1 AN UNMANNED AERIAL VEHICLE FIELD OF INVENTION 5The present invention relates broadly
to an unmanned aerial vehicle (UAV) capable of vertical and horizontal flight modes, to a method of
assembling a UAV, and to a kit of parts for assembling a UAV. 10 BACKGROUND An important
capability enhancement of Vertical Take-Off and Landing (VTOL) aircraft is the ability to transition from
vertical flight to horizontal flight during take-off, and vice versa during landing. There have been many
designs that attempt 15 to achieve such capability. For example, the tail-sitter design, such as model
no. XFV-1 of the 1950s, using the same set of flight controls for both vertical and horizontal flight,
represents one of the most direct ways of achieving!transition flight. However, with the pilot facing
upwards during vertical flight, making visual assessments, e.g. during landing, can be difficult. 20

Also, tail-sitter aircraft have other A8¢UNMINBINED AERMANWEHIGIyEend to be susceptible to
toppling, e.g. when landing under windy conditions. This is due to a high centre of gravity, relative to
the size of the tail base. Addressing this issue may involve installing landing gears of a wide span or
enlarging the spaELOf OreiNVEDI$ONS to cover a wider area on the ground. However, these measures
usually add weight and aerodynamic drag, which in turn may compromise the performance (e.g. cruise
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30 that remam horizontal durlng transition, e s and/or tilt-rotors. This may also render the
aircraft suitable Fa4G 5 ﬂ&'ﬁ%%%@%z%@hg%? Wﬁﬂnﬁ’saaﬁﬁtﬂﬁd@fcﬁ%sﬁ@@ﬂ"gé%g@\fe sets of flight
controls for helisopterardibdierariel fairgsserabingdeliiyht, resulting in high complexity in their development
and implementation. 2

10 BACKGROUND

An important capability enhancement of Vertical Take-Off and Landing
(VTOL) aircraft is the ability to transition from vertical flight to horizontal flight during
take-off, and vice versa during landing. There have been many designs that attermnpt
15  to achieve such capability. For example, the tail-sitter design, such as model no.
XFV-1 of the 1950s, using the same set of flight controls for both vertical and
horizontal flight, represents one of the most direct ways of achieving transition flight.
However, with the pilot facing upwards during vertical flight, making visual
assessments, e.g. during landing, can be difficult.
20
Also, tail-sitter aircraft have other technical issues. For example, they tend to
be susceptible o toppling, e.g. when landing under windy conditions. This is due to a
high centre of gravity, relative to the size of the tail base. Addressing this issue may
involve installing landing gears of a wide span or enlarging the span of the tail base
25 to cover a wider area on the ground. However, these measures usually add weight
and aerodynamic drag, which in tum may compromise the performance {e.g. cruise

endurance) of the aircraft.

One existing solution to the above problems comprises using configurations

30  that remain horizontai during transition, e.g. tilt-wings and/or tilt-rotors. This may also

render the aircraft suitable for carrying passengers. However, tilt-wings and tilt-rotors

need separate sets of flight controls for helicopter-mode and airplane-mode flight,
resulting in high complexity in their development and implementation,



Unmanned aircraft, also known as unmanned aerial vehicles (UAVs), on the other hand, do not carry
passengers or pilots. Hence, passenger- and pilot-related limitations of tail-sitters are not applicable to
the design of transition-capable VTOL 5 UAVS. However, there are other issues which may arise
during the development of autonomous flight transition for an UAV. For example, a typical transition
manoeuvre spans a wide range of airspeeds and angles-of-attack. The presence of variables 10 which
cover a wide range of values, when multiplied in combinations with the other variables, can potentially
result in massive aerodynamic databases for adequate coverage of the transition envelope. This may
require significant effort and cost to generate by means such as wind tunnel testing, computational
fluid dynamics (CFD) etc., when developing autonomous transition. In addition, highly non-linear 15

aerodynamic characteristics and cha gﬁﬁs iQ stabili%y charactgristi_c§ a%sq%ﬁ]ﬁ%yvith rrnit%her
angles-of-attack requi é‘nSSPHBFe?(Er?{S -fiear Contro %?rrg?é}afaesaaeﬁia é{Fg]ci)?l S osbeodev%loped, further
adding to the cBINRF of BIEBPE [N BRESABRIS. ¥ REEKi SIRTGey PRsEeARRIaf ddiRiTe#4Rds capable of
aggressive marinewatices 20ta-Hitte guardrotd rpigsigie which desigachiardositiyrstageland fght-weight.
Figure 1 shews gsgghematic diagram illustrating a conventional quadrotor aircraft 100 comprising four
rotors 102a-d, each coupled to a fuselage 104 via a respective support arm 106a-d. Typically, the

rotors 102a-d have the same size and are disposed at the same distance from the fuselage 104 for the

balance of weight and™¥%etsru SRR A HASHRS AL ABYoREPTHFAR KEAPRRRYEShown in
Figure 1 operatetienhmdusiitiopttramidor fumd Hie/nbecamatiie of Hping Irrtsdiciimprisewyisde. A need
therefore existssgapsoyidRia ié tatispeksstaradangrs-at-ieask Sonacpaishieabovarpedlems. 30 3

SUMMARY,  ynlBhachRrdanie WiRAdshaspeaia Mapresant Vs RLins herads Biryided an
unmanned aerial vehlcle%JAV C%Eble of vertical and horgontal fllgal’gt mprjsing: a wing

| ¢ ult in massive aergdynamic atggsogse%ﬁgge uate
structure comergfhsbbSFOn Q& 8’8] Y fivst }ma second wings; .
coverage of the transition envelope. This may require significant effort and cost to

generate by means such as wind tunnel tesiing, computational fluid dynamics (CFLY)
etc., when developing autonomous transition. In addition, highly non-linear

15  aerodynamic characteristics and changes in stability characteristics associated with
higher angles-of-attack require complex, non-linear control strategies and algorithms
to be deveioped, further adding to the compiexity of development efforis.

One existing VTOL aircraft design that is capable of aggressive manoeuvres

20 is the quadrotor design, which is mechanically simpie and light-weight. Figure 1

shows a schematic diagram illustrating a conventional quadrotor aircraft 100

comprising four rotors 102a-d, sach coupled to a fuselage 104 via a respective

support arm 106a-d. Typically, the rotors 102a-d have the same size and are

disposed at the same distance from the fuselage 104 for the balance of weight and

25  thrust moments. However, guadrotor aircraft such as the one shown in Figure 1
operate in the helicopter-mode, and are not capable of fiying in the airplane-mode.

A need therefore exists to provide a UAV that seeks {0 address at least some of
the above problems.
30



a support structure comprising first and second sections coupled to a middle position of the wing
structure and extending in opposite directions perpendicular to the wing structure; and 10four
propellers, each mounted to a respective one of the first and second wings, and first and second
sections, for powering the UAV during both vertical and horizontal flight modes. At least
portions of respective trailing edges of the wing structure and support 15 structure may be disposed on
the same plane. The portions of respective trailing edges of the wing structure and support
structure may contact a ground when the UAV is in a sitting position. 20The propellers may be
mounted to the respective wings and sections at prédetermined positions such that the propellers may
not interfere witg pa@a gther or with another structure of the UAV. The propellers may be
mounted to the first and second wings, and first and 25second sections at at least one of respective

leading edges and trajling 2Aags. with T A% 8y MEhRLSOMRUSRia-UAEege Rattialy integrated

with the wing structure at the middle poin he wing structure. 30Rotational speeds of the respective
propellers may o ?ﬁ@gﬁgﬁggﬁfla c\:’gﬁ ?c?llé%% R}) CaFﬁg%Pgﬁ’éeﬂ%éJ% r%ré)c}l}] gaop&é‘t}h@%ﬁspgﬁ%s second wings

may be corfligufeEMR§§Bgte in a first direction, while the propellers mounted to the first and second 4
sections may be configuwieg sountiateomerisipgahchghted ttonao b sitd tedirel fivisgelirection.

a support structure comprising first and second sections coupled to a middie
position of the wing structure and extending in opposite directions perpendicular to
the wing structure; and

10 four propellers, each mounted to a respective one of the first and second
wings, and first and second sections, for powering the UAV during both vertical and
hotizontal flight modes.

At least portions of respective trailing edges of the wing structure and support
18  structure may be disposed on the same plane.

The portions of respective trailing edges of the wing structure and support
structure may contact a ground when the UAV is in a sitting position.

20 The propeliers may be mounted {0 the respective wings and sections at
predetermined positions such that the propellers may not interfere with each other or
with another structure of the UAV.

The propellers may be mounted to the first and second wings, and first and
25 second sections at at least one of respective leading edges and trailing edges.

The UAV may further comprise a fuselage partially integrated with the wing
structure at the middle point of the wing structure.

30 Rotational speeds of the respective propellers may be independently
controlled.

The propellers mounted to the first and second wings may be configured {o
rotate in a first direction, while the propellers mounted to the first and second



The same flight controls may be used for both vertical and horizontal flight 5 modes.
controls for roll, pitch and yaw in vertical and horizontal flight modes may be decoupled. 10The UAV
may be configured for vertical take off and landing independent of a runway or other launch and

recovery equipment.

Flight

The UAV may be further configured for an autonomous transition between

the vertical and horizontal flight modes, and vice versa, based on a predetermined 15range of
angles-of-attack. The angles-of-attack may be within a linear aerodynamic regime.
with a second aspect of the present invention, there is 20 provided a method for assembling an
unmanned aerial vehicle (UAV), the method comprising the steps of: providing a wing structure
comprising elongaigfequal frStad 366 MRIH o secSRYRIIRG:RS\UPBOLLS I GHY Gigemprising first
and second seccf}lonés to a middle 25position of the wing structure such that the first and second
iﬁ%ﬁﬁbsite directions perpendicular to the wing structure; and mounting a
propeller to a respective one of the first and second wings, and first and second sections, for powering
the UAV during both Véttisairantighbrhzantkl fighbenostesf@®oth vEticlag! thevisepploifiostructure to the
middle positionpfdhe wing structure may comprise disposing at least portions of respective trailing
edges of the wing structure and support structure on the same plane.
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Flight controls for roli, pitch and yaw in vertical and horizontal flight modes

may be decoupled.

The UAV may be configured for vertical fake off and landing independent of a

runway or other launch and recovery equipment.

The UAV may be further configured for an auionomous transition befween
the vertical and horizontal flight modes, and vice versa, based on a predetermined
range of angtes-of-attack.

The angles-of-attack may be within a linear aerodynamic regime.

in accordance with a second aspect of the present invention, there is
provided a method for assembling an unmanned aerial vehicle (UAV), the method
comprising the steps of.

providing a wing structure comprising elongated equal first and second
wings,

coupling a support structure comprising first and second sections 1o a middle
position of the wing structure such thaf the first and second sections extend in
opposite directions perpendicular to the wing structure; and

mounting a propeller to a respective one of the first and second wings, and
first and second sections, for powering the UAV during both vertical and horizontal
fiight modes.

Coupling the support structure to the middle position of the wing structure
may comprise disposing at least portions of respective trailing edges of the wing
structure and support structure on the same piane.

In accordance



5 Mounting the propellers to the respective wings and sections may comprise mounting at
predetermined positions such that the propellers may not interfere with each other or with another
structure of the UAV. 5Mounting the propellers to the first and second wings, and first and second
sections may comprise mounting the propellers at at least one of respective leading edges and trailing
edges. The method may further comprise partially integrating a fuselage with the 10wing
structure at the middle point of the wing structure. In accordance with a third aspect of the present
invention, there is provided a kit of parts for assembling an unmanned aerial vehicle (UAV), the kit of
parts comprising: 15a wing structure comprising eldngated equal first and second wings; a support

structure comprising fistang $Reerberrliensadaiedile kmeounlpddaisrmifsieaagiien of the wing

structure and extenc{,in OPEO%I'[? directjons. per enc N%HI Ehto the V\{llnfg structure'tarlgd ith four
propellers, eacﬁngtd'ég‘t%a 0 Be mounted’ ?SiéoPessﬁiectlv% onerorthe | |rsT%n§ﬁm§e86%giwings, and first
and second se@#SHSMEF PoBRRGHHFE ASUER PGSt vertical and horizontal flight modes. BRIEF
DESCRIPTION OF THE DRAWINGS 25 Embodiments of the invention will be better understood
and readily apparent igc0R@hgfresdirsyatiskd ldndbersr e stardalpydnanariftansesedption, by way of
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The method may further comprise partially integrating a fuselage with the
10 wing structure at the middie poeint of the wing structure.

in accordance with a third aspect of the present invention, there is provided a
kit of parts for assembling an unmanned aerial vehicle (UAV), the kit of parts
comprising:

15 a wing structure comprising elongated equal first and second wings,

a support strucfure comprising first and second seciions adapted to be
coupled to a middle position of the wing structure and extend in opposite directions
perpendicular to the wing structure; and

four propellers, each adapted to be mounted to a respective onhe of the first

20  and second wings, and first and second secitons, for powering the UAV during both
vertical and horizontal fiight modes.

BRIEF DESCRIPTION OF THE DRAWINGS

25
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:
30 Figure 1 shows a schematic diagram illustrating a conventional quadrotor

aircraft.

Figure 2 shows a UAV according to an example embodiment in a Vertical Take-
Off and Landing orientation.



6 Figure 3 shows the UAV of Figure 2 in an airplane-mode orientation. Figure 4 shows an alternate
view of the UAV of Figure 2. 5 Figure 5 shows a schematic diagram illustrating a typical transition
manoeuvre by the UAV of Figure 2 according to an example embodiment. Figure 6 shows a
schematic diagram illustrating rotational directions of propellers 100of the UAV of Figure 2 according to
an example embodiment. Figure 7 shows a flow chart illustrating a method of assembling a UAV
according to an example embodiment. 15 DETAILED DESCRIPTION Figure 2 shows a UAV 200
according to an example embodiment in a Vertical Take-Off and Landing orientation. Figure 3 shows
the UAV of Figure 2 in an airplane- 20 mode orient&tion. The UAV 200 comprises an elongated wing
structure 210 configured to provide lift when the UAV 200 is in a horizontal flight (i.e. airplane-mode).
For example, the wing strugture 219 may, cpe gpris an ain;oil strucgjergﬁea}%\tfi\/ill be appreciated by a

person skilled in the ariﬁulrﬁ 8?1?%?'055,?% wing faclivé [@I?nn%'rrln%xample eMmbodiment is a high aspect

ratio (i.e. ratio of span over chord in the case 25 of rectangular wing platforms) monoplane wing for
high cruise efficiency Figuanésprefearesltample mentdtion) MveotFigsesction of the wing structure 210 is
uniform from one wing tip to the other wing tip (i.e. rectangular wing), for simplifying fabrication and

assembly. Additonally,syuch Juplenenialinn algws MEMAY 20019 55 a8 g lhg 596 of the wing

structure 210. In anothér example implementation, the 0SS-section of the wing structure 210 is
wider at a sectidif H&%B@ﬁ?ﬂ?tﬁ%&ﬁ@%,aaﬁaaﬂf%ﬁfé‘%%?ggl‘ﬂhpers toward the wing tip, for improving
aerodynamic efficiency. The wing structure 210 is preferably fabricated from a light weight and durable
material, e.g. a COMpP@Rjie: 6/shows a schematic diagram iliustrating rotational directions of propellers

10 of the UAV of Figure 2 according to an example embodiment,

Figure 7 shows a flow chart Hlustrating a method of assembling a UAV
according to an example embodiment.

15
DETAILED DESCRIPTION

Figure 2 shows a UAV 200 according to an example embodiment in a Vertical

Take-Off and Landing orientation. Figure 3 shows the UAV of Figure 2 in an airplane-

20 mode orientation. The UAV 200 comprises an elongated wing structure 210
configured to provide [ift when the UAV 200 is in a horizontal flight (i.e. airplane-
mode). For example, the wing structure 210 may comprise an airfoil structure, as will

be appreciated by a person skilled in the art. In addition, the wing structure 210 in an
example embodiment is a high aspect ratio (i.e. ratio of span over chord in the case

25  of rectangular wing platforms) monopiane wing for high cruise efficiency. In one
preferred implementation, the cross-section of the wing structure 210 Is uniform from

onhe wing tip to the other wing tip (i.e. rectangular wing), for simpliifying fabrication

and assembly. Additionally, such implemeniation allows the UAV 200 to sit on a
trailing edge of the wing structure 210. In another example implementation, the

30  cross-section of the wing structure 210 is wider at a section adjacent a fuselage 220,
and progressively tapers toward the wing tip, for improving aerodynamic efficiency.

The wing structure 210 is preferably fabricated from a light weight and durable

material, e.g. a composite.



The fuselage 220 is located at the middle of the wing structure 210, and divides the wing structure 210
into a left wing and a right wing. For example, the wing structure 210 comprises a single continuous
structure and the fuselage is assembled to its mid-point. Alternatively, the wing structure 210 can
comprise 5 separate left and right wings assembled to the fuselage 220. Typically, the fuselage 220
comprises a rigid housing that contains e.g. electronic components for controlling the UAV 200, power
source, surveillance equipment, communication equipment, etc. The rigid housing may protect such
components and devices against damage in case of impact. 10 As can be seen from Figures 2
and 3, a support structure 230 is mounted to the fudelage 220 such that the fuselage 220 divides the
support structure 2301iﬁlé0f@sréltﬂ@@@2§e§tieea&ma% lawergastienibeairipafiacimeeiangaably referred

025 uper andjoucr QYIS SRR 0 SHORR SIICL G2 0n RSP SaDRV6:8 16 symmetic

airfoil section typlcaﬁ ertical fing, has a span of adeguate length to accomm date ropellers 202b
and 202d Wlthth"ﬁttétff&tié?‘?céwﬁ?Qﬁysﬁﬁt@r RGPS V%F e o %I%?g &and 202c.
Moreover, the sisppokisirietisePSeanpeferadebr t@%‘é*ﬂﬁnﬁ@ﬁ%tﬁu?é%f@“sﬁ@ﬁ‘@ﬁ&? the UAV 200
has a cruciformsppafile: whemsagn fagstassiobtewileninfaigdanepootigidtiesst periags 20 of the

trailing edge of $hg ,Qeétrgc 8 M§%Q'§PQ§%@;@QJ@%S@”@8E A asdeRsiporgions of the
trailing edge of the w&{% Hu thus allowmg the UrAV 200 to be in a sﬂtm&{egt on with these

portions of the Fé)gﬁg i ng édges eontact Frtaethseugr%un('f eﬁ%guggértcg%“cture 0 can provide
directional stabRRy/RIRRY tRE UK ZGGjlé‘ﬂﬁ‘%ﬁ@ diPIaRRRH R HigRETSRAREEIG tHe T Structure 210,
25 the support sjsiretiuten?ide is preferfdblyatabricated from a light weight and durable material such as
a composi{g. In example embodiments, the UAV 200 is powered by four propellers 202a-d (which

function s rotors durina yeryieat gt whish ece disaosed aigiar fahe,30 adipigy gonfiguration

For example, two propeIF mounted to the left and 8%\/twmgs of the. wmg structure

210, while two ﬂ?Sﬁ%?ﬁi?Qeza%S%?H‘%ﬁg'?nfﬁﬁﬁ'?&?t%?ﬂtg'\ﬁ?)%ewgtr?d‘? 6 PUAHSNE 0 2 support
structure 230, respastiveiyctRrefndislyowrs seltes 2oxainaie 20 thavestiy siREslZ8sasnd are
mounted at equgigdistaroeadopghentisalipgenaR0. Simiaplyorpeapelless220 2bhamd-20Pdveave the 8 same

sizes and qge ms?H%%Qt@aﬁ%H%e@c%ﬁ@fﬁt?aﬁ R IHSEIRGS ﬁgpalgp@ﬁa@@@e%ﬁ@@@@r‘% the distances
are such that the Qropellers 202a- 98& mterferﬁ)%t ather or with an qy other §tructure of the

UAV 200, e.g. tA& ﬂ?%@%?&éeﬁ@pg urther in fhe exar&pe Embo ?rrnf%rnp propellers Y202% 202¢ are

disposed at thetu@tiig flgaeortiveatlirty SFeRelPEs 22 ANARS BR?ﬁeIM?ée?Wb t?@ﬁi‘%‘?@”dlsposed at
the leading edgstrotiive gappostgisuditier280haltewn ativeiteenblanemisahibeg YRS thas placement of

propellers 202%%%@5%%&% tRRpesiverisaling slgomie A BUSERE RIFABgRNRABE phsHEN
o e ok Bryfted o0, L 2Pl e A 806 Roas RSN eRT JALERAQ Somtac Wi e

aircraft structure Ut It m e mo icult tO n the aircraft to sjt on' a ground with pOI’tIOﬂS

of the trailing ed@%% BeWRAY %ftfﬂ‘éth?é'@lﬁdgﬁd’gﬂﬁp‘ﬁﬁ% & 250 LuiRaLarGIHE Yot

200 to be in a sitting position with these portions of the respective trailing edges
contacting the ground. The support structure 230 can provide directional stability
when the UAV 200 is in the airpiane-mode flight. Similar to the wing structure 210,
25 the support structure 230 is preferably fabricated from a light weight and durable

material such as a composite.

in example embodiments, the UAV 200 is powered by four propellers 202a-d

{(which function as rotors during vertical flight), which are disposed similar to the

30  quadrotor configuration. For example, two propellers 202a, 202¢ are mounted to the
left and right wings of the wing structure 210, while two propellers 202b, 202d are
mounted to the upper and lower sections of the support structure 230, respectively.
Preferably, propellers 202a and 202c have the same sizes and are mounted at
equal distances to the fuselage 220. Similarly, propeliers 202b and 202d have the



Figure 4 shows an alternate view of the UAV 200 of Figure 2. The UAV 200 sits 15 on a ground, e.g.
before take-off or after landing, in this orientation, with the tip of the fuselage 220 pointing vertically
upward. As can be seen from Figure 4, the base of the UAV 200 is wide relative to its resting height,
resulting in a substantially low centre of gravity in the example embodiments. For example, the
fuselage 220 is almost completely integrated into the wing structure 210, and does not extend
significantly 20 above the wing structure 210. The propellers 202a and 202c, 202b and 202d are also
partially integrated into the wing structure 210 and support structure 230 respectively. In addition, the
UAV 200 does not use a tail boom, thus reducing tie resting height Further, in the resting position, the

pylons for propgligls 294 «R92¢(Hiisira t&teeauaap&&ﬁeegtweh%%aaeaogéﬂiqne&mpﬁee ground, thus

providing 25 su or to tq HA 00 on_the groun and res, It| in no,nee ddItL nal weight or
nis IS an e> ale S & ’t gro eveﬁs a-d do Ro m e (ﬂw
landing gears. ?ow centre o y can improve t A STobuSINESS 10 topp Ing in situations

such as ground%&ﬁd’ﬁ?ﬁj Q'e‘fi'éﬁr?ﬂr?fé‘%ﬁ‘?&'c&i’?(ﬂflﬁ'@ L4 HRI&936R fBPR'A9E f88ting position as

shown in Figure 4, the UAV of the example embodiments can be vertically launched, without requiring
a runway oslaunch equigraens. thslrgrpnshn@neais odpengdacdingoibaproppliess 202a-d (Figure

2) function as rolarSARPYHRIT M HALAM, (Eigis )ine HibleR09ds A I of from the
ground in the same manner as a helico It will be a Preu%g Ot%t the 9 p!rngejler speeds may be
aciusted to maiFIBHREEY B 5 ARG GG Ao M GHPRFTARELS R R

nce a re etermlne(fhelght e.g.a
safety clearanc&anti%psifetheeRipcsran s pcriwteleis\2048-d Hiams ftie Ugaperboestaiiedo transition to
a horizontal fligletigaaring pusicdr drusigalhyecomducts kmaiménrctionsrg gnstevalteafcaagommunication

relaying, e{g. 5 be oGS éﬁé@@@&&:ﬁ%@@%@e&&mﬂv%mrﬂmtyqa;ealreraaﬁiﬁmapanoeuvre by
the UAV 200 of eglube 2 acc %dllrjllg tto n. ex pIe em odlment As de crta Qve t{ansmon from a

vertical flight (h |cop er mo oﬁ%‘gnta fI%H?alr%lgtngnmaoarg uses a er'&?cnasl %ﬁlm% followed by

a circular manoBaliRg. SAPEs&ing HR Y PEFID PHEATHHESHE AEA CRIRHIE 1RE SHRD, the UAV 200

reaches the predetermined height and speed, and starts to perform the circular manoeuvre. At stage
3, the UAV 200 reachggthesmaxigsiaromtofidicsttreulanmaneekiyits whekeunmooeatarily performs

an inverteq Jight, At5lage 4415 L8V.R00/S IR SNarly ANCUAN STSHIeR AL YARE S, the UAV

200 completes the transition manoeuvre and staﬁ%%gné%g in the a| ane mode. For landing, it

will be appreciat&s AR RISV EREHA hEYR fee LﬁAQFﬁﬁerﬁg)}’aescend to a
predetermined heRYRAOQvisevisist relgksstionts terig tRigHeRYbRe idGdaetgNtighpEWaIPRIRYy a pull-up
manoeuvre thate@vavsytie B eumites efibmiciatarimnancepee fhetiesagiape kandetage 2 (Figure

5), thereby brief&xm@}ﬁm&axﬂamh@mmwﬁ&m@ BBVaRQQbedmhé: \RHiicRLRMBRIAMEN, its height
(z- coordln%e) is cont t%' abl lecr &ase%%n |ts roupolr é)géétlo nlQ<203%%%r§3|nﬁa{;[gi)o%ﬁ)(:ontroIIably
(

adjusted, €.qg. by CORtro |n e sp c6ds of t er S e five propellers igure 2), such that the
UAV 200 can dé&':@eﬁa%u |5\tﬂ$@;pg into the wing structure 210 and support structure 230
respectively. In addition, the UAV 200 does not use a tail boom, thus reducing the

resting height. Further, in the resting position, the pylons for propellers 202b, 202d
{utifising the support structure 230) are positioned on the ground, thus providing
25  support to the UAV 200 on the ground, and resulting in no need for additional weight
or landing gears. The low centre of gravify can improve the UAV 200's robustness 1o
toppling in situations such as ground handiing, landing in a wind, or rolling ship

decks.

30 From the resting position as shown in Figure 4, the UAV of the example
embodiments can be vertically launched, without requiring a runway or jaunch
equipment. During taunch (and also during landing), the propeliers 202a-d (Figure 2)
function as rotors to provide lift to the UAV 200 (Figure 2). The UAV 200 thus can lift off
from the ground in the same manner as a helicopter. It will be appreciated that the



25designated position on the ground, without requiring a runway or landing equipment. Ina
preferred embodiment, the UAV 200 is capable of executing the circular manoeuvre (for flight
transition) that involves only linear aerodynamics. That is, throughout the transition manoeuvre, the
angles-of-attack of the UAV 200 are within 30 the linear, pre-stall range. This may be achieved, for
example, by adequately powering and controlling the speed of the UAV 200, hence the radius of the
circular motion. For example, the speed is at least the stall speed, with higher speeds utilising more
power and requiring a more powerful engine. 10 Typically, the circular manoeuvre needs a
significant power margin to accomplish as certain pdrtions involve a vertical climb at speeds equal to

at least the stall,spegd. Asthe V-l i aMRiREMRdiRs iR aadalAnTKasging gear,

control surfaces, or tlltlng cI:1|;€%r1echancﬁ§]r§,s and associé%tege%ctuators, the UAV is 5t |ﬁ1herentcl)¥ lightweight, a

feature that canofréccellﬁa?re *ggﬂ'ﬁg i%%tvgi% Bosv?/ ymaré?rrfcr%qﬁ?es ents ot thée cﬁ%edel%lr manoeuvre

while operating3priife 'fiFesipYedittfe U1 4408 &AtartacerTHeS tuR AipfiF iR dishé 1 8pine Mhishdh aerodynamic
model for autonewiyschurarisitram finetiers ag.Feeditendeadomithvtivetiohaesytegistics of complex,
non-linear agrodynamics at high angles-of-attack, nor the complex changes in stability characteristics.

Furthermore, as the trangition uses onlv aunarrovaAnds ghanlss:afatiasicand. fightspeeds, the size
edc or adeq oft 0

. |
of the aerodynamic database nee r adequate coverag e transition envelope may be

significantly redi&ed g Wil e’ BRI 81D BtErEReERER gEnb At RSGHPR%E3E 4  nple
embodiments, thesstionreasa anictistiabt (hedoepiens iviehte compiterts) e bidrganamiedsiodelling for
autonomous trapsitienvdanaiopme nfolBeiaren G teikigir evandbeypowe stafu ireme s \amypically most

severe (16,20 ighast) at JAs: Znehigh Apvalyes,a perticallysirmbiaedight- Ja srampie.embodiments,

the powerplant of the UAV, e.g. utilising fuel cells, Is configured to provige adequate er to move
tho LAY troughF RIS S8R G BN T e Ay LR She e LA h total weight

] Ver requiremen i )
of the UAV, maxifdafdisechedeasmrationinet’ ireseifidas MisoanmentSvRersy Briaomer@l system may
be 25 used for irefpovserplaveriacciigetthe powerdeihaileMe A exceeddharioweravaitable from
commercially aygilakle fuebeghss SHehuanYodddiglicell wstRMJYBICHMCANRI SRS &dits

Iithium-pol)(gner)c atteri%eigir%%?‘gi%%gthe fuel cells, for providing power for the more severe vertical

and transition fllgmgp'ﬂases, ollowing which the fuel cells can kick in for airplane mode cruise flight. 30
Figure 6 shows a schematic diagram illustrating rotational directions of propellers 202a-d of the UAV

200 of Figure 2 accordridatesing. eikeith bre appibodiatetiet ey dJAYARP R 6@ds finea Hori2bniaicorientation and
the propellers 283aed Bie baingserRfrossdhe: ftont plde totaionakaptednes propaiiesss202a-202d are

individually andtmggﬂﬁdﬁé]ﬂxpter mode, e.g. by performing a pull-up manceuvre that covers the
20  quarter of the circular manoeuvre between siage 5 and stage 2 (Figure 5), thereby

briefly increasing its fiying height. Once the UAV 200 is in a vertical orientation, iis

height (z-coordinate) is controliably decreased and its ground position (&, y-

coordinates) is conirollably adjusted, e.g. by controlling the speeds of the respective

propeliers 202a-d {Figure 2), such that the UAV 200 can descend and land oh a

25 desighated position on the ground, without requiring a runway or tanding equipment,

in a preferred embodiment, the UAV 200 is capable of executing the circular

manoeuvre (for flight transition) that involves only linear aerodynamics. That is,

throughout the transition manoeuvre, the angles-of-attack of the UAV 200 are within

30 the linear, pre-stall range. This may be achieved, for example, by adequately

powering and controlling the speed of the UAV 200, hence the radius of the circular

motion. For example, the speed is at least the siall speed, with higher speeds
utilising more power and requiring a more powerful engine.



11 controlled in the example embodiment. In one implementation, propellers 202a and 202c rotate
counter-clockwise, while propellers 202b and 202d rotate clockwise. The '+' configuration of the
propellers 202a-d, when seen from the front, enable the usual quadrotor controls in the helicopter
mode to be directly translated into the usual roll, 5pitch and yaw controls in the airplane mode. For
example, referring to Figure 6, the flight control principle for the UAV 200 in the airplane mode flight
can be established such that pitch is controlled by the differential thrust between propellers 202b and
202d; yaw is controlled by the 10 differential thrust between propellers 202a and 202c; and roll is
controlled by the differential thrust between two paif§ of propellers (202b and 202d) and (202a and

202c). In other wordsypitchyyam2R6 10l cortials ate desrurledyAndanborre setrghflight control

effectors s used i, (n6, sxample embodiments (ot both etticgl aid hgrizontal fight mades. In addition,
no additional cSIYol SUTaces Or NG 15 MEchanisms are requwé)& er&dtction in weight

contributes to niEdtFRFEe %We%r%?ﬁﬁﬂ%ﬁtﬂ%?ﬁ@ﬁ@%rﬁ?&d&%% ey theddular
manoeuvre. In tharexanipleerfabedimaiiisy thechboisens ent glskeaiates atagtoes Uh« radistinct reduction

in the design complexity iIghHeidH 4. Qe ey EahRsiad awgrin A ilks akiBgnsargpthod of
assembling a U4 uﬁ‘&rﬁ%‘?é”&t%f”cﬁéﬂﬁ@%%%@é??dg'mﬁ@- &%?é%Rg@?m% VK STedrid &, pomprising
na wings IS providea.

elongated equal first and seco At step 704, a support structure comprising first
and second se&%?%yi?@b‘ﬁpled to a middle position of the wing structure such that the first and second
sections extend in opposite directions 25 perpendicular to the wing structure. At step 706, a propeller
is mounted a respectm_@newhﬂwnﬁrﬁbaﬂdmrw \wingsraaddinat m@e_mradnsasﬂms, for powering
thebU/g_V dHFt'”gtaléﬁgfk{é!ﬁ,”ﬂﬁé}%a@ﬁm{é@tﬂ%hgﬂ mim;?ﬁ@%iﬁgrgeté\lét\éégﬁ‘a%ﬁ%@ ﬁbﬁ.mmple "
embodiments advantageously does no require launch,or recover uipment, runway, or tilting
mechanisms. Parg?cézr}g\% )r/n 'czilssf;r/ltgl%I geta(?fg @'ﬁ?—%oﬁe‘fmg %ranhge LS ,E)éyn%%rqgessa@e sé%?f{%ls concept can

be applied in bSHRASHRTLEIENEHRGAZEPRIFREIR FROFESD HPeRieMioR NATEIY EBIRSISeRI9SIP pitch and yaw
are decoupled imtaektiral figitt Srrezisntad Bighthiodey ofimmsnithdatdBasemiedeeikampieseatbodiments may
bg less COmp'?é&\b};ﬂ@g@bf@ﬁ@&@ﬂﬁt@ﬁ"éﬂﬂﬁloé@rlﬁéuéﬁéaé@_ﬂﬁ' ﬁ%@;@@&%&hﬁiaﬁw\fﬁw@ wsgrak\]/ity may
advantagegusly allow stable [ Ing.i ' r.an.rolli ' . This may
also reducfeg:heasﬁés%ﬁéﬂ&%%ﬁ?/%q% B{'E?ljggé%oﬁﬁg ﬁ%aﬁ gs?#é%s%%ﬁ%é&%ﬁg lﬁ%%/%gg:rgrg w@q to the

example embodiiBAt FEHRRRta e tfsIPEMGHrSY 85 REXBRRERSRAMGHR AR ARnomeus

transition development.

Referring to Figure 5, the power reguirements are typically most severe (i.e,
20 highest) at stage 2, which involves a vertically climbing flight In example
embodiments, the powerplant of the UAV, e.g. utilising fuel cells, is configured to
provide adeguate power to move the UAV through this stage. Maximum power
requirement may depend on factors such as total weight of the UAV, maximum
speed, acceleration, etc. [h some embodiments, a hybrid juel cell system may be
25  used for the powerplant, in case the power requirements exceed the power available
fromm commercially available fuel celis. Such a hybrid fuel cell system typically
comprises e.g. lithium-polymer batieries in addition to the fuel cells, for providing
power for the more severe vertical and transition fiight phases, following which the
fuel celis can kick in for airplane mode cruise flight.
30
Figure 6 shows a schematic diagram illustrating rotaticnal directions of propellers
202a-d of the UAV 200 of Figure 2 according to an example embodiment. Here, UAV
200 is in a horizontal orientation and the propellers 202a-d are being seen from the front.
The rotational speeds of propellers 202a-202d are individually and independently



5 using only the linear range of angles-of-attack. This may result in a distinct reduction in the cost,
effort and complexity in the development of autonomous transition. The size (and cost to generate it)
of the aerodynamic database for adequate coverage of the transition envelope may be reduced. This
may also render unnecessary the characterization and analysis of the highly non-linear and complex
aerodynamics 10 which occur at the high angle-of-attack region, or the development of complex
algorithms to achieve autonomous control over this region. Advantageously, the UAV of the example
embodiments can make use of fuel cells (which have high energy densities or electrical charges per
unit weight) for power during airplane mode cruise, fbr achieving high endurance. Meeting the severe

power margin 1% seaidiemgris,Riibr URBsHIRRMANeR: i IAYRAIbACHIs etk Ry i WAl being
3t 83 MIes R L AR -IARElN 8630 SRl HlACERAUILl A chan e

and associated actuators. be ap reC|ated by a person's in the art that numerous variations

20 and/or modlﬁcﬁﬂaﬁ‘@ﬁw lﬁ’étﬂ‘?’a’iﬁpﬂ'?ﬁézﬁ?@s%rwqﬁ(}éﬁﬁaﬁr% ERITORFIRRS FEREE mbodiments
without departingorteticerssitiotrscopisatenmpdedatierrisdivomliyaed dibdee THeigrisent

embodiments asgcrhatefarecdanhe aonsidepeménaiisespects to be illustrative and not restrictive. 25 13
CLAIMS 1. An unmanned aerial vehicle (UAV) capable of vertical and horizontal flight modes,

comprising: 5a wing structure Gom ns;ré%elg at%d %éal |rst seco &support

structure comprising fi fP§teéﬁ§81§§Con%fr‘" ?on COUp e epr'ggi %rfcéf{l%e wing structure and

extending in opiﬁd@ﬁéﬂﬂ‘é&ﬂdﬂ@d&éfﬁéhm?&r?@%ﬁ@ﬂﬂﬁ@%ﬂj%@ftﬁh& controligd PprBellers, each
mounted to a resfiestiva onewf theviest prpaiecormdZ0witg2pand st ianchsecitnid sedtons, for

powering the Ua=iiRomioth uekisat anshbrrizontal tighboedesd roll is controlled by the
differential thrust between two pairs of propellers (202b and 202d) and (2022 and
202¢). In other words, pitch, yaw and roll controls are decoupled, and only one set of
flight control effectors is used in the example embodiments for both vertical and
horizontal flight modes. In addition, no additional control surfaces or titing
15  mechanisms are required. The reduction in weight contributes to meeting the severe
power margin requirements for transition using the circular manoeuvre. In the
example embodiments, the above control features may result in a distinct reduction
in the design compiexity of the UAV.

20 Figure 7 shows a flow chart 700 illustrating a method of assembling a UAV
according to an example embodiment. At step 702, a wing structure comprising
elongated equal first and second wings is provided. At step 704, a support structure
comprising first and second sections is coupled to a middle position of the wing
structure such that the first and second sections extend in opposite directions

25 perpendicular to the wing structure. At step 708, a propellet is mounted a respective
one of the first and second wings, and first and second sections, for powering the
UAY during both vertical and horizontal fiight modes.

The UAV according fo the example embodiments advantageously does not

30  require launch or recovery equipment, runway, or titing mechanisms. Preferably, a
single set of flight controls can be used, and the same controls concept can be
applied in both vertical and horizontal flight modes. In addition, fiight controls for roll,

pitch and yaw are decoupled in vertical and horizontal flight modes. Thus, the UAV

in the example embodiments may be less complex than tilt-rotor and tilt-wing



2. The UAV as claimed in claim 1, wherein at least portions of respective trailing edges of the wing
structure and support structure are disposed on the same 15plane. 3. The UAV as claimed in
claim 2, wherein said portions of respective trailing edges of the wing structure and support structure
contact a ground when the UAV is in a sitting position. 4. The UAV as claimed in any one of the
preceding claims, wherein the propellers are mounted to the respective wings and sections at
predetermined positions such that the propellers do not interfere with each other or with another
structure of the UAV. 5. The UAV as claimed in any one of the preceding claims, wherein the
propellers are mounted to the first and second wing& and first and second sections at at least one of

respective 'eadmgsglsﬁé MGLRLINGRIGEScHIG Ehsrw A8 Eﬂ%ﬁgé@cﬁm{( A&LEhgPreceding
claims, further com %lnrg afu?ﬁﬁ@% partla&}éntre ratc? wﬂB1 win ftsructure attngle middle point of
the wing structdfe” VTS SET éﬂ g;gecg’g?’n BdiME Wherein
rotational speed%ecﬁtﬁf@%@wédﬂ\féﬁﬂ‘@ﬁe‘ﬂ’é@ éﬂéﬁﬁé@ﬁ@nE@Hﬂ?rcg}ﬂr‘éﬁd@wm@ PHBUAV as
claimed in any eragidhavpreimdmdsciaivasiagemgindindigured to accomplish flight transition
5 using only the linear range of angles-of-attack. This may result in a distinct reduction
in the cost, effort and complexity in the deveiopment of autonomous transition. The
size (and cost {o generate it) of the aerodynamic database for adequate coverage of
the transition envelope may be reduced. This may also render unnecessary the
characterization and analysis of the highiy non-linear and complex aerodynamics
10  which occur at the high angle-of-attack region, or the development of complex
algorithms to achieve autonomous control over this region. Advantageously, the
LAV of the example embodiments can make use of fuel cells (which have high
energy densities or electrical charges per unit weight) for power during airplane
mode cruise, for achieving high endurance. Meeting the severe power margin
15  reguirements of the fransition manoeuvre may be faciiitated by the UAV being
inherently light in weight, as i has no tail boom, landing gear, control surfaces, or

tilting mechanisms and associated actuators.

It will be appreciated by a person skilled in the art that numerous variations

20  and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to he considered in all respects to

be illustrative and not restrictive,

25



5 propellers mounted to the first and second wings are configured to rotate in a first direction, while the
propellers mounted to the first and second sections are configured to rotate in a second direction
opposite to the first direction. 9. The UAV as claimed in any one of the preceding claims, wherein
the 10same flight controls are used for both vertical and horizontal flight modes. 10. The UAV as
claimed in claim 9, wherein flight controls for roll, pitch and yaw in vertical and horizontal flight modes
are decoupled. 1511.The UAV as claimed in any one of the preceding claims, configured for vertical
take off and landing independent of a runway or other launch and recovery equipment. 12. The
UAV as claimed in any one of the preceding claims}3urther 20configured for an autonomous transition
between the vegjcghand horizontal flight modes, and vice versa, based on a predetermined range of
angles-of-attack. 13. The UAV as claimed in claim 11, wherein the angles-of-attack are within a

linear aerodynamic regime. 25 14. A method for assembling an unmanned aerial vehicle (UAV),
the method comprisinb the %ﬁgr@ﬂpned aerial vehicle (UAV) capable of vertical and horizontal

flight modes, comprising:
5 a wing structure comprising eiongated equal first and second wings;

a support structure comprising first and second sections coupled to a middle
position of the wing structure and extending in opposite directions perpendicuiar to
the wing structure; and

four propeliers, each mounied to a respective one of the first and second

10 wings, and first and second sections, for powering the UAV dufing both vertical and
horizontal flight modes.

2. The UAV as claimed in claim 1, wherein at least portions of respective
traiiing edges of the wing structure and support structure are disposed on the same

15  plane.

3. The UAV as claimed in claim 2, wherein said portions of respective
trailing edges of the wing structure and support structure contact a ground when the
UAV is in a sitting position.
20
4. The UAV as claimed in any one of the preceding claims, wherein the
propellers are mounted to the respective wings and sections at predetermined
positions such that the propellers do not interfere with each other or with ancther
structure cf the UAV.
25
5. The UAV as claimed in any one of the preceding claims, wherein the
propellers are mounted fo the first and second wings, and first and second sections
at at ieast one of respective leading edges and trailing edges.

30 6 The UAV as claimed in any one of the preceding claims, further
comprising a fuselage partiatly integrated with the wing structure at the middie point
of the wing structure.



providing a wing structure comprising elongated equal first and second wings; 30coupling a support
structure comprising first and second sections to a middle position of the wing structure such that the
first and second sections extend in opposite directions perpendicular to the wing structure; and 15
mounting a propeller to a respective one of the first and second wings, and first and second sections,
for powering the UAV during both vertical and horizontal flight modes. 515.The method as claimed in
claim 14, wherein coupling the support structure to the middle position of the wing structure comprises
disposing at least portions of respective trailing edges of the wing structure and support structure on
the same plane. 1016.The method as claimed in clain 14 or 15, wherein mounting the propellers to

the respective wings gnd Seﬁl;praﬁxeogg%&am@%ﬂp%ﬁé m&&%@&a&ﬂ&%&ﬂ%ﬂw@@ that the

llers do not interf th th another struct th 1517The method as
E{;F;:eg rl?] acr)u? %ng ’gfg%%?’rﬁvé iffag? ég s\ﬁ%&?’é|Vrﬁglrr°r1°odnﬁ%nagre‘£tﬁsr’é5%$8%p§?f%%'i%”ff‘?é'?ﬂ’st and second wings,

and first and second sections comprises mounting the propellers at at least one of respective leading

edges and trailing edges. 2048.Th¥ msethodeaisiciaimetinf any paeedinglaianad Avtedin fusther
comprising partiplyddeartinga feedags: Wih hecningisdsusisie dhedniddaraint afthe wing
structure. direction, while the propeliers mounted io the first and second sections are

configured io rotale in a second direction opposite to the first direction.

8. The UAV as claimed in any one of the preceding claims, wherein the
10 same flight controls are used for both vertical and horizontal flight modes,

10. The UAV as claimed in claim 8, wherein flight controls for roll, pitch
and yaw in vertical and horizontal flight modes are decoupled.

15 11.  The UAV as claimed in any one of the preceding claims, configured
for vertical take off and landing independent of a runway or other launch and
recovery equipment.

12. The UAV as claimed in any one of the preceding claims, further
20 configured for an autonomous transition between the vertical and horizontal flight
modes, and vice versa, based on a predetermined range of angles-of-atiack.

13. The UAV as claimed in claim 11, wherein the angles-of-attack are
within a linear aerodynamic regime.

25
14. A method for assembling an unmanned aerial vehicle (UAV), the
method comprising the steps of:
providing a wing structure comprising elongated equal first and second
wings;
30 coupling a support structure comprising first and second sections to a middie

position of the wing structure such that the first and second sections extend in
opposite directions perpendicular to the wing structure; and



19.A kit of parts for assembling an unmanned aerial vehicle (UAV), the kit 250f parts comprising: a
wing structure comprising elongated equal first and second wings; a support structure comprising
first and second sections adapted to be coupled to a middle position of the wing structure and extend
in opposite directions perpendicular to the wing structure; and 30four propellers, each adapted to be
mounted to a respective one of the first and second wings, and first and second sections, for powering
the UAV during both vertical and horizontal flight modes.

15

mounting a propeller to a respeciive one of the first and second wings, and
first and second sections, for powering the UAV during both vertical and horizontal
flight modes.

5 15.  The method as claimed in claim 14, wherein coupling the support
structure to the middle position of the wing structure comprises disposing at least
portions of respective trailing edges of the wing structure and support structure on
the same plane.

10 i6. The method as claimed in claim 14 or 15, wherein mounting the
propellers to the respective wings and sections comprises mounfing at
predetermined positions such that the propellers do not interfere with each other or
with another structure of the UAV.

15 17. The method as claimed in any one of claims 14 to 18, wherein
mounting the propellers to the first and second wings, and first and second sections
comprises mounting the propellers at at least one of respective leading edges and
traiiing edges.

20 18, The method as claimed in any one of claims 14 to 17, further
comprising partially integrating a fuselage with the wing structure at the middle point
of the wing structure.

18.  Akit of parts for assembling an unmanned aerial vehicle (UAV), the kit
25  of parts comprising;

a wing structure comprising elongated equal first and second wings;

a support structure comprising first and second sections adapted to be
coupled to a middle position of the wing structure and exiend in opposite directions
perpendicular to the wing structure; and

30 four propellers, each adapted to be mounted to a respective one of the first
and second wings, and first and second sections, for powering the UAV during both
vertical and horizontal flight modes.



