Al RCRAFT LANDI NG METHOD AND DEVI CE FI ELD OF THE
I NVENTI ON This invention relates to | andi ng net hods of

woiammsyazmg aircraft, in particular to UnmannedCharioa$/001276
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Vehi cl es (UAV) carrying a payload under the w ng.
BACKGROUND OF THE | NVENTI ON UAVs find w de application
for mlitary and civilian purﬂoses, mai nly as

reconnai ssance platforns. Usually an UAV carries

payl oads i ncludi ng sensors or optical caneras to scan
the earth surface. The nost natural |ocation of the
sensors is under the wing or fuselage of the aircraft.

the pay! oad ReICAR EDREERG MESRED ANrEREYGE No°

earth surface. Very often, the UAVs are required to

| and on unprepared terrain. Phoeni x UAV was devel oped
by BAE Systenms, UK. The air vehicle carries a m ssion
pod (a container with instrunments) nounted on the
undersi de of the fuselage. For |anding, a drogue

BAAECHOR ]Eﬂﬁsfwmiqjot he tail of the fuselage, is

connect ed spring aded tail cone ejection plate.

The taﬂils ﬁi@gnﬂl?:h eleBfES Go! &n@lﬁ%\fxﬁ%’cﬂd@l@ gf qg}tb%l-wmg aircraft, in
parachute and the engi ne stops th the propeller in
hotiedat 8 (Pashinah Adasl i Vichidies C(éMV)tdmrymg a/phykohé under the
inverts so the vehicle lands on its upper surface to

proigect the mission pod. The force of the landing is
absorbed by an air bag and frangible fin tips. Pointer

FOM 151A i s an UAV devel oped by AeroVironnent, USA

UpRC K 6RDUND IGF AHEENVENTIONs a deep stall and

falls vertically, retaining its equilibriumto |and

sof t | yURNagfnd byideiapplication forAvilitave hngedvilign poepdgSs, mainly as
Navy and Marine Corps |aboratories. The ajr vehicle is
pummmmissiayccaplaéfOéer Usualy @n %Vcﬁal’élleﬁ vaxloags 1nclud1ng SE€NSOrs or

Cgptw gqq}q]glgﬁ 56 rgi;ﬂeee[asffh surfac. Jl"ﬁleJ e daRiriNSEatn SRR sensors

is under the wing or fuselage of the aircraft. Such location however poses a
problem at landing since the payload must be protected from collision with the
earth surface. Very often, the UAVs are required to land on unprepared terrain.

Phoenix UAV was developed by BAE Systems, UK. The air vehicle
carries a mission pod (a container with instruments) mounted on the underside of
the fuselage. For landing, a drogue parachute, installed in the tail of the fuselage,
is connected to a spring loaded tail cone ejection plate. The tail cone is ejected to
extract the drogue parachute and the engine stops with the propeller in horizontal
position. During descent, the air vehicle inverts so the vehicle lands on its upper
surface to protect the mission pod. The force of the landing is absorbed by an air
bag and frangible fin tips.

Pointer FQM-151A is an UAV developed by AeroVironment, USA.
Upon landing the Pointer performs a deep stall and falls vertically, retaining its

equilibrium to land softly.



bungee cord, and is recovered by an
autopilot-controll ed deep stall term nal descent

woizmicldzg in belly landing. Elbit Systens (| spaem)2oha®1276
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devel oped the Skylark mniature UAV. Launching is

performed by the use of a bungee-type elastic chord

and recovery is through a pre%p‘rograrmed automati c
systemthat brings the air vehicle within a few neters

of t heDragen dyeris at inémi-PANS developed by the &S Nawy landidarine Corps

actuates an airbag that cushigns the vehicle's i
SumwaryicsrT IreRin BAPOWeIgdCY @arﬁlect\'i\ﬁctfﬁ%%ewm% dives two

Finarmgusey renelimg Tors bpdeBeQRiBEEL; BRISP ik the help of o
%ﬁﬁég@dco US%?& g Itee %}%dl ﬂ%?—c@ﬁtrél'lécp rd%f) $tall terminal

e met coin|S|ng a first

RRBEMY SiniPing tﬁeb@ﬂywﬁdﬁﬁ to assume inverted flight
position; b) second maneuver of the aircraft to enter

deep dilhitl s@re@mtameh)nmté@veﬂopeﬁntheaﬁ&yéty |anaiaﬁge UAV.
on t he, back up per s tilf ace) .of said aircyr

&whtngéapar forprd &y the &ie PABUNEGARPS fafic, ﬁlaqrﬁigand recovery is
&@f fir n Brre-P] [Q%r%rgﬁ;be%f 51&53{51 ic sgrst%ﬁll ftlﬁeﬁr‘tﬁ Wi ’ant Pénicle within a

rses s Cra

%ﬁpﬂe{e% of 1h€ o Fnbfa%r "fﬁé}?ﬁé\ﬂﬁér it TR Q@H@Elﬁﬁl @ﬂ@ aofuatdmean airbag
followm ng: upward half | oop, downward half | oop and

rthhd cushivgs fthe sehiahuk igacsecond maneuvers nay be
performed with overlapping in time. The aircraft may
conprise at | east one aerodynam c control surface

I d f
fﬁg@%? GRTHIEENVENTION gne or performng the

or the second nmaneuver. Preferably, the
lt ﬁgd' g dccarRImenshith Yhe pr@dht iffentiba, tiiels pruviided aohethod for

landing a fixed-wing aircraft adapted to carry a payload adjacent to the lower
surface of aircraft's wing or fuselage, the method comprising

a) first maneuver of the aircraft to assume inverted flight position;

b) second maneuver of the aircraft to enter deep stall descent in inverted
flight; and

¢) landing on the back (upper surface) of said aircraft, so as to protect said
payload from impact with the landing terrain.

Where the aircraft is self-propelled, the method further comprises stopping
the aircraft propeller.

The first maneuver may comprise one of the following: upward half loop,
downward half loop and roll.

The first and the second maneuvers may be performed with overlapping in
time.

The aircraft may comprise at least one aerodynamic control surface
(landing flap) specially designed for performing the first and/or the second

maneuver.



fixed wing. The nmethod is preferably applied for
aircraft of the flying wing type. In accordance with a

weeawndoragpect of the present invention, therePC$/1L2005/001276
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provi ded an aerodynam c arrangenment for an aircraft of
the flying-wing type, for perform ng the above net hod
of landing. The arrangement cohprises at |east one

| anding flap pivotally nmounted to the wing. The

| andi ryefdralply, ithe nendiag fldp gbtstiviitesapalt aff rthe dbtver isarface of the
fixed flush wth the |lower surface of the wing, and is
dapabwiag. when rel eased, to assunme an open position

h d i - .
and tkﬂi‘%@tﬁ S iraisrauaPrd for a2 IR bl pe.
i nvert L] d _deen- d .
ai 1 or ae QRO o o g ArseL BTTEE] preStht TnfBhy here s

fhdRided anC4dFBdySiinid @tang@hlepl fHehm aircRIfeaSe’. flying-wing type, for
rotates backwards to assunme the open position, nore

preef@mihg yheoabyveumatrod ¢fdandingo i hofartangeinagoeomyrises at least one
flow The aerodynam c arrangenent further cgrrpr,i ses

nlggﬁ'gl.gfﬂﬁp BivebHbhgraumeed @n@pﬁ@mg. (Ilglei landing | dn normal flight of
g 35 el o il MG SRR by At s capabe
SWHB) GelelRGt (BF Eggﬁﬁﬁ:b hy ’Oﬁebelt)(h%ﬂfgfil nGich! @Rt BRS askddyd@tnic forces

measuring from?25to 35%o0 ying w ng surface

aqdingi otise Biinghadt tht4endingnilag svoudd aingf thiegtitcraft to an inverted
position to the open position. The |andi n? flap may be
f positeeh e deeyi-siglledasoenty & thati paideeraraft cae lanshem fts pck.

e By b RO Rk 21 82500 08, Shef g gelesed, i
kB PO SR B SIS, BhISERUSaN ohmaer e
t 1 QidnoraRt idyms®edir fladi ng and prevents destruction

of the payload. The aircraft need not to carry | anding

gear sTinh aasodynderic arranggment Rirther edmpiasgs weans for stopping the
pl%;ﬁicnguhgp iIlh’?he open position, such as a flexible element connecting the
landing flap and the wing. This element may be a simple rope.

Preferably, the landing flap has surface measuring from 25 to 35% of the
flying wing surface and pivots by about 140° from its normal flight position to
the open position.

The landing flap may be formed as a single control surface in the center of
the wing, or as two control surfaces, one on each half-wing.

| Thé inventive method provides for landing in inverted position where the
upper structure of the aircraft (back of the fuselage or of the wing) absorbs the
impact force of landing and prevents destruction of the payload. The aircraft need
not to carry landing gear such as undercarriage, skids, airbags or parachute. The
payload does not need special and heavy means of protection or mechanisms for
withdrawal from its operating position under the fuselage.

The inventive landing flap does not compromise the aerodynamic quality

of the wing during normal flight; it is very light and does not need driving



payl oad does not need special and heavy neans of
protection or nmechanisns for withdrawal fromits

wopereas9g position under the fusel age. The i nPemaL2085/001276
| andi ng fl ap does not conprom se the aerodynamni c
quality of the wing during norngal flight; it is very
i ght and does not need drivihgmechani sns to assune
its open position. The inventor has discovered that,
afieellanmgmpitogsofme fis opeapositton. f The myentorghasi diseerfared that, after
tends to _assune inverted posjtion and to descend ..
sopanng 9f the Harghs fling Wikg arFialt (eads HorisyE Wverted grgition and

b P B o PR % s s s

I § ra@\r% d in which an inversion maneuver is
pertor so that the aircraft's back or upper surface
5 1s fachogordivgs o6 chenthveation,t henethod faf tanslitehl fyxet wing aircraft is
underside is facing in a direction generally away from
t provigtesluimowhiay a1y inviersiommenguyer isdrgsiosmiedrsoothat Hiesaircratt’s back

RGeSt 25D b e EISYSE O R G prandersie 5
MBI 8T, AR Shoids, e picion o

atorhSREibnl &f PRkt maMklives, Hb& sidlliainduced, had Byadireft descends
in powered flight, or in a flight regi ne where the

10 adlnmosafverdoalty db land areitsdyprer sidsutfuscednianiging impact loads or

operating normally. In a particular aerodygam C. )
aflampgenBits wedmrsigar Bhe forersign mpangvetmahbe gaeisoutgat least in

flap, [ be . d _duri | kaht, .j . .
BiFoybue e Fhenhdf QF Eelific P BN ERH MiekSy by o i figh resime
ayhbtd Rl frdeifi U ngoMBHE '&Erodg{ﬂﬁfrﬂ@ isHFace: eﬁe’op’éﬁatlingl rrl]%rmally. In a

appropriate positive or negative pitching or roll

areiotila@ radrb@yminiicr afdngeansht deafightal for 8RR out the method, a
SCRI PTI ON OF THE DRAWNGS In order to understand the
15 | Alepnvhish @Ay bestewed Huuing moggpl Baght qisrdemdoysst in ¢ manner such as

Gt cetaBina b Rayingf g SEF e Eiis G Ry, iRglydine, . an
r SESOERSR pGsiliVE RGRBIRABIERIY VM JIERg rhmbht 6f the aircraft, and
deep stall. ‘

20 BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
in practice, a preferred embodiment will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

Figs. 1A, 1B and 1C are, respectively, plan view (from below), rear view

25 and side view of a flying-wing UAV according to the present invention.

Figs. 2A and 2B show the UAV of Fig.1 when opening a landing flap, in
plan view (from below) and side view, respectively.

Figs. 3A and 3B show a side view of the UAV of Fig.1 performing a half

loop maneuver and deep-stall landing after opening the landing flap.



Figs. 1A 1B and 1C are, respectively, plan view (from

bel ow), rear view and side view of a flying-wi ng UAV
weacoewroddzg to the present invention. Figs. 2A aa@IR®05/001276

show the UAV of Fig. 1 when opening a landing flap, in

plan view (from bel ow) and side view, respectively.

Figs. 3A and 3B show a side vi éw of the UAV of Fi g. 1

perform ng a half |oop maneuver and deep-stall | anding

ADEGTA HPED DESCRIPEIONQF THE DEVENEIODESCRI PTI ON OF
THE I NVENTION Wth reference to Figs. 1A 1B and 1C

there V\ﬁﬂﬁfﬁﬁ%na@ tdJFignried A8 an¥did, chere( iAMpwiDaw Uninfenned Air
type conprising a lifting wing 12, a
f‘dd@b%g nrid ah teadiyisg (Wing dyRsvepmprisng s hifigg wing 12, a
eller 16. The liftin 12 has el evons
‘mﬁé sl 2850 eChaite 3P S i Bhsing PReeft Pagpe liking

5 Mind PLELRBRE 183001 pCAh, ST a Wi th | ens 22

e un ers The UAV i s

eqU| ppﬁ% WA BaeREtd phyRiddf i ehe( flﬁ@ﬁg@glﬂ £0) exddnple an optical
pi voted in hinges 26 at the trailing of the w ng

Iamdrhavith ans22 disposedes thdendenide aif tba%usedﬁget he w ng
s AT A El L
8808 PRI B 0 B LIRTERTRD 1 P4RU Rt con

10 ?H)r MFH# A gﬁ(lé aﬁ& %Fél‘b%éé ‘§ta§@1st h&hfWwitahe %\Kf&%dr%e offhe wing.

anding flap 1s locked in the

CT los ﬁdg&iraé & Showa 396t wnlee Agimgsmingitda. [Aeﬁlmoeadqmrt or transparent
A and 2B, before | andi nge the UAV drops it
sWHEiSDW 28opprovisied fgr e aamerhiens 23pdi heelamgﬁ&aésdeﬁne a pivoting

co L amse T LandL 80 (L8 20 & LRSS A ORER s ocked
alklstﬁe%P(Qeﬂ%tétg%ggatdgervc]-@ﬁcﬁdﬂlérhow turns the flap to its

ext eme open ére a retaining means such as
15 @ si mpiRgtH @@&ré’i&esﬁﬁpﬁgst ha bhamRit befbeditladdifgf G@TUAY drops its

normal flight position.

speed, stops the engine and the propeller blades collapse. The landing flap 24 is

unlocked and opened by the suction action of the incoming flow (it may be also

spring-loaded). The airflow turns the flap to its extreme open position where a

retaining means such as a simple rope 30 stops the flap at about 140° from its
20 normal flight position.

As illustrated in Figs. 3A and 3B, after the flap opening, the flow around
the wing transforms in such a way that the aircraft performs a downward half
Joop and assumes an inverted flight position. The ground speed is thus drastically
reduced, and from this position, the UAV descends almost vertically towards the

25 land, in deep stall. A small horizontal velocity component is preserved, so that
the aircraft roll angle still may be controlled by means of the elevons 18. The
UAYV lands on its back and on the wing tips or on tip fins, depending on the
configuration.

Although a description of a specific UAV and landing flap embodiment has

30 been presented, it is contemplated that various changes could be made without



As illustrated in Figs. 3A and 3B, after the flap
openi ng, the flow around the wing transforns in such a

woayostosg4t he aircraft perforns a downward hal PCranmos/001276

10

15

20

and assunes an inverted flight position. The ground
speed is thus drastically reduced, and fromthis
position, the UAV descends al nost verticall y towards

the land, in deep stall. A small horizontal velocity
cdyiaiienfrons ther &«ope weftthesgresdnatinvdntioal For akamptd, Ithe landing flap
angle still may be controlled by nmeans of the el evons

182y heefoumed laarae lwdves, saplaeitachied torrnenkalgvige of ge yehicle. The
okl 5 SRS P By RS LA s e for e
STRABYUFT, 15 D530 S Bmtind B0 AP A: Ayl e

tKiRoSC ARG 1 disPRced Esetirds, iepBidiAg .onFle WiRNBVE&p dddde and other
Ianglng l'ap nay be forned as two hal ves, each _
addsigrheohsi deratimshZhe -anglegobopeaning aediths 8ap Trea mapgleer from the

may be di sﬂaaced aft of the Irﬁﬁ% ng edg 0 create

| qQvey EReisEIRiBE IMeansJBEHHG 'leglf § higcene

flap, Us _permittin mal |l er_fla . .

AL ¢ or nib¢ SRRFECERRARRREER S patRBiel FEths ftyipe g ghown above
deRANd! Bhefrhl taﬁglé{"'s%egvﬁ%%,afﬁlgér? w8t eis d88 i@ Tore propeller,

consi derati1ons. "The angl e of opening and the flap area
naiyo ehdyf leg clianged byalssigrecomsiderstionshe ret ai ni ng means
may include | ocks in the hinges. The specific

conf i glihadanstingmethed deseréred with raterensa teythei fgnehising UAV 10
b h. i hedr al | le, .1 :
G s Hosiaiefirsighed GpRhge alser  brbas el apR onéF Fixed-wing

CAROAR SR AP PR 87161 b TGP AR R4 echeod wi

t R LRI findt fardeseo B thd BV g addudie Riveiiy Mighappdiiied, a second

to other fixed-wing aircraft (e. with enpennaftlg_eilt or
ight,

t maacwmearnefcthai W AVata gnteBulehp |s‘aﬂd3ésgen’ehh owewied| and landing
i nclude a first_maneuver o‘f%&ge UAV t o assu i nverted

A e baskset thelJAY . ddeoimyeriech BightpasttiommayAlp 1dueiades well by
I t,ingd fligh d | '

hevpa et one oty L Thlcriisy s ynERpgefY o hedprmed by

b@orﬁ%ﬁ'ti%ﬁ&ldﬂi%ﬁt X‘@ﬁt&ol@,y even without a special flap.



upward hal f-1oop or by 180 roll. The maneuvers may be
perfornmed by conventional flight controls, even

woizbdemaes2a special flap. CLAIMS: 1. A nethod of pCamdiong001276
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a fixed-wing aircraft adapted to carry a payl oad

adj acent to the lower surface of said aircraft's w ng

or fusel age, said nethod comprising a) first maneuver

of the aircraft to assune inverted flight position; b)

second maneuver of the aircraft to enter deep stal

qﬁféﬁﬂﬁs'” inverted flight; and c) |anding on the back
aircraft. 2. The nmethod of claim1, wherein

o et A SBbort 3t PEORoB SR ABAEH cary a paytond
A%&%t Qb theAbPet ﬁ%l\("fbf%e(?fﬂsaﬁé'ﬂrérhﬁ’%t \gﬁ%;%i"‘fﬁﬁelage said method

rrses one of OW ng: upwar |"oop;

iighal f 1 oop and roll. 4. The nmethod of claim 1,
wherei n sal d first and second maneuvers are perforned
wi th oditsamanegverrfithesirctft thrassuecrioverttd Gight pogition;
wherein said_ aircraft rs t | east one
aer od frﬁcené SARRBIVES @?ﬁlﬁéﬂ@@hﬁ? RBICF dgpy s@lledeseepi, in inverted
d for performng said first and/or said second
nﬂ‘%@%@% 6. The nethod of claimb5, wherein said at

| east @ﬂﬁn(ﬁlﬁg‘i‘in%efﬂa@ﬁ of eatdtdifathes part of the |ower
surface of said fixed wing. 7. The nethod of claimb5,

viier ei rillsaiktiaod of aflain ¢, vhetdin faid iamgraf nﬂgsetli}peopaled and said
The met hod of claim7, wherein said |anding flap has
FRELCRINAESET YAPDBEHRE BEORENETt he f1ying wi ng

gbetow Al A A —
gﬁ{@@%ﬁg%%éxﬂ%ﬁl&b, hbgnatdadirabopand ene of clains

4. The method of claim 1, wherein said first and second maneuvers are
performed with overlapping in time.

5. The method of claim 1, wherein said aircraft comprises at least one
aerodynamic control surface (landing flap) specially designed for performing
said first and/or said second maneuver.

6.. The method of claim 5, wherein said at least one landing flap constitutes
part of the lower surface of said fixed wing.

7. The method of claim 5, wherein said aircraft is of the flying wing type.

8. The method of claim 7, wherein said landing flap has surface measuring
from 25 to 35% of the flying wing surface. »

9. An aerodynamic arrangement for a fixed-wing aircraft of the flying-wing
type for performing landing by the method of any one of claims 1 to 8, said
arrangement comprising a landing flap pivotally mounted to said wing, said
landing flap, in normal flight of said aircraft, being fixed flush with the lower
surface of the wing, and being capable, when released, to assume an open

position such that aerodynamic forces acting on the wing and the landing flap



arrangement conprising a landing flap pivotally
mounted to said wing, said landing flap, in nornal

wohkbghisoxnd said aircraft, being fixed flush w paTahm®05/001276
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| ower surface of the wing, and being capable, when

rel eased, to assume an open position such that

aerodynami c forces acting on the w ng and the | anding
flapwould bring the aircraft to an inverted position
aneuldeiaing thé laidedc entan Bwvettbdipssitich and cleapistalbdescent so that
on its back. 10. The aerodynam c arrangenent of claim
Saidwhiecraitrcapaliaad banigibagkf | ap is forned so that, after

bei ng rel eased, it rotates back ssune

ds éo %Sﬁfi d dine flap i

olfen pokha peppdynamicragangsBaYhahtaEl PaNgarh Sayt landing tap is
ey . . Joynem b .

cloBL S0 MHEC Rt Y e RRSHER "ol BpS ARy SPesimbiiaid open

sy air flow 12. The aerodynam c arrangenent of

aim9, further conprising neans for stopping said )
| Hindi ndTlid aprddynsmicdanpagemosi of olaim1®, whieein said landing flap is
aerodynam ¢ arrangenent of claim 12, wherein said . .
nioanedise as tp| asRWBE 62isl epahpositian oaly wadadhg ackrgiof¢he incoming
fl.aﬁ and said wing. 14. The aerodynam c arrangenent of
chH'A13, wherein said flexible element is a rope. 15.

e aer o R A et 0@&1@1@9?@%’9@ S&lﬁp,ﬁé‘ihg means for

|‘andi ng ap assunes said open position pivoting to

148ppin Mhid Bindigdp fl de@opeRpositon. 16. The
aerodynam c arrangenent of claim9, wherein said .
| Bhdi ngTlid¢ aprddymasic facmgesmntrofnglaimoh?.29heeeigssaidimeans is a

lee hlslenenbpornesiing sad Redie nm A ARGEnent
et i T %ﬁ?@%gﬁé}gic' ARG i 01413, W reftP 2 FHeRble clement

nged.
is a rope.

15. The aerodynamic arrangement of claim 9, wherein said landing flap
assumes said open position by pivoting to 140° from its normal flight position.
16. The aerodynamic arrangement of claim 9, wherein said landing flap has
surface measuring from 25 to 35% of the flying wing surface.

17. The aerodynamic arrangement of claim 9, wherein said arrangement

20 comprises a second landing flap, the two flaps being symmetrically arranged.



