; ope3eJTA @TT3= /WO 00l 75014 PCT/ US00/ 15603 METHOD FOR RETRI EVING Z O DEC
2002 AWEI0RESIMY NG Al RCRAFT W THOUT A RUNVAY Thi s pat ent RGFNS00A560dn i s
.directly related to U. S. Provisional Patent Application 60I13 6 d

2 B G002

June 8, 1999, and to U. S ﬁgar %RCRE [Q,-JQ(, 042, file ,
1999, the conten @ éﬂgg ' DQT ce in their
'entirety and rglfmmﬁv Ej‘ g Iﬁdﬁﬁﬁéld of the

I nvention The present invention addresses the problemof |anding a small
fixed-wing aircraft aboard a ship or in a space offering insufficient room
for a runway, for exanple, on the roof of a building. The nethod invol ves

t he aiTigs ﬁkn@pgmmm i3 derebll g redited BPUES FreVidionbPPite YA pblikdtioR.60PEYS! BN,

klte/balloon h aircraft, or mast. The aircraft i s decel erated by t he

cabl e g %xﬁ?@ P?’e oliPst pgtegle&@hs%tlo%§?{2:6% 420R1 0diier ]E)g '1@59%&

QOeratl on unmanned aircr ret rieval whére 'Space is

i nsuffi c ent | andi n oard.. rrent methods
r equi rcé) %\ff‘?c{)ly?@]afc cgq?)i VCPWBQ%J &%tefe’ggﬁé n %c’é c"‘-*%?fy fﬁ%sre‘&e D947,

4, 143,840, 4, 456, 205; 4,979,701 ; 5,109,788) or to deploy a parachute (e.g.,
U S. Patents 3,980, 259; 4 have di sadvant ages
including: ( 1) diffi Clﬁ‘@ékéRé?&‘?&trﬁéz&w%@%em ally when the
approach is through the turbulent wake of a ship's superstructure or when
the ship is rocking, with associated high *166166* SUBSTTTUTE SHEET ( RULE
26 WO 00/75014 PCTNSOQO' 15603 2 0 DEC 20D2 risk of damage if the aircraft
entersgt el (2) significant risk of damage even when the
net en rg??g%?:(t)l'?rec ehﬁ%) hazard to staff and equi pnent aboard ship; (4)
conpl exity and cost of the net and associ ated apparatus; and (5)

requi rerrent for a Iar ge deck space. Parachute techni ques have di sadvant ages
including: ( 1.) weight and conplexity of equipnment aboard, the aircraft;

and {2Thecnr1=$qn&mthm agfresses e papllemp! lapding aswllftned-wing rirgpft abpaige. 3.

(oj ects_and Advantages An object of the present invention is to inprove
upon cship enin a spe¢mogering insu nt cdam forragrunesyefor exampleFasthe roafafget i ng; 2.
Less risk of danage to the aircraft if the target is mssed; 3. Reduced
hazar dhuildirgy. affe raeioé tniobveznhe Bifcraf@ngagih@aeabke.oroabipd kdld aloftdyad kite, W t h

| ower cost and easier assenbly and dismantling; 5. Smaller requirenent for

deck Spmosn, MeralIB8s AFbAA, S ckAR D Rdst. I ThOhirdaf iSUE&R IR SHPINE cRRIRkLAd

then lowered to the deck.
2. Description of the Prior Art

Operation of small unmanned aircraft may call for retrieval where space is insufficient for a
normal landing run, e.g., aboard a boat. Current methods require the aircraft to fly into a net
(e.g., U.S. Patents 4,056,247; 4,143,840; 4,456,205; 4,979,701 5,109,788) or to deploy a
parachute (e.g., U.S. Patents 3,980,259; 4,311,290). Net techniques have disadvantages
including: (1) difficulty of precise targeting, especially when the approach is through the

turbulent wake of a ship's superstructure or when the ship is rocking, with associated high

IKEREEN | ARG

*166166*
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These inprovenents are realised through a conbination of two distinct and
noevel cont¥peEIS0M Use of a balloon, kite, crane, or nast tRCEHUSHEION3t he
retrieval apparatus; and 2. Capture of the aircraft by a single c%bbg

havi ng generally vertical orientation or, nore precisely, whose Dl 1Ca2$08n
.includes a significant conmponent normal to a plane -2 SUBSTTTUTE SHEET
(RULE 26) WD 00175014 PCTNS00/ 15603 ~ 0 D E C 2002 containing the

aircraft' s {i Li.nge: { e j or

ot her - conpsisehfaBpefRARE AFItAth:E e reliyBhERA) (B MriarE AL BFUTAE Vbm .
concepts | ticularly appli le to smal | aircraft, i.e.. weighi .not
more. ¢ hanvhenaly neholtyrid PReg: Eibntacd fr.aei pad Epigment dhear i (B) Cumpliety
becomes quite practical for routine use. SUMWARY OF THE | NVENTI ON This

i nvent i onandikps of the netiand @ssasiatebanparagss; ard (S) requitsmenhfasialarga dedk spage.e

cabl es, the suspension force on each cable being sufficient also to support
t he ai r cr Ratachutehechnixuess draeel disddheansigesinafudig: ( EsweightandivenpldXity ofieqbiphieat
contact is made on the wing | eading edge or other spanw se surface. As the

ai rcraft BpyRd tﬁ@iii‘@ﬁﬂ; ﬁﬂﬁ@'}%ﬁfﬂbhﬁy GPﬁk@Ise Fahﬁin%oﬁkicﬁﬁkod‘i&é&ﬁsﬁaﬂéﬁﬁa ne
aircraft to deceierate and rotate toward the cabl e; the cable nmeanwhil e

noves spanwi se on the aircraft until it encounters one of a nunber of
hooks. Each hook has a spring catch or |ike nechani smsuch that the cable

is captured on.en epent and will not subsequently be released until the
aircraft ss b@ﬁcit%?/'g@%‘&f%fé?gefhe cable is thus captured, the aircraft
continues to decelerate until it no longer has flying speed. Retrieval can

then be effected by sliding the aircraft along the cable, or by reeling the
cable itself to the retrieval area. Mre generally, the present invention

i s a net hdh eb)ectaf theppresatt usvdntion ¢atotioprovg wpoh cyrrant tedhingqites irilthe fajimeaingt us
includes a linear fixture; a nmeans for suspending the fixture across the
path of th&pkétyi ng obj ect; and neans for capturing the flying object with
the fixture. _3_  SUBSTTTUTE SHEET (RULE 26) WO 00l 75014 PCT/ US00/ 15603 2
0O D E C 2D02 The nethod conprises suspending the linear fixture such that
its orientation includes a

1. Easier targeting;

2. Less risk of damage to the aircraft if the target is missed;

3. Reduced hazard to staff and equipment on the surface;

4. Simpler apparatus. with lower cost and easier assembly and dismantling;

5. Smaller requirement for deck space, with associated feasibility of use even on smalil

boats.
These improvements are realised through a combination of two distinct and novel concepts:

1. Use of a balloon, kite, crane, or mast to suspend the retrieval apparatus; and
2. Capture of the aircraft by a single cable having generally vertical orientation or, more

precisely, whose orientation includes a significant component normal to a plane

-2-
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conponent normal to the flying object's Iine of approach; directing the
flying oBPORFSYY strike the fixture, which causes the flyPREUBHYISEP ¢t o
-rotate and decelerate, while the fixture slides along a surface of the

flying object into a hook; capturing the fixture in the hook;9 §nBEC 2002
_retrieving the flying object fromthe fixture. In preferred enbodi nents of
the apparatus and nethod, the linear fixture is a cable or pole; the neans

for suspendi ngnifiink itliheﬁfcrifit'%%h”@fd@ro%_@h %Hpaqirfera@éﬁ%tlﬂ‘é vgﬁgra}bg?ﬁ%ﬁg%} ng of

a kite, a balloon, a kite/balloon~hybrid, an aircra a crane;

and t he neans r i t [ ' LS at, | east one hook on a
surface of thoé'Il %?f‘ﬁ’%“g@ﬁ%c e.J}%ﬁgi}rﬁ%{rﬂggPdp‘?é%%hcecaglghbodi ment, the hook
further includes a cleat or latch. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present invention will nore fully be understood with reference to the
attached drawi ngs of exanple enbodi nents, in which: FIG 1 is a

di agr antkiseiof thésd sontepis isfparicularly applicableppsmall hinarpfa i.e hiwsighing nettmérevizn by a
kite and tether; FIG 2 is a diagranmatic side view of an alternative
enbodi merfew tens o kilogras; skict ehessivgenitSappatabii the® becobled (u@e pratiealffopm t he
tether; FIG 3 is a diagrammtic side view of the sane apparatus, show ng
retrievghu@feds@e aircraft onto the ship; -4 SUBSTT1"UTE SHEET (RULE 26)

WO 001p014 PCTJUS00115603 2 0 D E C 2002 FIG 4 is a diagrammatic isonetric
vi ew of another enbodinment, in which the capture cable is suspended by a

mast rather than by a kite; } j 1,6 isonetric view of the
sane apparatus, during dece?gp@ﬁgnyéﬁﬁgqm& FIG 6 is a

di agrammatic isonetric view of the sanme apparatus, during retrieval of the
aircraft onto the ship; FIG 7 is a diagrammtic plane view of the w ng of

the aircraft, including hooks for capturing the cable; FIG 8 is a

di agr amiis mvemttoredallis dova kite, bhll@ons apintstao holdlaloftbfe 0Ombfe cablisptheamat i ¢ t op
view of an aircraft and kite tether during recovery; FIG 10 is a

di agr anm@tiensivh $6rck of Wablf e ﬁéi%ﬁﬁéieﬁpﬂsd@otsﬁgﬁ&% fRaifdidft b RERVELY -
DETAI LED DESCRI PTI ON OF THE | NVI | ON The present 1 nvention reveals a

met hod aid AL APRAS fied Ihd Aol Rk W Q&tgctfisl» Pﬂwgoﬁ) mee\gitn'g lc-:qzi?ng edge or other

spanwise surface. As the aircraft moves forward against the cable, the contact force causes
the aircraft to decelerate and rotate toward the cable; the cable meanwhile moves spanwise on
the aircraft until it encounters one of a number of hooks. Each hook has a spring catch or like
mechanism such that the cable is captured upon engagement and will not subsequently be
released until the aircraft is retrieved. After the cable is thus captured, the aircraft continues
to decelerate until it no longer has flying speed. Retrieval can then be effected by sliding the

aircraft along the cable, or by reeling the cable itself to the retrieval area.

More generally, the present invention is 2 method and an apparatus for capturing a flying
object. The apparatus includes a linear fixture; a means for suspending the fixture across the

path of the flying object; and means for capturing the flying object with the fixture.

-3
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i nvention e fully be described with reference to thgc{Rish® 6559
dr awi ngs. “é?(g qp'shows a side viewof a kite 1 anchored by ?tiﬂt et

. a boat 3, the tether 2 optionally being fitted with stops 4 at @t&ﬁﬁﬁ&s
along its length to prevent the aircraft 5 fromsliding freel Gt

bottom of the tether 2 during capture. The aircraft 5 is brought aboard the
" boat 3 by lowering the kite 1. -5 SUBSTI TUTE SHEET (RULE Z6) WO 00l 75014
PCT/ US00/ 1B80method cemprisessuspendingzhe Hoear fixtyegrsugh thanits arieimtation inchytes an
which the kite 1 suspends a second Tabl e 6 tensioned by a weight 7 (or

al t er nat i veinypdagntncamal @rthdiflying objécs's tine afiggpreath; diractirpetha diyéniy elgjectitd sfrike
whereas the |ift force generated by the kite 1, and therefore the tension

in its tetfefixfure Wiikh BSused metfﬁyrmg mjectttb oAl amdéeae;al@@ vlilethd ik nre smn-ﬁt he
second cable 6 the tension can be sraller. The dece erating force on

aircraft n to gable

| engt h. Fbar%;é:'g@ll ?‘Ef%g%appa@{'gogﬁeg 1531&2%58?%;%53 &éﬁa@f‘ﬁf S‘Qﬁﬁﬁg?‘ﬁlﬁﬁﬂ%

decel eration, the Slbl|lt nﬁk t he ten3|on in the second cable 6
rel ativel yf Flf\x/‘%tpg ingRbiget r@“’c@‘F to be made shorter in the

enbodi rrent of FIG 2 than in that of FIG 1. A second advantage of the
enbodi nent of FIG 2 is that after capture the aircraft S can be brought
aboard the boat 3 without |lowering the kite, for exanple by reeling in a
drawstrin m nate slack fromthe, ca cabl e and then, as
shown i n %P@reftgneiymé’s@mmﬁ@ fithaRpapths and sthod rlwewdﬁ’gummaec;a B imols hed
to the kite 1. FIG 4 shows a mast 9 suspending a capture cable 10 over the
si de of a thhmeansifor suspendiag the lpwiae fixRird id stiectddefrempbaigrup abhsisting offa kiks a
desired position at deck |evel. The cable 10 slides through a guide on the

spreader pglleod,a kitd/ballobf hybrid;rankircraft) @rrast had Weirgie} artthe hickGhs $or GapBifihg the
anchor, or sinply a length of cable underwater, maintain cable tension. The

ai reraft wylagesﬁaqeﬁﬂe% on& HSol? belg seifaém e m,ﬂglab,@ad 15 Eﬁéthgrzprt:ﬁ@regabl e

10 on the tusel age or the [eading edge of the wwng. "In elther case

o yaw tondd iRt Bisedl BBt BB RS BRECOT, (% 0% Mook on the

Wi ng. Several such cables nay be suspended in order to nmaxim ze the

probability of SUBSTI TUTER%-}I_EIB'EégH%’?gR, OF%E%EE%&&?” US00/ 15603

The present invention will more fully be understood with reference to the attached drawings

of example embodiments, in which:

FIG. 1 is adiagrammatic side view of an aircraft approaching a ship for retrieval by a kite
and tether;

FIG. 2 is adiagrammatic side view of an alternative embodiment, in which the kite
suspends a capture cable separate from the tether;

FIG. 3 is a diagrammatic side view of the same apparatus, showing retrieval of the aircraft

onto the ship;

-4-
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2 p D BNWO®OGMA4capture, with the cabl es spaced outward frROW/USY1S0I p at
intervals conparable to the wing span of the aircraft 14. FIG 5 shows the
-aircraft 14 during deceleration, with its wing tip 15 hookezjgt DEChRO0Qapt ure
cable 10. The capture cable is rrade conpliant, for exanple,” by elastic cord
or a constant tensi on WI nch, in order to I|mt decel eration and dissipate

" the ener o .t €. A tlonal provi,ded b

e ener e, bk soPilhd LPLe R Bt AL BE Bl sables 10

t hrough the water |G 6 shows retrieval of the aircraft 14 onto the
ship 11. The s‘ﬁlsg%ﬂféﬁie‘g'b‘f%"ﬁt‘iaghel"glaéthé’oa’é‘l%ngsi de, and the aircraft 14
pul | ed aboard ship while the cable 10 is lowered fromthe mast 9. FIG 7
shows t WElGyfpels aglizgrammabit isontrig vies oftbe garac apparatus cduringtdecelesationofshe abl e
17. Any nunber of capture hooks could be placed along the wi ng | eading edge
18. In this emdimdaftcent only two such hooks 19 are installed at the w ng
tips. FIG 8 shows the wingtip hook 19 in m)re detail. Many different
desi gns I gnhfa pture
the. oapl G 18 dABEu LA LamCHROViex] SAESARD b rall g in ek vl B 8P 1T
in this case, afte{_?] ﬁh %écontact with the W|ng 16, the capture cable 17
slides outvvaraa" 'Y antto Rui ng edge 18 and stri kes a gate 21 in the hook
19. The is s |n -Ioad dinto e for rd posi 9, .but the cable
17 pullsl't&rg Ha @i aaewe%e} g1 theaticRaft.dBEuding POBkSOT nucs
spanwi se it pushes throu h the gate 21 into a SUBSTITUTE SHEET ( RULE 26)
WO 001 75014 PCGRPUSIg1hE €2 0 DF C 2002 tapered slot 22 in the hook 19.
The tapered slot 22 clanps the cable 23 in the manner of a jamcleat.
Meanwhi | EIG.I8 igatdiagedmsmatic igendude kietooftaheapatrehiegk;posi tion so that the cable
cannot escape. FIGS. 9 and 10 shows stages in an exanple of capture by a

Kite tetpgs 9 Alald a{g?imﬁﬁm: vieh!tt 'aﬁx‘éfﬁéndzlatéluﬂeﬁﬁﬁnﬂgﬁe& ure cable 26

at a point near t W ng root 27. The alrcraft 1nt e 'has a pusher

R eor cdrcn #AuRtaiat SRR of By b TR Yerhlr itk @verin e the

cabl e slides outward along the wing | eadi ng edge, the aircraft and cable
reaching the positions marked 31 and 32, respectively, at the nonent of
capture in a hook at the wing tip. The yaw and roll then increase, and for
nost of the subsequent deceleration the attitude of the aircraft is

conparabl e to that inDEJAKEDESCRIPTION Qfe dWE INKENTIONf t drops bel ow
the cable 34, until finally it is

..-

The present invention reveals a method and an apparatus for capturing a flying object. The

invention will more fully be described with reference to the following drawings.

FIG. 1 shows a side view of a kite 1 anchored by its tether 2 to a boat 3, the tether 2
optionally being fitted with stops 4 at intervals along its length to prevent the aircraft 5 from
sliding freely to the bottom of the tether 2 during capture. The aircraft § is brought aboard

the boat 3 by lowering the kite 1.

-5.
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| eft dangiionap/7s8t¥e aircraft can then be retrieved. Wil e theCT/usmnséodn has
been described in connection with what is presently considered to be the
-nmost practical and preferred enbodi nents, it is to be unders?o[ﬁbeg[lggu he
invention is not limted to the disclosed enbodi nents, but o g ary
~is intended to cover various nodifications and equival ent arrangenents
i ncl uded w.thi,n,the spirjt and scope af th ended clains. Thus, it is to
be under swaga 2i5hays \?a‘Praf"ﬁ{‘?%ﬂg %E%?Pf’g_ﬁptrfﬁd@‘% ‘ﬁggﬁ? ?GE?&P& & 5eend ﬁ?shl%é novel
aspects of this invention as defined in the clains. Al patents and
articles tgnsieneddye weigh? farraltsynativebr b see anchsy).r Biis papegemant hascthe
entirety and relied upon. _g_ SUBSTT)rLITE SHEET (R TLE 26) i 20DEC
2002 CLAI eBvantaganthapwhersasitheflidt farappeneratgd by the kitad, ay thetefdravhetgnsiorsimaiten se
lifting surface with a capture device and flying along a flight path, the

appar at us {@ReP2,irfist B¢ gleadisiiRirbihleweiphesTithe £ikttaft 5 QR seebnd tA&6 i ension
curvilinear fixture positionable in the flight path of the flying object,

at | east j f ' j ' j . At :

the opanu b OF sl T VecklekitioRE it Bfiraf 3l Bbrpfhfely Sl By,
fixture havjing an engagj surface itioned to,engage the capture device
of "t he 1 SRHg oy tagle Englc 3. BB rorarats isRipE dtappredeieraed paKm .
and a support structure coupled to the fixture and positioned to support

t he fixt udeceleratipg the pgsmblbgmmghnm@ tgpsien iatthe sesond cablebrelatively dwallomss
fixture includes a cable or pole. 3. The apparatus of claiml, wherein the
support sthekiteitecher 2¢bd be@sadatshbrtersin therembddimekt ¢fFIG 2lthan tothat ¢f FIG. 1.
kite/ball oon hybrid, an aircraft, a mast and a crane. 4. The apparatus of
claim1l1, further conprising the flying object and the capture device, and
wherein the capture device includes at |east one hook on the spanw se

lifting s f e ! I ein
cach hook ™ Ferid asvrie oXhe mBRIm o RIG. L ShAUE tpnlty e fidhfs EE 1 0,
claim1l, erein the fixtuge .i.ncludes.at,|east. one o cahl e.and a pol e,
Snd wher e PFOEH: oSt Bl B utiis Hoviinkine KRS tredempinBy fEtng it graatiing
bal | oon, a kite/balloon hybrid, an aircraft, a mast and a_crane, and

wher ei n t A8 tasphayinate slagk fropethe capiyre eable ¢.1aad thep, agshemmaatFI&nd, bnapaokipg thee
device, the capture device including at | east one hook on the spanw se
lifting seaptapecable § amuhd nipuljep 8] atachedrto tHdldteahpar at us of claim 6, wherein
each hook further includes at |east one of a cleat and a latch. _g_ 20
OCEC 2002 8. A nethod for capturing a flying object, conprising: allowing a
spanwi se lifting surface of a flying object to strike a generally Ilinear,

curvili negqcoly éhh&?@ﬂn&?glsﬁﬁcﬁhidg"f alrk %{ﬁﬁ Fo BOSH the ?x'&@%fgtsg@“l 1284 Geader

rel ative to the spanw se I ng surface e inparting cel erating
force to tnge H Xc')lgscllh%t%la;e)ﬁltré cable 10 in the desired position at deck level. The cable 10 slides

through a guide on the spreader pole 12 into the water 13, where the weight and drag of a sea
anchor. or simply a length of cable underwater, maintain cable tension. The aircraft 14
approaches off the side of the ship 11, and strikes the cable 10 on the fuselage or the leading
edge of the wing. In ecither case, the cable 10 moves outward along the wing leading edge,
causing the aircraft 14 to yaw toward the cable 10, and the cable 10 to slide into a hook on

the wing. Several such cables may be suspended in order to maximize the probability of
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r el easaboyworsoyagi ng the fixture with a capture devi ce onpe¢tesdolgsnsg obj ect ;
and retrieving the flying object. 9. The nethod of claim8, further
-conprising selecting the fixture to include at |east one of z M@?ﬂﬂ? a
pole. 10. The nethod of claim8, further conprising suspendi g;Ft he T Xxture
~fromat least one of a kite, a balloon, a kite/balloon hybrid, an aircraft,
a mast and a crane. . The net ho f claim 8, wherein releasaply.engagi ng
Che 11 x PR, U cabis sPRSawE em bR Bl comoarable G Be ikt o

| east one hook on a surface of the flying object. 12. The nethod of claim
8, furtshan o shprirgaiid4positioning a generally linear or curvilinear fixture
i ncl udes suspending a cable or pole fromat |east one of a kite, a ball oon,
a kite/balloon hybrid, an aircraft, a nast and a crane, and wherein

rel easably engaging the fixture with a capture device of the flying object

i ncl udeFIGNS sl wAdtht RErcfdfixi 4 8@inY dedelefatibfaFith ROXIMEARKIPRodKRE t6 BRWpASe
lifting surface of the flying object. 13. The nethod of claim 12, further

conpr i s&n;g? fqa{]m'hmm%a&mehmde eoﬁlﬁﬁﬂne,g%{ %&*;ﬁ%ba%ﬁas{i?rtg@' cg?lagﬁogmﬁt-mt hod

of claim er conprising orre re a

approxi mat.el y .ngrnal _fo the.spanwi se lifting syrface. -10 ., 2 DF. C
2002 1 stensifn wifit Merds? s [ RRRtrafin pad fisfflus Yeshtrey clioaisied Cncrudes a
kite. 16. The apparatus of claim21 wherein the support structure includes a
bal | oonAddifiongligissiptiends peovideddyAeradynamicrdsagion the asafioand cableyand by the

i ncludes a kite/balloon hybrid. 18. The apparatus of claim 1l wherein the
suppor t drag ofidiecable Hrthrolegh the vaterd8aft. 19. The apparatus of claim1
wherein the support structure includes a nmast. 20. The apparatus of claiml

wherein the support structure includes a crane. 21. The apparatus of claim
1, further conprising the flying object, and wherein the spanwise |ifting

surface i i . i . atus of
ol ai m LIPS iy ehilaP ot GEbnpah 0 Bl B, "heBBtEac Tt 25 RREL L
lifting surface of the flying. opject, has ft t. | eadi edge. 23. The
nppar ac OGOk e Meanersit YA SRICE DRI it decobia B tsred Bpm SR arSi 1 « he
capture device is positioned at |east proxinmate to an outboard tip of the
spanwi s& |ifting surface. 24. The apparatus of claim1, further conprising
the flying object, and wherein the flying object has a swept aerodynam c
center. 25. The nethod of claim8 wherein positioning the fixture includes
positioning a kite. 26. The method of claim8 wherein positioning the
fixtur eFI@CT sietes e SppéroukfaBe 8f PRrgO® desighdd to intercept a capture cable 17. Any

number of capture hooks could be placed along the wing leading edge 18. In this

embodiment only two such hooks 19 are installed at the wing tips.

FIG. 8 shows the wingtip hook 19 in more detail. Many different designs could be used for
the hook. Its essential function is to capture the cable 17 as it moves spanwise, and to prevent
subsequent escape. Thus in this case, after making contact with the wing 16, the capture
cable 17 slides outward along the leading edge 18 and strikes a gate 21 in the hook 19. The
hook is spring-loaded into the forward position 19, but the cable 17 pulls the hook 19 around

a hinge line 20. As the cable 17 continues spanwise it pushes through the gate 21 into a
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2 0 DEC é,g@l%{)ﬁ%om The nethod of claim8 wherein positioni nggﬁz‘f%ﬂ:oﬁlgége

i,ncl udes ng a kite/balloon hybrid. 28. The nethod

. Wherein positioning the fixture includes positioning an ai rcr&:‘é. |_2€ 'ﬁZe
met hod of claim8 wherein positioning the fixture includes po%l iQ)n r?&
mast. 30. The nethod of claim8 wherein positioning the fixture includes

* positioning a crane. 31. The nethod of claim8 wherein rel easably engagi ng
the fixtur eapered sied@2 in checlanh 10y Thegagradsioh22 Elarips ke vdbldi2hircthetrammedeface
positioned toward an outboard edge df the spanwise |ifting surface. 32. The
net hod of fAnRkEa® MEGVAIIR B %@wmgpﬁﬁg BaRRRREC1bdeld Jo3Hioh b tR&he taBiB @annot
flying object to strike the Tixture includes allow ng a swept spanw se
lifting suggc\%gg_ of the flying object to strike the fixture. 33. The nethod
of claim3 erein allowing a swept portion of a spanwise |lifting surface
to strike a fixture includes allowi ng an aft swept portion of a spanw se
lifting surface to strike a fixture. 34. The nethod of claim 32 wherein
allowing a_swept portion of a spanwise lifting surface to strike a fixture
i ncl udes aFIGM %gnd;10 shows Hages in amexanplo of gapfursispa kisetethpyn Atifrsiceantast, the
strike a fixture. 35. The nethod of claim8, further conprising positioning
t he fi xt ur eircraftt25estrikdsglu capatré catile 26 at 4 pyinngearhheating rob227. The alclafinAfi}2
36. The nethod of claim8, further conprising sliding at |east one of the

spanwi se | gx4rhple had'a pasiRr msemcfiqst hrid & faveRbddviy %&FB mldBntel artwit tdifbobhR

fixture cont ac?ls the spanwise lifting surface.

L ALLA_A Ay ’f‘jﬁﬁef@gvfﬁ,': lﬁeéircfg?ueéins tﬁ&a@,\@oﬂf‘gﬁ&' 835%91'1& while the cable slides outward
cal callcaJ calca]c

1zupke' ZU] cal
3\% gg]U]C g? L g@&ﬁﬁ%@égﬁﬁg{é? t]h(t::aa]r%raa]ﬁcae}']dccaal)[:ear]eggligg h\ceallo%ﬁ}o%g lélxacrﬁed 31 and 32,

respectively, at the moment of capture in a hook at the wing tip. The yaw and roll then

increase, and for most of the subsequent deceleration the attitude of the aircraft is comparable
to that in position 33. At low speed, the aircraft drops below the cable 34, until finally it is

left dangling. The aircraft can then be retrieved.

While the invention has been described in connection with what is presently considered to be
the most practical and preferred embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but on the contrary is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the
appended claims. Thus, it is to be understood that variations can be made without departing
from the novel aspects of this invention as defined in the claims. All patents and articles

cited herein are hereby incorporated by reference in their entirety and relied upon.
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5. The apparatus of claim 4, wherein each hook includes at least one of a cleat
and a latch.
6. The apparatus of claim 1, wherein the fixture includes at least one of a

cable and a pole, and wherein the support structure includes at least one of a kite, a
balloon, a kite/balloon hybrid, an aircraft, a mast and a crane, and wherein the apparatus
further comprises the flying object and the capture device, the capture device including at
least one hook on the spanwise lifting surface of the flying object.

7. The apparatus of claim 6, wherein each hook further includes at least one

of a cleat and a latch.
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retrieving the flying object.

9. The method of claim 8, further comprising selecting the fixture to include

at least one of a cable and a pole.

10.  The method of claim 8, further comprising suspending the fixture from at

least one of a kite, a balloon, a kite/balloon hybrid, an aircraft, a mast and a crane.

11. The method of claim 8, wherein releasably engaging the fixture with a

capture device includes engaging the fixture with at least one hook on a surface of the

flying object.

12.  The method of claim 8, further comprising positioning a generally linear or
curvilinear fixture includes suspending a cable or pole from at least one of a kite, a
balloon, a kite/balloon hybrid, an aircraft, a mast and a crane, and wherein releasably
engaging the fixture with a capture device of the flying object includes engaging the
fixture with at least one hook on the spanwise lifting surface of the flying object.

13.  The method of claim 12, further comprising selecting each hook to include

a cleat or latch.

14.  The method of claim 8, further comprising orienting the fixture at an angle

approximately normal to the spanwise lifting surface.
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19.  The apparatus of claim 1 wherein the support structure includes a mast.

20.  The apparatus of claim 1 wherein the support structure includes a crane.

21.  The apparatus of claim 1, further comprising the flying object, and wherein
the spanwise lifting surface of the flying object has a swept leading edge.

22.  The apparatus of claim 1, further comprising the flying object, and wherein
the spanwise lifting surface of the flying object has an aft swept leading edge.

23.  The apparatus of claim 1, further comprising the flying object, and wherein
the capture device is positioned at least proximate to an outboard tip of the spanwise

lifting surface.

24,  The apparatus of claim 1, further comprising the flying object, and wherein

the flying object has a swept aerodynamic center.

25.  The method of claim 8 wherein positioning the fixture includes positioning

a kite.

26.  The method of claim 8 wherein positioning the fixture includes positioning
a balloon.
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30.  The method of claim 8 wherein positioning the fixture includes positioning

a crane.

31.  The method of claim 8 wherein releasably engaging the fixture includes
releasably engaging the fixture with a capture device positioned toward an outboard edge

of the spanwise lifting surface.

32,  The method of claim 8 wherein allowing the spanwise lifting surface of the
flying object to strike the fixture includes allowing a swept spanwise lifting surface of the
flying object to strike the fixture.

33.  The method of claim 32 wherein allowing a swept portion of a spanwise
lifting surface to strike a fixture includes allowing an aft swept portion of a spanwise

lifting surface to strike a fixture.

34.  The method of claim 32 wherein allowing a swept portion of a spanwise
lifting surface to strike a fixture includes allowing a spanwise surface having a swept

aerodynamic center to strike a fixture.

35.  The method of claim 8, further comprising positioning the fixture in the
flight path of the flying object.
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