of gravity. 14 The thrust-vectoring propulsion unit 21 is
rotatabl e about a primary axis QA parallel g0 the axis of the
W 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 5conplete
pl at f orm control BE{HGI-t 9r ¥ Qwiegsa sHewsic Herjienst e treduldang etrmicess .
and rotation axes f = U 5 h - | ng B.P;H i ) :
corresponding to %‘ﬁ{ai %g?g?%lséq’g%ltrgg%a%efj%ef ¥éIg:llg%g(l}{c_Jegll.nﬂ.clh y %?E% %%tru?%g
wWing-tip with its™GFestbrediadr asrensitpindiishegnt ¢ qf thAcrarate.
Figure 4. Referringe trdyFhgitnd schhecda0 thE Usinevesh@rdut@ P oyl sion
units 24 and 25 are located at the {lgp of the w ng- ,

5 strakes, the interna ear trains and the thrust-vectoring

propulsion units may be manufactured in the same way.

Thrust-vectoring VTOL flyingwwings according to the
present invention can perform advanced flight manoeuvres,
10 including as well as vertical take-off and landings,
controlled transitions to forward flight, maintaining any
flight speed from the hover through to top speed, and
transitioning back to hover as well ags flving backwards.
In addition to these core VTOL manceuvres, controlled side
15 slip, vaw, pitch up or down whilst stationary in the hover
are also availabkle as well as multiple combinations of all

of these.

Various flight operations of the flying-wing aircraft of
20 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

25 rotated to incline their thrusts partly rearwardly from 1
the vertical while the thrusts of the rearward units 3 and
5 remain vertically down, pitches the aircraft up in the

hover.

30 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



15structure 26, typically with equal spacings a fore and aft
respectively, of the w ng-span axis WA (which extends through the
centre-of-lift axis of the wing). The forward unit 24 is typically

| ocat ed bel ow the centre line CL of the wi ng-structure, whereas the
rearward unit 25 is 20typically 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
bei ng rotatabl e, when appropriate, about individual secondary axes SA
paral | el to wWeegppw9of the 25w ng-chord, so as to pr drdseemotset e
platformcontrol authority. Rotation about the secondary axes SA is
in general not required in the context of fQur-unit thrust-vectoring
propul sion systens. 30lt has been found possible in the construction
of thrust- vectoring VIOL flying-w ngs, to manufacture many of the

conponent s from eirbhig€in &e2@DPLHBIt BopSUCITHAS SRR fhdrB rRbft N®wn in
fibre materi al solgFﬂ?der the registered trade mark 15 KEVLAR), or

by using a plasti E*Fr}%¥EE on- noul di ng process. This enabl es weight to
be kept to a mninmumwhile ensuring maxi num structural strength and

integrity of the ?E’.&&x{{lf?tilg@&g 't%isngﬁé"’is%uééfo‘{acg%{rﬁniéhh%uirﬁﬂgerho%gg
outer wi ng 5strakes; e internal gear tralns and the
t hrust -vect orfng pfop siloaraft tthenblrbd -ranufdeguredpi s itheusiree 4

way. Thrust-vectoLj8g {Egerééa/iﬂq@mﬂcﬂg%&gcwﬂm@th&tafeugmgnzt and

invention can perform advanced f||%ht manoeuvres, 101 nc Ing as wel |l
as vertical take-8f fvidid thantrsiys, teont el peerwatanyitl cigictots sioddr @s

flight, maintaini RgaAMked in an anticlockwise direction about its roll

axis RA.

10
In FPigures 8a and 8b, the propulsion units 4 and 5 are
shown rotated to vector their thrusts inclined slightly
rearwardly to the downward vertical whereas 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

vaw axis YA.

Figures 9a and 9b show the propulsion units 2 to 5 all

20 retated to vector their thrusts fully rearwards. This is
the configuration for full forward flight in the
circumstances where the wing-structure 1 ig 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 £light with the units 2

to 5 rotated as illustrated in Figures %a and 8b, rotation



Lflight speed fromthe hover through to top speed, and transitioning
back to hover as well as flying backwards. In addition to these core

VTOL nanoeuvr es,

controlled side 15 slip, yaw, pitch up or down

whil st stationary in the hover are also available as well as multiple
conmbi nations of all of these. Various flight operations of the
flying-wng aircraft of 20Figure 1 will now be described with
reference to Figures 5 to 13. Referring to Figure 5a and 5b, the

di spositions_of the %ropulsion units 2 to 5 wth the forward units 2

and 4 25r ot al'€d*'P8°¥

cline their thrusts partly rear wdCHXP?PVYREL he

vertical while the thrusts of the rearward units 3 and 5 rennin

vertically down,

pitches the aircraft up inythe hover. 30In Figures

6a and 6b, the rearward units 3 and 5 are shown rotated to incline
their thrusts partly rearwards fromthe vertical while the thrusts of
the forward unitso? HEedvaits\d 2009} 095696 PCT/ CB2G09M0002861 161 %lemmai n
vertically down. [ThisdRiteheSd heeaidafakt 00w N LHg NQYeE, JH QuUES
7 illustrates the situationin which during hover 5of the aircraft the
t hrust - vect ori ng E&%ﬁhﬂlgigﬁwqwﬁq§§,4as illustrated in Figure 12, the

10

15

20

25

30

aircraft will roll about its roll axis RA. If instead of
rotating the units 2 to 5, they remain as illustrated in
Figures %a and 9b, but the thrusts from the units 4 and 5
are increased by increasing their fan speed, as
illustrated in Figure 13, the aircraft will turn about its

vaw axls YA during £light.

A medification of the thrust-vectoring VTOL flying-wing
aircraft of Figure 1 is illustrated in Figures l1l4a, l4b,
15a and 15b, in which the modified wing-structure 31
incorporates a slat 32 and flap 33. This increases
significantly the coefficient of 1ift (Cu), and therefore
the 1ift produced with forward speed. As the aircraft
transitions from the hover condition (illustrated in
Figure 1l4a) to forward flight (illustrated in Figure 1l4b),
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 1ift is now generated as

aerodynamic 1lift 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 additiocnally provide
flap and aileron capability for inducing roll as well as

acting as an elevator for pitch control.



and 5 generate slightly nore thrust than the units 2 and 3, with the
result that the aircraft will start to roll as indicated in an
anticlockw se direction about its roll axis RA. 10 In Figures 8a and
8b, the propulsion units 4 and 5 are shown rotated to vector their
thrusts inclined slightly rearwardly to the downward vertical whereas
the units 2 and 3 are rotated to incline their thrusts slightly
15forwardly of the downward vertical. The result is to turn the
aircraft during hover in a clockw se sense about its yaw axis YA

Fi gures 9a aiM¥ W¥9/08%w t he propul sion units 2 to 5 al IPCZEB3HIMEOt o
vector their thrusts fully rearwards. This is the configuration for
full forward flight in the circunstances whgre the w ng-structure 1
is providing adequate aerodynamc |ift capable of sustaining the
entire aircraft inits flight. Fromthis condition, rotation of 25the
units 3 and 5 to VedtiDicatienr of thestdysig-ghtd yairpward, ofFighkast reat ed

in Figures 10a and,l10D0 Jw%ﬁ‘dl ES rviar}:dt Qlengafsrt?{%(géx}reot S"Qi&%’d}’% {Jélo is

clinb. Where instead there is ro uni vect or
their thrusts slighivscugbrdr by Rigurksusfer anédlen Firgus ersodﬂfacatmdmlib,

30the aircraft pitehes, dvawarsl.d %Qlast%%ﬁ@g@ andl ugé iheMoLts 2

and 3 to vector their thrusts slightly upwar of the units 4
and 5 to vectdr their thrusts

An alternative modification to provide a swept-forward
wing-structure 37 with anhedral is illustrated by Figures
17a and 17b. With this modification roll stability is
likely to be more sensitive, but vertical-lift

10 characteristics may well be improved.

Figure 18 shows a modification of the thrust-vectoring
VTOL flying-wing aircraft of Figure 1 in which the ducted
fan propulsion units 2 to 5 are replaced by open-rotor

15 propulsion units 42 to 45, whereas Figure 19 shows another
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 required. 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 1lift for hover is

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



~slightly downwards, as illustrated in Figure 12, the aircraft will
roll about its roll axis RA. If instead of 5rotating the units 2 to
5 they remain as illustrated in Figures 9a and 9b, but the thrusts
fromthe units 4 and 5 are increased by increasing their fan speed,
as illustrated in Figure 13, the aircraft will turn about its yaw
axis YA during flight. 10 A nodification of the thrust-vectoring VIOL
flying-wng aircraft of Figure 1 is illustrated in Figures 1l4a, 14b,
15a and 15b, _in which the nodified wing-structure 31 incorporates a
slat 32 and PCHR3%%%Thi s increases 15significantly tﬁET@@@PWW@W%nt
of lift (CL), and therefore the lift produced with forward speed. As
the aircraft transitions fromthe hover comdition (illustrated in
Figure 14a) to forward flight (illustrated in Figure 14b), |ess power
is therefore required of its thrust-vectoring 20units 2 to 5 than of
those of the unnodi fiether ryamste wét ar'@oL fhwingnyiing ap Hrfr@ fthaccording

aireraft in the aip. .5l ncoeaeniealian REPRA! bboiidled ultn i dounce to
generated as aerodynamc |ift fromthe wing-structure itself.

25Fi gures 15a andFispred |24stPat® use of the flap 33 as an el evator
for adjusting the pitch of the nodified aircraft while the aircraft
isin forward fliggt. The fla [elevaégr 3§€d0%§3Q9t Qgggxﬂfg%s§§pﬂ4y
to be a singlé st FREERTHFERNT o Fhé’ s i i FPsdeR% Way that "1t can
30al so functi on ashas @dmheakes Wiuradchistonabtorimooprdeuidiap antks 52
ai | eron capability for inducing, rQll ;3s, el AS.AMd BE-8S.AN agLevat or
for pitch control
respectively at the starboard wing-tip of the structure
51, and the units 54 and 55 mounted correspondingly fore
10 and aft at the port wing-tip. FEach unit 52 to 55 is
carried by an individual arm 56 that is pivoted to the
wing-structure 51. The arms 56 carrying the units 52 and
54 are pivotably-mounted on the starboard and port wing-
tips respectively for independent pivotal displacement
15 relative to the wing-structure 51 about a forward axis
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 arxms 56 carxying 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
armg 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



18 Modification of the flying-wing aircraft of Figure 1 to have a
swept-forward wing-structure 36 with dihedral is illustrated by
Figures 16a and 16b. This nodification is likely to inprove roll
stability and gust response. 5 An alternative nodification to provide

a swept-forward wing-structure 37 with anhedral is illustrated by
Figures 17a and 17b. Wth this nodification roll stability is |likely
to be nore sensitive, but vertical-lift 10characteristics may well be

i nproved. Figure 18 shows a nodification of the thrust-vectoring VIOL
flying-wi ng AGX¥PP1V2F Figure 1 in which the ducted fREA/GBREPHEIOH on
units 2 to 5 are replaced by open-rotor 15propul sion units 42 to 45,
whereas Figure 19 shows another nodificatiop in which a
centrally-located unit 46, which may act as a fuselage or sensor pod,
is added; clearly the added unit 46 nay be extended where, for

exanpl e, a | arger fplded ageycipanidyy esotrtegui red.sikg laniyltther nad i ares

20nodi fication, Okgi ga%gq(r?g Pha Al £4Sa] zabgg th%gpsks% |J Id st rat ed

by Figure 20, may be a for inproved lateral sta
further possible ABdied Gaevofirom ceenereiherano uriat AFBEZW 5e radijéd

as illustrated by Rhouie 2esf s a@auggﬁruxlengtlm;ﬁm;hgép%&lgﬁ This
advant ageous for |arge w ng-span_designs of flying-wing aircraft

whi ch, by thefr vEF§VIgUFEr &9 IStRBHLWoape Frddwcer of e gircraft in
shorter W ng desi gre M¥ddr.a central lift-fan, less lift for hover is
30required fromthe vectored-thrust propul sion units 2 to 5.

Figure 24 shows the disposition of the propulsion units 52
to 55 for forward flight. In this case the arms 56

10 carrying the units 52 and 54 have been driven by their
chain drives 57 and 58 to be inclined forwards downwardly
from the horizontal, and the arms 56 carrying the units 53
and 55 have been driven by their chain drives 59 and 60 to
be inclined rearwards upwardly f£rom the horizontal, so

15 that thrust from all units 52 to 55 is vectored rearwardly
as well as partially downwardly for 1lift. The downward
movement of the arms 56 carrying the units 52 and 54, and
the upward movement of the arms 56 carxrying 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 rotaticon 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 teo 24, but in which crank-arm linkages 61
instead of chain drives, are used for angular displacement

of the propulsion units 62 to 65.



WD ,20091095696PCT/ GB2009/ 000280 19 A further exanple of a VIO
flying-wng aircraft according to the invention will now be descri bed
with reference to Figured 22 to 24. 5Referring to Figures 22 to 24,
the wing-structure 51 in this exanple has four thrust-vectoring
propul sion units 52 to 55 with the units 52 and 53 nounted fore and
aft respectively at the starboard wing-tip of the structure 51, and
the units 54 and 55 mounted correspondingly fore 10and aft at the
port w ng-ti h unit 52 to 55 is carried by an individual arm

that is pi vo{?"&f PE¥He wi ng-structure 51. The arns 56 gglcp%e%oo%sp]e

units 52 and 54 are pivotably-nmounted on the starboard and port

Wi ng-tips respectively for independent pivehal displacenent
15relative to the wing-structure 51 about a forward axis parallel to
the pitch axis of the aircraft. The pivotal displacenent of each of
these two arns 56 relative to this forward axis is controlled via

chain drives 57 arf && f@iﬁ@&%@dhﬂﬁéﬁafﬂ D1 @B el LANFI%LPEs e o
units 53 and 55 2Qare pivotably-nmounted on the starboard and port

W ng-tips respect £vel 5 BFOPHAELENRHES dAgEP at> dPepPackhdht aFe|carFied
to the wi ng-strucburgivoteabattis &6r eﬁdvnaﬁadagl& Slpabaiaf@hdeoah@@la&i tch

axis of the a ércr fS aanldneg{votal %p rg_ nt of each of these tV\g
arms 56 relat]ve PEPRIICETERTE GEUIERDMFoF B ViV CERATT dr FOEL SS9 Bhd
60. The arnms 56 aweys:lrfomdi.fndatgunestmi cands 2 rplduoieg unike 52 to 55

hori zontal al i gnERG i 10,08y Wogr Ly UELHLE, R, L0, POSI 1100 Lhe oy

propul sion units hover alr cra TRE“URI T S
to 55 in this di spasia icgnmay hehgivoted to the respectlve linkages 61 so

that in each case a further or alternative axis for

10 control of vectoring is introduced.

A preferred form of {lying-wing aircraft according to the
invention is illustrated in Figure 26 and involves two pairs of
front-and-rear propulsion units 72 and 73 and 74 and 75 that are

18 moved pivetally by individual chain drives (not shown) located
within vertical fins or wing-strakes 76 and 77 respectively.

The strakes 76 and 77 (the shaping of which may vary from that
illustrated) afford improved longitudinal stability teo 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 flyving-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 B0 for use as

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



arns 56 are oriented to direct thrust vertically down. Mre
particularly, in this disposition the two arns 56 carrying the units
52 and 53 on the starboard side are 20 folded away from one anot her,
and simlarly the two arnms 56 carrying the units 54 and 55 on the
port side are fol ded away from one another so that the units 52 and
53 and the units 54 and 55 are at nmaxi num separation. This 5provi des
for good stability and bal ance of the aircraft in the hover. Figure
24 shows the disposition of the propulsion units 52 to 55 for forward
flight. In tM&O¥AEYG he arns 56 10carrying the units PEYVEAWGA2Haye
been driven by their chain drives 57 and 58 to be inclined forwards
downwardly fromthe horizontal, and the agis 56 carrying the units 53
and 55 have been driven by their chain drives 59 and 60 to be
inclined rearwards upwardly fromthe horizontal, so 15that thrust
fromall units 52 to 55 is vectored rearwardly as well as partially
downwardly for IdiGhre Eb%mmﬁgthMEica@.ﬁoﬁ e a{errm)%ﬁlgca{rrgyi ng

the units 52 and 54, and_t v.e t of the arns arrylng
the uni (s 53 and“Zeafotr GASYHRERT Harrn e S SoParEe oo
20al i gnment  sepdrafimnedet weeh 8fhee emmltogeSQlean@Q?SO%ﬁéetwlﬁnﬂftStt@&k

and 55. For 5 nprveg: hahgeecandcenung eraction of inertial effects,
the fans/rotors of the units 53 and 54 are

The flying-wing aircraft of Figures 26 to 28 include
flaps/elevators 82 that are most-clearly seen in Figures
27 and 28.
10
A further possible modification, which is illustrated in
Figure 29, involves the mounting of a fan unit 83 in each
of the wing strakes or vertical fins 84 of the aircraft.
The units 83 provide thrust in opposite lateral directions
16 to give a mechanism for added, or alternative, yaw control
and stabilisation. The control is effected simply by

varying the thrusts they produce relative to one another.

The thrust-vectoring VTOL flying-wing aircraft of the

20 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

25 and flight-control surfaces such as a tail-plane and/or
elevators and their associated actuators, is aveided. 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

30 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

A



.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 30aircraft that is functionally conparable with that of
Figures 22 to 24, but in which crank-armlinkages 61 instead of chain
drives, are used for angul ar di splacenent of the propul sion units 62
to 65. 21 In the flying-wng aircraft illustrated in Figures 22 to
25, the prop i its 52 to 55 and 62 to 65 are caryl j.yot ed
arns 56 and Wﬁ@g@%ﬁel to provide angular 5 displ acg%ngﬁ%ééa%ggigyr ed
for thrust-vectoring. However, by way of nodification, the

t hrust-producing units 52 to 55 may be piv@Bed to their respective
arnms 56, and the units 62 to 65 nay be pivoted to the respective

| i nkages 61 so th ' S ri.her or_.al.terpative_axis for
10control of vect g%%\% ?gg?ﬁ%?loe ﬁgegy l,&r}gf e%%arbiléagf P ﬁrffit/?tnd:?mf%
ai rcraft accordi ngttenvhéovnsraadsonni 111 wisd-retred 1hftki gure 26 and

i nvolves two pairs of front-and-rear propulsion units 72 and 73 and
74 and 75 that are 15noved pivotally by individual chain drives (not
shown) |ocated wi TRT VRP&r £1¢H9-MLiAE T RPARE-AR rhReBT T8 dndnyention may

respectively. s Theassd akeprdi @i a7a (#38 0SERAA 108 MWHLAN 2 TBYr MR Yand
fromthat illustrated), afford inproved |ongitudinal_ stability to the

nmp .
aircraft during fof FRFRTAC JRd PORKEY 4% itght Shbhddulrt Bstorm.
20Typically, 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
"weat her-vane' aligning effect). The increase in surface area from
front to rear may be above and/or bel ow the wi ng-structure



.78, but in the aircraft of Figure 26, where the increase is 25 bel ow
the wing-structure 78, there is the advantage that they contri bute,
together with open-frames 79, to the provision of |anding-gear for
the aircraft. Yaw stabilisation and/or control of the flying-w ng
aircraft of 30Figure 26 may be provided By varying the thrust

provi ded as between the starboard propulsion units 72 and 73 and the
port propul sion units 74 and 75. However, each strake 76 and 77 of
the flying-wing aircraft of Figure 26 may, as illustrated in Figure
27, incor por at'e*®®FHw- st abi | i ser or rudder 80 for use as 35an
alternative or in addition to the use of thrust-variation. WO

2009/ 095696PCT/ GB2009/ 000280 22 Figure 28 shows a further

modi fi cation df. t het fUBAINgEIwing -aringy afitrcofaffE glreer <26, a rsiwlgleh tehe
Wi ng-structure 78 has a | eadi ng-edge sl.at. 81 taq inprove the range of
the angl e- of-é%gatap‘lssdﬁ‘_‘f W ng‘foé%”elss?toéﬁ Mg Tife TIWAYRS: Witng
aircraft of FiaumesRGHAdd neliudenifdiaps/ & avat QindB2 dhalodle

most-clearly seen in Figures 27 and 28. 10 A further possible
nmodi fi cati on, MHisrRlly 99 usie diedE-iaf Fisgurse A9, theaginaes fithe and

nmounting of a | 3 JdLgash, of B : I Ltdi C
fins 84 of theéagcﬁlr (I#Harhsﬁ?f}h% uni rhsgo ‘r%lol\\%lg)gl tgl’ll?s(t%‘%l %’pg\é%éosll ZHO
| at eral directiarisord Sitogi v e deeiims mif ereladdedielgr aald eradtabie;

yaw control and stabiljsation, The control is effected sinply b

varying the t RUMRER MIPPRIdT & Fellath v @b T6e Eristshdrer Lorwara

flight, and wherein the two propulsion units of each
palr are spaced substantially equidistant forward and
aft respectively of the centre of gravity of the

alrcraft.

2. A VTQOL flying-wing aircraft according to Claim 1
wherein each of the thrust-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. A VTOL flying-wing aircraft according to Claim 1

or Claim 2 wherein the axes about which the thrusts of
the two propulsion units of each pair are wvectored are
located above and below respectively the central plane

of the wing-structure.

4. A VTOL flying-wing aircraft according to any one
of Claims 1 to 3 wherein the axes about which the
thrusts of the two propulsion units of each pair are
vectored are axes fixed with respect to the wing-

structure.



. The thrust-vectoring VIOL flying-wing aircraft of the 20present

i nvention overcones nmany of the problens associated with conventi onal
fixed-wing aircraft-structures and rotorcraft. Use of the flying-w ng
structure enables aircraft-weight to be reduced to an absolute
mninmum in that the requirenent for a f el age 25and flight-control
surfaces such as a tail-plane and/or elevators and their associated

actuators, is mvoi deditBy fduwiitrabla rde siigreraite adaogirtg el g ainfC oadd
of the present invention is not only stable, but _can outperform other
types of fixed®fwiHGias dr & SorhBiorc A F%5%5yfRF Bobyicd, £de

Furt her nor e, rﬁ&%%ﬁ Je ¥ ROUSio %x%ﬂﬂfsﬁ% %fﬂ%stoaeﬂe%r&@logy%;\gcta t

| oss of altitude. anced desi gns of yi ng-w ng ai rcraf ordi ng
to the invent ivegtdmsbreper atliapd,adesblex anplle reisgtestare fihap syingan
deliver WD 2009/ 095696PCT/ GB2009/ 000280 23 hi gher coefficients of
lift, enabling HiFcraft to fly at very | ow speeds on full

W ng-borne lift. The VTOL flying-wng aircraft of the present
invention may 5al so be provided as a radi o-controlled nodel aircraft,
and in this rdspecthr MBPIbE PraE e S Grlrsdlad i padardiganto any one

of Claims 1 to 5 wherein thrust vectoring by the
propulsion units is achieved at least in part by

deflection of thrust from the units.

7. A VTOL flying-wing aircraft according to any one
of Claims 1 to 6 wherein thrust vectoring by each
propulsgion unit ig achieved at least in part by
angular displacement of the propulsion unit as a whole

relative to the wing-structure.

8. A VTOL flving-wing aircraft according to Claim 7
wherein each propulsion unit is mounted for angular
displacement about an axis which ig fixed relative to

the wing-structure.

9. A VTOL flying-wing aircraft according to Claim 8
wherein the fixed axis is the pitch axis of the

aircraft or an axis parallel to the pitch axis.

10. a vTOL flyving-wing aircraft according to Claim 7
wherein each propulsion unit is mounted on a member
that is pivotable abocut an axis which is fixed

relative to the wing-structure.

11, A VTOL flying-wing aircraft according to Claim 10
wherein the fixed axis is the pitch axis of the

aircraft or an axis parallel to the pitch axis.



.24 Cains: 1. AVTQOL flying-wing aircraft wherein a single pair of
thrust-vectoring propulsion units is nounted at each of opposite
extremties of the wing-structure laterally of the fore-aft axis of
the aircraft, and each thrust-vectoring gropulsion unit is operable
to vector thrust produced by it selectiv @y and vari ably between
downwards for lift and rearwards for forward flight, and wherein the
two propul sion units of each pair are spaced substantially
equi di stant forward and aft respectively of the centre of gravity of

the aircraft. 12 A VRIL fYPAgWiHy &rGarit ascording ¢ Glats 10
wherein each qfy tdgthrus taaclior IR SIAR NS 1S ARRited on

operable to vector thrust produced by it selectively and variably
forwards for rezariwetid irvhrede pire tarblfd imgphtbeaf fidve emigndreaf t. 3. A VIOL

flying-wing aifcraft accaordiing.tq.Claim2l or Caim?2 wherein the axes
2bout owhi ch ¢ {6 ARG TG oy SIS orf T (6T e S ar o
vectored are |@xcated phovg dnth heliaw espactdpied id ewcentgal pl ane
of the wing-structure. 4. A VIOL flying-wing aircraft according to

any one of C &gkt B il &linaisd myEsimebout which the thrusts of
the two propul sion units of each pair are vectored are axes fixed
wWth respect to the wing-structure. 25 5. A VTQOL flying-w ng
aircraft accorldi.ng & o/01y fdne raf-wGlrey sl redad 3 aderrelimd e aXes mmhout
which the thrusts of the two propul sion units of _each pair are
vectored are dii¥piscedbi® W4 r?’?%sﬁéiﬁt Rarh ﬁ)@%%ﬁsttr%&}lﬁ SLt@ A

VTOL flying-wig Qiderafd a6eargdihg to any one of Clains 1 to 5
wherein thrust vectoring by the propulsion units is achieved at | east

in part by deflection of thrust fromthe units. 7. A VIQL
flying-wng aircraft ording to .any one of..C ajns to.6 wherein

t hrust vect orilnﬁg' bf‘égI%pr pl%gtsg"olrll1 rﬁ]trﬁrsafé_‘crﬁcé:voer AR Y r?nﬁaart
by angul ar di syt atlenke 1af ddhda Ppropdairnritinig Ry diwealag mehanias: to
the wing-structure. 8. A VIOL flying-wing aircraft according to

Cl ai m 7 wher ei%f &dtth PrioaSiomSIRar il iodhtEd T orcidigulos 1ever

di spl acenent ahqui..anaxis which is fixed relative to the

W ng-structure. 9. A VIOQL flying-wing aircraft according to Claim38
wherein the fixed axis is the pitch axis of the aircraft or an axis

parallel tot pitc I S.,..10. A VIQL flying-wn ircraft
according to eja‘i m%m eﬁwléé%ﬂ“&goﬁﬁrsqléﬂ%rﬁchg%da%rﬁoefné’n S
menber that i ssdicetiad e @heutl Ariadess ihireh dwo fdoegrhiralaat e dep dhe

W ng-structure. 11. A VIOL flying-wing aircraft_according to Claim
10 wherei n t hedGkapiaxiars Nt iy saelsr tHendiaaamgmt doran

axis parallel Jo.408 P thD A Receive 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.

16. A VTOL flying-wing aircraft according to Claim 15
wherein for hover of the aircraft the pivotable
members of the two propulsion units of the pailr are

pivoted away from one another.

17. A VTOL flying-wing aircraft according to any one
of Claims 1 to 16 wherein the centre of gravity of the

aircraft is located forward of the aerodynamic centre



.26 12. A VIQL flying-wing aircraft according to laim10 or laim11
wherein each propulsion unit is nmounted on an individual pivotable
menber for angul ar di spl acenent about that nenber such that
orientation of the propulsion unit is variable in two axes relative
to the wing-structure. 13. A VTOL flyingiwing aircraft according to
Claim 12 wherein the two axes are both parallel to the pitch axis of
the aircraft. ofl4ifhA WHOLHd wingrWNgcadure afitttdecer disigd @famg are
of Clainms 10 to 13 wherein drive for pivotal novenent of the

pi vot abl e nenter® iaf \FRE F@arEh ARG che cinddradidmratts. A v
flying-wng aircraft according to any one of Clains 10 to 14 wherein
the two propul sion units of each pair are nounted for angul ar

di spl acenment fld¥. vectBiding loninespent iazie.’qxiaﬁit ablnEme e sy lerfeor
forward flight of the air raft are cantrolled to | ocate th

b opul i on ani%s GEITHe T Tha G (RIS SURS SRTIE 6 REe

W ng-structur er mfre /&e\ﬁl't@aﬂ,l Ve a0y iR i daGriaft) rac e ¢ RY- 0 1Q ai m
15 wherein for hover of the aircraft the pivotable nenbers of the two
propul sion units of the pair are pivoted away from one another. 17.
A VTQL flying-wng aircraft according to any one of Clains 1 to 16
wherein the centre of gravity of the aircraft is |located forward of
the aerodynam c centre 27 of |ift of the wing-structure within a
range of 0%to 15% of the maxi num wi ng chord of the aircraft. 18. A
VTOL flying-wing aircraft according to any one of Clains 1 to 17
wherein the wing-structure has one or nore central, stabiliser
tail-fins or a V-tail.



