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METHOD AND DEVI CE FIELD OF THE | NVENTI ON Thi s
invention relates to |anding nethods of fixed-w ng

WO oebdoz24i N particular to Unmanned Aerial Vghgh
(UAV) carrying a payload under the wng. 5 BACK%R‘@‘I%B276

OF THE I NVENTI ON UAVs find w de application for
mlitary and civilian purposesl-mainly as

reconnai ssance platfornms. Usually an UAV carries

payl oads i ncluding sensors or optical canmeras to scan
the .earth surface. The nost natural |ocation of the
sensors is under the wing or fuselage of the

aircraft. S PARY q}gyﬂ@@eﬂgypﬂ aNp at
| andi ng si nbégktqwe pg‘y oad nust be pr@é?ect ec}BFS/grtnﬂn
collision with the earth surface. Very often, the
UAVs are required to | and on unprepared terrain.
Phoeni x UAV was devel oped by BAE Systens, UK The air
vehicle carries a mssion pod (a container with

in he underside of the
fuiﬁgg’g&%ﬂw&a%ﬁ drogue parachute, installed
in the tail. e I . ' n a . .
spring ogdlggg?tg% rélgﬁeg g‘}gz%l%‘%‘%g %?%]tggg O?Ifﬁgg?%ik‘ﬁ" oanlré:raﬁ’ mn
I s paitealaedo tinreainedCA etifieVdhirtHse((PAVI Gatty gad payivad under the
engine stops with the propeller in horizontal

po¥Bg-on. During descent, the air vehicle inverts so

the vehicle lands on its upper surface to protect the

m ssion pod. The force of the |anding is absorbed by

anBAGCKGR UNR OF THE BNVENRIQNys. 20 Poi nt er
Upon | atiAaoh e AR e foro ety sl VUS| uriongs, mainty as
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softly. WO 2006/ 059324 PCT/ EL2005/ 001276 -2 Dragon

Ey eptieal gameras tapeandhe eatpaufasg. Themost nauml locatiomef the sensors

COESD Tinder the wing or fuselage of the aircraft. Such location however poses a

10 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,

15 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.
20 Pointer FQM-151A is an UAV dex}eloped by AeroVironment, USA.
Upon landing the Pointer performs a deep stall and falls vertically, retaining its

equilibrium to land softly.
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| aboratories. The air vehicle is powered by an

el ectric notor which drives two w ng-nounted
propellers. It is launched either by hand or with the
Reb Booelssdze bungee cord, and is recovered by ag-rarz00s001276
aut opi l ot-control | ed deep stall termnal 5 descent
finishing in belly landing. Elbit Systems (lsrael) has
devel oped the Skylark miniatur2-UAV. Launching is
performed by the use of a bungee-type elastic chord
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d|n ai.rcraft adapted to carry a

9 Blj“ﬂgé‘h{’melf}gl afdi0g ower surface of aircraft's
vvn ng or Etms &y3@ehs {(\@adIPt R devsTBpéd i the S@z@)k frhi'hfdture UAV.
maneuver of the aircraft to assune invertéd

pobaﬂndnng is)pesfermed byrdimeuseart adfungae-typsi ¢laﬂtlafcfnotcgarahteeovery is

stal | _descent vert ed
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pr PR Gheted | of th@%}ﬂ&:ﬁ?& {HeA Ut RAGEo0 Widebp kR dn@néﬂtﬁlﬁes an airbag
terrain. 20 Were the aircraft is self-propelled, th
1ore thas ¢ushionsithe velinlsisiiswactst oppi ng the aircraft
propeller. The first maneuver may conprise one of the
follow ng: upward half | oop, downward half | oop and
r o SUMMARY OFtTHEANYVENJdOMd maneuvers may be
performed with overlapping in, 25 tinme. The aircraft
may conpr peserdance @ith R@r@%ﬁ@ﬁ dnKeRtiAN.cthersnis MEPVided pamethod for

f t
¢ ?Aggilﬁg 5 /ﬁﬁﬁlwﬁge&&bh m&@g& 98 ecqnfyog 5&95 2080t {3€the lower

or the~second euver . 06/0 9324
PCHutth&ORi0 a7 ¢ing & fuselage, the method comprising
15 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.
20 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
25 time.
The aircraft may comprise at least one aerodynamic control surface
(landing flap) specially designed for performing the first and/or the second

mancuver.



Preferably, the landing flap constitutes part of the

| ower surface of the fixed wing. The nethod is
preferably applied for aircraft of the flying w ng
WPRoehR3aCCOrdance with a second aspect of the 005001276
present invention, there is 5 provided an aerodynam C
arrangenent for an aircraft of the flying-w ng type,

for perforning the above nethdd of |anding. The
arrangenment conprises at least one landing flap

pi vot al Preferabiyt ¢le 1andirdpeflap rgnstithies | pandof thef lower supface of the
normal flight of said aircraft, is fixed flush with

t hEXEAWERE-sur f ace of the wing, and is capable, when

rel ease : it t p
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 podFH9THf Hi BeTHR a‘“tﬂﬂ%r structure of the aircraft
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impact force of |anding and prevents destruction of "
8ap.inTihe epencpesition, cwigh st atfiexible relememidpenpecting the

th
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heavy neRigasly, fHeOlaBgink Frap Has FREASN R Ifrom 25 to 35% of the
wi t hdrawal fromits operating position under the

f udblingywingTheface \aadt pivets barabont) 140 A frodoits noonal flight position to

conprom se .tt.he aerodynam c quality
20 ~ thie 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.
o The inventive method provides for lahding in inverted position where the
upper structure of the aircraft (back of the fuselage or of the wing) absorbs the
25 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

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



30 of the wng during normal flight; it is very |ight

and does not need driving WO 2006/ 059324

PCT/ 1 L2005/ 001276 -4 nechanisns to assunme its open
pasiobd/exz24 The i nventor has discovered that, gd&L, 05/001276
opening of the flap, the flying wing aircraft tenc?

assune inverted position and to descend steadily in

deep stall not only fromhoriz8ntal flight but from

any state such as spin. 5 According to the invention,
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i'ng to the pres ventlo
2Bdedpstali.he UAV of Fig. 1 when opening a Iandlng flap,
in plan view (from bel ow) and side view,
respectively.

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 accempanying 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. 3A and 3B show a side view of the UAV of Fig.1
performng a half |oop nmaneuver and deep-stall
| andi ng after opening the Ianding flap. WO 2006/ 059324

Rl 20bé/498R/ 001276 -5 DETAI LED DESCRI PTI ON Ok
I NVENTION Wth reference to Figs. 1A |B and l)lcgdﬁ%%g?oeu%

is shown an Unmanned Air Vehicle (UAV) 10 of the

flying wing type conprising a-Bi-fting wing 12, a

fusel age 14 and an engi ne (not shown) w th pushing

pr BETAECEDEDESGRIPTIOM OF THE INVENTEQNel evons 18

and tip fins 20. The UAV carries a payload in the

f usel ag®ithrefergncefoakngh.el An1Bpmnidd4l, tharare slown th Unemanned Air
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stops the flap at about 140 fromits 0 nor mal
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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
loop and assumes an inverted flight position. The'ground speed is thus- drasticaﬁy
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



the aircraft roll angle still nmay be controlled by

means of the elevons 18. The UAV lands on its back

and on the wing tips or on tip fins, depending on the

R kdogdoadsi on. Al t hough a description of a s iof

UAV and | andi ng fl ap enbodi nent has 30 beenp|%[l/ﬁb&)5/001276
presented, it is contenplated that various changes

coul d be nmade without WD 2006659324 PCTTLL2005/ 001276

-6 deviating fromthe scope of the present invention.
Fordewiating [feom theesdopedif e prespnt imegntiva. For erampls, thedanding flap
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WEtaHQ%stéciali}ndéési’gi%dalaﬁﬂﬁlgtﬂﬁﬁ@ W b&@haphli Wb fixed-wing

assune inverte [T ght posrti a Secont 15 maneuver
of ainemfli\g. mithesmpenndge,prdo alnanped aenatafi)nSuchviandieg method will

fli.ght .. a lLandin ack of the UAV. .The. .

| b A AR SRPER0E ot s Ry 1B 8%ef oV Ered iehd Phsiign. a second
18 pwedrubér 6f-the QA Vrto hﬁﬁtér&ﬁe? Qtal]. debBént TRNRVYRIISTITRY ak€ landing
performed by conventional flight controls, even

wi toadhe backsefcthe 2AY| The imvpried Sight \posifon\wiyboa&hised 24 well by
) El%yal%' 211%?&{088 1gr7%y_ 130° roll. The maneuvers may be performed by

conventional flight controls, even without a special flap.

20



CLAIMS: 1. A nethod of landing a fixed-wing aircraft

-adapted to carry a payload adjacent to the | ower LLOYD WISE

surface of said aircraft's wing or fusel age, said
nprising 5 a) first maneuver of th

{?ial?g{&srgremi nverted flight position; b) secongpc?rlla/fr[fg(lr?gf()&276

of the aircraft to enter deep stall descent in

inverted flight; and c) |andifig on the back of said

aircraft. 2. The nethod of claim1, wherein said

aircraft is self-propelled and said 10 nethod further

cor&i' 3: stoppi ng the propeller. 3. The nethod of

claim wherein said first maneuver conprises one of

thq f ol g%ﬁx@ M3
and rol Iho%ﬂl%ﬁewnlé@ﬁﬁgh@k&e{j er elg%tggal cﬁaﬁ'& tpayload
anadmeenintd threwee sarface of paidf mmﬂ'sthdg o iseRgp] s4ld method
intime.. 15 5. The nmethod of claim1, wherein said
ai COPRFPINonpri ses at | east one aerodynam c control
urface gng.g f
ger for maﬁ%épgfgﬁ %J‘;CI& ?g%h an of?{ ds%ﬁs con dfﬁéhtlf psjtion;
6. . Thebhschod nmeneover of the a‘ubﬂarmtmeﬁtar deept sthlealﬁiceﬁﬂﬁl inverted
r}ﬁ ngg{@dap constitutes part of the lower surface of
ai Wi ng. 20 7. The net hod of claimb5, wherein
sal d ai Eﬂﬁﬁélhg'oﬁtﬂém%a@offsm ng type. 8. The
nmet hod of clarm?7 erein sal andl ng flap has
sui2f ace 'ﬁlmmmthmbof tlaogm 12 wheocif S hirttaét if Isylfspgopélled and said

f An aer.odynam c arra rrent for a
l? |ur egﬁ:% W&hﬁﬁ ?‘?f?%'ﬁes%f(’p?% IF}??F‘H% type for

penf or M gk Rt YT dPiind 1) %H@éﬁ%glcpﬁrsf‘ﬂ%n&%r %) ﬁh?ﬁ%sn@ne of the

1to 8 sald 25 arrangément conprising a an
pi \f@ﬂﬂca»'mg umardéalftloolsadDanar@hanamp amhrdllng fI ap, in

nornal ht of. s C bei.n flx lush with
thd" | oweJFhegé‘thf acgflc?;JI L V@ﬁ’iﬁ’m s ml‘?ﬁ ﬁ%&;fg),aneuvers are
WheBribeheiasill ovédappiss/iRimé) open position such that

aerodynam c forces acting on the wing and the | andi ng
1| p LLOM® wegrod of claim I, 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.
20 7. The method of claim 5, wherein said aircraft is of the flying wing type.
8. The method of claim 7, wherein said landmg ﬂap has surface measurmg
from 25 to 35% of the flying wmg 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
25 arrangement comprising a landing flap pivotally mounted to said wing, said
landing flap, in normal flight of said aircraft, being fixed flush with the lowér
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



WO 2006/ 059324 PCT/ 1 L2005/ 001276 -8- would bring the
aircraft to an inverted position and deep-stall LLOYD WISE
descent, so that said aircraft can |and on its back.

]\90 265@)@59@% odynami ¢ arrangenent of claim?9, V‘p@f#g.iz&sloomﬁ

sald landing flap is fornmed so that, after be
rel eased, it rotates backwards to assune said open 5
position. 11. The aerodynam c-@r-rangenent of claim?9,
wherein said landing flap is forned so as to assune

S aivibidd BRinp ahik tAirRfAfOR dn Uvted pésid hAd debpsh®l descent, so that
incomng air flow 12. The aerodynam c arrangenment of

cl apighaircraftearhland epigbrgk.ng neans for 1o stopping

sai,d landing flap in said ope osi.tion..13. Th . .
zerBuynaits dgiasdesafl Rt RRRY of ¥k’ Griupditin Sifigending flp i
e gPEndd sa that! eRdrBein® r€loRRl, HORRRES bakkwels td aBlieYsaid open
flap and said wing. 14. The aerodynam c arrangenent of
¢l FoputeB, wherein said flexible elenent is a rope. 15

15.,,The rodynam c. arrangenent .of .claim9, .wherein. .
ool | andfh goraRRRhric S ARSREES of By Go¥h et oy ting flap is
Pi \fetrhésd & thisirh®8aill lopeh Pobition dnlyobhde? @B hét@dh of thé incoming
The _aerodynam c arrangenent of claim9, wherein said .
| aridtifleyvf | ap has surface measuring from25 to 35% of
the,flyi wing surface. 17. The aeradynam c -
ar iAhgembflt AELKRApS, Brangmient 1 e S YRS Smprisinggmeans for
100 ¥RIppSifSsadd RaaRgdlapandhiabgendsitioe two flaps being
symetrical ly arranged. ,

13. The aerodynamic arrangement of claim 12, wherein said means is a

flexible element connecting said landing flap and said wing.
14. The aerodynamic arrangement of claim 13, wherein said flexible element
is a rope.

15 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.



