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FI XED- W NG Al RCRAFT W THOUT A RUNWAY Thi s patent application is directly
related to U.S. Provisional Patent Application 60/138,06Q Uhé‘i"?g@ une 8,
1999, and Y8%"58!4 pat ent Application 09/426,042) filed OEF 1583 1999,
the contents of which are hereby incorporated by reference in their
entirety and relied upon. BMEGHORFOR RETRIEMINGN The present

i nvention addr essegg FIXED-WINGAIRCRAFTIVITHOUT A RUNWAY ai rcraft
aboard a ship or in a space offering insufficient roomfor a runway, for
exanple, on the roof of a building. The nmethod involves the aircraft
engagi ng a cable or cables held aloft by a kite, balloon, kite/balloon

hybri d, aiqre : e A i fif i : | and
y f l?aftént amﬁa@oz,_ is cthé?:%é idted Rfd.s! ﬁrfodrt@ﬁgél%&hfeﬂ%ﬁea@%m?s,o%o,

t hen | ower o the de scription o Prior eration of

smal | unmaged gkl (o ;ndqan'.%@uem;)@;; 116l Y 04D GBS 2 S1dbB {1 i et

for a norma Ing run, e.g., a a boat. rrent nethods require the

aircraft t ' 056, , . 40;

3 456, 205,01l it e Wik ychporsly SRGRRL B ePendtd fng bl
Patents 3,980, 259; 4, 311,290). Net techniques have di sadvant ages i ncl udi ng:
(1) difficulty of precis ! i n the approach is

t hrough the turbul ent mkegéﬂ%?y&ﬁﬁgé?YEymg or when the ship is
rocking, with associated high SUHSTTI'LTTE SHEET' (RULE 2~ WD 00l 75014
PCT/ US00115603 ri sk of damage if the @i f ers the net incorrectly;
(2) significant risk of damage even v@%wu‘m mﬂmmentry is correct; (3)
hazard t o lstEiekd of {he lyeptiolent aboard ) conpl exity and cost of the
net and associ ated apparatus; and (5) reqdtiihent for a large deck space.
Par achut e techni ques have di sadvantages including: ( 1 ) weight and

conpl exity of equi pnment aboard the aircraft; and 22) difficulty of precise
| andi ng, dhe Peesens diventien addeesses thegpsohiere of Rnding p smald fixgdiwing plieraf gbaarda obj ect
of the present invention is to inprove upon current techniques in the

f ol | owi ng shipopiénca space offeringirsufficienteomfgr a punwagsfor exagipleppn thgmerfef o t he
aircraft if the target is mssed; 3. Reduced hazard to staff and equi pnent
on t he sumbhiidisg. The Bethpd wolygythe siraraft engaginglacakie oveables held alofidiyarkitgssenbl y
and dismantling; 5. Smaller requirenent for deck space, with associ ated

f easi bi | i tbgllayh, kisebadlpemhyhmidsaiedraft, bomes. Theeisaatt isplecalaated by thecable ad | sed

t hrough a conbination of two distinct and novel concepts: 1. Use of a

bal | oon, khendowerediroethe decknmast to suspend the retrieval apparatus; and

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
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2. Capture of the aircraft by a single cable having generally vertical
orientation or, nore precisely, whose orientation includes a significant
conponent vaghéso1d © a pl ane -2 SUBSTI TUTE SHEET (RULE 2~pctAi€8oRSde7 5014

PCT/ USO0I 15603 containing the aircraft's |line of approach, and a |line al ong
the wi ng | eadi ng edge or other conponent of the aircraft intended to strike
the cable. Use of these concepts is particularly applicable to snall
aircraft, i.e., weighing not nore than a few tens of kil ograns, since the

size of t [ Ciyh Gl : f I i.ne use. SUVVARY
o THE 1 nEIGHR e £k 4R AR, G B) gt R g B, o ol
al oft one g« cabl es, the S i force on.each, cabl e bei ng.

SUTTi ci ot hendfe e & ‘%5? °ﬁqh(8§§%zr§’?3§fs&%€885%“‘?‘8ﬁ’F R IR SomelAiy | 1) s
into the cahle such that. contact is made t he wi ng | eadi edge or other
spanwi se ¢ fcﬁﬁg?&ﬁém{]ﬂg aﬁ?"l”'?&éfai’p%t{}%@? @Wﬂeﬁﬁrﬁ??fﬁela{gﬁgg@%g@; t he
contact farce, causes, the aircraft to.decglerate and rotate.toward the

Cabl o) t he AEIEHHE \SFBIINER et fiSeHvantaess infTings kD ovrieht prd commickigyaf payipment
encounters one of a nunber of hgoks. Each hook has a spring.catch or |ike
mechani s m 208H theaifratt; an %ﬂ@?@‘yéiﬁfeﬁ%&“ﬁ%ﬁnéﬁ?&@éﬁéﬁlﬁka Fl not
subsequently be released until the aircraft is retrieved. After the cable
is thus captured, the aircraft continues to decelerate until it no | onger
has flying speed. Retrieval can then be effected by sliding the aircraft

al ong the %a&b@’,c“cﬂﬂ%d‘fa@éﬂﬁehg the cable itself to the retrieval area. Mre
generally, the present invention is a nethod and an apparatus for capturing
a flying object. The apparatus includes a linear fixture; a nmeans for
suspendi ng the fixture across the path of the flying object; and neans for
capt ur i ng Ahebjedtpf the pratsprt dnvensiothis thimprpverupoe curredt teghuigres g folloMBIT ( RULE
16) wo oonsoi a PCT/ US00/ 15603 The net hod conpri ses suspendi ng the |inear
fixture suespettsat its orientation includes a conponent normal to the flying
object's line of approach; directing the flying object to strike the
fixture, which causes the flying object to rotate and decelerate, while the
fixture slides along a surface of the flying object into a hook; capturing

t he fixture in Bakier farpeing;and retrieving the flying object fromthe fixture.
In preferred enbodi nents of the apparatus and nethod, the linear fixture is

.a cable or pQl desd sk ofdamagd o thesdingrufyicithagargdies misksdar fixture is sel ected

fromthe group consisting of a kite, a balloon) a kite/balloon hybrid, an

aircraft, a pRHedadd hdzsed Wiff aitequipmenBainge fdfacgapt uring the flying obj ect
is at | east one hook on a surface of the flying object. In another

preferred enbpdinli_iE@E apphfafus Rl Idwer E6ehnd dasibriudesnly ehdd@imatlidggat ch. BRI EF
DESCRI PTION OF T DF?XW NGS
5. Smaller requirement for deck space, with associated feasibility of use even on small

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
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The present invention will nore fully be understood with reference to the.
attached draw ngs of exanple enbodinents, in which: FIG 1 is a

di agrammatic side view of an aircraft approaching a ship_f eval by a
kite and t¥PAS41 G 2 is a diagrammatic side view of aﬁcg)li?@?lr%? i ve
enbodi ment, in which the kite suspends a capture cable separate fromthe
tether; FIG 3 is a diagranmatic side view of the sanme apparatus, show ng
retrieval of the aircraft onto the ship; -4 SUBSTTTLTTE SHEET ( RULE 26)

wo oon5oi 4 PCT/ US00/ 15603 FIG 4 is a diagrammtic isonetric, view of

anot her enbodi rFenginingthepirceaft's line of aparogch, i linejalong ghgywing depding edearst

rather than by a kite; FIG 5 is a diagrammtic isonmetric view of the sane
appar at us) duri%rmnqﬂéﬂtaﬁfﬁhﬂﬁlféfaf&lh‘éﬂ%ﬁﬁ@ﬁtak*t thepptde. 6 i s a diagrammatic

i sometric view of the sane apparatus, during retrieval of the aircraft onto
the ship; FIG 7 is a diagrammuatic plane view of the wwng of the aircraft,

I ncl udi ng hooks for capturing the cable; FIG 8 is a diagrammtic isonetric
vi ew of a Usepfthese ¢nmodpts isip@ticalarly appliddtdetosmatitaircrattoie. Wweighing natmane them af t
and kite tether during recovery; FIG 10 is a diagrammtic side view of an
aircraft anfdwkedsefkidodrams,dince thy size oHthe appardbasither edoiESiiRiepfdctbal @r THE

| NVENTI ON The present invention reveals a nethod and an apparatus for

capt uri ng reutideyisag obj ect. The invention will nore fully be described with
reference to the follow ng draw ngs.

SUMMARY OF THE INVENTION

This invention calls for a kite, balloon, or mast to hold aloft one or more cables, the
suspension force on each cable being sufficient also to support the aircraft to be retrieved.
The aircraft flies into the cable such that contact is made on the wing leading 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 a 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.
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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

|l ength to the aircraft 5 fromsliding freely to t of the
tether 2 dﬁé(ﬁ@g{%ptur e. The aircraft 5 is brought aboar dltﬁlgﬁ%%@B by

| owering the kite 1. -5 SUBSTTTUTE SHEE? ( RULE Z6) WO 00l 75014

PGT/ US00115603 FIG 2 shows a variation on the concept in which the kite 1
suspends a second cable 6 tensioned by a weight 7 (or alternatively by a
sea anchor)__ Thi rrangenent has the advantage that whereas the lift force
gener at ed byhec‘ﬁgﬁﬁil?‘ﬁn I3esfygpen Bé‘?egF’Ea‘cﬁ?g“ﬁeéH@tB‘ﬁ it qrientationdp¢ludesa nust be
greater than the weight of the aircraft 5 in the second cable 6 the

tensi on cancARPossRinpERal torthe flying oblsrts lins ot ppRreachidirecting the flyingobjest te staike s
approximately with the ratio of cable tension to cable |ength. Hence if the
appar at us i %e &xtuery whish cguses tha dlyingrbiestitorraseterandderelesate vetlie she, fixturs slides
possibility of making the tension in the second cable 6 relatively | ow

al | ows t he #pnga susfapeof the flying ebjneideto sthopk;eaptiuring the fiswtrodithechookndndF| G 2
than in that of FIG 1. A second advantage of the enbodinment of FIG 2 is
that after whjevingaha fixingobjeat fbm the fiatwrdoe br ought aboard the boat 3 wit hout

| onering the kite, for exanple by reeling in a drawstring 10 to elimnate
slack fromthe capture cable 6, and then, as shown in FIG 3, by spooling
the capture cable 6 around a pulley 8 attached to the kite 1. FIG 4 shows
a mast 9 suspendin apture cable 10 oyer the sjde of a.ship 11. A

spr eader pgﬁ "gid?" ?'%?%l‘gﬁ?‘sc@ﬁelﬂpga@%laé‘yﬁ’ﬁﬂ’?ﬁ q‘%té“ea’é&t\”@ds %%‘%?rﬁl%t deck
| evel . The cable 10 slides through_ a guide on the spreader pole 12 into the
wat er 13, viRemsansfar suspegring dhedingasfixtuge 1gselssted fioanie groyp cansisng ofa kighat h of
cabl e underwater, nmaintain cable tension. The aircraft 14 approaches off
the side ofballgen akite/balioontubridy ap pireratt; svmast apd a.crane; gpd the g I eAplIrisg thene

| eadi ng edge of the wing. In either case, the cable 10 noves outward al ong
the wing | efxingebject drcat leastipne heok onea surfage ef the flying gbigetwin anatherprefesredabl e 10,
and the cable 10to slide into a hook on the wing. Several such cables may
be suspendetmbodimentighe haok ferhieninebideshaclpatoplatihl i ty of S SUBSTI TZTI' E SHEET
(RULE 26) wo oonsoi a PCT/USOO 1s603 capture, with the cabl es spaced
outward fromthe ship at intervals cor;parable to the wing span of the
aircraft 14. FIG 5 showsBRIEF BESGRIATIQN QftuTHEPBAENGSati on, with its
wing tip 15 hooked to the capture cable 10. The capture cable is nade
conpliant, for exanple, by elastic cord or a constanttension wi nch, in
order to limt deceleration and dissipate the energy of the aircraft.

Addi tional THeséseadih@ntibSwil @Yl Faltly By urdiefs&idd MWalk réfefthelio At drfachedidisdiagd and
cable, and by the drag of the cable 10 through the water 13. FIG 6 shows

retrieval offekiifipleembbdifntntd4n Vhich; the ship 11. The spreader pole 12 is
rotated al ongside, and the aircraft 14 pulled aboard ship while the cable
10 is lowered fromthe mast 9. FIG 7 shows the upper surface of a wng 16
designed to intercept a capture cable 17. Any number of capture hooks could
be placed afeng tii‘@df%rﬁ&rdaﬁé‘ﬂhé‘@ie@vdﬂﬁn Acraft Bpprbiching TRAGD fHE 04l by Al such
hooks Z9 are installed at the wing tips. Flcf 8 shows the wngtip hook 19
in nore detail. Magyqadifferent designs could be used for the hook. Its
essential function IS to capture the cable 17 as it noves spanwi se, and to
prevent su e 3 : d i i t with the
W o 16, "t noCdpit s BREEaid Qe yied o dh Rifafe b AR RFARNAE. " g
strikes a gate 21 in the_hook ) [ SaSpring-1oaded into the
forward position sﬁfn{?uatca eccgé%s%paia?egrﬁ&hlswfé ézghook 19 around a hinge |ine

20. S Lhe (ablse 1L QR hIHE Sa2ENrR o BUSES:, WNHENelE il 1O 2

onto the ship;
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wo oonsoi a PCTI US00/ 15603 tapered slot 22 in the hook 19. The tapered sl ot,
22 clanps the cable 23 in the manner of a jamcleat. Meanwhile the gate 24
springs bagl doRshqilpe cl osed position so that the cabl e cangqiuses e. FIGS.
9 and 10 shows stages in an exanple of capture by a kite tether. At first
contact, the aircraft 25 strikes the capture cable 26 at a point near the
wing root 27. The aircraft in this exanple has a pusher propellor 28, and
an inverted-vee tail 29 nmounted on twin tailboons 30. After contact, the
aircraft begins, t.o vaw._roll . and.descepd,  whil he cabl e .slides ou rd
al ong the \Aﬂ%ﬁ 3 AT IREABYHIC 11AETIG ey 8??“8}?8“85%&‘83'}‘9‘&&“‘ T FEYBBEINS ons
mar ked 31 and 32,, resgec%?'ve:x%,ﬁ aﬁs} ttEe rmrr@nt. of capture in a hook at the
wing tip. The yaws SYEERA5RPY & et PHEREIY 2 kIR for nost of the subsequent
decel eratio e attjtude of ,the ai r.cra%‘&miss conparable to that, in F)osi tion
33. At |ow Eﬁé d,is B dieemammpstisdromems e IRARPRIEHYS, dwing degeferationpdfhey | ¢
is left dangling. The aircraft can then be retrieved. Wiile the invention
has been descri bedf*fa% connection with what is presently considered to be
the nost practical and preferred enhodi pents, it is to be understood that
the i nvent i BIG-6s 1haRaRiarAmalY HOReHIc SN Qtihe St WRBERRAINNG retrigral ofithe he
contrary is intended to cover various nodifications and equival ent
arrangenent s i nclairgead antq the ghiphe spirit and scope of the appended cl ai ns.
Thus, it is to be understood that variations can be made w thout departing
from t he nofMi. Tadpa diagragmmatigiplang Migwraf therwing ofithe ialrerafti including books fy.  A11
patents and articles cited herein are hereby incorporated by reference in
their entirety arvdptwingthdcaplesn. g SUBSTI TUTE SHEET (RULE 26) VO

001 75014 CLAIMS W claim 1. An apparatus for capturing a flying object,
conpri si ng: FIG. 8a igedpgmhimyatic issemiricfview of ecapusplovited across the flight path;
b) means for suspending the fixture; and c) neans for capturing the flying
obj ect w t hHFEh@® fis atliagmmniatic Tdpeviewp pbanaditesaficdnd kiite kethet duniipareedvaryt he fi xture
is a cable or pole. PCTIUSO0/ 15603 3. The apparatus of claim1l, wherein the
means for sEKhd0ds adiagfamniadtixiside eiewofasbieatft dnd kienethbedugng wgoednsi sting of a
kite) a balloon, a kite/balloon hybrid) an aircraft, a mast and a crane. 4.
The apparatus of claim1l, wherein the nmeans for capturing the flying object
conprises at | east one hook on a surface of the flying object.

DETAILED DESCRIPTION OF THE INVENTION

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 § from
sliding freely to the bottom of the tether 2 during capture. The aircraft 5 is brought aboard

the boat 3 by lowering the kite 1.
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5. The apparatus of claim4, wherein each hook includes a cleat or |atch.

6. The--apparatus of claimi, wherein the fixture is a cable or pole, -9
SUBSTI TUTEygldbfshi4 RULE 2~ ,, ~. .. wo oonsoi 4 PCT/ USO0/ 13803 sAsksi n t he
means for suspending the fixture is selected fromthe group consisting of a
kite) a balloon, a kite/balloon hybrid, an aircraft, a nmast and a crane;
and wherein the neans for capturing the flying object conprises at | east
one hook on a surface of the flying object. 7. The apparatus of claim 6,

wherein ea k further includes a.cleat or.latch. 8. A nethad _for
Capt ur i ng. TG 8 Heweyefiton eahe foriesh it vhEh telkise Tsfends aseBARRG o
general ly linear, fixture ross th | i ght path,_such that the orientation
of 'the f1xtarenedhyaeghty @b#&%ﬁ?‘yﬁbﬂgﬁﬂ m‘ﬁ’g‘"ph@'f W@mﬁ‘ﬁjthéi'thes line of
approach; b) allow ng the flying object to strike the suspended fixture,
wher eupon # ‘é““ﬁ‘ag&?‘ﬁ?‘gh"é'f’a}sd%hélf%?fggeﬁe@ﬁﬁi’P&é"@krb‘P 1; apd therglopsthe isnaen injiti | e
inparting a decelerating force and a rotation to the flying object; c)
capturing tater £ Rust be stgatenthan Hsaxeight of the amreroft Agindky sseend cablg 6dhe fersion evi ng
the flying object. 9. The nethod of claim8, wherein the fixture is a cable
or pole. 1lean afjeq. Hidg desclarptifiefoge optheraircratttSrsalapenpsoimately rdhethelfatig of he
fixture is selected fromthe group consisting of a kite, a balloon) a
ki t e/ bal | oeabléignsionito cable dangtiy %em,ce i thempparamsliszized &1a@. predetemiBeB SN TN E
SHEET (Ri JLE 26)

deceleration, the possibility of making the tension in the second cable 6 relatively low allows

the kite tether 2 to be made shorter in the embodiment of FIG. 2 than in that of FIG. 1.

A second advantage of the embodiment of FIG. 2 is that after capture the aircraft 5 can be
brought aboard the boat 3 without lowering the kite, for example by reeling in a drawstring
10 to eliminate slack from the capture cable 6, and then, as shown in FIG. 3, by spooling the

capture cable 6 around a pulley 8 attached to the kite 1.

FIG. 4 shows a mast 9 suspending a capture cable 10 over the side of a ship 11. A spreader
pole 12 holds the capture 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 either 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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ahne

wo oonsoi 4 PCTIUSOCO 1s603 1 |. The nethod of claim8, wherein the neans for
capturing the flying object conprises at |east one hook on a surface of the

flying obj . The nethod of claim8) wherein the fi ' cabl e or
pol e, V\hervg(lﬂr)lor{s&é means for suspending the fixture is selé seeu((*}h%%’j(’j)lmthe

group consisting of a kite, a balloon, a kite/balloon hybrid, an aircraft,
a mast and a crane; and wherein the neans for capturing the flying object
conprises at |east one hook on a surface of the flying object. 10. The

net hod of claim 8 erein each hook. includes a cleat or |atch. 11. The

ot hod of CaPae M i @bl PR SRR fram th 3Pt Btegvels copteesbie e « ne
means for suspendin éhe fixture is selected fromthe group consisting of a
kite, a ba?pPBBﬁ‘,he&“?%F d#bal l oon hybrid, an aircraft, a mast and a crane;
and wherein the neans for capturing the flying object conprises at |east
one hook on a surface of the flying object. 12. The nethod of claim 13,
wherei n each hook includes a cleat or latch. -11 SUBSTTI' CITE SHEET (R TLE
26) . Aa. AFIG\S shgws thayirgraft 1Aduringdecpleratign gvithgty wingyp 19 heoked to the:capture

zupkf a\ WR] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] caU] ca] caU] ca] c<al] ca] cal] ca] cal]

cal] cal] c atgbledlc The cagrera catideisreade/cemplians fpreaxemplasbyselastic cord or a constant-

tension winch, in order to limit deceleration and dissipate the energy of the aircraft.
Additional dissipation is provided by aerodynamic drag on the aircraft and cable, and by the

drag of the cable 10 through the water 13.

FIG. 6 shows retrieval of the aircraft 14 onto the ship 11. The spreader pole 12 is rotated
alongside, and the aircraft 14 pulled aboard ship while the cable 10 is lowered from the mast

9.

FIG. 7 shows the upper surface of a wing 16 designed 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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C$|.vZ| Wzuni d_ZU] c] ca] ca] ca] ca] ca

WV] ca] ca] caU] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca

;Ju\/]mcgl\%g} fﬂ%‘gﬁ&@?]cg?]cg?]cgaq cal] ca] cal] ca] ca] ca ETXt xt ~W/6\500/15603

UV] ca] caU] ca] caU] ca] caU] ca] ca] calU] ca] ca] caU] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca
U ca] ca]ca]cal]ca Eldgs# %

Al i:! X!U]_! " ;V%A&W#i&{ vgkf a[ Vi d"YS} U] caU% cal ca] fJ]aU] cal ca] caU]] ca]U] cia] cal] ca] cal]
ca] cal] ca] cal] ca],calJ ca] caU] ca] cal] ca] calU] cal] cal] ca] cal] ca] ca] ca#&38&<&C&V&
YeRaA& ' Asida %‘("(2%12?*19*‘?;’{‘)‘?-) Wsﬁpﬂf%%%[w% 49}’!%2&@ dreangreeficay cal
AUl an] o Jamioiat Wleamie the gaid 34 spinks back i e cloved osiion oo et hk cables canbt |

+. +1+@C+WH[ +++++++++2, , , , --| wrl ga\ Vi d*YS] U] U] ca] caU] ca] caU] ca] ca] ca] cal]
ca] ca] cal] ceF#rg} caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU
lca---F/ I/ {Illl<2@[ 2_2k2r2| 222 3[ 333

4f Ami44E555555zupkf " [ V] Ul ] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
] cal ca WV] cal] ca] caU] ca] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca
55%$6(66647xFIGS 3584 IROBOF siges m.an .cxample pf capture by a kite tether. At first contact, the

; <X<v<<=Y=zupkfa\W]]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calcalca]ca]cal]c
a] ca] ca] ca] aircrafe] T atike|ticadapatecableoanh paihtadadl tha Wimrroot 2% The@GSrh&RAAP: R V: s
SVl

; SX<V<<=Y=zexaltpt N4} h postlec pbpeiloc 28, aad arinverfaiteealit2y modmal eadficalbeahca] ca ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] calXl fH| 9" 109%&' () -

LI 10908 () -30Y Aflé¥%biftadt) the @AY ERins)to QAWAHOR, dnld-defcthdWnlle (he-cable slides outward
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109%& () - 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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We claim:

1. An apparatus for capturing a flying object, comprising:
a) a generally linear fixture suspended across the flight path;
b) means for suspending the fixture; and

¢) means for capturing the flying object with the fixture.
2. The apparatus of claim 1, wherein the fixture is a cable or pole.

3. The apparatus of claim 1, wherein the means for suspending the fixture is selected from
the group consisting of a kite, a balloon, a kite/balloon hybrid, an aircraft, a mast and a

crane.

4. The apparatus of claim 1, wherein the means for capturing the flying object comprises at

least one hook on a surface of the flying object.
5. The apparatus of claim 4, wherein each hook includes a cleat or latch.

6. The apparatus of claim 1, wherein the fixture is a cable or pole.
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z109%¢& () - liéE,Sé ﬁaﬁ%&%@e@oﬁlloon hybrid, an aircraft, a mast and a crane; and

wherein the means for capturing the flying object comprises at least one hook on a

surface of the flying object.
7. The apparatus of claim 6, wherein each hook further includes a cleat or latch.

8. A method for capturing a flying object, comprising the steps of’

a) suspending a generally linear fixture across the flight path, such that the orientation of

the fixture includes a component normal to the flying object's line of approach;

b) allowing the flying object to strike the suspended fixture, whereupon the fixture slides
along a surface of the flying object while imparting a decelerating force and a rotation
to the flying object;

c) capturing the fixture with a hook on the flying object; and

d) retrieving the flying object.
9. The method of claim 8, wherein the fixture is a cable or pole.

10. The method of claim 8, wherein the means for suspending the fixture is selected from the

group consisting of a kite, a balloon, a kite/balloon hybrid, an aircraft, a mast and a crane.
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=2 @\BCDEFG_& eren'ywxgp qqans for suspending the fixture is selected from the group consisting of a

kite, a balloon, a kite/balloon hybrid, an aircrafi, a mast and a crane; and

wherein the means for capturing the flying object comprises at least one hook on a

surface of the flying object.

10. The method of claim 8, wherein each hook includes a cleat or latch.

11. The method of claim 8, wherein the fixture is a cable or pole,

wherein the means for suspending the fixture is selected from the group consisting of a

kite, a balloon, a kite/balloon hybrid, an aircraft, a mast and a crane; and

wherein the means for capturing the flying object comprises at least one hook on a

surface of the flying object.

12. The method of claim 13, wherein each hook includes a cleat or latch.
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