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
unpredictabige angsefiersuch-physicat ieakages resulbindiire pafakie addiionpicdamage:to the

- wing, which jo Jutn may resulLin greypding,of e aiicialh & SymMman.of g nvguign i aqgordance
with a firs aspeagofathe preseni{inven lon there Is provided arn aircraft '

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.



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 attached to each other by respective wing joint structures, and
wherein the wing joint structures are arranged to méve from a closed position into an open position
allowing the o S to move relative to the inner wing portions when the outer wing

. = T afety! . . ) .
portions ekeotit : i d-totorce caused by the aircraft landing on a surface . The outer wing
- portions may be operable to lock on to the inner wing portions during flight due to upwardly acting
aerodynamic foreasn JSTRE QRROSINS:SHHARRS,AELBR! IRvERRICRLIETIRY Petianifeacomprise end
caps, which are bonded to the skin and the spar of the wings. Th%\gi{gé int st&uctyﬁﬁs may each
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comprise 806%“8?"8@%‘?{@%@6’ffﬁﬁ‘@éed%?ﬁé‘fﬂ?ﬂé%ﬁ%%g jme are attached to

menttha
the oppostgeenst caps aif ¢aetionex2Gandtheatiter wingeprtdneaThéeatvdap phiéiachvoiatrrouter

wing pOrtion gy CORIISE O/VeOF MGG ey i TSRS SRS EASIL BT E:laNGH vings may

comprise GRE Of More depressions , wherein 25the depressions cooperably mate with the opposing
lugs. The ERaeRivRaYTARPEr HoMbIes MNYecsaindiFY itddts the YHRS LERYST (RETRRRr wing
and the oytgrvdRpadtiRRicBOTRe DG sHustye aayicomprisae matefaftnade ofcanvas, or

plastic. The aircraft may further comprise a parachut rai that are jau ted to the fuselage
and deplo{%’ﬂ%@% %ﬁﬂ%@"fﬁ% Bﬁ(@%?ﬁ @%Hé}} 5%‘%&%@ B%Fg%%ngmanned aer[c'?al vehaicle (UAV). In
accortlanderdthen set bpthaspeerbiahdipgexeAtsavesion 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 quter win rtions via a
wing joint SHEQUR; YR B?FHH@?HB?M%@VW&T P{?gfgf?c% T et y %t}{?gﬁﬁ%ﬁg an
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open positine alowingdyecirtgmaiodypeniorfsiemove relative to the inner wing portions when the
outer wing portions encounter a downward force caused by the aircraft landing on a surface. 10

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.



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 15joint in accordance with an embodiment
of the present invention; and Figure 2 is a partial cr@ss-sectional view of the wing joint of the aircraft of
Figure 1. Descripti mbodiments of the present i ion provide a light and non-breaking joint
to the winlg eo?’é%%??@i?é{r%%%88%%”5%%%%%’3?%%&% g’lﬁ\? shicle (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 resent.inv &9 %}g reeaft 100LIs e ve:adandi wface 101.with an air
bag 111 iﬁﬁaarl%%fxal?é%%%s%h%gﬁwﬁg ggia%@ 25%067. In t%[g em%oﬁment,ﬁéﬁg(lgrcra%t 100l c%mprises
a fuselag@ s hifs Hhel WaigTIsiaNtobE BRPTe6 G INAGE 105 HoSbPIHENRB LEEARIngs
103a; 103k are remeviablymaubiedinarrsispestiye eargof dradrngrmings36ha, sLokReA @aiicof joints
113 connect the t\e{o 390uter Wingﬁ. %{(1)3a11ogb v}]% the(-} jrr&ng;]{”vi\gp es. 1305'155’3%0%1;!” rder Ir? ill.%%{ate the
functioning%?rthag joi(rﬁﬁ"s@{1\§I,ﬂtf¥‘1éJ alricraﬁt\.zlao is"CORSIdered in two' halves 180 160 ¥hat are
symmetrichlugifiest trah280 Hostrateloshe foreéisradiingeoncibenadesfin edoupon thepactiighe ground
101 and %ﬁm%%@,@%iyﬁ@%mﬁJ@f%ﬁgé@ﬁm endherRirsralt MR fishd- MAdrinef flexible

hinges 115 attaches each of the outer wings 103a, 103b to the inner wings 105a, 105b, from the
bottom. @& downward force caused by the aifcraft landing 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.



4 The joints 113 are so designed to enable the outer wings 103a, 103b to remain locked to the inner
wings 105a, 105b during flight, due to an upwardly acting locking moment 150 arising from the
upwardly acting aerodynamic forces 170 on the outer wing 103b. Upon 5 impacting the ground 101,
an airbag 111 absorbs the G forces 130 caused by the weight of the aircraft along the fuselage 107.
An impact force 120 caused on impact of the fuselage 107 on the ground causes an upwardly acting
impact force 120 on the fuselage 107, which in turn causes a downwardly acting force 160 acting on
the wing 10%aeaish 2HRsEhERHp tisieAP A @ e ¥inos 1H3Re18Y talegmiy pekedter wing
103 to genitky iAfeimpags thesgrowsd HEnnfeseente: theivgieints 1d3iRore iy aorsesedhposition
into an "opegRARLIENIE Atontplied mennelARan pactofine Juseiads 101,05 e gy, 101 and
dissipate energy thereby advan a}/geou prev nﬁng structural damagé to Fﬁe V\/ﬂgﬁg s? ctafe " This
allows thenestirarigeportons 16 meveidiagivie foabecihadhevipdopert o whesethbotite mwiaif portions

encounter,f gWRWALH BRMEAtCauseddy e Laaireraidansing pmashifages Niepedtionine

embodiments of the aircraft 100 employs a combination of a parachute (not shown) and the air bag

111 for lahdiAEPhE I SME BEWARIFTHESSRAMRYEIHRLH BRI PP RIN 6 betbpRhas is'adhtrolled
remotely By andyperatduor cniseard fligitwaniydeting GomantBiveding the diconadiy1 MR Befas@danding,

the aircraft a&%@%g%mw%%Pﬁyee;&rk@qqm@@sﬂ%ﬁemgmc e%@@gv (8! %p{?y an

operator or automa ly by the onboard computer, which slows down the t of aIrcraft'100,

~ aboVv¥ the BRRfhES sHetagd Were StaergRe HivblgPieis HEDIBgEE fppushioAsee IBntilisg dithe
landing surfaegdflp2stigure 2dsmacpatiakeiess:aectionaatientef thearing iontchldotbermircraft

100 of Fi . The wing joint 113 is made between the inner wing 105a, 105b and the puter wing
103a 1098 g e e B A S D e g R B ey
attached t8if8esiHSOFH OBy SliFasedefIHEINNEIOMRNI20540 T0SKEarrlatie 8D hetdnvanying3a,

103b. A hipggcktSinadere! suleCanvaperiRiasticislingd 1 thewnisisHirces biheinperidng 105
and ge outer ggs 103a,103b. Each of the two opposing surfaces of the inner wing 105a, 105b and

the otiter AITFLOZA 195 AAVE'AF 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 strajghj Redion @m&meagtsm@sﬁ?&d%ﬁ%é@ﬂ@%&%@&n}&g&i\&%@a 38 Rlite (ot

accommodating the hinge 115, which are hidden from view'in Figure 2. A pair oﬁ:onlca 51ugs 205a,

205b are PORWdOhRFRRITRRE 3ﬁ%@é|‘ﬁfé§|@2§ﬂ%%@§k§%ﬁ&i‘ﬁﬁ% fHe sateriivyarokairaassh, one

on either gitte akthe Melgrertapeapd3ofinelibtoraonien) higs20per285br eotparatily maewsither
corrggpondi ' p ' 0 located on. el ide of the, velcro tape 201 of the
oner ond L S0R AR AESATIRG e [ IRE LRI G SIS WRER R ot tre

aircraft 109740 RREraRFabenpaassoHim drnC IS GO G0 tRBesater 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



wing 103a,103b against the respective inner wing 105a, 105b along the hinge 115 and through the
contact of respective end caps 202, 204 of the wings 105a, 105b, 103a, 103b. 10 The conical lugs
205a, 205b advantageously not only help in preventing vertical movements of the wings 105a, 105b,
103a, 103D, but also relieve stress on the hinges 1&5. Velcro tapes 201, 203 help in preventing the

outer wing 103a, 103b from disengagement during flight or,when there is a mgmentary loss. of lift on
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e embodiment
comprises/ife sieps 1fatgrurectingsihdnsigevint@oftiorodada¥ast ivhévoutenigi dugeriiebeon either

side of a bselage; auaching.{ne,aRpasig. suriaresehibs inagandrautaryingonerignsedack wing joint

structure; and arranging the wing joint structuresto move from a closed position intg an open position

allowing thEeURANRgIHR TR SRRV tePhtiiE BIHRE FINeFIRMY s0SofiHs Wh4F thig' 0BR8P wing

portiens encRUBIRES sonaywand fRreegoagsed 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 25information contained herein without
departing Broimgfiiscojibatitseafitvidntitie moraghnasaaReredaF B febresidR Bk BaetFing

portions qp;&agh-Hide) of theAlsrab raghadditionsl ailgrwig posivaibeiNgeomgstetbiants adjacent

wing portion using another wing joint structyre. 30, 6 Claims: 1. An aircraft c rising: elage
respectivéﬁ?’i’ﬁ’@?‘%ﬁ@%ﬁ%% F&%Rﬁ@@t’@aeﬂg 8&88@5%@5 %f{?%%eﬂ?ﬁsmés%%%%g ’5@@@3@%%&%11 er wing
portian cormectedital eacts irmtEawiagSbortbranvgersisyopebsind/ stiftices ofreneningr arritsater wing
portions %%%@8&%%@8%99@9§59y1f@§|9%§ée, Ying iQiNLABYEHIRS sRBSk on WARKRFR4NE SVINg joint

structures are arranged to move from a closed position into_an ogoen %ﬁi?ti?n al‘lgwirrgﬁthe ou¥er wing
portions tY #EdaRaatRE! (283 BiRcPPRyeI BB Hh UM & The Bter Wity BEMIBRESRES IR a
downwardifgreenepised/hyrheairny aftlemdingrpoasaiiifice the outer wing 103a, 103b.

15 A landing method for an aircraft according to an example embodiment comprises the steps
of connecting an inner wing portion and at least one outer wing portion on either side of a
fuselage; 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 to move 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.



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. 15 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. Thélaircraft of any one of claim 1, 2 or 3, wherein
each the wing jaint structure 20comprises 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 aircratt accofdif TFERPHREBFIe preceding claims, wherein the end cap of each of the outer
wing portion compfiseggae or more lugs 25 6. The aircraft according to claim 5, wherein the end cap
of each of the innrgé v{vei(_r;}%se %Qrgngrises one or @gﬁg&gg& Sséﬂﬂgr’s\fveecqfﬁet?esdfe ressigns cooperably
mate with the opposing lugs. 507 THE AT ACCor ing %o any one of the ﬁJre%g tﬁigai?: aims, further
comprising a hingeleasictoeecfikeditpgheotinteronndatsakiofemehinmer wing perddane outer wing portions.

8.The ajrcraft aCQ@f@F@éﬂ %E@lﬁg?s%%é%i%ﬁh% hinge AEUELHER & Bﬁﬁﬁ%@ é@ﬁfé@h@@ﬂ? of canvas,
or plastic. 7 9.The aijrcraft acc,ordmgg;[rcé) any one of th%@reecedmg claims, further comprising a

parachute® 20/ SirBRGTHRANE MBI & f58e”e and deployed before landing the aircraft.
510.The aircraft ateoedirigeovanyjoint oftierprereding aigids, wher énntendingeof ghstaircratt and the

deploymept, ofthe parashuie aRd/ eralhag \ﬁ{r?gaﬁbﬁ%‘?é?g AolR QNGBS E Adind e alrcraft
according to any one of the preceding claims, Wherein the aircraft is an
10 “portioris when the cuter 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.



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 closed position into an open position allowing the
outer win portlaghc, to move relatiye to the inner mgq’_%grtlons when the Og’{%{ wml&%%ortlons Sncounter

a downwatd forct Eafs8@ by RETAIRG 47 BNGIAIS 0N & 5oRlFTaen'S R (Win Dt EATRYS R Pt

oint
5AbstractpArsainaiafirivavirs begihgleiret swuctetdodhel fidalgm g stapiaved aafairckerdimhiaircraft
comprises,a fugelage; respective inner wing portions connected to either side of the fuselage; and at
least one outer wing portion connected to each inner wing portion; wherein 10opposing surfaces of the
inner and outer wing portions are attached to each other by respective wing joint structures, and
whergin the wingrjgeinistreigtacesranezarsangeshio ohtve frenedirg adetrpositiereint@@tirgpentiposition
allowing s outer Wing PUIgNE I8 gy pthie oihe dnpar wis parionaisadhs. auissuing
portions encourllitecg a downward force caused by the aircraft landiing on a surface. 15 Figure 1 20
controlied.

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.



