WO 2011/ 011089PCT/ US2010/ 002092 1 RECONFI GURABLE Al RCRAFT [ 0001] Thi s
application clains the benefit of U S. provisional Application No.

61/ 271, 590 2hiteadosdul y 22, 2009, which is incorporated Ireraisaoiomozoei er ence
for all purposes. 5 [0002] The present dnvention relates generally to
aircraft and, nore particularly, to an aircraft having m ssion-specific

I nt erchangeabl e wi ng segnents. BACKGROUND OF THE | NVENTI ON [ 0003] High
altitude 8nm&1nned ai r cr af t RECONGIGCHRABEBAIRGRAMA: Tariety of 10

operational m ssions. Such mi ssions include classic intelligence,
surveill ance, and reconnai ssance (ISR), conmunications and data relay,
psychol d§0Od] oddisappisationrclaimdthe heradit oftll Srgpriosssional Applicatioaddo bl e

| ocation Sy ), reconstituting capability (recovery froma hostile
action 5&(&%3& shies ﬁP'tYe%ZI 599?, wihishds dPCRERYARY hergin bysreference for

post - hur I {Eo%i narios that require 15 quick surveillance and

conmuni c lﬁg ‘rastructure), atnospheric and weat her nonitoring,
anti-satellite weapons (ASAT), electronics intelligence (intelligence
deriyed fr the i nterceptiqn of non-communi cation el ectromagneti c signal s)
CELl BT (DB THe: Blaganndavention: roGums copReEraly nio Larerait anes . eMtian

of sign ; , o .Strip ' 2 ' nsor.s,
cuch as 1aveRhatPor araal chaflidumianRhrbe i MR REATE W gna
Weat her %mbﬁ@s_rraps. [ 0004] Each mi ssion has a uni que payl oad associ at ed
with that mssion. Typically, such aircraft payloads are in the formof one
or nore antennas, which can be nounted in various |ocations on an aircraft,
support equi prment', 25 which is carried in the fusel age, and extensive

wiring that connects the
J BACKGROUND OF THE INVENTION

[0003] High altitude unmanned aircraft are desirable for a wide variety of

10  operational missions. Such missions include classic intelligence, surveillance,
and reconnaissance (ISR), communications and data relay, psychological
operations such as TV or radio transmissions to inaccessible locations
(PsyOps), reconstituting capability (recovery from a hostile action against a
satellite fleet), disaster recovery (such as post-hurricane scenarios that require

15 quick surveillance and communications infrastructure), atmospheric and
weather monitoring, anti-satellite weapons (ASAT), electronics intelligence
(intelligence derived from the interception of non-communication
electromagnetic signals) (ELINT), signals intelligence (intelligence-gathering
by the interception of signals) (SIGINT), cameras for strip mapping,' or

20 mapping sensors, such as for the National Oceanic and Atmospheric
Administration's National Weather Service maps.

[0004]) Each mission has a unique payload associated with that mission.
Typically, such aircraft payloads are in the form of one or more antennas,
which can be mounted in various locations on an aircraft, support equipment’

25 which is carried in the fuselage, and extensive wiring that connects the



WO 2011/ 011089PCT/ US2010/ 002092 2 antennas wi th the support equi pnment. The
support equi pnent includes various trays, racks and the like, as well as

t he conpuwersii/daisa processi ng hardware, data storage umctrasand/oviee2 | i ke.
[0005] The clinmb to altitude for such ai2craft can require a significant 5
amount of fuel, so it is desirable that the aircraft be able to maintain
its statiaon g?gﬁépxinate altitude and_|l ocation) for a long tine.
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an ai r cridrdwidret dadd s[%?qé Unitd arePiHe e 2 W de range of m ssion

requi renents, and yet I ght enough to maintain station for |ong periods
of time. Preferred enbodi nents of the present invention satisfy these and

other n an i r t d e S Y THE.
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readily adapt to a wi de range of m ssion requirenments, and yet be [1ght

enough t(benaiappadxinsatet iattituder anchdopatiomydfopfa tiome. tiMGO8]Light peeight uisar ,

under sone q%rrbodi ments the invention provides a, 20 reconfigurable

ai r cr af ttherefera A gSouUs: afNeY@@Beé@@, &ueha apicraft) negd dhewvﬁgsaid@yret@]E s.

The win r eadi abl e and, detachable fromthe, aipecraft

fusel ag&@gﬁ%ﬁﬁ%ﬁrﬁ%& ﬁ%&aﬁ%thBFU?QPW&h@? EQ\?Y]E‘%%B#B‘@%‘," e{%@} éﬁl s one

W ng-set of wing segnents, and at |east one additional w ng segnent. Two

i f the, pl | it f wi t WO
2"02%/ gﬁgﬁab&?@gﬁgﬁi?@& gt@lgzr hoas \glxnns eg eaggggdsfo?raen aircraft that can readily
10 adapt to a wide range of mission requirements, and yet be light enough to

maintain station for long periods of time. Preferred embodiments of the
present invention satisfy these and other needs, and provide further related

advantages.

SUMMARY OF THE INVENTION

15 [0007] In various embodiments, the present invention solves some or all of
the needs mentioned above, providing an aircraft that can readily adapt to a
wide range of mission requirements, and yet be light enough to maintain
station for long periods of time.

[0008] In particular, under some embodiments the invention provides a
20 reconfigurable aircraft, including an aircraft fuselage and a plurality of wing
segments. The wing segments are readily attachable and detachable from
the aircraft fuselage to form a wing. Among the plurality of wing segments,
there is one wing-set of wing segments, and at least one additional wing

segment. Two wing segments of the plurality of wing segments are



I nt erchangeabl e with one another, and at |east one of the two

I nt erchangeabl e wi ng segnents is configured with m ssion-specific

equi prentwo[200@Aajosadvant ageously, this configurati on maycpruseeideofoor the

i nt erchangeabl e wi ng segnents to have dBfferent nission-specific equipnent,
5 or to have m ssion-specific equipnment in one, but not the other, allow ng
the aircraft to be rapidly reconfigured sinply interchanging the
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even while the m ssion-specific 10 equi pnent may need to be periodically

renoved erviced. Furthernore, with the addition of a second fusel age
and wi ndaﬁggfof vaintageauEatys, éh'§yst@ﬁf}9§"ﬁﬁpﬂed mRYt frevidees far ahe
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2011/ 011089PCT/ US2010/ 002092 4 [0012]FIG 2 is a front view of the aircraft

depi ct edvithy thegaddition of a second fuselage and wing-set of wing segments, a

system is formed that provides for a continuously active mission even while

servicing is periodically needed on the mission-specific equipment. Because

every configuration carries only the necessary mission-specific equipment, the

15 vehicle weight and fuel costs are minimized, while the flight time can be

maximized.

[0010] Other features and advantages of the invention will beco.me
apparent from the following detailed description of the preferred embodiments,
taken with the accompanying drawings, which illustrate, by way of example,
20 the principles of the invention. The detailed description of particular preferred
embodiments, as set out below to enable one to build and use an embodiment
of the invention, are not intended to limit the enumerated claims, but rather,

they are intended to serve as particular examples of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [0011] FIG. 1is a top view of an aircraft embodying the present invention.



[0013]FIG 3 is a side view of the aircraft depicted in FIG 1. [0014] FI G
4 is atop viewof a variation of the aircraft depicted in FIG 1.

[ 0015] FI Gvo=2o0i1g01a08br ont view of the aircraft depicted i RCFIUS2014/002692
[0016]FIG 6 is a side view of the airc4aft depicted in FIG 4. [0017] FIG
8 is a top cross-section view of a portion of a wing segnent fromthe
aircraft _depicted in FIG 1. [0018] FIG 9 is a front_cross-section view of
the w n(jOQéghenF'@o?t'ﬁéherBthﬁVé@fltheR'Gfa@ depclesbimol 1@ & 10 is a side
cross-section view of the wing segnent portion depicted in FIG 8. [0020]
FIG 11 is a systemlayout of a control systemfromthe aircraft depicted
in FI G [@018D02E)EG! B.is Eside vielw ofithehaircraft depicteddd FI6. provi ding a
continuous aircraft 15 system [0022] FIG 13 is a flow chart of a nethod
for operating a continuous aircraft system DETAILED DESCRI PTI ON OF THE

PREFERRIFDO FABODFMENE S5 dN@ 20l F B0 ST of eHE 5HeZaR Adpicted in FIG. 1.
[0015] FIG. §is a front view of the aircraft depicted in FIG. 4.
5 [0016] FIG. 6 is a side view of the aircraft depicted in FIG. 4.

[0017] FIG 8 is a top cross-section view of a portion of a wing segment from
the aircraft depicted in FIG. 1.

[0018] FIG. 9 is a front cross-section view of the wing segment portion
depicted in FIG. 8.

10 [0019] FIG. 10 is a side cross-section view of the wing segment portion
depicted in FIG. 8.

[0020] FIG. 11 is a system layout of a control system from the aircraft
depicted in FIG. 1.

[0021] FIG. 12 is a flow chart of a method for providing a continuous aircraft
15 system.

[0022] FIG. 13 is a flow chart of a method for operating a continuous aircraft
system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The invention summarized above and defined by the enumerated

20 claims may be better understood by referring to the following detailed



description, which should be read with the acconpanying draw ngs. This
detail ed description of particular preferred enbodi nents of the invention,
set out bebamtai@nabl e one to build and use parti cul ar pcrpiSeomnvav: ons of
the invention, is not intended to |limtSthe enunerated clains, but rather,
it is 5 intended to provide particular exanples of them [0024] Typi cal
enbodi nents of the present |nvent|on reside in a reconfigurable aircraft

syst em fA9SGEion, W isheyldi ke wad r\@muﬁhﬁnecwmwegeerawm%wBa

e.g., Ci L.l rovi.des, for.bot ghl
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| ong- endnventien urigemote thteeideadl toelimitl the ariumerskd eclaipait Bub rativer, sitsisent
eye-in-the-sky over areas of 15 interest for peri ods on the order of a week
or nbre iatended tq peevide partigbtarex®nptes pbthemThe enbodi ment i ncl udes an
aircraft fuselage 101, an aircraft wing 103, an aircraft enpennage 105 and
a plurality of (e.g., four) wi ng-nounted electric notors 107. The aircraft
enpennad802d} i Moipickls emberdimeanlts stefbi thez eprédddntanihvemtiorontesidet ain | bzer s
113, as well as elevators 115 and a 20 rudder_ 117. These surfaces are
mount ed r@tconﬁguaahleeamcr@fft systens fahuseal wigh vagious mnwpnﬁe'uegmrnm@ms@m-
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f uel Qsumitaraftor the pomerplant Nbre particul arly, there are two fueI t anks
123, each containing |iquid hydrogen, and a hydrogen engi ne 125 confi gured
to burn hydrogen using atnospheric oxygen to produce

[0025] AIRCRAFT

[0026] With reference to FIGS. 1-3, in basic form the aircraft of this
embodiment is intended as a high-altitude, long-endurance unmanned aerial
vehicle configured to maintain a persistent eye-in-the-sky over areas of
15 interest for periods on the order of a week or more at altitudes at or above
65,000 feet. The embodiment includes an aircraft fuselage 101, an aircraft
wing 103, an aircraft empennage 105 and a plurality of (e.g., four) wing-
mounted electric motors 107. The aircraft empennage 105 includes a vertical
stabilizer 111 and horizontal stabilizers 113, as well as elevators 115 and a
20 rudder 117. These surfaces are mounted at the aft end of a substantially rigid,
light-weight boom 119 extending back from the fuselage 101 to minimize
weight while providing a significant moment arm for the empennage 105.

Each motor 107 is provided with a propeller 121 to provide aircraft thrust.

[0027] The fuselage 101 is provided with a powerplant that generates
25 electricity, and a complete fuel supply for the powerplant. More particularly,
there are two fuel tanks 123, each containing liquid hydrogen, and a hydrogen

engine 125 configured to burn hydrogen using atmospheric oxygen to produce



WO 2011/ 011089PCT/ US2010/ 002092 6 el ectricity for the notors 107, flight
systens and payl oads to operate. Alternative enbodi nents may operate using
ot her typ®e 20fi/finsh, fuel cell technol ogy, and/or ot her PpORSROI9O0MEES Ssuch
as sol ar power. The fuselage 101 is als6 provided with a pressurized

avi onics bay 127 for environnentally 5 sensitive aircraft flight equi pnent

Syt ons deaREsindoe s SRS At HSoEGumerts rdobésioans desperate
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carries m ssi on-'specific equlpnent, such as antennas assocl ate

el ectrorQk ig atso provided With28] pressutizedr afioniesbay 0827 Soretwidonmehtally
separate wi ng segnents that formone w ng-set of wing segnents, including a

center SEjfithve 13i1crafh flighte equipment psueh sagneamprtsrs, aanduae high-altitudgnent
135, an 4 at eald, st ar egnent 137 and an outer starboard
sogent. BOUR FBRGHE STRIGH2LR S Budts §VEtams fe SR Ml avaBe e d as an
appropriate set to formone wing 103. Each outer segnent 135, 139 is

fi L th_ailer 143, and is considered a wngtip wing segnent. Two
motor o 15928 ¢ ADEMRG O bR Prae: rialuel KHheIadeR indrstactifodse;. |
t hi [ ' S nt_1s .usabl nly in its desi e
L ocat i oS RIS iR JRCFHNIand (8RS Atialaite hefdss 2% otqther
| Nt er medhah RN ENST 107 hd WifRiburied/ &inl BAHACEE! li. N Giler), Wheo
segnents are wthin the scope of “the I nvention. Likew se, W ngs w
gredOer wimgh¢08 mrimaeiyreardes snissiors-spectfic vgulprhent,i such aedaatehrirpaRat s

on each 25side, could allow further redundancy and configuration
f1 exi bi 13gspciated RF electronics (not shown).

[0029] The aircraft wing 103 is made from five separate wing segments that
form one wing-set of wing segments, including a center segment 131, an
intermediate port segment 133, an outer port segment 135, an intermediate

15 starboard segment 137 and an outer starboard segment 139. For the
purposes of this patent, one wing-set is defined as an appropriate set to form
one wing 103. Each outer segment 135, 139 is configured with ailerons 143,
and is considered a wingtip wing segment. Two motors 107 are mounted on
each intermediate segment 133, 137.

20 [0030] In this embodiment, each wing segment is usable only in its
designated location. Nevertheless, generic wing segments capable of use as
both intermediate and outer wing segments, and/or as both left and right wing
segments are within the scope of the invention. Likewise, wings with greater
numbers of segments, such as wings with two intermediate segments on each

25 side, could allow further redundancy and configuration flexibility.

[0031] As depicted, the wing 103 is formed by one wing-set of wing

segments that are longitudinally connected in series, each one spanning the



WO 2011/ 011089PCT/ US2010/ 002092 7 full cord of the wing 103 throughout its

portion of the w ngspan. Nevertheless, it is wthin the scope of the

i nvent i orwoaotizaeossi ng segnments be sub-segnents that hamrgTfuseomoodiver wi ng

segnents (e.g., wing segnents that do npt span the full chord of the w ng

103, but instead share the wi ngspan of one or nore 5 other segnents), or to

have the w ng be one | arge renovable wi ng segnent that is replaceable with
liee? 30

anot her fulljaordiafdhei wings dgadhroughoutits postion iithe wingsease bevertheless,
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W ng_segnent, or when no mssion-specific equipnent is needed on one side.
I n sene WBSESEeamMentsyoar dol kave the cwing her ane darge mamaevableoving segment

are'r eadnh I rPRiaRaRRtS (Eth anclBel Hiniiodr wig SeBrankt ndl BalE Wik dhg o
i ndi r ectdop VAR FEMET tiHf sgémglsa wihd usyggngg{ ﬁ%&f ah vaﬁléﬁac%et\&%r The

att achnment "pol nt's” between wi ng segnents I nc Structd

connect imore Wihgcseginemtsdof vicaveysa! | Fomekhhidle, Bositgle aAgesE§hidraf
connecti ons (no%J iéh%wn in FIGS. 1-3) includi ngqulo pog\/\g‘?, fIy-gby?gvi re flight

cont r ol appropsate sizeand shapeecquld seplBEcecancombimatéan iafrth@4 interpediate.

11) Bonfi red to,operate the tors 87, the ailerons, and all

wi ndt nm?rf&gﬂu SWing, Segeaentse dhis M‘rﬁéﬁ redhcesstiyetuphyeighiwhes adgraalrry
parts of j al.ed Al fi.(: ' 2y _l.ack the camplete
ot of el EHSBR: dpo S quiBHihils Radit Bhane e M AT pEITRAC.
101), and & Wwiplg s8gmierste! Ofnidsil AN

stability, as vveI@I ag p%%r&?@g%ﬁ‘lﬂgt?ré%g&gp%ﬂd pomépﬁ?%t&tr% Qsei%g%d on
speci f i oraybigeentlh. some 2B 1108 9ReTIHURRAD. 0to0 ¢20%ig uBatione nihat aare rredtat ed
el ectroni cs. These w ng S,E%drrent s typically also include conputer-readabl e

medi a c&YYNSYie Homaie sidgiabihe wina totbeiadhey operational paraneters

pertaining to the operating requirenments of the m ssion-specific w ng
segnents. 5 {0034] As depicted, the wing segnents of this enbodi ment have
onl ¥51i {0033] di Rber awjinginsegmaentss p3lrt3Paldre meadily cattachableg ®egandt s.

However, , the V\h@? segnent s antg W nrﬁ, connection pgints are relatively .

f I exi bl detaghabler frogn rone ANQthes aNnd gairegtly Hrsindieecly Wiagthe gastes wWiegel op

additio Lhedgal j e YY) ment.s. For nman
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that cannot, or are otherw se not allowed to, fly over~their target. For

such mi dkghintgadsvang electricakicomnectionsi (natgshpwentini RIG8e P31 eincludingt i p)

Wi ng segnent s H'ay be  hi hl% beneficial, as the sideways view ng angl e may

be €9 gni V&%rm,y;hydeﬁeg?ﬂlg 15ccpmé<plerardj_data connections (e.g., an Ethernet
connection 341, see FIG. 11) configured to operate the motors 107, the
ailerons, and all wing-mounted mission-specific equipment. While the wing
segments may carry parts of an integrated aircraft (such as ailerons), they
lack the complete set of equipment necessary for individual flight (without the

25 fuselage 101), and rely on the fuselage 101 for flight command, control, and

stability, as well as power (both motor power and power for mission specific

equipment).

[0033] Some wing segments (i.e., mission-specific wing segments) are

configured with mission-specific equipment, such as an electronically scanned



[ 0035] The center segnent 131 can be permanently affixed to the fusel age
101, with only the internedi ate and/ or outer segnents having repl aceabl e
m ssi on- swechflai@gui pnent. I n that case, the center se@@EfS20momHh0INOt be
dry. Indeed, while it would introduce c®nplications with necessary fuel

| ine 20 connections and the rel ated fuel managenent equi pnent, the
renovabl e wi ng segnents nay not be dry within the broadest scope of the

i nvent i @ntennat%? pelated releckpping. ndhiese wing segspenisiyriegie @isq énclude

m s ontpueiertreBb e et oxefi e s ooty fF TR ARLIET CURIL o miaviging, o
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(172 SCHpRIRohar A dtond Perfaifing "R, (" SRerather RekfrementL 3 308,

(see, e.rgissidri-6pedific wind segmdnts. wi ng segnents of the plurality of w ng
segnents are interchangeable with one another, with one of the additional
W ng segnents being one of them For WO 2011/011089PCT/ US2010/002092 9

exangl e, e n i [ r | ' ise i
ChE oL I00RaL e RS it e an Schonic uriaySeamBLamdne Kt only
m ssi ondispitad Giledrali andrthat ioprincipallyodhdhe dutey wing segments.giHedeviet,h
i dentical m ssion-specific equjpnent, or one may contain m ssion-specific
equi predbesWig |searRents rand ey cennestion, peidst ate irelativeluriedble andg

segnent s nfigured w th different aerodynam c, shape €. U yre:

i Preri TR AioR Sebel Sianthl,odnayier viRG° SHoRR fisn dihions Adittisna

anot her 4; Vhdai | ex i |4 S hay L f fli
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aerodynam c shapes. [0037] Under one such configuration possibility, a first

of the tikaight stamangeBvse isv prrtisetarbnttsue ntarutessionssitbat ganndti cor are

equl pm?%tthfe%is% lf\'o %howed to, fly over their target. For such missions, having the
mission-specific equipment in the outer (wingtip) wing segments may be
highly beneficial, as the sideways viewing angle may be significant, and highly

15  preferred.

[0035] The center segment 131 can be permanently affixed to the fuselage
101, with only the intermediate and/or outer segments having replaceable
mission-specific equipment. In that case, the center segment might not be
dry. Indeed, while it would introduce complications with necessary fuel line
20 connections and the related fuel management equipment, the removable wing
segments may not be dry within the broadest scope of the invention. In the
preferred embodiment, the center wing segment is detachable for

transportation or storage, but does not contain mission-Speciﬁc equipment.

[0036] The aircraft 101 is provided with more wing segments than are
25 usable at one time with the aircraft fuselage 101 (i.e., they have one wing-set
plus at least one additional wing segment) (see, e.g., FIG. 7). At least two
wing segments of the plurality of wing segments are interchangeable with one

another, with one of the additional wing segments being one of them. For



m ssion-specific configuration, but not m ssion-specific equipnent’
required only for a second m ssion-specific configuration (i.e., but not
for the fwosp11lB1089ssi on-specific configuration). A seceqd/ustomwhedno w ng
segnents, i.e., a replacenent wing segn8nt, includes mssion-specific

equi prent for the second m ssion-specific configuration, but not

m ssi on-s eC|I| c .equi pnent required only for the first m ssion-specific

confi gurearoRle.i there gan e e intermediate pPEsivURgssegmerts.  The two
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repl aced, either its respectlve outer 25 w ng segnent nust be renoved and

at t aBhedVhide the other slaase ROt wiAI§Os dagdwo, lrﬁerqhwg@bleoumsegmntsmyl ts
t 11/ 011089PCT/ US2010/ 0020 10
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refitt edonnibsidrs hemth@llﬁfelﬁént/\ﬂmnmﬁE&erM@sF( Q%m rn%(il R Fhis¥ohhout

having to 5 wait for the necessary servicing. er yet anot her such
conf i gurwingosegoetoandt @, lowver apeeldemlaelqmmenghaegmt)g of theyemagnbe
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8 acement wing “segment, includes mission-specific equipment for the

second mission-specific configuration, but not mission-specific equipment

required only for the first mission-specific configuration (i.e., but not for the

second mission-specific configuration).

20 [0038] This combination of wing segments provides for the aircraft to be
reconfigurable simply by disconnecting one of the two interchangeable wing
segments from the remainder of the aircraft (e.g., the fuselage 101), and
replacing the disconnected wing segment with the replacement wing segment.
If an intermediate wing segment is to be replaced, either its respective outer

25 wing segment must be removed and attached to the replacement wing

segment, or the replacement must have its own outer wing segment.

[0039] Under another such configuration possibility, each of the two

interchangeable wing segments includes mission-specific equipment for a



20 (i.e., two pairs of interchangeable w ng segnents) so that each side of
the wing can be nodified using a wi ng segnent having the sane airfoi
shapes. [WO4Rjv/EHmB9any of these configurations, the not@CTASWH0IVAY
require significant structure, which mé\) reduce the avail abl e space for

m ssion- specific equipnent in the internediate w ng segnents.
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wi ngdsegmaitfaer the-pecessamoseniGifgeonfi gurations. 5 [0043]1n light of the

above-noted variations, and with reference to FIGS. 4- 6, in another

enbodi ment, the wing 103 is a large, "wet" structure, having fuel stored in
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such as on an aircraft that may sometimes simultaneously carry more than

one set of mission-specific equipment.

[0041] And under vyet another configuration possibility, the two
interchangeable wing segments could have different airfoil shapes, where
15  each airfoil is selected for mission-specific flight requirements. For example,
one airfoil could be designed for fuel-efficient flight on low-speed missions
while another could be designed for fuel-efficient flight on high-speed
missions. These segments each might or might not have mission-specific
equipment. Typically, such interchangeable wing segments will come in pairs
20 (i.e., two pairs of interchangeable wing segments) so that each side of the

wing can be modified using a wing segment having the same airfoil shapes.

[0042] For any of these configurations, the motor mounts may require
significant structure, which may reduce the available space for mission-
specific equipment in the intermediate wing segments. Additionally, because
25 the intermediate wing segments carry the motors, either each interchangeable
intermediate wing segment would need motors, or the motors would have to
be moved onto the replaced wing segment with every replacement.

Moreover, changing an intermediate wing segment inherently involves



15 153, and is considered a wingtip wing segnent. Two notors 167 are
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or other fan-type device. A fuselage 189 and an enpennage 171 are
constructed under a typical aircraft design. 20 [0044] As is apparent in
the figures, sub-segnents m ght conprise only a portion _of the w ngspan,
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other fan-type device. A fuselage 169 and an empennage 171 are

constructed under a typical aircraft design.

20 [0044] As is apparent in the figures, sub-segments might comprise only a
portion of the wingspan, and can be wholly carried by another segment (e.g.,
the aft-inboard sub-segment 159 is wholly carried by the starboard
intermediate segment). Each sub-segment can optionally be equipped with a
payload of mission-specific equipment, and bg configured to carry structural

25 loads (e.g., the forward-outboard sub-segment 163 may be equipped to carry

structural loads from the outer starboard segment 165).

[0045] With reference to FIGS. 8-10, each wing segment is manufactured

with a generic, lightweight design capable of being customized for a wide
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e equipment bay 211, with the last installation typically being an antenna
spanning the aperture, and a radome covering the antenna and conforming to

the airfoil shape.

[0047] The mission specific equipment may include a variety of equipment,
20 including I/O (input/output) devices including transmission devices (e.g., TV
transmitters, radio transmitters, radar signal transmitters and the like), sensory
devices (e.g., cameras for a variety of spectra, and electromagnetic receivers
including a variety of antennas, and the like) and data management
equipment (e.g., memory devices, data processing devices, mission control
25 systems to adjust missions on a real-time basis, and the like).
Advantageously, with the mission data stored in the wing segment, the data is
automatically retrieved when the wing segment is swapped out with an

interchangeable, flight-ready wing segment. Moreover, the wing structure can
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SYSTEM [ 0051] Because the aircraft of this enbodi nent can be rapidly
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operational mssion. More 5 particularly with reference to FIG 7, one

of the s ste I ncl ugdes at | east two of interchangeabl e aircraft
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257, thr rt _{ntermedi ate wing segnents 259, three starbhoard o r wing
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i nt erchangeabl e wi ng segnments for each position, each

i nt er chdnyeabhe rik t the grest an dofrony the pringanedpar td thé secamaary mparf and
m ssi on-specj fic equi pment for the operation mssion (or |ack thereof).
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how the m ssion i1 s ‘con |
10 the airfoil, thereby preventing excess drag. Because the airfoil of the

feplacement panel can match that of the original panel, no additional parasitic
drag (or at least no additional form drag) will generally result, and the total
drag increase will be minimized. The beam-steering electronics and receiver-
transmitter may be longitudinally spaced over the area of the aperture to
15 spread the load out over the wing to minimize structural and structural-

dynamic concerns.

[0049] Optionally, the aircraft can provide a high level of flexibility by
offering different mission-specific equipment in different segments of the wing.
For example, a synthetic aperture radar could be built into a port outer wing

20 segment, while a communications relay package could be built into a
starboard outer wing segment. The aircraft would likely further include both
starboard and port outer wing segments that did not have the mission-specific
equipment. With this combination, the aircraft could be configured and sent
up for a mission requiring only a synthetic aperture radar (such as an

25 electronics intelligence or signals intelligence mission), for a mission requiring
only a communications relay package (such as support for ground forces), or
for a mission requiring both. By configuring the aircraft with the minimum
equipment necessary to conduct each mission, flight time can be maximized
and both cost and fuel usage can be minimized.



configuration controller 307 configured to programthe flight control

system 303 and m ssion control system 305 with appropriate operational

par anmet erw02b11faanosphe attached w ng segnents, i ncl udi ngpChaiseowabaved

m ssion requirenents. The control systehWconfiguration controller is

configured to read conputer- readable data 309 from conputer-readabl e nedi a
ments via the Ethernet connections 341

311 of t ,SSi on-specific wing se

(or ot haﬁﬁa&i n&@N'ﬁé{u@H@ N/ ARGBIFITAIS DEM 002092 15
architecture), and to supply the operational paraneters to operate the
aircraft in light of the conputer-readable data. [0054] For exanple, for a
first m[068d)}- sidedduse Men@imgﬂmﬂthiszembsﬂmtoandﬁeapiﬁg,/ tr)daelaonﬁnglurretd
systen), the conputer-readabl e data i ncl ude 5 wei ght - and- bal ance

i nf or matPoFeRPERH rand redeployad.sit |§\,iv{4€l¥ sSéJgﬁ%ingqr U$E i Areamiiuais epission c
to the fj. ' t.opi l.0 | n rmation specific to the first
W ng segér'é%{afy\%}r])%eﬁ? ?:th%%ﬁitgem%&%gobﬂbaﬁggs?%ﬂaz'ﬁ@alW'(?Slﬂfhi ft to
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i nformation specific to the second wing segnent, triminformation specific
to the sWHshaehphyisggaaMENiai Egefeﬁabgsai the systemfudhes pedudes additioeal
second i, SERBbis Tindve BbHE M, R b oS B Bl v e
o7 ocoTPARCIAETE ) Qe VAN odinb RS 2ed 86 ety iy,
segrént swiny sdédrments eRg7bethirbegpontl-ipteyndeidté ening segments 259, three
starboard outer wing segments 261, and three port outer wing segments 263.
Thus, the plurality of wing segments includes at least two wing-sets, i.e.,
enough wing segments to form complete wings for two aircraft, and preferably
a greater number. The wing segments include at least two and preferably
15 three interchangeable wing segments for each position, each of the
interchangeable wing segments being configured with the same type of

mission-specific equipment for the operation mission (or lack thereof).
[0052] CONFIGURATION CONTROLLER

[0053] With reference to FIG. 11, the pressurized avionics bay 127 (see,
20 FIG. 3) includes a control system 301 (e.g., a computer) configured with a
flight control system 303 configured to operate the aircraft, a mission control
system 305 configured to control how the mission is conducted, and a
configuration controller 307 configured to program the flight control system
303 and mission control system 305 with appropriate operational parameters
25 for the attached wing segments, including their related mission requirements.
The control system configuration controller is configured to read computer-
readable data 309 from computer-readable media 311 of the mission-specific

wing segments via the Ethernet connections 341 (or other wiring or network
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Nevert helwe2p11/tt11688 not anti ci pated that providi ng the acrasadimw/onioph
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20 dper aomputerqeadahletdatafalidws the giregftdotrecohiguomitsadweyrognamsning
further confi u&%&tﬁ provi de fl,riﬁght contrqol and m ssion control based on
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the present invention is nodular in nature, and can be sold in a fashion
ot hod dPORRI e CIRiPTIA P GRHEE readadi Msiann dheomna SEaMEN goald
differendiso include software necessary for the aircraft to conduct its mission.
20 Nevertheless, it is not anticipated that providing the aircraft with software for a
variety of missions will add significantly to the aircraft weight, and thus it is
anticipated that each fuselage 101 will typically have storage devices provided
with software for a wide array of missions. Optionally, the configuration
controller could have operational parameters for a plurality of different
25 mission-specific wing-segment types. In that case, the computer readable
media in the wing segment may be provided with computer-readable data
identifying the type of wing segment and/or mission so that the configuration
controller can deliver the appropriate operational parameters to the flight and
mission controllers.
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errors in which a bad connection makes a mission-specific wing segment

appear to be a wing segment without mission-specific equipment.

15 [0057] Finally, another embodiment may be found in a fuselage configured
for use with a wing segment system for a reconfigurable aircraft system. The
fuselage contains a controller configured to read computer-readable media
from one or more of the wing segments, the computer readable media
containing information identifying operational parameters pertaining to the

20 operating requirements of the wing segment. The control systemis further
configured to provide flight control and mission control based on the data read
from the computer readable media.

[0058] METHODS

[0059] With reference to FIGS. 12 and 13, unlike traditional aircraft, which
25 are either purchased in a generic form or purchased as a custom-built
product, the present invention is modular in nature, and can be sold in a
fashion not previously contemplated for aircraft sales. In particular, under a

method of marketing an aircraft that is configurable for a plurality of different



t he i nterchangeabl e wi ng segnents remai ns presently unused. The first WD

2011/ 011089PCT/ US2010/ 002092 18 aircraft is launched and operated 503 under

t he m ssiwo 2parEamsbers to conduct the operational m ssi ®aT/US2@0/003002 1 S

| aunched and flown to its designated st®Bfion and the mission-specific

equi pnment is used for its intended purpose. [0063]Wen the first aircraft
e end of its flig Is flown

IS nearin t@Z r] duratng_P, g}e 5 second aircraft

up to repPek qua_l MPHOPar 19 QRE| nay eﬁ'e néaéﬁ‘t ra aT'fC"!aﬁ 65%?'@19& 4|@d7 )
- n e unc

of the Seiamer (BoRTRERRBI. gV FbnkC iy oG ARG alf  SHI T sedfEndle

on- st at i gBpAFately,td sté%r%iagr SHEF fOF Bl oPlNBF rAbf& Whg-r%%ﬁ%\m?a]a@%at

| aunched, second aircraft on-station, the first air was 10

flying wem foime anentmpleteindhgasetifoc thé taimmaft fageldwsl, Tihe bheror eiorengihg o
t he ground and | anded 509. The first, |landed aircraft is inspected,
r ef ugl edSegmENts dylude a plumlityef interchapgeabls wing segmentse @tilpashsoate t he

' i cin ' bl . f
the andela Wil 1B CPamGlis ity 4 iRt bR of AR amspatiia SR AP e
| _ _ : _
et acerane i ngdR % UTRRRA R ARCBRATERS is AR SprIEIGTphE SR

w ng segiiffierent operdtared mitstorepl aced w ng segnent can then be serviced
wi thout interfering with the flight schedule of the first aircraft. Thus,

repairs, maintenance or other adjustnment of the m ssion- 20 specific

equi pnegggsr@lpbexdiﬁamagbbn@w, thiy @ircr®fti h bgflég@@tlig% te%f%d?éft.t Qfstgw%aﬁ-

[ 0065] | acenent “w ng “segnent 1S conne e aircr

f usdDagepriavigesfer af comtinueyps aizdion g e peeformethevith Wigh refigbitity analiér
that is now flying is nearing the end of its flight duration, the |anded
ai r cr af tSigaificantlygraduasd cagks hddoes pastievlarkyd usoag ithisr systene atheast one

anot her ATGRTCERRHe BBt Hafiont i noT oRAIoR a1 eh oA Pl e idiRat) af

endl essly) times.

[0061] More particularly, a first and a second fuselage are purchased and

15 provided to the purchaser 405 of the aircraft system. Likewise, a plurality of
wing segments are purchased and provided to the purchaser 407. This
plurality includes enough wing segments for two complete wings (i.e., there
are two wing-sets of wing segments), and further includes at least one extra
wing segment. The extra wing segment is interchangeable with at least one

20 wing segment from each wing-set to form a redundant subset of at least three
interchangeable wing segments configured with mission-specific equipment of
a given type.

[0062] The first wing-set of wing segments is assembled and connected
501 to the first fuselage to form a first aircraft including one of the
25 interchangeable wing segments. Likewise, the second wing-set of wing
segments is assembled and connected 505 to the second fuselage to form a
second aircraft including one of the interchangeable wing segments. One of

the interchangeable wing segments remains presently unused. The first



WO 2011/ 011089PCT/ US2010/ 002092 19 [0066] Optionally, an enbodi nent of an
aircraft under the invention may include an extra fuselage, optionally

al ong wi twoanilleaasbd one w ng-set of wing segnents. |f omreTfuss@bagmor equires
repair, the second fusel age can recei vel8 he i ssion-specific wng

segnent (s), and possibly all the wing segments from5 the first fusel age,

t hus provi d .covera or the mssio es e the need for repairs on a
f usel agea'r‘Er % l@dm(g]%eﬁﬂ@ Oaﬁr?ﬁﬁgo%io%edfn r dheamissign: paraseters to

vt on. ik el Ao FRER 5 2 IS MAhEREE Rl Bowe 6 b FasiGhiated
ni ssi on-speehfand m@%.&@.oﬁﬁg‘segeﬁrﬁté@g/ bR emtisRised ftbrnigs éﬁﬁébgﬁ‘ue Rpsghange

out the m ssion-specific equ a W ng segnent. s I ncl udes
di sconnecting, replacing and connecting the m ssion-specific w ng segment

Do ai r (PO (NEngh B st ireFatind Aeting e, BatRE i Alchi yir4ith i "
The gecogsband airefaftiis flodan ulpataﬂ%bléééfut erlvné&é'pbrtré}laﬂg ﬂ’ﬂé %b%bhﬁ“anr@f‘é‘i’t

simlarly upgraded (i.e., the mssion specific w ng-se

di sconndst eperatepl 80&d uader ctihvenanissin pAGGREtePar to mfortdmtnméﬁ@ﬂ)evétlonal
providin ch a aircraft system may include the providing of a

central |’%§§$an begiainch et dhei W%ﬁ‘q’ arasaftviscimesb fom the newlyntavpsheske
segment et AL R AR e B Y dblurE08t e OEF el "Binsient e
the newly launched, second alrcraft is on-station, the first aircraft, which was
10  flying when the newly launched aircraft was launched, is then returned to the
ground and landed 509. The first, landed aircraft is inspected, refueled, and
prepared for flight. If the mission-specific equipment of the landed aircraft
needs servicing, then the interchangeable wing segment of the landed aircraft
is rapidly disconnected 511 and replaced 513 with the presently unused
15 interchangeable wing segment.

[0064] Typically this replacement wing segment has the same mission-
specific equipment as the wing segment it replaced. The replaced wing
segment can then be serviced without interfering with the flight schedule of the
first aircraft. Thus, repairs, maintenance or other adjustment of the mission-
20 specific equipment can be done without interrupting the continuity of the

mission.

[0065] The replacement wing segment is connected 515 to the aircraft
fuselage in place of the replaced wing segment. Then, when the aircraft that
is now flying is nearing the end of its flight duration, the landed aircraft can
25 again be launched and operated 503 to replace the now-flying aircraft. So
long as the wing segments can be serviced before another wing segment

needs replacement, this cycle can be repeated endlessly.



[ 0069] Common anong these different variations are the steps (in various
orders) of: landing an aircraft, disconnecting one or nore w ng segnents
fromthe wozeliagesef that aircraft, including one or noPeTnisgsivomspeci fic
W ng 25 segnents, replacing the wing sélfhrents and/ or the fusel age,
assenbling the aircraft including both replaced portions and not-repl aced

331 meBblr] 58588 At W o Coft ek e roventonc ey
: , . . . o
e R eR RS, OIS i WA SRS S
con | gur S T P e s Mo, B e b8 e N |
parti culthe missienpeadikc wingrsagmeht{(s}, dree poskiblytalkathedwing! segatentscfdom t

wi || be apparent that various npdifications can be nade w thout departing
fromPt hetﬁ§ irst ?U%ﬁlagge&tyés Sroviseng sexerage forthe migsionodgspitadhe mesd fom

has bee ri i ail with reference only to the preferred 10

enbodi n&ﬁﬁg?&téﬁggf%%ﬁﬁ% ordinary skill in the art wll appreciate that

various nodifications can be made w thout departing fromthe scope of the
the invention is_not intended to be limted by the

bbove. 110062 fgk\fjdcgﬁéfvlé%y,o@ eRaROIMeNt af AR @Haftdinder g INYANIGNTan be
VO 2011/ &%}&99%%3;%%81%0%20%\,\,2lmis%?g@] tﬁx}atreiqﬁir%lsain”éa\ﬁ irrsﬂ:ssion-speciﬁc
equipment by simply providing a new set of one or more mission-specific wing

10 segments and/or by providing a service to change out the mission-specific
equipment of a wing segment. This process includes disconnecting, replacing

and connecting the mission-specific wing segment on a first of the aircraft to

be upgraded. For a continuous mission having two aircraft, one aircraft is
upgraded first, and then flown to station. The second aircraft is then landed

15 after the first is on-station, and similarly upgraded (i.e., the mission specific

wing-segment is disconnected, replaced and connected).

[0068] Part of the method of providing such an aircraft system may include
the providing of a centralized wing-segment reconfiguration service 409 that
can change the mission-specific equipment configuration of presently unused
20 wing segments while the continuous mission aircraft system continues to

operate.

[0069] Common among these different variations are the steps (in various
orders) of: landing an aircraft, disconnecting one or more wing segments from
the fuselage of that aircraft, including one or more mission-specific wing
25 segments, replacing the wing segments and/or the fuselage, assembling the
aircraft including both replaced portions and not-replaced portions, and flying

reassembled aircraft to station.



1. A configurable aircraft, conprising: an aircraft fuselage; and a
plurality of wing segnents; 5wherein the plurality of wing segnents are
readi | y awoachahh@oand detachable fromthe aircraft fusekcagms24io0/0impm a

W ng; wherein the plurality of w2y segnents includes one w ng-set of
W ng segnents and at | east one additional w ng segnent; wherein at |east

two of tl%&?@l]ur?l iti}ﬂOf W ng segnents are 10 interchangeable with one
anot her ; t is fphreiyndersteedthaghdher inveatigh ceryirises appasatm@agshbl e

W ng se | 1 ssiqn-speci f.1.¢ equi pire ~The configurabl e
aircraf %&@?%?ﬁ* %%%\T@lrgﬂr@ hﬂphép lﬁcdnésa' raﬁleoé%yv%ll?laén&ef l?(ﬂpr?a{gﬂé%lainéjs of
W g Seqmefids bf. thel B cfad\BIERP Sefl! | ThR! Abble UidtMsed YORFLd ddif be

i nt erchangeabl e wi ng segnments are each contigured to operate as an

out boar deorabined gy & egdenvaridtyToé comfigusatiehs ewithire theé tarticipa@idrséopehef ei n
t he i_nterchangeabl e wi ng segnents each include m ssion-specific equl pnent
conf Pgurté@ iNYEPHPNor m t he same function. 20 5.The configurable aircraft of
claim1, wherein each interchangeabl e w ng

[0071] While particular forms of the invention have been illustrated and
described, it will be apparent that various modifications can be made without
departing from the spirit and scope of the invention. Thus, although the
invention has been described in detail with reference only to the ‘preferred
10 embodiments, those having ordinary skill in the art will appreciate that various
modifications can be made without departing from the écope of the invention.
Accordingly, the invention is not intended to be limited by the above

discussion, and is defined with reference to the following claims.



segnent is Configured with m ssion-specific equipnment that is functionally
different fromthe m ssion-specific equi pnent of other interchangeable w ng
segnent s.woOM 120185 011089PCT/ US2010/ 002092 22 7. The conrgursaimompz cr af t
of claim1, wherein: the wing se@tents that have mission-specific
equi pment al so include a conputer-readabl e nedi um carrying

conput er -readabl e data configured to provi de operational paraneter

i nformation pertaining to the m ssion-specific 5 wing segnents; and

the fusqpege] i ngnaes dafnglrigl systemconfigured to read the
conput er-readabl e data fromthe conputer-readabl e nmedium of the w ng

segnents that have m ssion-specific wng equipnent, and to use the

oper at i opal g@@gﬁ@bg;gbﬂen?if@gg?(,gor;‘}]ﬁ]g§i}]§§:,\hoper ation of the aircraft. 10

8. The configurable”aircra erein the conputer-readabl e data
of a given wdigaireedfeNiselageyang at | east one parameter type selected from
the group consisting of: weight-and-bal ance i nformation specific to the

W ng segment ,a pluralitynobwirig segnsgrtsi fic to the wi ng segment, and autopil ot

ain_.information. .159. The nfigurable aircraft of c¢claim1l, wherein:
the Busel age V&Bﬁ&%ﬂﬁgeﬂﬁ@ﬁﬁy Oéf\qwﬁg smeg&ar%feadﬁy altechablg agfd a f uel

havi ng StREREpREREM e Blirordffysctage RarFEIWRE! Capai e of provi di ng
thrust using wheéreih @RETPIGH ity lof WihghsediReRts ~YMIA85 one wing-set of wing
segments and at least one additional wing segment;
wherein at least two of the plurality of wing segments are
10 interchangeable with one another; and
wherein at least one of the at least two interchangeable wing segments

includes mission-specific equipment.

2. The configurable aircraft of claim 1, wherein the wing is formed by a

longitudinal series of wing segments.

15 3. The configurable aircraft of claim 2, wherein the interchangeable wing

segments are each configured to operate as an outboard-most wing segment.

4, The configurable aircraft of claim 1, wherein the interchangeable wing
segments each include mission-specific equipment configured to perform the

same function.

20 5. The configurable aircraft of claim 1, wherein each interchangeable wing
segment is configured with mission-specific equipment that is functionally
different from the mission-specific equipment of other interchangeable wing

segments.

6. The configurable aircraft of claim 1, wherein each interchangeable wing

25 segmentis configured with the same mission-specific equipment.



WO 2011/ 011089PCT/ US2010/ 002092 23 10. A continuous mssion aircraft
system for conducting an operational mssion, conprising: a first aircraft
in the fowomofi/tinesoconfi gurable aircraft of claim1l; an®CT/US2010/00209A2 second
aircraft fuselage that is interchangealkle with the first aircraft 5

fusel age; wherein the plurality of wng segnents includes two

I Ng- f d at t ddi ti I wi t;
Wherei nTihe. NG GPTGUEADIG HEETaBGMEFIBUN 1 OMRGEIN hr oo | Nt oF changeabl e d

i ' i ng. ts bei .copfjgure
10" e o536 Y0R8 Farebys A HAPE BRI b REIR R e o RS F onal

oW ' . . ! 48
T aai on CoputeR Bl Fhe R S T R e e8Pl e ol e 10 at
syst em g@irovide opéaticrzd pdrameter ifoantatiapepattairing he themaission-spakificso as

to conduct the operational mssion with the mssion-specific equipnent;
c) 1andWigotIRIMEPS; and craft ; d) di sconnecting the m ssion-specific

i ng segnent m.the landed aircraft; 2Q0e) replacing the m ssion-specific

m ng s egrrent t&é?Hs%Ia&ee@g éjc-gzls arﬁgﬂgpl sys?e?n cor%gureogto read the computer-
readable data from the computer-readable medium of the wing segments that
have mission-specific wing equipment, and to use the operational parameters

in determining the operation of the aircraft.

10 8. The configurable aircraft of claim 7, wherein the computer-readable
data of a given wing segment includes at least one parameter type selected
from the group consisting of: weight-and-balance information specific to the
wing segment, trim information specific to the wing segment, and autopilot
gain information.

15 9. The configurable aircraft of claim 1, wherein:
the fuselage contains a power plant that generates electricity and a fuel
supply for the power plant; and
at least one of the wing segments having at least one electric motor and
a propeller capable of providing thrust using the electricity from the power
20 plant.



I nt erchangeabl e wi ng segnent so that the | anded aircraft is flight-ready,
and; f) launching and operating the first aircraft so as to conduct
t he oper avoanaloimisssi on with the m ssion-specific equi premusS2@0w02092

g) repeating steps (c) through (g) so B8ng as the continuous aircraft 25
operational mssion is to continue. W) 2011/011089PCT/ US2010/ 002092 24 12.
A net hod of condu%ti ng a continuous_aircraft operational m ssion,

conpri siifg: A continuous gnissieR aficraft systersfor cepductingsan ppgratienat syst em
of clai b) connecting a conplete w ng-set of w ng segnents

to the |i#§ion3 CFOJEBTigi(?@:i ncl udi ng one of the interchangeable w ng segnents;
¢) connecti ng, first @fidr&htn thaGoRdl ofthe bR QAR airct &t 18R 4N gl Se! age
egnment s; )

i ncl udi ng one of the I nterchangeabl e w ng 'aunchi ng and

oper ati ng tha $econd ainctafiffussltagestial is imtenchandeableewithi thedfirstiafreraft Wi t h
the m ssion-specific equi pnent; 10e) |aunching and operating the second

ai r 9 af fus®)age;t o conduct the operational mssion with the m ssion-specific
equi pnent, wherein the launch of this newy launched aircraft, is tined for
Che hewty' | adtusiain 17 ey of wing e dsfebts. e fud Whidhapts SUMIGT 1« ne
ot her a's"e@@éﬁt?s and at least ?nééd%&%ma_@gﬁ%ﬂft that was flying when

the newly unched aircraf was | aun g if the

ni ssi on- speciwWhere the pinality of Mnhasdffents Mohides Btidd plertiafigddile then
di sconnecting the m ssion-specific w ng segnent fromthe | anded aircraft,

repl aci Mjngreegmestseagheof the interchanggable winghsegments eing canfigaredd
[ nt%chanﬁ_leabl e Wn s.?gment. so that the | anded ai r,cra‘_.t is fljght-
wi mlssmn-sgecn equipment operative for conducting the operational

mission.

11. A method of conducting a continuous aircraft operational mission,
comprising:
a) providing the continuous mission aircraft system of claim 10;
15 b) launching and operating the first aircraft so as to conduct the
operational mission with the mission-specific equipment;
c) landing the first aircraft;
d) disconnecting the mission-specific wing segment from the landed
aircraft;
20 e) replacing the mission-specific wing segment with a presently unused
interchangeable wing segment so that the landed aircraft is flight-ready, and;
f) launching and operating the first aircraft so as to conduct the
operational mission with the mission-specific equipment; and
g) repeating steps (c) through (g) so long as the continuous aircraft
25 operational mission is to continue.



20 ready, and servicing the disconnected m ssion-specific w ng segnent;

h) | aunchi ng and operating the |landed aircraft so as to conduct the

oper at i oralD 2ni1gEi@m Wi th the m ssion-specific equi pnent pPCRiusz@om020be | aunch
of this newWy launched aircraft is tind for the newy |launched aircraft to
arrive on-station prior to departure of the other aircraft; and 25i)

repeati n%alster#)s (f) through (i) so long as the continuous aircraft

g [ ) Ch
operatid 0etHRd of condueting @contiyous ajronaft speCatiosabMIsTIoR092 25
13. A WC%?hé@% nt systemfor a configurable aircraft system having an
aircraft”Tu E@e and a plurality of wing segnents, conprising: a

wing segment gﬁg}gnggg%éwﬁﬁm s SbhagReRes Adnt BF RIAPYS, Tr o LN

aircraft fuse erein € M ssion-spec ( g segrme r'hel udes
conput er - r eadgdonmenting 8 uraplEte wingtsstet winy sé?ﬁiéﬁtké'tagh@ﬁﬁ’s@t i onal
parameters pertaining to the operating requirements of the wing segnent.
14. The fupelggedgetidinganeof te interehangeablerwing segments; segnent i s a

m ssi on-speci fii c wi ng. segnent confi.qure i th m ssion-specjfic equjpnent,
10" g wher oi ORDRTAG 3 CompRTe iflr st dunnerpaGrmanta 1o dhesasond

| or mai 0GR HhA AP 4 ANBFCRHATEYE! SrRPELghikg. L 0, Lhe oper ating

requi rements ST on-speci 11 ¢ W Wi ng segnent

system of cl @f)tadBchiMgeand bpdiatingtaeshetacrafish £5 to'@oRidBet Bl Speci fic
equi pnment, and wherein the wing segnent 15 conputer-readabl e nmedia contains

i nf or matopeatiaeat Migsioy witlathe naissionyspegifenequipment no ni ssi on-specific

equjl(f))ment ~ e) launching and operating the second aircraft so as to conduct the
operational mission with the mission-speéiﬁc equipment, wherein the launch of
this newly launched aircraft is timed for the newly launched aircraft to arrive
on-station prior to departure of the other aircraft;

f) landing the aircraft that was flying when the newly launched aircraft

15 was launched;

g) if the mission-specific equipment of the landed aircraft requires
servicing, then disconnecting the mission-specific wing segment from the
landed aircraft, replacing the mission-specific wing segment with the presently
unused interchangeable wing segment so that the landed aircraft is flight-

20 ready, and servicing the disconnected mission-specific wing segment;

h) launching and operating the landed aircraft so as to conduct the
operational mission with the mission-specific equipment, wherein the launch of
this newly launched aircraft is timed for the newly launched aircraft to arrive
on-station prior to departure of the other aircraft; and

25 i) repeating steps (f) through (i) so long as the continuous aircraft

operational mission is to continue.



16. The wi ng segnent system of claim 13, wherein the conputer-readabl e data
of a given wi ng segnent provides at |east one paraneter type selected from
t he groupwoansivatisng of : wei ght - and- bal ance i nf or mat i onpPspaseéi0m01092 t he 20
wi ng segnent, triminformation specifi25 o the wing segnent, and autopil ot
gain information. WD 2011/011089PCT/ US2010/ 002092 26 17. A fusel age

system fqor a configurable aircraft systemhaving a plurality of w ng
segment d.3- cofpMiRg gggment systgm lﬁ%@@é&j’é‘%@éﬁﬁﬁb@ﬁ%f&%%@t% ViRg &t achabl e

e uaeraras iRt 2id HiftelitteChint SRl a0 ¢ edia 1 om

one or nore %fwirfq?fs%;ﬁgergtmtﬁ'ed%é%%ﬂ tlRAGER antEdi e @i ni ng

i nformation iden g operatTonal paranmeters pertaining to the operating
r equi r eframh shefaitdraftiusglagggment ; and wherein the fusel age systemis
further confiqured to provide flight 10 control and m ssion control based
on the data ein $ne Maissirppesiic winthsegmeantiiacludes competecteadable
reconfi qur i.ng

an ai.rcraft froma,first mssign-specific configuratio
havi ng SediRkoaiibs Ridmafth edtvindhiRpMiand Faanrets metaining o
m ssi on ik i i J set of m ssion-specific 15
equi prrey'?@??g{régpg?gpg%ﬁéﬁt@’hﬂ.@%ﬁ\gﬁigggo m ssi on-specific equi pnent,
wherein the aircraft includes an aircraft fuselage and a plurality of w ng
segnent 5,4, Wherhein. W n e ntscare readily attachabl e and detachabl e
romthd%al o Wing Sebhient STeMm B Eldint £3" bier8in fie Bindishotaesh@a s
i ncl udegn;i i 1 : i i a
coml et oS B T oS O T U s Si . SPRLITC Sabirh Ehe!
di sthnnecid wheeeini the wirggreagnudntt demputerateéddalsie media seatains snforamtidre.
fusel age, wherein the disconnected w ng segnent includes m ssion-specific
equi pneidentfyinctheperatianali parasnetass perfainingnta the apeoating tequisements for
m ssi on-speci.fic e%tfhgnent r equi r?d only for the second m ssion-specific

conf i guPaigRion-spe wing segmen
15.  The wing segment system of claim 13, wherein the wing segment
carries no mission-specific equipment, and wherein the wing segment
15 computer-readable media contains information identifying that the wing

segment carries no mission-specific equipment.

16. The wing segment system of claim 13, wherein the computer-readable

data of a given wing segment provides at least one parameter type selected

from the group consisting of: weight-and-balance information specific to the
20 wing segment, trim information specific to the wing segment, and autopilot

gain information.



25repl aci ng the di sconnected wing segnent with a replacenent w ng segnent
fromthe plurality of wng segnents, wherein the replacenent w ng segnent
i ncl udes wo=silaniapeci fi ¢ equi pnent for the second m sSiPOMASP@E0I0H1002
configuration, but not mssion-specifi@6equi pnent required only for the
first mssion-specific configuration; and 30connecting the replacenent w ng
segnent to the fuselage., WO 2011/011089PCT/ US2010/ 002092 27 19. A et hod
of condddtin &aﬁejage?syﬁﬁe%@raa cenfguratig;aircra em bawing a lurality of

i ncl udes,, | : .and one or nore w ng segnents, wherein the
one or %ﬁg s\?\néq{éégéstgrgé)ﬁghg&@readi Iy attachable and detachable fromthe
aireraft fusel Raglaga¢oniguped tbike REIR afBERable nd TBERALRS fof the
configured with different "m ssi on-specific equl pnent for the operational
m ssi on plurahipy ofwigg segneentsecti ng the one or nore wing segnents to the

fusel age; and operating the aircraft and the m ssion-specific equipnent so
as t® conpl eMhenedn thefuselags ingludeoa cordraeystedncogiguadtaread af t |

wnerei ncorp s Feaiapie meiag PRy alR i TaBes PL i Rt SedfeBre R
LTSl RSB a8a8ld s ISR 1 RO Ayl
parameters pertaining to the operating requirements of the wing segment; and
wherein the fuselage system is further configured to provide flight
10  control and mission control based on the data read from the computer

readable media.

18. A method of reconfiguring an aircraft from a first mission-specific
configuration having a first set of mission-specific equipment, to a second
mission-specific configuration having a second set of mission-specific

15  equipment that differs from the first set of mission-specific equipment, wherein
the aircraft includes an aircraft fuselage and a plurality of wing segments,
wherein the wing segments are readily attachable and detachable from the
aircraft fuselage, and wherein the plurality of wing segments includes a
greater number of wing segments than are required to form a complete aircraft

20  with the aircraft fuselage, comprising:

disconnecting a wing segment of the plurality of wing segments from the
fuselage, wherein the disconnected wing segment includes mission-specific
equipment for the first mission-specific configuration, but not mission-specific
equipment required only for the second mission-specific configuration;

25 replacing the disconnected wing segment with a replacement wing
segment from the plurality of wing segments, wherein the replacement wing
segment includes mission-specific equipment for the second mission-specific
configuration, but not mission-specific equipment required only for the first
mission-specific configuration; and

30 connecting the replacement wing segment to the fuselage.



segnents and at | east one additional w ng segnent; wherein at | east
two of the plurality of wing segnents are interchangeable with one another;
and wher evo 20hi®011089 | nt er changeabl e wi ng segnents are cenfiuseoiedows: h 20

di fferent aerodynam c shapes. 21. The2donfigurable aircraft of claim 20,
wherein the different airfoil shapes are characterized by differi ngfai rfoil
shapes 22. The configurable aircraft of claim 20, wherein the different
ai r]l‘oml 1$hapds Mm@ Oérﬁfgm@wmaﬂyamr @Pﬂ@thﬁ'SS'On wherein the

aircraft includes an aircraft fuselage and one or more wing segments, wherein
the one or more wing segments are readily attachable and detachable from
the aircraft fuselage, and wherein the one or more wing segments are
5 configured with different mission-specific equipment for the operational
mission, comprising:
connecting the one or more wing segments to the fuselage; and
operating the aircraft and the mission-specific equipment so as to

complete the operational mission.

10 20. A configurable aircraft, comprising:
an aircraft fuselage; and
a plurality of wing segments;
wherein the plurality of wing segments are readily attachable and
detachable from the aircraft fuselage to form a wing;
15 wherein the plurality of wing segments includes one wing-set of wing
segments and at least one additional wing segment;
wherein at least two of the plurality of wing segments are
interchangeable with one another; and
wherein the two interchangeable wing segments are configured with

20 different aerodynamic shapes.

21.  The configurable aircraft of claim 20, wherein the different airfoil shapes

are characterized by differing airfoil shapes.

22. The configurable aircraft of claim 20, wherein the different airfoil shapes
are characterized by differing chords.
25



