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1 AN AIRCRAFT CONFIGURED FOR AT LEAST A VTOL OR STOL
MODE AND A FORWARD FLIGHT MODE 5 FIELD OF INVENTION The
invention relates to an aircraft configured for at least a VTOL or STOL
mode and a forward flight mode. 10 BACKGROUND An example
objective of aircraft design may be to obtain the shortest take off and
landing distance. In modern times this has become even more significant
due to the cost_of the assouated |nfrastructure mcludlng runways and

costly for example in the mwham@amm@dﬁﬂor art approaches at

solving this problem include such aircraft as Vertical Take-Off and
Landing (VTOL) aircraft; Short Take-Off and Landing (STOL) aircraft, 20
Airships or Lighter Than Air (LTA) aircraft. Examples of VTOL aircraft

ilt-rotor aircraft like the Osprey and the Harrier jet.
FLE?atr&hngs of%% a#craft include blimps, semi-rigid airships, rigid airships

and balloons. A common problem with such prior art approaches is that

they iz @ivnberapiinises darneamesitiairlighii sithhast wertical 6F STOL mode
al rward ng ther example objective of aircraft design, for example

nmg%ae erial ehlcles (UAV) design, may be to reduce the cost of

associated infrastructure as well as the cost of the aircraft. Generally
BllSMsR@YRAP used for surveillance or monitoring in remote or demanding
locations. It may therefore be desirable to provide a UAV with 30 VTOL or

STOL capabilities. SUMMARY 2
An example objective of aircraft design may be to obtain the shortest take off and

landing distance. In modern times this has become even more significant due to the
cost of the associated infrastructure including runways and airports. In Military
applications such infrastructure is often even more costly for example in the case of

aircraft carriers.

Prior art approaches at solving this problem include such aircraft as Vertical
Take-Off and Landing (VTOL) aircraft; Short Take-Off and Landing (STOL) aircraft,
Airships or Lighter Than Air (LTA) aircraft. Examples of VTOL aircraft include
helicopters, tili-rotor aircraft like the Osprey and the Harrier jet. Examples of LTA aircraft
include blimps, semi-rigid airships, rigid airships and balloons. A common problem with
such prior art approaches is that they can only be optimised for one mode of flight; either

vertical or forward.

Another example objective of aircraft design, for example Unmanned Aerial
Vehicles {(UAV) design, may be to reduce the cost of associated infrastructure as well as
the cost of the aircraft. Generally UAVs may be used for surveillance or monitoring in
remote or demanding locations. It may therefore be desirable to provide a UAV with
VTOL or STOL capabilities.

SUMMARY
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In accordance with an aspect of the present invention, there is provided

an aircraft configured for at least a Vertical Take-Off and Landing (VTOL)

or Short Take-Off and Landing (STOL) mode and a forward flight mode

comprising: a fuselage providing static lift, including at least a portion filled

with a gas at a 5 preselected pressure, at least two fixed wings providing

aerodynamic lift during forward flight mode, attached to or integrated with

said fuselage, and at least one propulsion unit(s) propelling said fuselage

and'Th@RRATG & otifo iy 2 t?/g&%riw&%%i&té?ﬁ ‘Hﬁgd%&&etésp%?)ﬂ?%% an
aircsaib starfigatycViertataé st st edictair ke B0V/TaDdiny FTOL}mo8bantee-Off
ancPLANIRY RbOIgtramiak e Rt warirghtnionyArddlight mode, wherein

said gas and said preselected pressure being selected, such that said
gashf SHa5 esRritiss s dhdnrttdinsaidgasefpertink et ndif qars at a
pretiztariithp@kaireat standard sea level atmospheric conditions, 15 wherein

sald, AlCIAMt %, CRRAPIG AIDEIDG GRE A ERT- B3N I UNARY SRS ight mode,

Vehicle (UAV). Said wings may inClude af least a portion filled with said
attaghed 3o & ftpriRiad e IS HERIARR SRthy be formed by a flexible outer

;ki_namm opmmmmn(spmwin‘gmuiﬁcmf’ageagnﬁ;iﬂp&rdtrwts&raﬁed
thrJéQ'G‘eEf&ﬂM E%H%g? éeﬁﬂgtggf%%Ebkﬁ@@g%%@%W&RU&?%QDU&%E%W

attached. 25 Said rigid section may be releasable from said flexible
VTQhtaF SURGAPYSI8 A i B YRR IKRCIZARALLBHS! WP RiphYing forward flight

modisassembled state. Said propulsion unit(s) may comprise a pair of

Prousian Waite gataLaRILAl AR a0 BAUNeKLIRPIELSHROLTH: saic

rigid body section, The contralled thrust vectoring system may comprise
gas at said preselected pressure within said fuselage has 2 density le3s than that of air

at standard sea level atmospheric conditions,
wherein said aircraft is capable of being configured as an Unmanned Aerial
Vehicle (UAV).

Said wings may include at least a portion filled with said gas.

Said fuselage and said wings may be formed by a flexible outer skin in use

pressurised with said gas.

The aircraft may further comprise a rigid body section, to which said fuselage and

said propulsion unii{s) are attached.

Said rigid body section may be releasable from said fiexible outer skin and said

flexible outer skin is deflatable, to form a disassembled state.

Said propulsion unit(s) may comprise a pair of propuision units rotatably or

pivotably mounted {o either side of said rigid body section,

The controlled thrust vectering system may comprise
a pair of actuators attached to said rigid body section, each configured to rotate

or pivot a respective said propulsion unit according to a control signal, and
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a pair of actuators attached to said rigid body section, each configured to
rotate or pivot a respective said propulsion unit according to a control
signal, and 3 control means providing said control signals to said
actuators according to pre programmed instructions to provide said
controlled thrust vectoring. The aircrafttmay further comprise reinforcing
members attached over the wings 5 to support the bending load from the

dynan@&%udﬂé&%fefmmfélwa raglRo SRIRLINSE!20R 2RAALRAEMIER to pre-
may comprise a number of sealable compartments. 10 The aircraft may
aéP'&%Hﬁggcg%F%’IWHS?O%%%EHEF&]@%J%EPW}%in receptacles
within said rigid body section. Said propulsion unit(s) may comprise a

coveragapp s R &S LY RS DI ARSIRF THERRRIQ G chd Bfer the wings

e L i R AT G RA A A P St

further comprises a data communications link to a base station, 20

whereiigaif asgeStaHaR eealy 9 RRaShAARANISEISLINEN P AR calable
clgr%tru tlon%to said control means. Said controlled thrust vectoring system
ma§%5“88 figured to provide a transitional thrust vector during a

transition mode between said VTOL or STOL mode 25 and said forward

flight medgirsaHdiap ISR BR PRt AHRMABR Y ComtatSAltsed within
fuselage Said wings EB;) located at a longitudinal point of balance. 30
R ﬁﬁ‘ﬁ&ﬁ?ﬁ%’ SERAWINGS 4

Said propulsion unit(s) may comprise a covered and/or ducted fan{s) driven by

an electric motor(s).

The aircraft may further comprise a plurality of sensors providing said control

means sensor data including location, altitude and attitude.

The aircraft further comprises a data communications link to a base station,
wherein said base station receives sensor data, and selectively uploads instructions to

said control means.

Said controlled thrust vectoring system may be configured to provide a
transitional thrust vector during a transition mode between said VTOL or STOL mode
and said forward flight mode.

Said wings may be located substantially centrally of said fuselage

Said wings may be located at a longitudinal point of balance.

BRIEF DESCRIPTION OF THE DRAWINGS
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Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the
drawings, in which: Figure 1 is a side view of an aircraft according to an
example embodiment. 5 Figure 2 is a plan view of an aircraft according to
an example embodiment. Figure 3 is a hidden detail side view of the

aircraf AR AL SRR XARHIEN SR FBRAT JRle8dS:Al }egaﬁrlyaésyga%vém to
showing the spars, according to an %Iam%l(f e,mboglment, 10 Figure fIS a !
(8L HIEY SRS Sre R R AT 58 SReERligRIY ey of example
anlbaHritesnniBigline &b theidwwvahtiseigydiisin bay and load attachment
aCcCOr¢ig@rio 15 L4 e, INBPSNERtaddeidifg 1d2A sidmyie WM dhfent.

aircra .during.diffi ult landing conditigns according 15 to an example
emboARE GBS P Gre e P SRaAIG Sag e ment.
exampligwmBodimdndderiginteibsitia vieekoflitigraincofitreeightoConarplexample
dadpmtgitaccording to an example embodiment. Figure 10 is a flow

diagragm of the Elight Contral Compuyter softyare according to 20 an

e o i e 19N S SRR Gre ARPARTouarAg xample
eathastieiagtio an example embodiment. Figure 12 is a side view of the
aircraftigeyipgd o HdeeANGLRACKWAT thevhile tho\BrNSHaSCURIRG 18 3R example

Sxam Ien?mbodlment. 25 Figure 13 is a side view of the aircraft yawing

accor |ﬁg to an example embodiment. Figure 14 is a side view of the
aircraftigiineab diticn Viewn of IO swsterwvday fhght load attachment according to an

example embodiment.

Figure 7 is a side view of the aircraft during difficult landing conditions according
to an example embaodiment.

Figure 8 is a front view of the aircraft according to an example embodiment.

Figure 9 is a block diagram of the Flight Control Computer according to an
example embodiment.

Figure 10 is a flow diagram of the Flight Control Computer software according to
an eﬁcampie embodiment.

Figure 11 is a side view of the aircraft hovering according to an example
embodiment.

Figure 12 is a side view of the aircraft moving forward and backward while
hovering according to an example embodiment.

Figure 13 is a side view of the aircraft yawing according to an example
embodiment.

Figure 14 is a side view of the aircraft in transition from VTOL. to forward flight
according to an example embodiment.

Figure 15 is a side view of the aircraft pitching according to an example
embodiment.

Figure 16 is a side view of the aircraft rolling according to an example
embodiment.

Figure 17 is a side view of the aircraft taking off according to an e>b<ample

embodiment,
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according to an example embodiment. Figure 15 is a side view of the
aircraft pitching according to an example 30 embodiment. Figure 16 is a
side view of the aircraft rolling according to an example embodiment.
Figure 17 is a side view of the aircraft taking off according to an example
embodiment. 5 Figure 18 is a side vieW of the aircraft landing according
to an example embodiment. Figure 19 is a schematic view of assembly of
the aifgEAlA9€0REIRG $R@NRXRABP It BPQIHNBINGIRCELOMMRE to an example
DESCRIPTION In an example embodiment, principles of LTA technology
© Oggﬂ%ﬁtned with conventional fixed wing or Heavier Than Air (HTA)
technblogse 18 jsrevidesadtidbviavw Fiasterfiklydithgeintatific@udingto an example
cRB@Inaien exploits the advantages of "free lift" from LTA to reduce the
Maximum Take-Off Weight (MTOW) to achieve practical VTOL capability.
Thrust vectoring together with the fixed wings allows effective forward
Disdini LR iaERa&IPd 1@t found in the prior art. One example application
for such an embodiment is a UAV. 15 Aircraft Structure Referring to
Figure 1 an example embodiment consjsts generally of two main , )
sectioRsd RERBRES BN TS0 a R ITG Bod) AcGRBROKEY. Figfgf@bined with
ceptidipnddixadywving cohisiavief AHasdidE A testtholagystoaBoviigic bybgd LTA
fiRESUARY KRy SEISISEOhBISYRAE BRI B thdlriHeS GFRYIORESERPLTA to

shown), a propulsio S 0,a i ) . £

recnjce Q;xeal\ﬁax%um Pa%-gﬁn\ﬂ}e]fght {P\?‘I’t &J\l) to achieve practical VTOL. capability.
Thrust vectoring together with the fixed wings allows effective forward flight
characteristics, not found in the prior art. One example application for such an

embodiment is a UAV.

Aircraft Structure

Referring to Figure 1 an example embodiment consists generally of two main
sections, a flexible section 100 and a rigid body section 102. Filexible section 100 may
consist of a fuselage 104 and wings 106. Rigid body section 102 may consist of a
system bay 108 that carries all avionics (not shown), a propulsion system 110, and tail
fins 112. The rigid body section 10Z may be releasably attached to the flexible section
100, for example, by Velcro fastening straps through slots in both the body and flexible

section.

The flexible section 100 once assembled is filled with a gas at a predetermined
pressure such that the gas has a density less than that of air at standard sea level
atmospheric conditions (101.325 kPa, 15°C). An example is helium, which in addition to
its low density is relatively safe (compared to the flammability of e.g. hydrogen). The gas
volume will be sealed and enclosed by the outer skin 200 and will completely fill the
fuselage 104 and wings 106. The gas may be provided at a high pressure, for example
400kPa, so as to hold the shape of the aircraft during forward flight. External wing load
bearing structure 202 may also be provided to improve rigidity and transfer loads from
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fins 112. The rigid body section 102 may be releasably attached to the
flexible section 100, for example, by Velcro fastening straps through slots
in both the body and flexible section. 25 The flexible section 100 once
assembled is filled with a gas at a predetermined pressure such that the
gas has a density less than that of air & standard sea level atmospheric
conditions (101.325 kPa, 15C). An example is helium, which in addition to

tl]ﬁ? vﬂ?% E{?%"I% fﬁseei' V Sﬁé?ré? ‘%%d Eg)t%e t%g rrlpxa\.b 8 gccommodate

e gas 30 v umew seale enclose theo

t@w@@sw&wﬂ w@hﬁﬂét@ybwmacsruéélagaewm ah@mﬁbtme@wpﬁé @%e,ut 1kg

ofidty Ref@revidesiawbdugihpessise derrakaniples 309 Rohaumshrldnight be

aﬂ}ﬁo%}%’@l fthe aircraft during _forward_ flight. Ex_te_rr_mal wing load bearing
ructure 202 may also be provided to improve rigidity and transfer loads

from 6 the wings to the fuselage. The flexible section 100 is sized in

volunkhtoracetgendaatia E@wiad&m nueigat ddsaritedtial-holeysnsy with respect

tcgpﬁﬁ@g %rgﬁaoﬁ hﬂ‘é%%%ﬂgﬁ?a ?]r}%% Wﬁghn%%éoi%%gﬁ]&F s‘é’&%rr? 204 and

the“unladen aircraft wel volume m
ogRpRNifiakey éf}gﬂgdssa*rﬂéeprﬁé@aa@tlero&(?ﬁ Fighee rm%;ﬂ?ﬁm BE8 is generally
stdagbubadﬁngnneeﬂmmywﬂfmmb for figLireluhanthd fidkipldusetgrin 200 of

t@%ﬁﬁi@%@f’@w{ 86”“1 r? l%trtg 1’{6 e 48911%%%‘? e lé/!g@}n%kchlonde

lghe at the rear section 206. T section 208 Is generally Stral
(7

Mg mAfEREdt edUBIeHE fherrRintashaRR Rayhe Bmacig ections
ad®Qtef $6cthadlehieasestiprddednaydviesxamplerbe frseshfsemsixine and

dh Axa\{;@yét@%ﬂé@%nw\é%mﬁws'a;.@ﬁl}gyy Pefamedd 4 Haes ggaeheg cording

ape, may be formed in sectiond and the sections pernanently seale
tq&@&ﬁ%ﬁ“%ﬂ%&ﬁ@ﬁdﬂ R QLR BativE and merdmeabipegthched and

sealed during assembly. The skin may be selected according to weight,

the dﬁ%@pﬁ% %eﬁﬁﬁg 9%@%%!%6@ %'9 rﬂé%@%g}n%%%%géntaﬁsed to ensure that
in case of a puncture, deflation will be minimised. Each compartment 300 may vary in
size, for example areas of high structural importance may have higher density of smaller
compartments. Each compartment may be formed of internal walls 302, and inflated via
a one-way valve in the internal walls 302. In this fashion each compartment 300 can be
inflated via a central connection for the pressurised helium supply, but in case of

puncture of one compartment only that compartment will deflate.

The wings (106 in Figure 1) will now be described in more detail with respect to
Figures 4 and 5. The wings may be designed with a suitable airfoil section and sized
according to the requirements of the forward flight mode. The wing section attaches to
the fuselage and is filled with helium forming the compilete flexible section 100. The
wings include a reinforcing spar to take bending loads from the lift generated. Other
reinforcing may be required although for example dynamic pressure at 40 knots is not
expected to cause any deformations on the shape of the wing inflated with the pressure
of the hefium. The wings may be located and sized according to conventional HTA
design. For example they may be located at the longitudinal balance point, such that the

plane is balanced during steady state flight.
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15 Referring to Figure 3 the fuselage 104 may be compartmentalised to
ensure that in case of a puncture, deflation will be minimised. Each
compartment 300 may vary in size, for example areas of high structural
importance may have higher density of smaller compartments. Each
compartment may be formed of interndl walls 302, and inflated via 20 a
one-way valve in the internal walls 302. In this fashion each compartment

300 canbeinaiedn ?%@@SQ&%&%Q@G&EP@@M e; igle ?ﬁ?%ﬁﬂmlﬁénaescnbed

uncture of one compartment'on

supply, but in case o
“th%ﬁf#‘éﬂ'! Wi \‘d%fﬁé‘féc?ﬁb‘:\}ﬁHﬁ‘s“(lﬁéﬁﬁ’@@ﬂl“étﬁ?\ﬁﬁ'ﬂ*ﬁw ey include a left
wies cebtichid Torefdetm evibciiesp4 €2 tan@b Fighirednd aactibn Bhd.witmgs section

FRRBLaAEHERRd Wt SHiabIeaIHal 58 CHQ ARSI 28I nRRe BIAINGIRY t;t)"iﬁs 402

irements of the forward flight mode, The wing section attaches to™t
’?E?qaafga T IPRERIRRVIE hgﬁ‘ﬁgf%%%'ﬁﬂwtﬁ' M@cfaﬁm@wﬁ%méa&é@er&vdmg spar
mie€yabark el Ofirigagihatirddya exdmfdrgngbspenibaak ddteadingrisads-ddmy thembers

4@@ 9RE &R S 'SIIBFCINGyRRYRG IRSLATRE RRCUGR I SHARBRIR for high
ng}éq‘?amlc press%{eﬁﬂé 40 knats is_not 30 expected to cause any

AR IR perinkngi ?Fgafﬁﬁﬁ?é’obmﬁﬁﬂéewa%(ﬁ‘@aéﬁ‘ﬁl? fashion
tthiwinghewing8isekigbe foratrahaie sipdibakcordlilbgidastenahtivagd may be

2 lAY #eS195a5 QF gml@,éhﬁxijgay be located at the longitudinal balance
point, such that the plane is balanced during steady state flight. 7 The

external wing load bearing structure (202 in Figure 2) will now be
descritsderinightonbigude faihwitingscted cadp digube 4ompudxampladido ensure

tr%t{HFBéE% oray Joskude ailsitivndisssiamdilqa Bisglags, ESRMt%m vary

ight Wln%sectlon 414. Each section may be detachable from the other,

) RO TD: T A R G g RS R0, e gheggRensiy of
Smﬂepmd@ﬁeﬁach&attlmpaummayaydmmmwadmmtaaduaglsm and

oRRER5% 490 B EHEI e FDgpgmbers 406 and cross

bracing members 404. For example each section may be manufactured
from carbon composite for high rigidity and strength and low weight. The
sparsiefayibe &itdtipee: i6,atheleape duldyfasdniton 102 provides mounting for the

various load attachments and propulsion units. The rigid body section may be
manufactured from rigfd but lightweight high-density foam, for example polyurethane.
The rigid body section 102 may be generally rectangular in plan view of approximately
the same width as and extend the majority of the length of the fuselage 104.

The system bay (108 in Figure 1) will now be described in more detail with
reference to Figure 8. An example system bay is shown including provision for load
attachments. Receptacles in the foam are made for installation of the various load
attachments. The receptacles are of the same depth as the attachment so that the outer
surface is flush for good aerodynamics. Example load attachments for a surveillance
platform configuration include a flight control computer 600, surveillance camera 602,
datalink 604, fuel or battery 606, propulsion unit servo 608 and siots for fastening to
flexible section 610. Each attachment may be secured by friction fit, glue or a
mechanical clamping arrangement. Cabling or wiring can be accommodated through

tracks in the foam.
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to the wings and/or fuselage. For example two hook and loop fastened
straps may be 10 around the middle of each of the wings. Referring to
Figure 5 the wings 106 may also be compartmentalised to ensure that in
case of a puncture, deflation will be minimised. Each compartment 500
may vary in size, for example areas ofhigh structural importance may
have higher density of 15 smaller compartments. Each compartment may

be form%? ér}t%rpgéowg,lﬁ,ﬁg% and, A t%eg ; é@g@b@%‘? n%’gzyvgfy %g}f 06t 1anding

internal walls 502. Referring to igure 6, y sectio
BrHARS RbERMG FoTtipRe Wgﬁbafsrwga e EARSiAasaAd PR IA e bpigleased
frbhegygidnbady $estmvemnaaiptuting Qitasmufanturiad rurmiigidHemt tighsogighid and

aﬂ%?&%ﬁwﬂéﬁvéﬁfﬂﬂ@ %M%@thﬁ?@wﬂbﬂ %9 Q(Yggrﬁgﬁgr%?e&qg reel in

may be generall rectan?.n@ar in plan view of approximately the same
Nadt AR6 wiie iy YIEHRRARY of the length of the fuselage 104. The

system bay (108 in Figure 1) will now be described in more detail with 25

refereg&egg,@g&;d t@%ﬁ%@fﬁ?'%ﬁ}i%&‘dﬂ%ﬂ? SIYR '&C&M{Q non flush
e

‘provision for load attachments. Receptacles in the foam are ma
MAYEINS BN Pth e FufRsLs IaBFamRlerRaRdI TP res Wie Brpige shape
wiadne de pibtasithattabbserisso firaththenovitey mrtacdtis flieshior godd of the

cAHdYanics. Fxamanlispad attachments for a surveillance platform

configuration include a flight control computer 600, surveillance camera
602, 30 datalink 604, fuel or battery 606, propulsion unit servo 608 and
slots ReftasgtgningRigutiexibibsqetipnlddld. dyseimattoichme Aigmay Pewill now be

dé@&#ﬁ&&’ RY-HictRflt, ﬂ@%&b&s&?gﬁﬁg#ﬁ?ﬁ%@ Q!Q&%rBF&?JQ%%tmued thrust

Cabling or wiring can be accommodated through tracks in the foam. 8

Vesig7in 3R PR m&mwwlgrwm%ﬁémwm.ﬁf&ﬁronu's*on
utdingbBsgromntit anstHe e sidwls sityidrisbuyingaiorotph aedqanpitpuisiof ling 806

rq%gatgﬁaer%Eelﬁ@ﬁs HO({'P ﬁé’%‘% a¥e‘1;9€ Jﬁé aé%@ﬂ E}%}S}h{l ac?rf‘%ﬁ may for

ine 702 may then be recovered and attac to a winc
SXABRIR PBeder ReChiitch 854 & TeRiopoRalias RORsIHN the casing 02, 2 prime

mover driving the fan and ducting directing the flow from the fan 800. Control fins 804
are provided on the outer side of each casing 802. Alternatively variable ducting or other

controlled thrust vectoring may be used.

The prime mover may for example include a combustion engine, a jet or turbine
based engine or an electric motor. Fuel or an energy source for the prime mover may
for example be stored in or attached to rigid body section 102 or to each unit. Each unit
may be mounted to the rigid body section 102, in a rotatable or pivotable configuration.
For example a rotating bearing with an axle connected through a gearing to a servo.
The capacity of each propulsion unit will be according to the MTOW in VTOL mode. For
example for a MTOW of 6kg the propulsion units would be capable of at least 60 N of

maximum: thrust.

Controf system
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5 the aircraft 708 while in VTOL mode. For some load attachments
requiring line of sight, eg camera, a non flush mounting may be required.
For example a pan-tilt camera may require a dome shape window to
protrude from the surface for the moving parts, with the main body of the
10 camera is encased in the foam. Reférring to Figure 8 the propulsion
system (110 in Figure 1) will now be described in more detail. The

Propulsgign AYAIEINMAYREHSEAHR %f&‘ﬁh%?e‘?&%%ﬂ‘?ﬁjem@%ﬁ e!ee%owg etled in a

an example embodiment two propulsion units are provide
%‘PBBG&.%@@WQ@WM& ihE ‘%ﬁ%l%emqlgilP%stﬁtﬁléﬁ crafh will be
artdnortiegisopresitet it SOghnCamtie Compherigit G)dDof Aigithbedyf sensors for

SERHIY A% %B(&EUJ;HO%ﬂﬂ&é@%éﬁﬁu‘?&amﬁ@d@%{@g %rﬁ;%sr:n%hegr%zcessary

a fan or propeller 800 within_the casing 802, a prime mov
f&ﬁﬁbaa'éf g“?ﬁr@%{ftﬁ'@’ﬁoWﬁ&rﬁ%?&HW'@Bhﬁ'@ﬂﬁﬁst%eﬂs'a‘?@ servos 902
PprovideiticonciiioiritO06ite @htathecasinyiBiz Adiddiaitvely sftalderust vectors.

fhictiag QIR BN esnsialed diskieagring ay be used. The prime

mover may for example include a combustion engine, a jet or turbine
based engine or an electric motor. Fuel or an energy source for the prime

moverTiral Clomexaimiielde stenashirsioriagtachepiarigithleddigaeaiiofichOfan. A
MF&Q&%HH@@E@B%UBE%WW&mﬂﬂf&qz&é%ﬁwgﬁﬂg rso%(r\uttlpﬁatlon and

102, in a rotatable or pivotable configuration. For exam ta|

e Al hitiearondate JkAetrReata0g @E%,éarma*?@ta%e@v&eﬁ@ésmaﬁed to the
grapatitytatfopachiterogroisnon stattonillvith atsogtingnito doathdléd\VWean MipRkd new

RAAiRiSeh AAUIRIRIRLAMAAN, bR G RGM BIgRaT would be

capable of at least 60 N of maximum thrust. 30 ontro system 9 The
method and system of the example embodiment can be implemented in a
avionibs systepie sincvedisene ofatigalinissibigpianDrobesgingting adehbe described

iPHSRItIULPRith reference to the flow diagram in Figure 10. The FCC includes a
processor 1000 that receives longitude, latitude, airspeed and heading data from
onboard GPS sensor 1002. Other sensors including attitude 1004, pitch 1008, roll 1008
and yaw 1010 allow the processor 1000 to sense the aircraft's altitude and attitude. The
processor then analyses the data to determine thrust vectors for take off and landing and
to navigate fo target locations. The thrust vectors for VTOL mode 1012 include yaw
1014, pitch 1016 and transition to forward flight mode 1018. The thrust vectors for
forward flight mode 1020 include roll 1022, pitch 1024 and transition to VTOL mode
1026. The direction of each of the thrust vectors are then supplied to the position servos
fo rotate each propulsion unit and the magnitude supplied to the throttle controllers.

Operation

The example embodiment can fly with conventional wings providing aerodynamic
lift with additional static Jift from the helium. in this fashion the example embodiment is
able to achieve the VTOL capability while still enjoying relatively conventional forward
flying characteristics similar to-an HTA aircraft. For example efficient turning and altitude
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automatically operated by a Flight Control Computer (FCC) 900. A
number of sensors for sensing flight parameters eg. airspeed, heading,
altitude etc provide the necessary 5 feedback for the FCC to pilot. The
FCC provides control signals to position servos 902 and throttle controller
906 to control the magnitude and diredffon of the thrust vectors. The
battery 908 is connected to each module for power. The FCC may include

BTG E@QBQ@&HQW%%@QHJIQQWHE%%R@@&Q}}&%E@%%? which is

datalink 904 provides two way communications between the groun
a&gIBiv A aﬁ?@aé’i[ﬁ:i“élﬁ‘ YoM W& kP 8feed and GPS co-ordinates

can be transmitted to the ground station. The ground station with its

groung Copifles sﬂ%mm%émwé@%memmm@; GYvToL

- mid flight mission chanﬁes 15 An example embodiment of flig ht/m|SS|on

aﬁ%??ﬁvszde%mg DHMRG E ERLER RIS HPrHBRS Bt MR RS Bodg sy 0Nl
nlgxbe iagriamedbFithanst Y8ctBiiegFeC Bdpetpdéson yritcEiskon FopodHat

receives longitude, latitude, airspeed and heading data from onboard
GPS sensor 1002. Other sensors including attitude 1004, pitch 1006, roll

1008 185y 110 Bkt AHE RoCRSIoR 1608 b \Ssiuadp e At to provide
veiticat éfafwt atiteritey. Thd-ROnprdeessonihenfarvedyde sviile dtifahtovering in VTOL

n%%f@rmwepmﬁugquﬂfé fgretahﬁa%tjamvbamﬂ'q@om J&m\ég@é@ (3R ame

locations. The thrust vectors for VTOL mode 1012 include yaw
dsciPRo I EIGHTR alfitoh MO YErRARKMRETR: MR wal%owmmktmede the
pfopufsinmarcitlight ntded 1I0R8 in2d2demaltai2PRslyitiahtid 24nanditeatisitidn Fgure

1 i’/aT @ %:mﬂgﬁ dhARG ndNsiAl eetiepohaarhef the EEL%?{ l‘!ﬁ@%ﬁ% %?h“?&gted 1300

tO t e OSItIOﬂ servos 25 to rotate eac ropu Sion Unlt an t e
Ay PR B dhe deth S GRS RS e @E&%ﬂé[ﬁbf?"f‘f?édeiarﬁﬁ%re 13b to
yambgbiirdertgdodyingtincum@intiantel this geopiosishngnie racy baiiieotadft 302

aWihidLiRnalIate 1k Uﬁm&%wmhg}fmgﬁﬁ@%h fiexample

embodiment is able to achieve the VTOL capability while still enjoying
relatively conventional forward flying characteristics similar town HTA
aircrai. Fgurextdhpleriaii thentrimsiiog andealiitus & TOL to forward flight mode the

propulsion units are rotated 1400 to vector the thrust from vertical to the direction of
flight. In Figure 14a the transition is complete in forward flight mode the propulsion units
are fully rotated 1402 to vector the thrust in the direction of flight. In Figure 15a in
forward flight the propulsion units are rotated symmetrically and simultaneously down
1500 to pitch down. In Figure 15b in forward flight the propulsion units are rotated
symmetrically and simultaneously up 1502 to pitch up. in Figure 16a a left roll is
achieved by rotating the propulsion units 1600 asymmetrically, with the left unit
downward and the right unit upward. In Figure 16b a right roll is achieved by rotating the
fans 1602 asymmetrically, with the left unit upward and the right unit downward.

Referring now to Figure 17 during take off the propulsion units may be operated
to full power setting in VTOL mode 1700, with the thrust vectored upwards. The
combined lift from the helium and thrust from the fan will effect lift-off vertically to a hover
1702. Once off the ground, for example about 5 meters, the propulsion units will
transition 1704 from VTOL to forward flight mode by rotating the propulsion units forward
and full forward flight mode 1706 is activated once a threshold speed is reached.
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control may be achieved by banking and pitching up and down

respectively, which is generally not available with conventional LTA

aircraft. According to an example embodiment there are two basic modes

of flight: VTOL 5 and forward flight. During both modes, and the transition
between those modes, control may bé chieved by thrust vectoring of the
propulsion units (110 in Figure 1). In Figure 11 the thrust of the propulsion
units is vectored upward 1100 to provide vertical lift for hovering. In

Figure 12a to move forwards while still hovering in VTOL 10 mode the
propulBRUAYare fiREteaTBRWRAR LXO06 8 FIRAAERAY AV IR LRiRPetWeen 2
ndiviectionsgecldurest@bie rm)kedlackwammaﬁnﬁ@rstlﬁdeeden‘mgeunmm@150 knots.
T'ﬁ@%sé%ngrgmuﬁ@'a&m@smam Gt Qﬁ&&lr?lr%% %'Q"Héﬁ%%ﬂ“é'ﬁd@rtgmtude for

same direction. In chure 13ato %/éaw left duri overing in VTOL mode

Al Rl RO SR GHAAP B0 BRI RHTR AT vt e Gferatonsl
fionit thaekivalod eanch bive ightpendt boevwaittlo lgH-tbisrendBbd ordiroasd tiglatijusting or

oI HE I BRRITRAGRE LiRRHI R ol are both rotated 1302

asymmetrically, with the left unit forward and the right unit backward. In
Figure 14b during the transition mode from VTOL to forward flight mode
the pRajelsigmowits Aigurotiletl:dAd G:tdingctios theptlisicst frotm wilheabtyated to

dH?:%IQFé@&“%b@N@ﬂJ"QB&&QJﬁ'%Ee hAgiAGe HaNSHIEN ISeaMPR_dRold speed is

forward flight mode the 1ipro pulsion_units are fully rotated 1402 to vector the

reRRlIEH i h R ORS0 B AR IR K20 bRsiiia MR ede (o achieve a
hpvepu Bidn fonitsarglotdtaticsy rimettecal bffagc @ih idtaheBoshr dowre 6R0Ision

uﬁ%’!&cthéjrpgv&mmgd%é@ dri {8darwaig, flight the propulsion units are

rotated symmeétrically and simultaneously up 1502 to pitch up. In Figure
16a a left roll is 25 achieved by rotating the propulsion units 1600
asymmaetiilitadly apypitioctthente flon kadg Wardyabd thivarghdeos wpwiod. desembly

aﬁ&%‘i@nﬁa@ﬁ:ﬁﬂ’ oy rQQ '&aQIHPeVQHé%éQE%HEQ;Rh% f:%%ﬁée%o%olume An example

asymmetrically, with the left unit upward and the right unit downward.
e‘ﬂ@?@ﬁ’ﬁﬁtm EigereemPEdint ek 35t ?ﬁ@ protediginits may be

operated 30 to full power setting in VTOL mode 1700, with the thrust

VeCtOREA RS IFiGRE (@Ol ThP B BT/ YR UL M ATHEe 10

fan will effec I|ft o vertlcally to a hover
the left wing section 410, the Tuselage section 412 and right wing section 414 are

installed over the wings 106 and fuselage 104 respectively. In Figure 19b the flexible
section 100 is inflated from a pressurised helium scurce 1900, via a valve 1902 in an
outer wall of the flexible section 100, to a designated pressure, for example 400kpa. In
Figure 19c the tail fins 112 are attached, for example by locking pins 1904 into matching
receptacles 1906 to the rigid body section 102. In Figure 19d the flexible section 100 is
altached to the rigid body section 102 with hook and ioop fastened straps (not shown).

Dismantiing may follow the same steps in the reverse sequence.

Applications of an example embodiment

As a Naval Surveillance UAV, an example embodiment can be deployed from a
ship with a Heli-pad. Dismantling and deflation will aliow stowage in small package. In

rough sea conditions landing can either be achieved by the winch system previously
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1702. Once off the ground, for example about 5 meters, the propulsion
units will transition 1704 from VTOL to forward flight mode by rotating the
propulsion units forward and full forward flight mode 1706 is activated
once a threshold speed is reached. 11 During forward flight mode an
example embodiment may operate betdeen a minimum speed, for
example 20 knots, and a maximum speed, for example 50 knots. The

dEP&TBLAT BitiAG Aty ipR avaid et i RReHRAYBE iDehE BBRifIRNith retrieval

aItltude for 5 example 1500 feet, and a celllnaﬂaltltude for example 2000

PRSP @R %%%?&na‘ﬁ%nﬁ?&ﬁo%% fifRs9aehMoliont nfsdigrarat teast neutral
baftmayhithisatesy bismproviminis) adjteiingtoncopdinnsihg texprgsseneofiment

rdheRelimAIRR Fiine-RReLANIBRiIINg now to Figure 18 during

landing, the propulsion units will be operated to 10 decelerate 1800 while

approach the landing site. Then once a threshold speed is reached the

propufsienlanidBarce tBansitianee U8Y21baskeimbte e Dbdinet ¢orcichipwtable in a
dRQVEEASRA JRILERRIG ﬁéﬁ%&’dlﬁ EB%ES%&T@EQH’B@ k?yﬁégﬁ’@a&ehtg HAGkpack.

ropulsion units is then slowly reduced until touch down. 15 In military
SEB?F AR disiprat ff‘%&%‘@%‘[d’x"/ﬁh?aﬂ&ﬂ% LR ﬁégéﬁﬂﬁf{ia ghgy and

r&f@m‘&amjmgtusm asip storeuhe secheneimpareicepbietliinethArfieikawnithl esimple
gp@@tég@%_pg disassembled into a kit-set and deflated form.
Referrlng to Figure 19 assembly may be achieved in four steps. In Figure
19a 20 the left wing section 410, the fuselage section 412 and right wing
section 414 are mstalled over the wings 106 and fuselage 104
_ 3¢ i gifBkible section 100 is inflated from a
pressurlsed hellum source 1900 via a valve 1902 in an outer wall of the
flexible section 100, to a designated pressure, for example 400kpa. In
Figurd eoRigreuE) Wﬁmtl%aar%eai?é@ﬁémaﬁ@@am Pl sgHelaRy SRSk of 2
contemtiatehifig:d whas eletagie 2UBMA6d oribre mgiddaddyt sertioante ZdpabigL e cubic

mbRd Eﬁh‘lﬂé@'%@%@ 5%9&'% ﬂE&aBPﬁﬂ Eﬂ)‘tﬂ% %Q%#fedér%%gﬂf’@ &fOZo%‘iE‘a and

hook and loop fastened straps (not shown). Disma may follow the

1%%&%6@%%@%%}3 Qﬁ@ém can also help in lowering the thrust required

for vertical take-off, enabling a smailer engine to be used to power an equivalent size
aircraft. The 'free lift’ allows lighter flight therefore consuming less power increasing the

endurance. Thrust vectoring allows both an effective VTOL mode as well as an efficient

forward flight mode.

The compressible flexible section may “absorb” forces during crashes, and
punctures may easily be repaired by fape. Also, because the flexible and rigid body
sections can be separated as independent items in case of damage, they may be easily
interchangeable between aircraft. The manufacture can be relatively inexpensive

allowing a relatively low unit cost.

Operation, assembly and dismantling can be quick and easy. There is no
requirement for long runway for take-off and landing. General handling and operation
can be relatively safe with no exposed rotor blades or propellers. Once disassembled a

small and lightweight package can be achieved for either storage or transport.
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Applications of an example embodiment 30 As a Naval Surveillance UAV,

an example embodiment can be deployed from a ship with a Heli-pad.
Dismantling and deflation will allow stowage in small package. In rough

sea conditions landing can either be achieved by the winch system

previously 12 described. Ditching intotthe sea if landing is too high risk is

also possible with retrieval possible as the flexible section may be

de.s!gr}fag‘,ﬁp tﬂ?%&)%e%?gleec}/%f talep%%gr(]a uﬂﬂ!ﬁ(%i‘r? Xﬁg v rthhwff:‘ tr?&fn%'r%%savariations
minimal metallic structure in"the example embodiment reduces corrosion
epiienefifetinireimene. mads 49 ) prasentUnvemtisicee Akown in example

emlsodpherambdttiueatpaning foriable dpist dicasspebieths!aivsaBEnEE broadly
J&Qﬂﬁgépi %%0&891%%%?71%%3nplg'\[ﬁég%)%tgrgfg}ea p agk%%%léidg'le@ F?r|1e:ai! respects {o

assembly and dismantling together with a rugged airframe can ensure
be4lysiiative ansinatspelfisivs. Any puncture can be temporarily repaired in
the field with simple 10 patching of the puncture. Advantages of example
embodiment The structural weight can be lower compared to an
equivalent size aircraft of a 15 conventional fixed wing design, allowing
more payload or endurance capacity. 1 cubic meter of helium provides
about 1.1kg of lift at the example pressure of 400kPa and 15C. The free
lift' provided by the helium can also help in lowering the thrust required for
vertical take-off, enabling a smaller engine to be used to power an
equivalent size aircraft. The 'free lift' allows lighter flight therefore
consuming less power increasing the 20 endurance. Thrust vectoring
allows both an effective VTOL mode as well as an efficient forward flight
mode. The compressible flexible section may "absorb” forces during
crashes, and punctures may easily be repaired by tape. Also, because
the flexible and rigid body
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25 sections can be separated as independent items in case of damage,
they may be easily interchangeable between aircraft. The manufacture
can be relatively inexpensive allowing a relatively low unit cost.
Operation, assembly and dismantling can be quick and easy. There is no
crLavidd requirement for long runway for take-off and landing. General handling
and operation can be relatively safe with no exposed rotor blades or
1. propsleis.coimeedisassenmbied desonlt ardJighiyeighiRackaue 6asnbR Take-Of
achieved for either storage or transport. 13 It will be appreciated by a
and Lapdingd B Bkiljedbitt tivel artcthatnagneraide variationg and/or modifications may
be made to the present invention as shown in example embodiments
witheelede partidgdremiicHé, spatitdorgsenipesbbthertinv ifiionvitts dgzadlya preselected
described. The example embodiments are, therefore, to be considered in
pressuggll respects to 5 be illustrative and not restrictive. 14 CLAIMS 1. An
aircraft configured for at least a Vertical Take-Off and Landing (VTOL) or
SN Are o580 4T BRRMidiBe STeslyy FREtShdng flerwrlrdlghiasedettached to or
) comprising: a fuselage providing static lift, including at least a portion filled
integralga i 5 415598 A cted 5 pressure, at least two fixed wings providing
aer d pamic lift during forward flight modef attached to or integrated with
SRR PR BRI NS PRSPl DR rosBiRyes trust
-and including a controlled thrust vectoring system configured to prqvide a
et R et e SR TSRO R s s

mode adRSLaRLBIN-RPHZY AL SE \yeec%%&w%%gnﬁ%w i flighfmode, wherein

said gas and said preselected pressure being selécted, such that said gas

asalth REFSEIRCIRG RERSSHR Mthin Raid fusplage hasa denRitidessdhan at sai

that of air at standard sea level atmospheric conditions,
preselected pressure within said fuselage has a density iess than that of air at standard sea level

atmospheric conditions,

wherein said aircraft is capable of being configured as an Unmanned Aerial Vehicle (UAV).

2. An aircraft as claimed in claim 1 wherein said wings including at least a portion filled with said
gas.
3. An arrcraft as claimed in any one of the proceeding claims wherein said fuselage and said

wings are formed by a fiexible outer skin in use pressurised with said gas.

4, An aircraft as claimed in claim 3 further comprising a rigid body section, to which said
fuselage and said propulsion unit(s) are attached.

5. An aircraft as claimed in claim 4 wherein said rigid body section is releasable from said
fiexible outer skin and said flexibie ouier skin is deflatable, to form a disassembled state.

6. An aircraft as claimed in claims 4 or 5 wherein said propuision unit(s) comprises a pair of

propuision units rotatably or pivotably mounted to either side of said rigid body section.
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wherein said aircraft is capable of being configured as an Unmanned
Aerial Vehicle (UAV). 15 2. An aircraft as claimed in claim 1 wherein said
wings including at least a portion filled with said gas. 3. An aircraft as
claimed in any one of the proceeding claims wherein said fuselage and
7. saithininggssdeifsmed b asilevhin osteronkiniiy usespressHriserwithsaldising o
gas. 4. An aircraft as claimed in claim 3 further comprising a rigid body
pair of setkons tatadheh saidid 2Qituselagectns saith REOPLISANAIRIES) & @ivot a respective
attached. 5. An aircraft as claimed in claim 4 wherein said rigid body
said prepgsion imit eleasdbietdranvsaitsifiex Eedoutarc kv aue ghrsaidi ftexibl eoins rsignals to
skin is deflatable, to form a disassembled state. 6. An aircraft as claimed
said aciHattatraecdrdnbtovbiereipcsidnpropiteitinng it (s podermaiisemopedrtiofist vectoring.
propulsion units rotatably or pivotably mounted to either side of said rigid
8 Y7 SERT SR NEsioENX P ie rRRCAS ClafAET ivEaIracE ISR IRiIRfaIing members
controlled thrust vectoring system comprising a pair of actuators attached
attachel, WEId gt BH B SLRRIb eseASbIRAY (RMD 15 A ihRIbNS Feeprtlige mode.
[ (r) ulsion unit according to a control‘signal, and control means

d _ ( nd c o
O R SR RIS G RLB S RS SIS RfigEFiege andlor saic wings

_pre-progra me(l'i mstructions tq[ Sprovide said controlled thrust vectoring. 5
Compfl% a numi ergi sealanle comPaﬂmen . . LS
. An aircrart according to any of the preceding claims further comprising

10, rﬁWLﬁ’F&B}Qa@l%FHR%V% aitashed over ﬁ?&&@@%ﬁﬁ@#xﬁ’gﬂgr IHP&F?%WJQQ 98 ments

from the dynamic Tift during forward tmo ircraft according
housed QY rREdPE IS GRAIN Bl WRAlEIR-Raid fuselage and/or said wings

comprise a number of sealable compartments. 10. An aircraft according to

11, SRy HleimadctPchiudhay comppRingRPHHIVAEISAd ABEIMERtSINKE) comprise

housed within receptacles within said rigid body section. 11. An aircraft

a cover@ECRHItAgUa TS thevpragesiagataimstwierein said propulsion unit(s)
comprise a covered and/or ducted fan(s) driven by an electric motor(s).

12, 1& Araiterafirdogdediagror dlatnar Edmtiencomiprsingf agpkonaliyoaling said control
sensors providing said control means sensor data including location,

means gttt daindheuding éocation, altitude and attitude.

13. An aircraft according to claim 12 further comprising a data communications link to a base
station, wherein said base station receives sensor data, and selectively upioads instructions to said
control means.

14, An aircrafi according to any of the preceding claims wherein said controfled thrust vectoring
system is configured to provide a transitional thrust vecior during a transition mode between said
VTOL or STOL mode and said forward flight mode.

15. An aircraft according to any of the preceding claims wherein said wings are located

substantially centrally of said fuselage.



15 13. An aircraft according to claim 12 further comprising a data
communications link to a base station, wherein said base station receives
sensor data, and selectively uploads] gstructions to said control means.
14. An aircraft according to any of the preceding claims wherein said
16.  Conteplesd theustivgatoragn SYStRRISContigNred IarkRuide & ansiionabl point of
thrust vector during a transition mode between said 20 VTOL or STOL
balancenode and said forward flight mode. 15. An aircraft according to any of the
preceding claims wherein said wings are located substantially centrally of
said fuselage. 25 16 16. An aircraft according to claim 15 wherein said
wings are located at a longitudinal point of balance.



