1 A Wing Joint For An Aircraft Field of the Invention The present invention relates broadly an
aircraft having a wing joint structure, and to a 5landing method for an aircraft. Background Unmanned
aerial vehicles (UAV) are used in military and commercial applications, e.g. for exploring unknown
territories. A 5-10 kg class of military UAVs is widely used by armed 10 forces as soldiers can easily
carry it to an area of conflict in order t%wxgggﬁﬁmm%@ese UAVs are usually operated
from a forest zone, which requires launching and recovery of the UAVs within limited open areas in the
forest. Due to limitations on the weight of the aircraft and the availability of limited landing space, it is
difficult topand aptkiAMivethrid any structural damage to the UAV. 15 UAVs used in military service,
usually erﬁlﬁlo a ge%rta&]qfu%%.gé an aatjége_\grgr Cg@g{ﬂ%@%o‘c a qi)Jara(:[Qutje %p% an irrel:{a nfé)rcljandi_ng
purposes. 5 ever, dUe o limitations in $tor ge space on the AV ad Becalss the & fec{ of wind on
the UAV ifstafige,roeilyca &vnalh parsghute is commonly used, which results in a descent rate of up to
10m/s during 20recovery of the aircraft. This results in rather high shock levels on the entire aircraft
upon impact. = Presently used UAVs employ segmented wings in which the outer wings of an aircraft
usually experEHeEdemendous downward whiplash loads during landing, which may result 25in
damage tatheawirgsaand; ite juikts.(Raiifareingdtiénjoiiiteryfshd segmentietiapiigstohaneairdaft is not
practicable, ReoaeEARIAHARGWRKIN LG 1980 LiIaHP (RS WRiER AR Knmiay be

employed to create a deliberate physical breakage of a wing along an anticipated break line to 30
dissithte EHERSy @potPIdEHinG 2R oRA T, HBNdtute F s breaksyElie inraciite tRighgvide
unpredictable angsefesssutiphysioa bieakages repultindndiepafatie addisionaidamage:to the
- wing, Whl(fgulrpc lijnrg g rrggtlil‘!}eli% gé?"%ﬂg Irl!g‘—\e’fst%tﬁilrﬁqﬁitfed open areas in the forest. Due to

fimitations on the weight of the aircraft and the availability of limited landing space, it is

difficult to land an UAV without any structural damage to the UAV.
15 '
UAVs used in military service, usually employ a parachute or an airbag or a combination
of a parachute and an airbag for landing purposes. MHowever, due to limitations in storage
space on the UAV and because the effect of wind on the UAV is large, only a small
parachute is commonly used, which results in a descent rate of up to 10m/s during
20 recovery of the aircraft. This results in rather high shock levels on the entire aircraft upon

impact.

Presently used UAVs employ segmented wings in which the outer wings of an aircraft
usually experience tremendous downward whiplash loads during landing, which may result

25 indamage to the wings and its joints.

Reinforcing the joints of the segmented wings of an aircraft is not practicable because
minimizing weight is critical to an UAV. Alternatively, breakable wings may be employed
to create a deliberate physical breakage of a wing along an anficipated break line to
30  dissipate energy upon landing. However, the nature of such breakage is in practice highly
unpredictable and often such physical breakages result in an irreparable additional damage

to the wing, which in turn may result in grounding of the aircraft.

Accordingly, there is a need to provide a wing joint, which seeks to address one or more of

35  the above problems.



2 Summary of the Invention In accordance with a first aspect of the present invention there is provided

an aircraft comprising a fuselage; respective inner wing portions connected to either side of the

5fuselage; and at least one outer wing portion connected to each inner wing portion; wherein opposing

surfaces of the inner and outer wing portions are attéached to each other by respective wing joint

structures,.and wher' ol th? wmg Aomt structures are arranged to move from a closed position into an
o altowiig-the-otterwing portions to move relative to the inner wing portions when the

- outer wing portions encounter a downward 10force caused by the aircraft landing on a surface . The

outer wing,porligns, MAYRA QRRiEhIBLe: lactkeniestin .Im;wm@@rtm@ﬂa@@@m@mrﬁwe to upwardly

acting aerodynamic forces. 15The opposing surfaces of the inner an (ﬁute{hwm por |t(l)1ns may
comprise BRARAHIRY RIFHERIAPE: bﬁ?@@ﬁt{t‘)@t %kﬂﬁ*%%ﬁ%‘8’§sp‘é?%‘%%ﬁ§ HiRGENeFHE RN Soint structures
may each foespiise: adpstiteatbpposingvelcportatios wm@@em@mmbfam@asmemﬁaehwmﬂmat are

attached g (e, 0pposia St GRS DR WAL 20RAL AR, AY SrRG PREieSa g Rabga of each of

the outer wFrPg portion may comprise one or more |u e end cap of each of the inner wings
may comﬁ%é@ﬁé%\ﬂﬁﬁ)}@@éHH%%T@ﬁsaWH@?@Tﬁ“?gfﬁé’VW%%ﬂéc%%@Fﬁﬁv NGRS RS
opposing kgs. H@@M@B&tm@ﬁ@fﬁﬁﬁcﬁwﬂm{ma sipgnsttusionesfiwohtodhprmttemsuefaces of the
inner wing uter win ortlons 30 he hinge de of
allaa%[t Hg igi'?gr \%{ r% g}c{;? Een r’5":egoui$'e %H%%an Ecﬂﬁﬁee} @Wﬂbﬁ?@

canvas, orr% a Yer comprise a parachute and/or airbag that are mounted to the
fuseldhe a‘nd:d@pl@&ﬂbbéf@reliamwm@mmﬂmace

The outer wing portions may be operable to lock on to the inner wing portions during flight

due to upwardly acting aerodynamic forces.

15  The opposing surfaces of the inner and outer wing portions may comprise end caps, which

are bonded to the skin and the spar of the wings.
" The wing joint structures may each comprise a pair of opposing velcro tapes or other
means of releasable attachment that are attached to the opposing end caps of the inner
20  and the outer wing portions.

The end cap of each of the outer wing portion may comprise one or more lugs .

The end cap of each of the inner wings may comprise one or more depressions , wherein

25  the depressions cooperably mate with the opposing lugs.

The aircraft nﬂay further comprise a hinge structure fixed to the under surfaces of the inner

wing and the outer wing portions.
30 The hinge structure may comprise a material made of canvas, or plastic.

The aircraft may further comprise a parachute and/or airbag that are mounted to the

fuselage and deployed before landing the aircraft.

35 Landing of the aircraft and the deployment of the parachute and/or airbag may be

automated or remotely controlied.



3. The aircraft may be an unmanned aerial vehicle (UAV). In accordance with a second aspect of the
present invention there is provided a landing method for an aircraft comprising the steps of connecting
an inner wing portion and at least 5 one outer wing portion on either side of a fuselage; attaching the
opposing surfaces of the inner and outer wing portiéns via a wing joint structure; and arranging the
wing jointﬁ]r%ucturreﬁ to mgve fronmmaa g[g%%eéje 0 \i/teia n Iin open position allowing the outer wing
portions t VSR ¥ L RNEr wing portions when the outer wing portions encounter a
downward force caused by the aircraft landing on a surface. 10 Brief Description of the Drawings

The preseptIBYSRiondS JHINELECHAITBEERY SO LRALIMHRA RIIRAIR 7ol &gar%fﬁﬁakﬁg to the
accompanying drawings, in which: igure 1 Is a schematic diagram of an aircraft (in a’landing
position) Wesimfidaning AsiaRrmidradhes Rn dremBstnnant ot BefitanvestRiieaHd Figure

2 is aspartiakcsoas-seet Gaiviewn aiithe wingdontafdageaisrathpHigu e doDeseliptioss of the
Embodiments of tgeoprtesen,t inven&ion provide a light .%p%tpo&-j%eaakiggg%ng tg]th éNin s of 5% an
aircraft us8d%s dnmanfied aPeOrlai?%h‘f]cﬁea(dvAn .jE'igureli IS a’schematic 8|a%ram f'&h Rircraft 100
in a landirgrpdsitsnthaving aroring jolprer Banitit dntinacerith anséipbcdipneng dithelutrevand
invention. ERgal ¢5aft ARG 5868 RARRVR R IANANRHERRCR RN NEE, A5 Alingash AibhdnABRRRN

position, below the fuselage 25107. In the embodiment, the aircraft 100 comprises a fuselage 107, two
inner wings ,afgggrce caused by the aircraft Janding on a surface.

10

Brief Description of the Drawings

The present invention is further described by way of non-limiting embodiments, with
reference to the accompanying drawings, in which:
Figure 1 is a schematic diagram of an aircraft (in a landing position) having a wing
15 joint in accordance with an embodiment of the present invention; and

Figure 2 is a partial cross-sectional view of the wing joint of the aircraft of Figure 1.

Description
Embodiments of the present invention provide a light and non-breaking joint to the wings of

20 an aircraft used as an unmanned aerial vehicle (UAV).

Figure 1 is a schematic diagram of an aircraft 100 in a landing position having a wing joint

113 in accordance with an embodiment of the present invention. The aircraft 100 is seen

above a landing surface 101 with an air bag 111 in an open position, below the fuselage
25 107.

In the embodiment, the aircraft 100 comprises a fuselage 107, two inner wings 105a, 105b

and two outer wings 103a,103b. The two outer wings 103a, 103b are removably mounted

on respective ends of the inner wings 1052, 105b. A pair of joints 113 connect the two
30 outer wings 1032,103b to the inner wings 105a, 105b.

In order to illustrate the functioning of the joints 113, the aircraft 100 is considered in two
halves 180 and 190 that are symmetrical. A first half 180 illustrates the forces acting on the
aircraft 100 upon impacting the ground 101 and a second half 190 iflustrates the forces

35  acting on the aircraft 100 on flight. A pair of flexible hinges 115 attaches each of the outer
wings 103a, 103b to the inner wings 105a, 105b, from the bottom.



and two outer Wings 103a,103b. The two outer wings 103a, 103b are removably mounted on
respective ends of the inner wings 105a, 105b. A pair of joints 113 connect the two 30outer wings
103a,103b to the inner wings 105a, 105b. In order to illustrate the functioning of the joints 113, the
aircraft 100 is considered in two halves 180 and 19CG*that are symmetrical. A first half 180 illustrates
the forces acting on the aircraft 100 upon impacting the ground 101 and a second half 190 illustrates
the forces 35acting on the aircraft 100 on flight. A pair of flexible hinges 115 attaches each of the outer

wings 103519 §3H%0 theate? drsigeradiactabls, hemuise winesn 03eThepinsemaimiecketissigned to
enable thereutereringsd 08582 108bdeitemamdackadtertbe ipvairwingstHPacLPgskHag: flight, due to
an upwardly acting locking mament 150 arising from the upwardly acting aerodynamig forces 170 on
the outer T G o B e e I O S a g AT gttt o 30
caused by tiiestiaiHicodthendirttaftaal ehigabel fliselapstb0he An fivrgrect ffr co 20l taubedieigithpact of

the fuselage (Ha7-me e SEycheansesngp Yawarlyiacting ippactfores k2 o the fuselgogd 07,

which in tyrn causes a downwardly acting force 160 actir%%ion the WlngglOBa causing a disengaging

moment 145%8#%fe’ it L 1% ERavERPRUBSRIRY HRLBiéraRiY TBBaG Sy’ 40 SBaefRRBund 101.
In essencé(hevhiat joinis1dBisreve doamval'dlpsettp dsitior éitecing apeiit pasiidoda aacenigolled

manner upoRdmgaghef W@ﬁﬂ%@eoi%%4@%%(%@%9;lemiﬂ&%%ﬁtgmﬂgn%@ ent

; I .
advantageously E)reventln structural damage to the wing structure. This allows the oute vylr%’g portions
-~ to mbVe réRRRRE tBRIEAHE ! Jind patERewher e gte g periEHe anebsater reaiinintrd
moment causegeby phsifsaircraticlending eriansuripes. inepettion rembedimentsohthgraiaft 100
employs 3 compinaflanaf.2 RAIAEHYIE 5 SHoAM) AN Al BAG- LIRCIandad g KstRpts &
which the parachute and airbag

wing structure. This allows the outer wing portions to move relative to the inner wing

portions when the outer wing portions encounter a downward moment caused by the

15 aircraft landing on a surface.

In operation, embodiments of the aircraft 100 employs a combination of a parachute (not
shown) and the air bag 111 for landing. The instants at which the parachute and airbag
111 are fo be opened are controlled remotely by an operator or onboard flight computer

20 maneuvering the aircraft 100. Before landing, the aircraft 100 is stalled or slowed above a
landing zone and the parachute deployed either by an operator or automatically by the
onboard computer, which slows down the descent of aircraft 100, above the landing zone,
and thereafter, the airbag 111 is deployed to cushion the landing on the landing surface
101.

25
Figure 2 is a partial cross-sectional view of the wing joint 113 of the aircraft 100 of Figure
1. The wing joint 113 is made between the inner wing 105a, 105b and the outer wing
103a, 103b. A means of releasable attachment like clips or Velcro tapes 201, 203 are
respectively attached to the two opposing surfaces of the inner wing 105a, 105b and the

30 outer wing 103a, 103b. A hinge 115 made of e.g. canvas or plastic is fixed to the under
surfaces of the inner wing 105 and the outer wings 103a,103b.

Each of the two opposing surfaces of the inner wing 105a, 105b and the outer wing 103a,
103b have end caps 202, 204, which are bonded to the skin and the spar of the wings
35 105, 103a, 103b to form a stabie platform for the hinge 115. Each of the end caps 202, 204
has a straight poriion along the bottom surface of the wings 105a, 105b, 103a, 103b for
accemmodating the hinge 115, which are hidden from view in Figure 2. A pair of conical



111 are to be opened are controlled remotely by an operator or onboard flight computer 20
maneuvering the aircraft 100. Before landing, the aircraft 100 is stalled or slowed above a landing
zone and the parachute deployed either by an operator or automatically by the onboard computer,
which slows down the descent of aircraft 100, above the landing zone, and thereafter, the airbag 111

is deployed to cushion the landing on the landing surface 101. 25 Figure 2 is a.parfial cross-sectional
view of tHESRiAgIRiIrCPRRH B?é'ﬂ%?&ﬂd%egﬁﬁ%gﬁ%i.eﬁ]?ef’\%}?ngof"o%‘%rieff ?Q%fﬁ%%teob% V\?é"g%r the inner
wing 105&id95baand te oneranir03edd 031he Vekban dapkr@RAishetanawhnisehtuie Aiss or Velcro

tapes 20 3ar Cli C - ingLstiaces afthe japer wingd08a, 105b
and the out%?o%%r?aiq%ég\%?%g Agﬁﬁe?fg%nl%ﬁ#?gg %%Seggpcanvas or plastic is fixed tgotrl(fﬁunder

surfaces éfttigé FrfeOviAg VOl TankREse & iTgR B8 08P EX¢h ‘B TR WY offBbEhdP&iFfaces of

the inner wipgtAsad 100k anctdhrianieangning 103a, 103b have end caps 202, 204, which are bonded
to the skin and the spar of the wings 35 105, 103a, 103b to form a stable platform for the hinge 115.

Each of the end caps 202, 204 has a straight portion along the bottom surface of the wings 105a,
105b, 103, riestidor efdberainseefad 8. the hpwerd 1 SR EISYRRIBET RS VIEWIREIFIRIST A pair of
conical 5 s 2055, 2050 argRasitionssken thaireamidhrend wam 24ngoniespageingsaiige outer
wing 103a, 103b, one on either side of the Velcro tape.203. The two cqnical

cooperabRRTR Wﬁﬁ%ﬁgﬁﬁﬁaﬂ?@%‘fﬁl%ﬁ{ %%’égglozrﬁs%ﬁfge %%Slggg?écjl%gn%éi{ﬁea”jg gg(’jf the
velcrg tapen20tofithe hityer 2itthcap020 2adventagdonshertichl whdshelpahienc@rit e joaitsaluring

flight During flight of the airgraft 108, thespwasdly;aeting asradiranicdassesd # Inskdhe puter wing
103a,103b against the respective inner wing 105a, 105b along the h'é?g]%]z%S agfl throeﬁgh thg contact

of respeciiCentreap2db 2R HNRRISDSE 555 684 Cfds Re' SHiCaFRIge205a, 205b
advantagegHslysgt erlykeliarpreentng verticadsud it metits ofittrenivind§3E0383005b, 103a, 103b,
but also relieve stress on the hinges 115. Velcro tapes 201, 203 help in preventing the outer wing
103a, 103b from disengagement during flight or when there is a momentary loss of lift on the outer
wind 1032 EomalBAthecdieipmettrsaliiecenidingaren cxarame e BRdEREM B eHBBRIR R AEES mprises

the steps gf GONRREHEBAMKSHNY SR ARAAdAideast eurowWley wiRgopatiaitian silastside of a

fuselage; attaching the opposing surfaces of the inner and outer wing portions. via g.wing.igjnt
structure; féﬂﬁal%ﬁ?aﬁ&ﬁﬁlj’W%tmn‘ﬁ)quﬁpgtﬁ%{ﬁ‘fgg Q%qra%‘\?é‘ fom a%%&%@o%ﬁié%%ﬂ%%gg%pogn position
allowing theiroistarciing aatorstpnmdve wirgtvietsttheirsreiolmy20porBonesph R lfer wing

portions encouRter A BN NN {HIGE SAUSREhEYHIEREFAtove relative to the inner wing

20 portions when the outer wing portions encounter a downward force caused by the aircraft

landing on a surface.

The invention is not limited to the above embodiments. However, those skilled in the art will
recognize that the invention can be practiced, with modification, in the light of the

25  information contained herein without departing from the scope of the invention.

For example, there can be more than one outer wing portions on each side of the aircraft,
each additional outer wing portion being connected to it's adjacent wing portion using

another wing joint structure.



landing on a surface. The invention is not limited to the above embodiments. However, those skilled
in the art will recognize that the invention can be practiced, with modification, in the light of the
25information contained herein without departing from the scope of the invention. For example, there
can be more than one outer wing portions on each $lde of the aircraft, each additional outer wing
portion begng;snnected to it's adjacent wing portion using another wing joint structure. 30 6 Claims:
1. An aircraft comprising: a fuselage respective inner wing portions connected to either side of
the fuselade and/SheiE&t 6ABBIREIWIngG portion connected to each inner wing portion; wherein
opposing surfacesfaédhgyéner and outer wing portions are attached to each other by respective wing

joint structures, and __,.wherein the Win[%d'oint structur 5 are arran eg ho Que from a,closed position
. r{es%ecﬁve Angt wing porfiens connected to either < ?o ‘ e fselade’ an :
into an open position alfowing the ottér wing portions to move relative to the ihmer' wing 10portions

whenthe outer wihig girtion 9 st odnger et govwanzaesdriseaanlisedasying pirdet landing on a surface .
2. The aircraft ofplaiFgid oWhSIe $08QUSHWIOIRUTIGNS ar-PRATaRIS I8 leckonHa-they ipner wing

portions during flight due to upwardl| ac_tin% aerodynamic forces. 15
each othéer by respective wing joint structurés, and

wherein the wing joint structures are arranged to move from a closed position into
an open position allowing the outer wing portions to move relative to the inner wing
10 portions when the outer wing portions encounter a downward force caused by the aircraft

landing on a surface .

2. The aircraft of claim 1, wherein the outer wing portions are operable to lock on to
the inner wing portions during flight due to upwardly acting aerodynamic forces.

i5
3. The aircraft of claim 1 or 2, wherein the oppoesing surfaces of the inner and outer

wing portions comprise end caps, which are bonded to the skin and the spar of the wings.

4. The aircraft of any one of claim 1, 2 or 3, wherein each the wing joint structure
20 comprises a pair of opposing velcro tapes or other means of releasable attachment that

are attached to the opposing end caps of the inner and the outer wing portions.

5. The aircraft according to any one of the preceding claims, wherein the end cap of

each of the outer wing portion comprises one or more iugs .

25
6. The aircraft according to claim 5, wherein the end cap of each of the inner wings
comprises one or more depressions , wherein the depressions cooperably mate with the
opposing lugs.

0 7. The aircraft according to any one of the preceding claims, further comprising a

hinge structure fixed {o the under surfaces of the inner wing and the outer wing portions.

8. The aircraft according to claim 7, wherein the hinge structure comprises a material

made of canvas, or plastic.



3. The aircraft of claim 1 or 2, wherein the opposing surfaces of the inner and outer wing portions
comprise end caps, which are bonded to the skin and the spar of the wings. 4. The aircraft of any one
of claim 1, 2 or 3, wherein each the wing joint structure 20comprises a pair of opposing velcro tapes or
other means of releasable attachment that are atta¢hed to the opposing end caps of the inner and the

outer wing portigns. 5. Th aircra(lgst according to any .one of the preceding claims, wherein the end cap
of each o%the oﬁfh?v@i‘ﬁﬁraﬂiﬁ%ﬁr 6‘?’9&?5325]08380? f\’r;;[ﬁ‘rae Ugs %gp%? ‘?ﬁnesai]gr%%ﬁra%%%‘%iﬂg%aeclaim 5,
wherein tierentutapral/eaahbebteirmemvingsttnipei e hne entoreldeidsisadandgiher®ia the
depressiogs.capperably mate with the opposing lugs. 307.The aircraft according to any one of the
preceding claims, further comprising a hinge structure fixed to the under surfaces of the inner wing and
the outer wing portions. 8.The aircraft according to claim 7, wherein the hinge structure comprises a

materal made offeanvas ahrelastitng 7@ diecmiecoaftracuerdinigdgociiyanetef ¢he ipregerivigietaims,
further coqprising 5 RRAchule AL AIFRRg dhhale MANSIcsl{adhs iselege.and doplpyeg)before

landing thé aircra rcraft according to any one of the preceding claims, wherein landing of
the aircraftc@i@thé deployment of the parachute and/or airbag are automated or remotely controlled.
11. The aircraft according to any one of the preceding claims, wherein the aircraft is an

11 The aircraft according to any one of the preceding claims, wherein the aircraft is an

10 unmanned aeriai vehicle (UAV).

12. A landing method for an aircraft comprising the steps of .

connecting an inner wing portion and at least one outer wing portion on either side
of & fuselage;

15 attaching the opposing surfaces of the inner and outer wing portions via a wing joint

structure; and

arranging the wing joint structures to move from a closed position into an open
position allowing the outer wing portions fo move relative to the inner wing portions when
the outer wing portions encounter a downward force caused by the aircraft landing on a

20 surface.



10unmanned aerial vehicle (UAV). 12. A landing method for an aircraft comprising the steps of :
connecting an inner wing portion and at least one outer wing portion on either side of a fuselage.;
15attaching the opposing surfaces of the inner and outer wing portions via a wing joint structure; and
arranging the wing joint structures to move from a cfosed position into an open position allowing the
outer wing portions to move relative to the inner wing portions when the outer wing portions encounter
a downward force caused by the aircraft landing on a 20surface. 8 A Wing Joint For An Aircraft
5Abstract An aircraft having a wing joint structure, and a landing method for an aircraft. The aircraft
comprises a fuse[age; re;pective innegW&ﬂ&ng&wm}g%@ either .side of the fuselage; and at
least one outer wing portion connected to edch inner wing portion; wherein 10opposing surfaces of the
inner and outer wing portions are attached to each other by respective wing joint structures, and
wherein the wing joint structures are arranged toam@amg-from a closed position into an open position
allowing the outer wing portions to move relative to the inner wing portions when the outer wing

portions encounter a downward force caused by the aircraft landing on a surface. 15 Figure 1 20
An aircraft having a wing joint structure, and a landing method for an aircraft. The aircraft

comprises a fuselage; respective inner wing portions connected to either side of the
fuselage; and at least one outer wing portion connected to each inner wing portior; wherein

10 opposing surfaces of the inner and outer wing portions are attached 1o each other by
respective wing joini structures, and wherein the wing joint structures are arranged tc move
from a closed position into an open position allowing the outer wing portions to move
relative to the inner wing portions when the outer wihg portions encounier a downward
force caused by the aircraft landing on a surface .

15

Figure 1

20



