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5This application clains priority to and the benefit of U S. Provisional
Pat ent Apwbi2ontiee031Seri al No. 61/240,985 fil ed Sept enbePCPUS20Q094832hi ch i s
hereby incorporated herein by reference in its entirety for all purposes.
TECHNI CAL FI ELD 10Enbodi nents pertain to aerial vehicles, and to an aileron
control system of aerial vehicl EMRIPIIOMmanned aerial vehicles (UAVs).
BACKGROUND The flight control of an aerial vehicle such as a UAV may be
configured via 15 conbination of elevators, ailerons, rudders, and/or

st ruct uTATLEoRbEVIGN GONTROLAY STTHMps and ai | erons conbi ned as fl aperons;

el evators and rudders conbi ned as el evons, rudders and el evators conbi ned
as ruddervators. An airfoil for a UAV may include an actuator and a hinged
fl apst hat mayhibepmichtivatoamapootity & MHdigebdnefitoftlns fRiowiiba Pagnta cont r ol

surface for a sybsonjc V. Dl SCLOsU .An_aerjal vehicle

conpri sﬁl?aﬂ%%t% %fﬂaigl'@- Wgﬁﬂa%éofﬁ ?%?%%ﬁ?géo%év%uﬁ?%faéye@%‘e?raﬁﬁfi a first

ai rfoi | heemyirsfeR@cdinfils ehfire§a0t dIDburpdsed ace resiliently nounted to the first
airfoil, wherein the first control surface is opposed by the first

fusel age-nmounted effector; a second airfoil, 25rotatably attached to the
f usel agqdequsicWi, FaRPpa second fusel age-mounted effector disposed within
t he fusel age housing and extendible in part to engage the second airfoil.
The 18i r vehi Einkogragntp peripanioedrigrveinleamneé b, anenleroaicontya iy éére of apsiel age housi ng

may CP"B&E&S;ﬁmkﬁh%ﬂmﬁﬁﬁﬁ&?@g%r W q& ffector; and a third airfoi

conprising a second contro resiliently nounted to the third
airfoil. Additionally, the air vehicle may conprise a fourth airfoil
30r ot at ahl Eﬁﬁﬁﬁd to the fusel age housing. In other enbodinents, the air
vehicl e &?gggge

The flight control of an acrial vehicle such as a UAV may be configured via

15  combination of elevators, ailerons, rudders, and/or structural combinations: ¢.g., flaps and
ailerons combined as flaperons; elevators and rudders combined as elevons, rudders and
elevators combined as ruddervators. An airfoil for a UAV may include an actuator and a
hinged flap that may be actuated about a hinge line to function as a control surface for a
subsonic UAV.

20
DISCLOSURE

An aerial vehicle comprising a fuselage housing a first fuselage-mounted effector; a
first airfoil comprising a first control surface resiliently mounted to the first airfoil, wherein
the first control surface is opposed by the first fuselage-mounted effector; a second airfoil,

25  rotatably attached to the fuselage housing; and a second fuselage-mounted effector disposed
within the fuselage housing and extendible in part to engage the second airfoil. The air
vehicle may be manned or unmanned. The air vehicle fuselage housing may comprise a third
fusclage-mounted effector; and a third airfoil comprising a second control surface resiliently
mounted to the third airfoil. Additionally, the air vehicle may comprise a fourth airfoil,

30  rotatably attached to the fuselage housing. In other embodiments, the air vehicle fuselage
housing having a third-fuselage-mounted effector; and a third airfoil comprising a second
control surface resiliently mounted to the third airfoil may also comprise a mid-body, wherein
the first airfoil and the third airfoil are disposed along the fuselage mid-body. In other
embodiments, the fusclage may further comprise a tapered aft portion, wherein the second

35  airfoil and the fourth airfoil are disposed along the tapered aft portion of the fuselage.



housi ng having a third-fusel age-nmounted effector; and a third airfoil
conprising a second control surface resiliently nmounted to the third

ai rfoil a9 2al1gwe@onpri se a m d-body, wherein the first pairafSedlo/oassds t he
third airfoil are disposed along the fusel age m d-body. In other

enbodi nents, the fusel age may further conprise a tapered aft portion,
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fusel agex ed ef fect wherein .t h fus ge d effector is a
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ai rfoi I commnmg fﬁtgt @nfrolrsstfagondilioltly snouh@d éo the Siirdt laefmtll tytatrmamiteeadrmmg he first
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attached to the fuseF ousi ng; and_a second fusel age mount ed ef f ect or
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second &iskfa@d housidehd é)@&ﬁmlé’m ptaheo Ekab it ua%h@gtefbnwmle&aﬁt figcthey may be a
second actuator horn extendi ble via a second fusel age 10aperture, for

exanpl e fusFlagameed ciéackns diardae scenaethier hom exdenddilc vieiseqoad fusFlgeg  cont r ol

naylgonggﬁ@gfﬁg%QMhﬁbng a first resiliently nounted control surface opposed
by a usel age- nount ed actuator horn; and deflecting the first

resiliently nounted control surface via the first 15 fusel age- nount ed

actuator hor th a?lgﬁl%lde d §1t Qarmgﬁ&ﬁof%gmﬁclélfﬂé@ lcér}trol rnay cor]n an ot her

enbodi nent, an aérial ve rise: r|S|ng a
housi ng ptoapmrg arsedesiliently, mddﬁ&ld@bmrdl tsarfza:t: top]pmbd byoafict ﬂtséiegetmsteitajge tapers by

an angl e d fi.ned in rt. b he first airfoj st .ajrf.oil which may be
s P efngorbimeado R clnethe FOE sty Mute] s St Sr it e Bb1 vt tachad
to tihe fuskepagouiedsinngoradel RKedmlsieddniote ddatndndshalge housi ng via a hinge;

and an effector nenber disposed within the fusel age housi ng and extendi bl e
in part to engage the first airfoil. Additionally, the first airfoil may

rotate aroungh MpthdXésbRANer, 8 a8l Sclitlc t&fy%ﬂn@ﬁsmm%g@a&mdslﬂgei ative to
the longitudinal axis of the fusel age housing. This first airfoil my be
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fusel age housing and wherein the effector IS engaged by an actuat or
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Ty be SHLHDRL, SXRE0ULRLELOM An AL AN% SRRL I GurORCELR, Ao ef fector

menber translates
extendible in part to engage the first airfoil. Additionally, the first airfoil may rotate around

an axis and the axis of rotation may be canted relative to the longitudinal axis of the fuselage
housing. This first airfoil may be responsive to a translation of the effector member, wherein
25  the effector member is extendible laterally relative to the longitudinal axis of the fuselage
housing and wherein the effector member is engaged by an actuator to effect the angular
rotation of the first airfoil and the effector member may be further extendible from a fuselage

aperture, wherein the effector member translates in a single axis.

30 In another embodiment, an aerial vehicle may comprise: a fuselage, comprising a
housing tapering aftward, wherein the aft portion of the fuselage tapers by an angle defined in
part by the first airfoil; a first airfoil which may be resiliently mounted to the fusclage
housing, and/or rotatably attached to the fuselage housing and/or mounted to the fuselage

housing via a hinge; and an effector member disposed within the fuselage housing and



30l n anot her enbodi nent, an aerial vehicle may conprise: a fusel age,
conprising a housing tapering aftward, wherein the aft portion of the

f usel age weaperigehnsian angl e defined in part by the firstPcaiustaioiozssas first
airfoil which may be resiliently nounted to the fusel age housing, and/or
rotatably attached to the fusel age housi ng and/ or nounted to the fusel age
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a nmethod of aerial vehicle flight control may conprise: provi ding a
first resiliently nmounted control surface opposed by a first

fusel age- noupt £dihdOarEIIRHAN, ahﬁaﬂod &fa@n&l%ﬂua%tﬂlm bl day 8bmpiRi | i ently
nmounted control surface via the first fusel age-nounted actuator horn based

on one @FoVifitea distiveihentlyirgaated confal swisgee Papashdby & Brspfusdlage-mowidond airfoil,
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reln e ‘ef er -engages alrfoil and the
second aihedem the sobohet 4itfoih mbﬁoyes thdBrsf airfsil; velicrdioible a&rpdrttolne)f fedowrthgai rfoi |l my
nove i n, cooperati her d/ N resili.ently nounted to
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secopd sicohdiitfoRaButeiR dppdsiféra bV e Teffecﬂoﬂ magidugiinal axis of the fusel age
housi ng; wherein_the 20first airfoj d t he second %lrfo responsive

to the D&Y e piEGrtasmenbsr everessilyy t Pt and thessespnd dipl eAf‘JIdE @fy, Hember i s

ext endi kg afr@tQh@HYedoBl alrfol8ndyandRan beupeiatibdl viiR badutifer hd/bhBayf Bésel age
housi ng; wherein the effector nmenber is engaged by an actuator to effect

t he angifsdienipmguiteshtodihe fupdageihoygting jwhegsin thg ags ?f\@taélé% ehide drst pigfoll-andyher ei n
the effechof alpﬁﬁ%%rcaht%d iéMtva%‘J a ﬁﬁ&%ﬁ[&%aﬁ)hﬁs I)Ftﬁ@h@fl&ééslﬁ)lugiﬂg ARESE we; and

wherein the effector transTates in a single 25axi s Addltlonally,
t he20i r $irst airfofl@ndl thegyeope awfmdm&e@mmm«ﬁ@ thwmsagen biohe ﬁﬁﬁ@tqrm@nd)em nge;
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Iongltudlna axis o use age housing; erern alrf0|l and
t he secdbndlagd hdusink; wiecin dspdiestovmembertihergaged by an actuator to effect the angular

rotation of the first airfoil and the second airfoil; wherein the effector member is further
extendible from a fuselage aperture; and wherein the effector member translates in a single

25  axis. Additionally, the first airfoil may be mounted to the fuselage housing via a hinge;
wherein the axis of rotation is about a hinge-line canted relative to a longitudinal axis of the
fuselage housing; wherein the first airfoil and the second airfoil are responsive to the
translation of the effector member; wherein the effector member is extendible laterally
relative to the longitudinal axis of the fuselage housing; wherein the effector member is

30  engaged by an actuator to effect the angular rotation of the first airfoil and the second airfoil;
wherein the effector member is further extendible from a fuselage aperture; and wherein the

effector member translates in a single axis.



translation of the effector nenber; wherein the effector nenber is
extendible laterally relative to the |ongitudinal axis of the fusel age
housi ng; wbenaiweime ef fector menber is 30 engaged by amcCaasSe@vousd ef fect
the angul ar rotation of the first airfoil and the second airfoil; wherein
the effector nmenber is further extendi ble froma fusel age aperture; and
wherein r in a single axis. BRI EF DESCRI PTI ON
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OF THE Bﬁ@\ff\‘? %0(}; ment s ‘Ztrﬂgéisl | ustrated by way of exanple and not
limtation i hmbbdmtntgarceBusohted hy wag obemaaapld and ndt lawitatigs in tiadigimes whtheh: Fl G
1is aplan view of an air.vehicle enbodinment; S5FIG 2 is a side
el evati g?\cgpp(a/l?yen %W%nﬁsé agﬁi}n \iv/}élﬁlil'cl e enbodinent; FIG 3 is a top |evel
functi onal bFtK ida pign aiwaff aa as ysliiemembediestct ure enbodinment; FIG 4 is a
bottom perspegctive view of. an enbodj nent in a retracted state; FIG 5 is a
bot t dm per spa]g‘{'iz\}%a W%&eﬁpoﬁﬂvgﬁbﬁgh%ﬁ‘t@hﬁe dlpdird\ed state; FIG 6 is a
bot t om per speIg. 3Mea WpaWeDfunaibneNteek diRRdm of a tiRenPirelfiRblurd divaindan i n a
10depl oyed state_degl cting contact by an extending starboard horn and a
defl ecting t % rilhgbtpgepcripeesivemevyeimnambodimgngis afrEgigstaitie port

airfoil-trai g i@QQ&toh?ﬁér%ct@Jeﬁé%@ﬂ’@ﬁ%%ﬁﬂﬁen@ﬁl ddBlopELEABL 1 nvention
illustrating a horn of the port actuator that has been actuated to contact

the top surfBKe 64§ 2 befonppsripeetivgivigmnef aadgibodipent ¢f thypespapingenioy it de vi ew of
the 190 GedhfdiQlale ddptihd BsheRe | Qo Qar A PO SR Tnat PR eSENt

i nventi o%@{)}{el us?lterae ?r%géa or%e% &tg(%?e oratr a{:t uat or act Satngé tgl%def | ect

angul ar k§get he top surface of a port trailing edge relative to a top surface
of the port g [ o F L£HS.. 8 Cress-sect | of an
airfoil an eﬁfgizgedgplt(:trs& Sllc}er?gé e g%gB&g%tfg}elgmﬁ?%aeggeurﬁ 1§%§£§I{c}@r‘b€\§ﬁ‘%{ém

el enment pf the present invention illustrating a horn of the port actuator that has been actuated to

contact the top surface of the port trailing edge;

15 FIG. 7B depicts a side view of the port airfoil-trailing edge region of an embodiment
of the present invention illustrating a horn of the port actuator actuated to deflect angularly
the top surface of a port trailing edge relative to a top surface of the port airfoil;

FIG. 7C depicts a cross-sectional view of an airfoil an elevated trailing edge produced
by an unopposed resilient element;

20 FIG. 7D depicts a cross-sectional view of an airfoil an in-line trailing edge produced
by a fuselage-based actuator hom extending to oppose the resilient element;

FIG. 7E depicts a cross-sectional view of an airfoil a deflected trailing edge produced
by an fusclage-based actuator horn further extending to oppose the resilient element;

FIG. 8A depicts a cross-sectional view of an embodiment, aft of the actuator horns

25  and looking forward, a starboard actuator horn in contact with the starboard trailing edge
relative to the top of the starboard airfoil;

FIG. 8B depicts a cross-sectional view of an embodiment, aft of the actuator horns
and looking forward, a deflection of the starboard trailing edge relative to the top of the
starboard airfoil;

30 FIG. 9 depicts a functional block diagram where an elevator command and aileron
command may be output and combined to provide commands to a port actuator and a
starboard actuator;

FIG. 10A depicts a top view of an embodiment showing the tapered aft portion of an

air vehicle;



20FI G 7D depicts a cross-sectional view of an airfoil an in-line trailing
edge produced by a fusel age-based actuator horn extending to oppose the
resil i entwel2en#wss(31 FI G 7E depicts a cross-secti orall/ose@woes32an
airfoil a deflected trailing edge produced by an fusel age- based act uat or
horn further extending to oppose the resilient elenment; FIG 8A depicts a

cross- sect i opgy 18%%\%1&@ %egfépﬁ%ﬁ'ﬁﬂéw ﬂf%fn erfodinll&¢ é?yﬁér%{ Q‘hd(l%ﬁ dig 25and

| ooki ng forward oard actuator horn 1 n contact e starboard
trail i nghovdgs tlneedvmuld/éepllqy tb kenttod heghwirgengttoar boar d ai rf0| |; FIG 8B depicts

a Cross-sect Fﬂ]%llA dag\,\{l FXGHHQ?&I}’%EG}]&T%['O re@tf 051810{1 OP& %?(fdgla ft;lC hor ns and

| ooki ng forward, ra |ng edge Tel ative to
the top of tHKS. SﬂBrdblmatlsdn atanfpdiry be@fifrhStadd afdmlc;trﬁemwsnmmﬁdfm}maiuddtﬂrock

di ag am V\/?ere an el evator conmand and ail eron conmand may be out put and
conb ned"t%“pr ovi de commands to a port actuator and a starboard actuator;

FIG 10A depFid.s1@ degiprs h ewma@ma@meplm&n@hﬁmm&thmlda@;maffﬁds aft
portion of an alr vehi cl e FIG 10B depicts a side elevational view

of an enbodi FEht! Wsiépléts@ﬁéxmwﬁ@g%?féiegmmﬁm@@mf%9f Hethdderaappsy 2t o

control tﬁepgrey@wog}gdmtrb&med%&ﬁe atthhroflepi cts an exenpl ary pre-depl oynent
position of the rudder surfaces; FIG 11B depicts an exenplary

begi nni ng st Bge lézf\l%pl%ywmf apegioniobn gf vehide pobriimems gopigtingdhe FIG 11C

depijgt s & Qlo%)g@gg gfe%u&{epge of deploynment position of the rudder surfaces;
FIG 11D depicts an exenplary stage of depl oyment position of the rudder

surfaces as F]ﬁeﬂa e pleplioyed a aodion ef @i vedchinje ¢rhizdaaeng demoeting the next

stage of rotation of a single rudder;
FIG. 12C is a plan view of a portion of an air vehicle embodiment depicting the next
stage of rotation of a single rudder;
15 FIG. 12D is a plan view of a portion of an air vehicle embodiment depicting the next
stage of rotation of a single rudder;
FIG. 12E is a plan view of a portion of an air vehicle embodiment as the rudder has
attached to the fuselage wall;
FIG. 12F is a plan view of a portion of an air vehicle embodiment with the effector
20  member attached to the rudder and holding it in place;
FIG. 13A is a side angle view of a tapered aft portion of an air vehicle depicting an
exemplary pre-deployment position of a rudder surface;
FIG. 13B is a side angle view of a tapered aft portion of an air vehicle depicting an
exemplary mid-deployment position of the rudder surfaces;
25 FIG. 13C is a side angle view of a tapered aft portion of an air vehicle depicting an
exemplary post-deployment position of the rudder surfaces;
FIG. 13D is a cut-away view of the aft section of an air vehicle depicting an actuator
effecting an actuator rod;
FI1G. 14A is a back view of a tapered aft portion of an air vehicle depicting the rudders
30  as being in the folded state;
FIG. 14B is a back view of a tapered aft portion of an air vehicle depicting the rudders
as being in the beginning stages of deployment;
FIG. 14C is a back view of a tapered aft portion of an air vehicle depicting the rudders
as they are in the middle of deployment;



FIG 12A is a plan view of a portion of an air vehicle enbodi nent depicting

the 10rotation of a single rudder; FIG 12Bis a plan view of a
porti on oVOoaniicsodrehi cl e enbodi ment depicting the next PETAR010/048303 at i on
of a single rudder; FIG 12Cis a plan view of a portion of an air

vehi cl e enbodi ment depicting the next stage of rotation of a single rudder;
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post - depli@ynRRts MAmtddiRRhOflatidi; r udder sur f aces; FIG 13D is a
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ef fecting anFietl dRior siderjevational view of they ay vehigle qnebodingpg ghoyiiedm wtatable aper ed
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port actuator and a starboard actuator.

15 BEST MODES
Reference is made to the drawings that illustrate exemplary embodiments. FIG. 1

illustrates a top view of an exemplary embodiment of the UAV portion 100 of the present
invention. The exemplary UAV comprises a front end 110 having a homing sensor 111, e.g.,
a pixel array for sensing visible and/or infrared light, and deployable payload 112, ¢.g., a

20  warhead or other attack munitions, a deployable electronic subassembly, and a pigmenting
capsule. The front end 110 may also include an electronics assembly (EA) 113, or avionics,
that may include a guidance processor comprising guidance instructions that, when executed,
take in information pertaining to the UAV position, linear and/or rotational velocities, linear
accelerations and/or attitude, and generate commands for either or both autopilot processing

25  and/or engine control processing or remote human pilot processing. The UAV may comprise
one or more power sources 114, such as battery units or fuel cells and power conditioning
circuits. The UAV may include vehicle-specific sensors, e.g., a GPS antenna and GPS
receiver, e.g., as part of the EA and/or attitude and/or rate gyroscopes and/or linear
accelerometers that may be proximate to the EA and/or vehicle center of gravity. The UAV

30  may include mode of thrust generation, such as a propeller 130 and a propeller motor 131,
and other embodiments may use, separately or in combination, turbine motors and/or rocket
motors. The UAV may have lifting surfaces such as wing 141,142, tail 143,144 and rudder
surfaces 145,146. The wing surfaces may have actuated control panels 147,148, operating as

elevons, or may be embodied as wings as elevators and the tail surfaces may have actuated



FIG 14D is a back view of a tapered aft portion of an air vehicle
depicting the rudders at they are finishing their depl oynent; Fl G
14E i s a wackiwmicensiof a tapered aft portion of an air vehiraiseoideopssesi ng t he
rudders standi ng agai nst the fuselage wall and fully deployed; 5FIG 14F is
a back view of a tapered aft portion of an air vehicle depicting the
rudders i g . . C f 1 . ~ﬁ§é [ n view of
an air Sgﬁﬁgﬁgggh@%%ﬁﬁgﬁ%gga%ﬁdE39§@96@a g%?@“§3¥5g§%1mntﬁhﬁhﬂﬁgéf nount ed
on the phgdngadry articulated trailingeond 68h¢ sneorgnate reldenvsatfeanabome ew of the air
vehicl e i.ren ! rot.atab 1 rfac ith r nted on
Uhe ol atToRapomegrof U dh Rl bR ATt B fiioh i Ry PE ner o an
el evat othacmayanchnf@mabiol ty GA Vcfosatpdy effvdamauguddetiorciayawndntigdly be out put
and conbined to provide comands to a port actuator and a starboard
actuator. 15 BEST MODES Reference is nmade to the draw ngs that

i1 lustrate exEplsAsys @RRRAigWEIME Sxeniplésy UAV Whbgtilicak@g 182 1s@Rowh ®th @fe an
exenpl ary_enbodi nent of the UAV partion 100 of the present invention. The
exenpl aflOAGENOhpHTas 448, It mfign 48 ¢vih1yo RAFRHGYECSHBMIRFalcd AEERdNg 1 e. g., a
pi xel  ambaYh RcIRQTHI NDn¥ afll L1 @M Rhy bOhd-auesh LiIBRYI0,3aficHRRAL @rabl e

payl oad 112, e.g., a 20 warhead or other attack nunitions, a deployable

el ect r oficelvaglsaBedsiepnyol sigral that sffectentrpmgioadipsnd Ermiphlchoptipgimodnid 2110 may

al SQq! H%Ngﬁa%@/r&loﬁrﬁtigs%'e,co? 18&?,%e%rgﬁ'@ﬂsit}%§fror9 Gur@M 1L oba hc;ntﬁﬁ% may
include a gui dance processor conprising guidance instructions that, when
execut edode.akeother antehiogl wietricotmpelre wEhisrmdavalink 2RV trposiitting data sidhear and/ or
rotational. v cities. i Mo ratd tt enerate
Commndss Pisr Rt pbrte i BRRLGRE SE S b BB AR, B oA Yy A e Tt T

pr ocesshmgnmar230 emytbe nioungd cgifbimtabjyr @cethsi thg fustlage, UAYbehiryd thosian bsthe one or

nore power, sources 114 such as, batter nits or fu ell s and, power
Condi 11 SrPag Whictde et Dad R P tiehudn s s Bt BBRer e e g
a GPS adeeabidy, Ml EPMténRE Giay ®E mo@n@d to WScapabld ofabcei ity Hfnatifidron GRSt i t ude
and/or rate gyroscopes and/or |inear acceleroneters that may be proxi mate
to the ﬁﬂﬂﬁﬁdpﬁ?dvgﬂ?cle center of gravity. The UAV 30 may i nclude node of
t hrust generation, such as a propeller 130 and a propeller notor 131, and
ot her enbodi nents may use, separately or in conbination, turbine notors

and/ or r ockeF1Grdtsbews amexempjavy fragrionahiiogkidiagrang okthe iAcerroseeing aad wi ng
141, 14253 aﬁé’gbnlr%ﬂs@@gtérymhe?ﬁ%fa %gﬁ%c%‘éélsér“ﬁ-o PG dMigrsihaces may

have actuat ed control péanels 147, , operating as elevons, or may be
enmbélli edbas theicnigmabenvabement peaining ta fsekingplocessing atescckayrdrasser 2k uat ed
control I ' j , - L: stable in
yaw, andiny” s SO ERER S0 ¢ P o0 A Y ndBi RGP e o
nor e rudder ralar fubsesem, 3o igraeshdethictiengubswsient, e infAkdaygihgwesgsténve- r udder

assenbl y. 2%$d on a rotatable pla forn1th€t be conformal tq . the UAV
Fusel agd o Bt unghebsRurvsd v Do il caned o SR uRiEPie g nous 1
si de Vi dwedtloa sebsgsiphpdnd coVinati@isehdrétd. Whageldd PrdcassshiDommay inéluddisvtii rai | i ng
conérol.surfaoe 148 in notion and with t antenna.mﬁresd4not.to scal e)
ext andi HEHERERRCTHE HE SBEA FaTotm ProessEing e e AFoispafion frdy dpeensien) as an
upl i nk 240 3Rkt intey RERivES FromEmQiphhiD & cavErDds ak@et ds@h oSipdidta dulRhcef fect s a
transition froma termnal hom ng node to a .

process 330. The image processing and/or target tracking information 322 may be

transmitted via a downlink transmitter 323, which may be a part of an uplink/downlink

transceiver. The guidance processor 330, in executing instructions for guidance processing,

30  may take in the target information 324 from the seeker processing 320, and UAV flight status
information such as position, velocity and attitude from the GPS receiver 331, and
gyroscopes and accelerometers 332, if any. The guidance processor 330, to receive

reconnaissance waypoints and/or surveillance optimizing trajectories, may reference a

memory store 333. For system embodiments, the guidance process 330 may receive, by way



10survei |l | ance/ reconnai ssance, or loiter, node or a transition from
surveillance to a hom ng node. Another antennal elenent nay be used as a
downl i nk @OQofiame3nansm tting data such as |ive video, &ararsaeino48seiieo
tracking status, flight paraneters, and/or UAV states. A GPS antenna 230
may be nounted conformably or within the fuselage, i.e., behind the skin of
the fusglaps: 4 t&hhah nledh ndst 13 Wil in the
GPS freguency aﬁggﬁgﬁggégggfgﬁkg,pfhég%hé §ﬁ?gﬁﬁ§%ﬁg§a%g&noﬂﬁ%e "to be
capabl e 3%7, ergacleiing mpossiayneli habe, oeveiare BRBorsml @l Ir¢doena st etaly paints and/or FI G
3 shows _an _.exenpl ary. functjonal bl o agram th V. _processing and

qui danceH iR Mot RIS, B e AR, S b Bt R BAPRETS bF ovi des

i nf or matdsanctafoo détetniging Xli ght path, setmy¢atanroe atcoysy ttedring RYglt enddakiisiy

processi ng of a seeker processor 0. A gui.dance sensor, and nore

gener al Wg r%érﬁﬁ‘?edg%%ypgg’ﬁé‘b Orsiﬂf‘ieﬁ%n%%?t P%H@“&Orefé%fg%mﬁnd/ or active
radar syhsydh@®wh@not if 4 @fidaldRheet hede. St $YRheINprétdssond Joanstretdivgl Ng
subsystem a visible_ |light ipmagi ng.subsystem such. as a video canera-based
subsyst SAMAR! Yip £ 4RSI TERCIVEF v to dREteR o Bheryish Sytitian fromng teginsl ksingns

t her eof mbhe 1SLRKRNIIPEOREES 0., RalicHRitall IORIHARoROLNY LRHRGH Lp&asstag and
target tracking processing, and target designation or re-designation input

321 t hamodaip Hisrisgldiopdnt MpdsmEgncupIniaR visseldirgeirloddy thnwrkar peesessingout put  of
a_guDdansenRy BCERRed I rFEnlTRGPSROGARARY Sk ANGLAL BT AEmifdi AGK1R

information 322 may be transmitted via a downlink transmtter 323, which
may be aolpiantitandtivaly datskrinmkd bt gindkndemagrssser @rutinfhestyoticanertripngtoessor

330, indgtiér%%'ﬁl%Qge\ji%ﬁfrt%%tiﬁa?gﬂutﬁo% gui dance processing, 30 may take in the

target 1 nrormation romthe séeker processing 320, and UAV flight
status information such as position, velocity and attitude fromthe GPS

recei ver 331, and r oscopes ,and accel eroneters .33 . f .any.. The gui dance
b ocessor 3300 SHAPLEER GENR ORI BOGEE R OT IR e iEeds Sib der 1 [ ance
opt i1m zZighgity bidj B2 k@ike 8sh-mBad of efc@Eraied hémiiRAMydy, Mt ah @ccd3BdatiolrBlas $ytSt em
enbodi nents, the i dance _process 330 may receive, by way of an external
data PRt guerce! %%,—m&éﬁs ShiieSeTpie! POAE A abt g%@ﬂﬁ%’l@%%ﬂ% 3dhedpl i nk
recei Vehudgivot pRrobbsing340 hidg cRecRRShsthudidicd <A ank-RC@IVA i AREY, ¢ upl oad
reconnai ssance waypoi nts and/or surveillance optimzing trajectories. The

gui danc&X§5mie ésgbtlcaaembadingat fo sireek B dirivRECleRY eSS Yegcitdet er i ni ng
flight pakdl, rr LfipRC b FomdE c&t&%{{rﬁ?es%ﬁ%e'r &iaRdlve: GGy HoteShtgn. S5 may

reference the waypoi nt and/or surveillance optimzing trajectory
i nf 8P masurtare agingtons SH0 eauisipg Whrers and toriyes 4o teerierit tel aithshiclegndtienortiiierfgui dance

processql ;330 % AGE faV § o?th?%)%% (ijtf ¥%]18‘ci{%7’bgehlt8¥gﬂi% HoRESH! e 1?1%% to swtch or

otherwise transition froma rm na om’ng node t0 a surve ance nobde,
i . e., nocveteertion nfthe hovengle nod &,alcangdhaswildoith vEatans grestly aféictedddmce node to a

term nal hom n de. E}gr. exa :Ife .a visual target |ock by the,seeker
pr ocess PHETTHTE A e S AR P ap S draniet i« 8&T opbruPhafes and
i Nt egr ateda priopeleanioest 37MaForkaibbdighes ithi oI thréeeixad donably adigfi@anionadl by t he
guig nce processor executing. instructions pertaining to determning a
7 eviS ablEO LSRR e EBNETFYR ek A& R il ¢ Ber e RRG ode My be
propor t ygnadntifiedidiaéd A Hhttd) arch kQUraVdstwel D ITAS séREr fbécdsdis, SHidaigedes of the
term nal hom ng node, and an accel eration bias for )
processing, motor processing, and/or autopilot processing may be executed by a single
microprocessor having addressable memory and/or the processing may be distributed to two
or more microprocessors in distributed communication, e.g., via a data bus.
30
FIG. 4 illustrates in a bottom perspective view an exemplary air vehicle 400
embodiment having a first pair of airfoils in a retracted position and a second pair of airfoils

in a retracted position disposed on a bottom portion 402 of the fuselage 401 of the air vehicle
400. Also shown in FIG. 4 is an exemplary propeller hub 430. To rotate into a deployed



aerial intercept sub-nodes of the term nal hom ng node. The gui dance
processi ng 330 and autopil ot processing 340 may execute instruction to
ef fect a werkttwed3ur n gui dance, for exanple, in an el eveaTarsbadionsns, to
redirect the air vehicle by reorienting its velocity vector. For exanple,
one or nore control surfaces may be reoriented via one or nore control
20surfa air
veni cl o St RarSsRyrimny Bt B Qeph Ry B8 it SBR[ RSP 08 e "t o
its vel ond 1 §ecvmt€txemplaﬂ3m®np1fratrfcoha 439 thahmway pmetmbomeft@nmt pont £f1. thhe ai r
vehicle cerpaln e @od?mgnrt]sg tl%e rgtr c(taed EanS o%(t"ﬁe alrfofalﬂ) t%% | 1¥ clg?t ed er
aer odynam cC dn IHiéar atcel erati be aseg) ia a notor
processpnm&Gﬂqaaﬁnanpmﬂ@mmf@hmnm&nmdsaﬁwnﬁmmnmmhmdlnents with ful
threg-axis control, additional control 25topol ogies may be inplenented
i ncluding skid-to-turn and other proportion-integral- differential guidance
and control PRIGBiill@Ghids 8 BomBlctspective vRaekaikeRpRELSSIAG]e @ibicdrime
processing, notor processing, andFor aut opi.l ot proce55|ng may be executed
by a si RGBS Fochap PhrEelut ORR0imydepinyied esititne The rdryplam doaard pidr 9fr ocessi ng
may be dirflis uhwse@lpl&ted smcpﬁamgﬁuwmé@@m&ge&fg@@mbﬂs sH1up . RYIb & m-
comuni cation, e.g., via a data bus 4 iliustrates in a
bottonlH@P@Bééﬁﬂ%ﬁﬁQﬁ@ﬁ@&ﬁ?léﬁenplary air vehicle 400 enmbodi ment having a
fir?b pair of airfoils in a retracted position and a second pair of
airfoils in a retracted position disposed on a bottom portion 402 of the
fusel age 401Fi§t. 6tiletraics ancdeir bbteond p@speAligoishofhe exenfl@y a4 velsclart0@xenpl ary
propel | T €1 i fi | ary
i of “appitieitifpie R ARbRLCIITh iR AR SR BRTh YR bouBn vl 80P 00 o
S econd shavilaaing apattrapaturadt If @idlastadBéird frtturesty 2 }ﬁjoﬂnt/hlalbﬁluﬁctlaﬂtlngﬁcbmpl vot

point 4 certai.n e dlnent ed itiong of the airfoi

P ow ¢ e a7 bri R PR B, due bt S TabE PSR RRTrePBr ot her
usessan@roxmaten teffustlE @B Ptk forvard airfoilsid ach BepidtbdistHaging s résilicat &Ot t om

per spect view an exenplary air vehicle enmbodi nent having two pairs of
alrf0|I§eﬂ§@ %?Eeﬁﬁlgndeployed position. The exenplary forward pair of
airfoils 410 is depicted as each having articul ated trailing edge portions
541, 542 and bottom nmounted resilient elements 551, 552.

i | lustrates Blbt’Releriststséin iy Ssdettipiiiliraaneoiize rfréw@w%fﬂ the 90%6?1 oém cI e

400 ermbaal ARNELWIEY £ ﬁa@%eén%ﬁﬂaéﬁ &act @i@'&dﬂ SHh@ dr¥nd ﬂbr@t%lﬁlg' éd ysiration

the bottom portion 402, 1Is avi ng port aEerture 61 a starboard
apeif ur dngxemplagyraifgn| TH raay @@ma@ twogmhtumhstmmr@z menist gd@mamrltfhm& ach

apertur usé]ﬂ% g&?ﬁ% @E@B&{t% Qfd 4 H)Eltr%f Ju%fg&% sthubRkd %1%% ﬁdﬂﬁ Fﬁ9'7%”de#§%r 20X mat e

to the oth orward air S 1S eac epicted as having a
resili enile @mwfthep(orbduéoﬂi-ltmﬂmg edgotgibh Fhere the hor-ofGhe Fokt aheypitathas beegi de vi ew

t he port alr jl-trailin dge region re e..hor f.the,port

et unt operstd Pl iR Wl FOSE HEABR: 0B Sal BSuRO ke PAL Tt PPt

trailingpadegeccadine pok afifoiTSMHIAr JC dpidtQiid a AbL- S’éBtYOIﬁD‘VIB\KIIOSﬁl givdoil i nt er nal
main lifting str ral el enent 711 and

2 coRtr afb-eRame: et Gelse a1 BReMeHLy 1 Shopeal ol ALpPECY S oo vi ew t ho

port ai cbRink 713 sal b dis g&aﬁo@ﬂth@ﬂwa\@%@lwgﬂmﬁﬂ efeﬁnemenpm ardrhajat or  has
been actuated 730 to flect angularly the top surface of the port trailing

edge 54fillikg lephgap7dd bmvefrbfﬁe §ﬁ}ﬂgéeeacsf7li A the pentgl puriice 7ixdemintss 7C
depi Ct S;Thi Boafing ARSI PRGEDPRS dMine W la®BnPdi thOlitfoil 710, and may be selected

from materials such as resins, plastics, and synthetic rubbers, to provide in part, flexure along
30  the lineal gap and provide for substantially laminar flow in low sub-subsonic flight
conditions. FIG. 7D depicts a cross-sectional view of the airfoil 710, an in-line trailing edge
541 produced by a fuselage-based actuator horn 621 extending 730 to oppose the resilient
element 551. FIG. 7E depicts a cross-sectional view of the airfoil 710, a deflected trailing

edge 541 produced by an fuselage-based actuator horn 621 further extending 740 to oppose



25710, an elevated trailing edge 541 produced by an unopposed resilient
el enent 551. A coating 713 may be di sposed about the two exenpl ary
struct ur avoebamenids 711, 712 and may fill the |ineal gapP¢TAISh@bnessn3t he
lifting surface 711 and the control surface 712 el enents. The coating
material thereby may define the planformof the airfoil 710, and may be

sel ecte I I LESy rubbers, to
St S R L D e T S TS

subst ansirédcky idswad npr lﬁlladd\rtlpmtd tbvmlblatmt's/absitbing cdgel dogte! smcfamis t Lisesise,FI G 7D
depicts ) n the airfoil Ddn e trailing edge
54t or ol By SRR Bk ufhe VG oo Rl o ARAGHNR" 730" o oppose
t he resekmmnbbahmmmnMKﬁ51. FIG 7E depicts a cross-sectional view of the
airfoil 710, a deflected trailing edge 541 produced by an fusel age-based
actuator horn 621 further extending 740 to oppose the resilient el enent

551. A sim | BIG. 3Ar RPUBRASss RBYiohe vapp hitediiacledthdigs 6xlgR2apmiobringsur f aces,
instead of, or in addition to the illustrative trailing edge control

sur f ace£rwpidy a §ipdeardipguatgr horp 424 ingontapt iy the stagkgand taflpg edgg %‘.2|rfﬂﬁfgveedge

cont r ol sk {RcEshARbdHeStaggo Pasied 83&%1%&@ @Q{o%s tibhddl Qfewn O BSthe S FI G
8A depicts a cross-sectional view, aft of the actuator horns 621,622 and

| ooki ng a¢twowhoms 31623 prblapking frwandos dﬁbﬁtﬂpneﬁzz of Fhecs@ﬁlmtd tragfingedgpe
stanfoast Lk idle RAYF RARSALALIUR 8 PinBBoARR, Bk SilorsbAgPaRI d Al I of |

depi cts a cross-sectional vie e actuator horns
621 6228@ﬁmMM@9Wﬁmgh¢nﬁﬁ&rd, a deflection 822 of the starboard trailing
edge 10542 relative to the top of the starboard airfoil 801 in response to
the rotation 821 of the starboard actuator horn 622. FIG 9 depicts a
functi onal bFECR ddpiagrdnnciohl Wuek diagfamo¥nOariteop iﬁbmtaupjpdotqaséemjngBM an
el evat or conmmand 910, ileron co may be out put as

vol tagealigle‘éaé‘hﬁfﬁﬂ‘&éangﬁgo Bt AEOSETBPEN 38?@ Iﬁ%&‘éﬂroqt%w%ﬂée to provide a
por ti 5 actsahendsGaIueAstn @Bk caafhedo Sl-ar RRA h0as héldeh peRABRMNG: &3dmantine M xer

| ogi ¢ 930 nﬁélbe enbodi ed as part of the autopil ot proce55|ng or enbodi ed
as a sepat#nde sisbeareadspatericopand 9. phiarmigetlagie 830 w3p beegbasiedes writ ghir ed
where pagidio gﬁotéj?&ée%?gsor%ib}é&&e&&ea &%&te%&ddﬁctd? Cirbaf. %g&t iSRG Ng
direction an gative voltages drive the port actuat horn in an

ext endi mgy #F cenfiguend WIREr positieoweléageadrscdhdpeat aftuator hetman a 98ROy be

o SULELANEAE RIS LB AL BE SOl Bl 16 RLA'RARIG, AbuAROT Dorn Tn @
retractln I’eCIt1 1-on % atlve ages oard act uat or
horQOInL&WW@%I@ﬂdbmgddunﬂmﬂk@mmwThemp@mﬂmb&h@@b@Mn@SGHQﬁddswahboard

act uat or, 960 be, con extensian/refrac f eedback that may
Fur ner SpEgmaR g § B e e PR B e TR some
enbodinaah??ﬂmhe??mmxwgmhgHﬁaﬁﬁﬁ b&ﬂﬁﬁﬂ%h@ﬂﬁ@doaﬁMhﬂb?HdhﬁwﬂMGMDlng gdges )
are initially ect upwar ue to tation orce provided by eac
of the PB¥pEEet e i iR onseran oqdya %ﬁl ﬁefmélﬁaée wi@fa?fglﬁo. I's are

di sposeehcalRB@r hérd pbatism. ah séhie cthbsEhads tl@eﬂﬂr &éﬂ@lé 8y & chhgubaisel age i's

oriented skyward, the trailing edge def | ecti ons may produce upward pitching

noment s “hpEtthg tiking sepedre pitigll¥deldededsmmsrddigtie thPéotﬁ%ﬂqal forcegrovidedity;  py t he
rotatiopgh # )ﬂ{e‘%&%'e&ﬂfe oLsiiRAFRAcRbert e aﬁ%&&’rﬁﬁl@,rwﬁb% &S airfolls 2@ Msposed

along the bottom of the fuselage and the top of the fuselage is oriented skyward, the trailing

edge deflections may produce upward pitching moments that in turn may be reduced or
brought to null, i.e., trim, by the rotational extension of each of the actuator horns. In some
30  embodiments, linear actuators may replace the exemplary rotational actuators actuating the

contact horns.

In addition to the actuatable control surfaces as set forth herein, e.g., the control

panels 147,148, operating as elevons, embodiments may have additional such surfaces.

10



30enbodi nents, linear actuators may replace the exenplary rotational
actuators actuating the contact horns. In addition to the actuatable
control swofacesewds set forth herein, e.g., the control Ppanske004832148,
operating as el evons, enbodi nents nay have additional such surfaces. These
control surfaces may al so be deployable to allow the UAV to be confi gured

for st Oﬁﬁ&;%]’coétii&h@u&a%eé’\ﬂn&;hfl%ﬁﬁée H)?l%]e% ”%?1% U‘A%'bg% JdQropperation,
e.g., articu I on ori entations of such

depl oy abﬂomgc,cmtlr ol wuiuun § koesh gy ovamﬁgdtegbéorehpﬁgtlmn clgolighheToomtticlar
Eg;g?gg Tfa’%nlgsl)lanc?{o; oer?entalggr\{seoq%uch cs:glot}/%]o%e }:/o%ktlrloi:%u?fag C%Jrlilay Vapyede g{ g ?L Its
vehi cl ehoxAshe\Mohholtsbffac&(sevmmsffavdﬂlps‘t@kﬁent bf)tthe eclddle smhombilrmoreuﬁﬂts act uat abl e

cont surfa ne or e actuators are sQ t fter

bl By AT THeoRD i AT PARB REHEE DIBE FofIC are | Bt BB  h t he
sur f aC eeRYorlsa47.a4s €ortdach SRB i @GoraACidtakdb0condkOll surfReh el dreryrs adtmoerAV

i ncl udes a fuse a where a deployable control surface assenb a
verti caPresfiapsadis9 g}at affd deploymgny af the iC%nt’FPéEl‘Hfaéﬁthé@C‘B?toﬂ@a"i‘lﬂtnllféra‘étf‘i”ﬂ’port i on of

t he UAV{he'Ehﬁ‘ac@@‘sg)k(pééﬂEé}he@éSIrgéflgct@‘{ﬁBhr ol surface assenbly may be achi eved by
a variety of neans including sliding, pivoting, rotating, or the like, into

position. Enbodi nents have a control surface assenbly that rotates about a

hi ngg havi ngln%n%ﬁin{&tsgﬁéfjw\foiﬂagilessa% 1232, v@g?y%%%p%y?ﬁle leﬂ%@ surffee L0 1 mpart a

biasing force to urge the control sur easse romits stored position
to its epemblyi ogak vgpbeil stabihizer and/or @dderelxamphfed attdmlewAh/e arfay)oxtmoloﬁtllle one or

nore verty S ot i on about an
axi s of qafa 1|leon Bgl"ﬁ (gghnetacrlag{r&sur g%g%ﬁlnﬁ%y %:E%etg?do %? E)fng t he

t aper ed npetdihdndiog slidives, pivethg geatal, drithe Hltd, inpopdsitmn. (Efmbbmm&tsslewazge wher ei n
such taperi be configured.to retai,n the control. surfaces and ot her
conpononto] bR by e Bt 8 Eha¥ Haniogd sFans RedivoRel 5REaS sBEE « Ton
Aftep deelhangarddtto irhpant 4 hiediig Bi@It6 drgp @ doh®6l surface assembly from its stored

position to its operational position.

For example, the UAV may include one or more vertical stabilizers and/or rudders

that rotate into position about an axis of rotation. Such control surfaces may be positioned

20  along the tapered portion of the fuselage at the aft portion of the fuselage, wherein such
tapering may be configured to retain the control surfaces and other components (such as a
folded propeller) while in their stored position. After deployment from their stored position
to their operational position, the rudders may be rotated and/or deflected by an effector
member that may be disposed transversely within the fuselage housing and extendible in part

25  to engage the rudders. The effector member may be driven by an actuator. Once engaged,
the ends of the effector member abut the rudders by affixing, sticking, snapping or otherwise
securing to the rudder surfaces as a result in part of the resilient tension and/or air pressure.
The axis of rotation of the rudders may be a crease or a hinge for example—resiliently
mounted or spring loaded—canted relative to a longitudinal axis of the UAV. The

30  longitudinal axis of the UAV extends through the center of the fuselage from the nose to the
tail, passing through the center of gravity of the UAV. Further, the rudders may be rotated
and or deflected via an actuator, ¢.g., via a shaft or pushrod driven by an actuator. As such, a
single hinge functions to both allow a rudder to rotate therecabout during deployment from the

stored to the operational positions, as well as for the rudders to rotate thereabout, when after

11



to their operational position, the rudders nmay be rotated and/or deflected
by an effector nenber that may be di sposed transversely within the fusel age
housi ng awo 2exitmnusiitbl e i n part 25 to engage the rudder s PCThiS2@bf0essedr
menber may be driven by an actuator. Once engaged, the ends of the effector
menber abut the rudders by affixing, sticking, snapping or otherw se
securin . part of the resilient
tenS|ongéhgy%%ﬁégﬁgg%%g%ﬂé%QQﬁagﬂ§§?$§?% f%?gglon of the rudders may be a
crease or a hinge for exanple resiliently nmounted or spring Ioaded cant ed
relative to I n S. 0 i axis of the
Uav ext ends TIS SR TS RIS sl St bRV R e a1
passinglowﬂaﬂmﬁpmhmtmeaﬂmn ﬁmegmamhhyUANkmh@ﬂUAwihEMQth9®Lwhhbnmydders may
be r tate and or defl ect i actuator, e.q. haft or pushrod
i van ok sacPrge it b 11 PREENS el fiimenShuiftthor ol ) ow o
rudder bfbcés@@tadoﬁlph@ﬁg gaﬂasmb ibthétas daphayieakutd amctihefshaties to the
oper at i onal, p03|t|onv well as for the rudders to rotate t her eabout ,
when af PEfIYBHIOFYHERY, p%ﬁ@nfluﬁafeﬁnd/% rofiead vetocHiss lidgraacalirations aketuat or .
FI'G  104tik]do Uslirp@h@ste Borh@Bnd4 fEMEiBEr &%o%@il@ﬁﬁo&@%@dd&%@%m he ddABOUAV
portion 1000 of the present invention. exenpl ary UAV conprises a
f usel ag@roEOVNEWATEIP R Rile! RrgecsEng. eTI@cIﬂAHﬁnqygn%{g@erwwf(t@at 1013, or
avi pi cSendhat u £ 9, ance
st e B S T ot he Uav
p05|t|om04ﬂNﬁéamléﬁﬁybﬂ4ﬂmﬂamkbnamﬁVEH@é$ﬂ@%sjmbﬁmehgeaﬂﬁeménations and/ or
attitud ! r t [: essi ng
andl or - SHuRARCREARAE: S sORRTBERR obRin it o Bl Abullelt * 5 S uay
may i nckodgundde radin thercusttol Jsﬁrfagpemmdahe ﬁbitd,ed$ttq>hlla8)vlﬂlepl’i gpel peditid330. The UAV
I|ft|n urfaces 1041, 1042 044, and

h
T e S PR TS SRt et s g oS o RO SR ot i s a
por t15 on peiht 4ndéor e sieNgA ¥ QROinwhivaied tapey! Sleﬁlﬁﬁmﬁlﬁl whitH Bay fyp efdntide bSa

configured to retain the control surface the fol ded propeller while in
stored PYSITEYRSI %WOVGBH@PO%W%@@ Sﬁlﬁi EQ%H el St ga%w and may
be usedyhWrmowRndriR theteRerifl |elrﬂbéﬁlmeﬂiﬁom(}nlO@Wﬁﬂd&yl'ﬂstlb% HaYvar,a an
actuated control element 1049, which may for exanple be a rod or a curved

horn rofhgtaaonat ofheserel fareegenaiaedbby @ﬁéﬁlksur%a@mcwﬁgngbéh%@eﬂepw qfyhest abl e in
yaw, hoygies oh{bﬁtﬂ@wgl;&%m&ﬁﬁ 8RR TR 128 anfy! throl% yay e el 045, 1046

may vary the anount | at er a orce enerate tall surface, and
accapdi Ky ctehdo deiht the céntmlins ofttheUANd éfémtsls,dhn ruddertswéacm midy 8¢ nssdo rray be

used t0 GENEH %ép%flﬁ&goﬁﬁé‘ﬁcf]sg' GX\/%%%Q@UMH 2001 155188 bﬁg? é’tthgV

poi nt t he cent Ine o e rudaer. s may be used
t o cont toodnetshie upmg itthawrilabn bhacvoos Fhobarking rhid\tausthibke ﬂjgh!t fatir ofshavdVcaused by

banki ng, t he UA Si.n r.aileron or e e banki ng may
cause TS YR TRIPR o STl Bl Mk B PR P S B ORY i Bl s Faces
1045, 10iﬂ&ﬁthmwdculﬂ‘ﬁ|dmlglg pethsuirectlyhed t%ia/thbﬁuﬁ[slc@ﬁﬁlﬁw\lﬁdt lotidieiseuhaed Vi | i ght pat h
correct and that the turn is coordina . e UAV 25 may

encdiint 8RY SERPiCbidtgraag BatmBEy© bﬁﬁ’ Ofgm% Pf‘thé‘n‘%] [t ¢HECDHER and its

Sensor s nf@y dettcdss Hii-QL 118 raficAasdy £8-be TR&I b PpdRessdirmYhalaw Ballysed to
point or direct the UAV to allow the UAV's sensors and/or munitions to be

ai med t eI B pensers and/BnIHHONS|te DS HEGH ép beeshed drctiomt [t fipuidbanmedr udders are
shown i .t ReiIERRALIARNM e Hov 1%he3e%50d9£b%t SHFIBDI®, to'ﬂ@Br T¥R thitdder s or ot her
control surfaces, positioned at other |ocations along the fusel age or other
30 conpousidats Obf)th@mntr)ﬁl\%urfws,b@s@mmd@y etder lpeatiohpalprt the fuselpgaortoter any such

dephgya t f.al s capabl e of
ooy EREpRY Rl PN GRS e BBy N LA B e SR o ot s,
t her e nagntivé surticeniap hm arggl i mghraechmthatlus czipabletosﬁmo&mg rtrlmrIéA&’calhblut@hors urfaces
such that the,surfaces,can be nov t el nd/ or |nde ntI from
aach or Aup onCadH TR Npd ST BRROGRERE Bt iy BEMoBT i BES ROk  T0A
shomnngﬁﬁwmopﬂﬁmknmm&ﬂaﬁdamsamemmk&myuﬁmﬂﬂamsmlﬂﬁﬁdsa&mmdpddﬁﬁ 1046 is

depi cted, 38 b ortdon 3421 15U the fusel age vl
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and agai nst the tapered aft portion 1050 and the rudder nmay deploy to
control the yawing 5 notion. An exenplary canted hinge |ine 1060 determ nes
t he axi s wb 20ot@b30n, and serves as a pivot |ine for thecrasdew/ odsps oynent .
The hinge 1060 may include a spring to bias the rudder 1046 fromits stored
position against the fusel age portion 1050 up to its operational position
as well as bias the rudder against the actuator. The figure al so shows the
wi ng 1042, tail 1044, and propeller 1030. 10 FIGS. 11A-11D depict in a top
view, an exeﬁﬁiéﬂ@dq@pbeyﬂenkv@hnwhéavuﬂﬂék1®®Bma@egwmmmsﬂmnwﬁhnFlG. 11A
shows in_top vie t ur f,aces

1145, 1158 ity o8 B8 R ler O SHETREL Vs %gams{tﬂgg”selag SdL149. The
UAV as sinbagainssthe tapeﬂee aﬁ:pemdep)()iwmmhe rsltidxgmaamidplbhe) d’oﬂlﬂdl&h&yahﬂlﬂ@ 1146 are
forward and fl ush ai the.t d aft ortl 1150 of , t he fusel age
11100 HRGES A4 SErTaR cut hgR e DR CUF TR GRF LTy §14 P BB age.

FI G 11§1vshmvwfoi 1he ridadr de@lotyfh%ntb%b ﬂﬁigBQO(&Irﬁ@}e@clﬁﬂe @Igﬂingymag the WiiRIEE t he
rudders 1145, 1146 may be forced tq deploy fromthe nam c pressure on the
sur f aces 0B ts stqeedipasition %gaé%%ﬁ@el%erml% WP uRge ]I%%{WQFIBP%@O“*FHE springs
provi di Iagwalumlﬁgh@ﬁlda@fragaﬁst@&sacwawﬂ edhatig R AR Hélwstitewidh 10£S aher e the
springs ﬁg forces 20 on the rudders to nove themfromthe stored
posi t i om04% adieropgllst H330onal position and to bias themthereafter. As
|Ilqgtrated the rudders 1145, 1146 rotate about the hinges 1155, 1156 with
the hinge-axis 1160, 1161 respectfully, as they are being deployed. FIG 11C
shows the rublds: $1A44B,depidGinfagen hiew, al argplary dpplyogntafthcagdddnsurfagdder s

1145, 11 t [ I D.shews the
actuato?ﬁﬁgﬁﬁgofﬂﬁq S%Egg?ﬂnoé?ﬁwa %%%Pg%gﬁf;éﬁ aﬂﬁlggﬁéé% %%E and above

t he hi ngefaxd 51431606-sm afelded stfa&ekdnldtaate&ecamg&gnamg ctghen rbdldiw SThe 145V 1146 once
depl oyed. .The act ator, rod 1149 t ed t he fusel age
body g 2oRf iy EREEgRoReT ek R R8s 1 S AP &S BSlr s ana st op

t he 150t agdimunee tapewdiBfortidn 1880 Bf e €iseihigd Ni@0r elthged mgsmuddexreshMS 1146 may
be connected.to the rod 7, 1148 via faste ing nmeans, ., a set
of at | &Ect %%Wéder%toatgﬁgwelagq e ]rliBafrli‘@@!é cPEYY m?i‘F%Eng SHEE or

combi naybNeEmdnneVRES the huddédil Mﬁ%l&@ﬂia%,betf&@ed@fﬂlg]%lby abmtthed@etuat or rod 1149
may not extend beyond the lateral width of the fuselage m nus the w dth of

t he sur PESBIQEN thpsurfagerandéor. s athisiexgmple) fomn a sprnglosd @&ssi dibe apfingkenpl ary
depl oymepfi e @ck fo’i‘&' &n Fb%'gs'é%ﬁon%&' bf AGBok AhingR¥ %&Ih%@tﬁessp'rlhg%é ofddg ough in

di fferent stages. shows in top view the exenplar where the
yaw28onon die riv emgmvvaﬁlehaﬁmm@le@medrm’rd@n tqmmer’cmngl mséwnfa@@t@s]:e@ on the

erbodi reRT st s F R P aRE AT a G R Houy o Bree USSR or'e”
bei ng ddmllmygeehxfsrldﬁﬁ) i e respactGhilyr as they are being deployed. FIG. 11C shows the
rudders 1145,1146 further along in deployment as the rudders 1145,1146 have rotated about
the hinge-axis 1160. FIG. 11D shows the actuator horn or rod 1149—as it projects out of the
25  fuselage and above the hinge-axis 1160—so as to facilitate engaging the rudders 1145,1146
once deployed. The actuator rod 1149 is shown as extended out of the fuselage body where it
may engage the rudders 1145,1146 after deployment and stop the rotational movement at
each end of the rod. The rudders 1145,1146 may be connected to the rod ends 1147,1148 via
a fastening means, ¢.g., a set of at least magnets, clasps, clips, flanges, pegs, pins, Velcro™, or
30  combinations thereof. In this example, the length of the actuator rod 1149 may not extend

beyond the lateral width of the fuselage minus the width of the surface of the rudders
1145,1146.

FIGS. 12A-12F depict an exemplary deployment of a single rudder surface 1245
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5tube. The rod 1249 is placed inside the fusel age housing 1201 and nay be
used for actuating the novenent of the rudder 1245. FIG 12B shows the sane
UAV as FIv0 2006681t he UAV i s bei ng depl oyed and exiti ng@CThisS201a0u83ber

t ube-where the rudder 1245 rotates about an axis 1260, e.g., a hinge |ine.
FIG 12C shows the rudder 1245 further along in the deploynent stage as the
rudder i r of t exhl - axl g gger
10porti%%ég?&$E%b9§gﬁggg}%g@%%gggggﬁ'Eﬁg]ﬁga%ggsﬁébéféﬁﬁﬁzeé?H% S point.

I n FI G UMADwhsre theeyamumbdiol i $hdSnee havingies midee h@4ft Thlisongy fdveseaxnghd i ne, | ess

of the top surf IS, Visibl romthis top, vi F 12E .shows the end of
ep oyrminiet piitBRct RughBiel bR sl U0 2 b htor s PREPRLS) age wal 1
FI G 12Befficts theenddshawsfotwad Sading WhVicalhar & férb éciny deldoyel Zdbm thasauheel y

depl oyed . after i,ting the. |l auncher tube an S conme, into.contact with the
fof $5461%) HEsTisi Bl seRim@RAE it Rou2d Suf GREre el kAR 11 gur e
may havéhef@Rekst dthd e neks. MIGh1 TBiakvs i amp UANead FIdderA 124 et 0
facilitate the capturing of the rudder 1245. FIG 12F al so depicts the

movement/of 1siReedgpigesd aid cxifing thedamprer SDgagaisroe fuderalta e 3198t and shows

the rotaf hadeoaxhsa angeahatiad. Yod tholend agten 345 RBRGonk 3 udepi cts a side
view of the tapered aft portion of the fusel age 1301 where the rudder 1345

and t he dprleyseqn gpgc1B 3o tyddas 1EH eonfipyad dairosatarhonhthe dinge-app édblarbbigecrand
tuckgd 1,0V dr @S totapggr%\éréﬁe&f tl%eru#i&? iABsilc LAUNGREE. IUBE. PiD hsnthg{udéier

pre-deploynment st Thi's view further depicts the position o n

exenpl and4a@ntates movodct 3Wae de axts limaylessiof theriep sefatdie visudefragehihpsi ng 1301
and ext t i ] 0 r 25axi s
o rot atlan 114 1 SN ARRERDIGLRRGLALGER R TR RGN TR IR, 2000
cant ed telfatciage wiabd. Fite 1RBigtictghionaltheaseing LAV wherctidtudddne 2¢aimsddlhi nge | i ne

may range fr reater, than,zero up,to 90 degrees. .So e i pents as
ehowe | Aesdandl e’ RAGLET B atPend ey BHRER YTt R e lh 30 1o 60
degnees sorfe Sabdd@tera) ¢cao®l240msdegit e inthis fparcififchavE hagnclsdh Wepidt s the same
si de view%é%gg rudders 13 i s, bei ng deployed and

45,1346 of the UAV as it i g
30denon®f tab 0 theygy ?rc}ﬁ“%fo f@ﬁﬁta&rtgwp%angfé@s "‘éf?d%}z“éesi yifent and t he
rudder s o4& i34 ndSchB@of HeBud Rt & it R QH%agEJD@y Miastu@br fobandinegg | i ne
1355. FIG 13C shows the rudders 1345,1346 fully depl oyed and the actuator

rod fasthere@tions! prvasserdried Wity thg reddest eni ng method, e.g., a set of at |east
magnets, clasps, clips, flanges, pegs, pins, Velcro, or conbinations

t hereof . The actuator rod 1349 may be controlled via an actuator, e.g., a
set 20f at | eBKi 1éAdlepicis a sideaivandidhd tapiredaltyportion glethe fuselagreldP 1 adisrsrihd v,

and/ or I i | : rotatj t S may be via
t he actﬁ%@%iﬂgﬁégbkgaﬁﬂﬁggﬁgggtgagﬁ%%g %?3%% eh$%38£ gﬁﬁg%ﬂgﬁgfspring
return fwkekinohrdragshd UAKtnhay teousideed auneticlenis orTine peedepblyorntrsoge s&higes t o

SP 33: gi %g%ﬁaﬁ%g{ﬁlfsl?@ _AéSﬁog'l%gg 0 anve?(eringlatcyoe%Puea o%troicp ﬂ4$’iag ﬁmea?lcm ir%gc{%%fie thereby

fuselage housing 1301, and extends out from two opposing apertures located above a rudder

25  axis of rotation, e.g., hinge line 1355. This view shows the axis of rotation, canted relative to
the longitudinal axis of the UAV. The canted hinge line may range from greater than zero up
to 90 degrees. Some embodiments as shows in these examples have a canted angle which
ranges between 30 to 60 degrees. A canted angle of 45 degree may be used. FIG. 13B
depicts the same side view, the rudders 1345,1346 of the UAV as it is being deployed and

30  demonstrates the position of the propeller 1330 after deployment and the rudders 1345,1346
as they are rotating about the axis of the hinge line 1355. FIG. 13C shows the rudders
1345,1346 fully deployed and the actuator rod fastened to the rudders via a fastening method,
e.g., a set of at least magnets, clasps, clips, flanges, pegs, pins, Velcro™, or combinations

thereof. The actuator rod 1349 may be controlled via an actuator, ¢.g., a set of at least electro
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5 FIG 13D is a cut away-view of an aft section of an enbodi nent depicting
the fusel age 1301 where the rudders 1345, 1346- bot h depl oyed- have been
engaged byoanugfb@et or nenber, e.g., a rod 1349. The acPaatuseo0oas32849 is
depi cted as housed inside the fusel age 1301, and extendi ng outside of the
fusel age fromtwo opposing apertures 1375,1376 10l ocated above a rudder

axi s of I, OfF I ) r i | . In some
erbod min Ak 8 el Bod ddmnf tharord AR 1RO En bt B e "

por t i onraidtiontd theirdgers minebaevia He astpatonepgasiyg fhemed foornslate depbdyeaitse rudder s
1345, 1346, and i a 1e rudders. 1 1346 in he.actuator rod 1349
when 1 ha R A Rl SR S AR TP IR IR s R MR ot Pher
depi ct s riddersr B4t E346 MB4 5y dRpEratdautvith sghtothet therchg proatding vbsr @dtrd349, and

where the actuator rod 1349 is depicted as slideably supported by a back
structural elenent (not shown). The actuator rod 1349 may conprise bul bous

ends 1372, 13F(%5.119DGONAR Givay-0icOr ofal Wit sédiien bEgatsodinddd ddpddhg thhe act uat or
rod 1349 may have teeth that nmesh with a djsk 1371 having conpatible teeth

conver gé*ssieEe Rt vjsesche mdders L f4patdp—Pethrlcioy et Bave e ha\RsRd Y 281 t he

rudder s 346 3R RYe aNGATENY THRQcREHHAHAB4S RAUKORI4IndsA hiig Bbsk 1371 by
causi ng the disk 137g to rotate-about an axis depicted as perpendicular to

t he | ondiselagh h¥l. andicgtendigg ogide petheyfugelage from rygepposimpandmresdgiy o138 back

Vi ewpof I . A4 4 and t he
(o oL ARSI PL 20 TS0 O, L (A, SplasER WERIRR o0 (e

of the fusetmislideas bt himge i b madaemsisd 4 4Ging4hmncas]1 J8iahgutiapodiohof ded st at e.
In this i t he . hi Ik n it : omthe
art por g Trits B AR RabRR L A AR RIS RRe ndy BRRR G 0T
cant ed atddersdé4etidedgdegtiemctuatontidvB4D ovhthéhelrodugtst 13db,m3d6 axins of t he
fuselage. FIG  14B is back vi.ew of t ered. aft portion

op ot R HRek tiatHep ST J3D TS AP e g sy s B EB g e Egtaedy
]EiEp|1@erﬁftt1.34D,l’t}n3®vh;ethge ajﬁtmdd b ir6e® 1349 iOdpretddedsatsably hsapgoe?ﬂb'ye_rﬁhdky mount ed
orce or a spring |loa inge-in conjunction with w resj st ance- nay
facili ¢ SFGGHE SRt G Do 1 I8 bog? _ﬂtaﬁ@%mjémiﬁor\%mﬁaeo. FIG 14C
depi ct s 181€1 379 dlednBect 4ftSr abdlc ARIAEREY4RI RG] ThdhduARRO@YMPNhay ARG rotating
about the pivot |ine, the canted hinge |ine 1460. Wnd resistance may

e.d.,
be at t K&thihgmessh “’é‘@iarﬁiﬁSkglﬁ? | heying goatmtible seth qonyerge Hgachoregeproynent and so

may pus tyi %1:]§getlh 14D
further Ia%t{el%?rc{% Gf[é ﬁg&ﬁgﬁ%&%&ﬁ%ﬁ%ﬂ%@{g;sg ’g;‘%nﬂseyt(;lé‘r?1 g% e e%gﬁgﬁ‘tﬂrﬁéi r

depPBy mé S viatd diskyl 32t Binekuaigaithestiskt 19€1 teapttedatous @l axgredontdd 2as depl oyed.
FI G 14|Ee gr%ﬁq’tla%tcﬁﬂ‘gﬁrﬂggﬁi‘ﬁﬁg’%éﬁg&%ﬁe?ﬁVbEI ng engaged by the actuator and

in this exanple, ich acts as a stopper to keep the rudders
in position, at which point 5 they can achieve the | east anount of air

STt ance oh Y TEY 5 SUR By Phe DRI SR Lo Gl S oL
and depk@facthpidsQtiéd amnhd Uav fisdgsadi@tEd. WA b 4 ek veddeasapetdad afthi s
T RN T TR SR RN T S ol
t he ot hefis &histghent AfTidge 1RYIh&amdsQh of @rgRE #Mm the aft portion of the
fuselage towards the mid body. The hinge line 1460 is canted at a selected degree relative to
the longitudinal axis of the fuselage. FIG. 14B is the same back view of the tapered aft
portion depicting the rudders 1445,1446 as being in the beginning stages of deployment. In
30  this embodiment, once released, a resiliently mounted force or a spring loaded hinge—in
conjunction with wind resistance—may facilitate the motion of the rudders about the hinge
line 1460. FIG. 14C depicts the rudders 1445,1446 as they are in mid-deployment, and

rotating about the pivot line, e.g., the canted hinge line 1460. Wind resistance may be at the

highest point during a launch at this stage of deployment and so may push the rudders toward
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10w nd, resilient hinge, and/or spring |oad force. FI G 15A
illustrates a top view of an exenpl ary enbodi nent of the UAV portion 1500.
Thi s vi evwehow#éeen3not at abl e surface 1539 with the ruddePCIarsb@omss3rs45, 1546
nmounted on the platform 1539-with the rudder surfaces depicted as

perpendi cular to the platform 15and an actuator inside the fusel age which

may con t I shows in
si de V|E&%?H§h§§éﬁ%%§P§ﬂﬁﬁwﬁﬁﬁgggq% %gge?kgﬁﬁ %?gaigggﬂfégﬁhoaﬁ nount ed
substanﬂw&mdyfwempaﬂdﬁnumamdnmymh@dh@mgtﬁ@dmm@ﬁﬁaxhgewﬁﬂam@mkwmd The rudder
1545 is P&pll4%td%€10ta i beldc'iqegs 144)§el(24(§ as t;elpne ! gzﬁé&igﬁ % a2 ato gnd 1¥1\'+‘E'l(13r e the

rotatabFe 'surf nd a“por Iage ou5|ng are copl anar.
I n one exdngdé, nenbd ﬂh@ pzlh&hfaots s Qﬁlﬂ:ﬁ{&@tmlaéjtp be riuddess impbditiaf, at Widch psied age

where the actuator ,shaff has seal. ring in ord 0 faC|I|ta1 bl ocki ng
the. St AEHEE: SSRGS o o Hox e Sh St THE + udder <
1545, 154&ct6m FHIGARIFalePicRAR: MotnRRl éMBe AddHI they ﬁeteﬁgaged byt aéthgor udders can
be fol ded f| at against the fuselage for storage and then be deployed to a

subst anfqhl ¥y apddepigtihe i%aém'ﬁil&ﬁw%%%%tﬁéwa@. thgyuddess. In s cipbedimey. Gepi cts a
functi opg dgﬂléa%he thﬁghﬁi'abrm@% MREANS s0 b eunnapﬂlepwﬁg n{%@&@ﬁtﬁb 05840, an

el evat or connan 5,, aileron conmand 0, 6a, and rudder command 1025,
6" may B&- &p%mtth%@HVdnm@é@Mméh%herm@ebM@oﬁmlkédn%(e%mﬂ Ry to mixer
| 0015 938nd PosRiAM kel command 931, a starboard actuator

command 932, %aﬁgtlﬂgh %ﬂ%ctuatgr command 1070. The m xer | ogic 930 may

be enbodi ed as part of the aut opi | ot processing or enbodied as a separate
nodul e or ci [ f ositive
vol t ages drlglg}JtlEAe 1@3%{6 %tvkle%g aélre%g)l ﬁﬁé’ e?%toﬁd\g% {%ﬁgﬂé\yﬁcﬁr@%{) and
negatlveSMbVMmgeswdmhMBnbhﬁmpﬂmﬁh@nﬁaahmhﬂhnmmwxnmﬁmeekﬂéndﬂmgpdmmbct|on.

Li kewi se at or,, 960 na onfi qur ed, wher e itive

ol t agedh HRMARIRA S aP bR SAtt QrEr A PEOPRETtes g PPER T on and

gegas i vendvel etcag&ﬁ ifdide\ties fﬁlhlﬂag&tvﬁﬁélﬁﬁidﬂcoa&blgﬁ& ﬂiéatf@ﬁiilﬁndvlamaﬂ dfxﬁeendi ng
irectio ort actuator . 950 and st arboar ator 960 na

conf i guP@ f S XL EnDEoie e {1t it Vigh thessemplar Y thliﬁw{l? e frer f?‘é’gul at e

and/ or nefy 1@@h6vhﬂn&ﬁﬁé&%@§tarﬁﬁﬂﬂp&9éidﬁdu&@ kdle 1dnBit KO 1 TBOAUE WBNE SThd he ai r
vehicl e nay be configured so that the trailing 5edges maybe initially

def | ect 8ildeplade i dnistadgs beiag ﬁé@datputleﬁﬁarataﬁéﬁrse@aﬁr%hﬁr@@a rg5gtalla skfage t he
respect ijyg [1831 okl FRTIRT e hbikiR rE4HTRLL MR &ni;mméﬂt &ﬁeqmtﬁ)rﬁr e di sposed

al ong the bottom of theq?usela and the top of fuselage Is oriented
skywar d 1 53%hmeay beainlaiwedl cédl@efu@téﬂfglee@medh@aquorphﬁﬁh@@ saé;i\mlgdl piderdhi ng noment s
that i nf&cﬁ{téﬂe %Xklg the%g‘ry&l%g pL VRB{[: &R&l eie%neﬂﬂ Fln sdmé enilbohfrﬁe%s tgé/ 'ﬂ

rotationa extenS| each of e actuator horns. In some enbo |nents

| i near 16)%1&4&ﬁ1m1131emmymgeepdi S{n‘mgtahéleexmgﬂoahgt tirecotaddrocalbedaltiebflaar s act uati ng

th t act
conbi nat PO TRAFE: SOBCksrarher braHuReTher SpRers PhstaPeliig aspect s
of the apamtnenbodi mrents may be made and still fall wthin the scope of the

invzntlon Accordingly, it should be understood that various features and
asp dts of the 15 discl osed enbodi nents may be conbined with or substituted

for one anot hgy. 16 QcHES e FurcRorfP bIRLY dihyramMa 00® A8 8reOfrorth BEoflilci GRERMI Nvent i on.
Further it is intended that the scope of the present invention herein

di scl 0séd0.l8y clgagtonfonmxammIl . sleign gomarand @20, Pppedmddsy comeapd 35t ar
di scl os %gy %%919{1% @Bﬁa@%%&ﬁaﬁ&sdana%\ff%e combined according to mixer logic 930 to

provide a port actuator command 931, a starboard actuator command 932, and a rudder

30  actuator command 1070. The mixer logic 930 may be embodied as part of the autopilot
processing or embodied as a separate module or circuit. A port actuator 950 may be
configured where positive voltages drive the port actuator horn in a retracting direction and
negative voltages drive the port actuator horn in an extending direction. Likewise, a

starboard actuator 960 may be configured where positive voltages drive the starboard actuator

16



CLAIMS: What is clained is: 1. An aerial vehicle conprising: a fusel age
housing a first fusel age-nmounted effector; 5a first airfoil conprising a
first corwoabiigusd3ace resiliently nmounted to the first @&cmwfuseéio/oudses ein the
first control surface is opposed by the first fusel age-nounted effector; a

second airfoil, rotatably attached to the fusel age housi ng; and a second
fusel a.gg H%QE&&&T%&&E@& afill'd%@g sed vX‘I‘te{% dé Qe {t&ﬁ@d @gﬁu# g gnd
extendi ble I n part Tt o engage the seco ai rfol 0 aerial vehicle

of clai mitind‘uug diteetiorc dFhprhogiantyatot H) dndseitagal dsoumir AG0 may hé c(dlﬁgured
fusel 206, Rty RILAR Sl b RIGI ALl iRTRELE A Ay seRgRd cont ol

surface reS| tHird he aerial vehicle
of cl ai psztlcfrmg hesom@ﬂplbodsmags tlee dirowehicke rmyrlfemohﬁgwred aut taditlthye E?Ilhﬁgl hed to the

o o Dot APl ATTET e Pe GF B rotukge g e P RIS P e o d sposed
a| ong t hepaol eiaeiliagiendthibrd) alYn example where the airfoils are disposed along the bottom

of the fuselage and the top of the fuselage is oriented skyward, the trailing edge deflections

may produce upward pitching moments that in turn may be reduced or brought to null, i.c.,

trim, by the rotational extension of each of the actuator horns. In some embodiments, linear

10 actuators may replace the exemplary rotational actuators actuating the contact horns or rod.

It is contemplated that various combinations and/or sub-combinations of the specific
features and aspects of the above embodiments may be made and still fall within the scope of
the invention. Accordingly, it should be understood that various features and aspects of the

15  disclosed embodiments may be combined with or substituted for one another in order to form
varying modes of the disclosed invention. Further it is intended that the scope of the present
invention herein disclosed by way of examples should not be limited by the particular

disclosed embodiments described above.
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5. The aerial vehicle of claim3, the fuselage further conprising: a
tapered aft portion, and wherein the second airfoil and the fourth airfoil
are di sposocdodlwwnpit he tapered aft portion of the fusel ge/US2E00483The
aerial vehicle of claim1 wherein the first fusel age-nounted effector is a
first actuator horn extendible via a first fusel age aperture. 7. The
aeri al g of claim2 wherein the third fusel age-nmounted effector is a
second actuator horn extendible via a second fusel age aperture. 8. The
aeri al Wéta‘ttslc@imtdisi aim1l wherein the first resiliently nmounted control
urface| a|I|n e of the first airfoil articulated at a |ineal

j oi nt abo %alvfehlc aglg%ntlﬁ'l . 9. The aerial vehicle of claiml1 wherein the
aeri al vehlfoteéage&owmtwlﬁledfushlagengommreﬁﬁebton 10. A nethod of aerial vehicle
flight cont risin first ent.l y.. nount ed
contPol  sthacu b puuB Iy fteprel STisaragst bhveet Sk BT hor . and

def | ect i ngviich@n fHerfBdt coed] kgt hsyoﬁg@séauog%ecmsttfnwlagsméua&e effed@ort he first

f usel age- nount ed act uat or horn on one or nore command signals. 11. An
aerial veHiredagigh r%?tﬁ@yatmae%é%q fysrdaceAgntg: @hthg a housi ng tapering

aftward; & &bdndtfuRlapb-Aduntcl @ffé’ét@fbﬁs\f)o&fdtvﬁﬁﬂﬁ?@leE&eﬁa@@h&&ﬁ@'aﬁ&@xt&ﬁl‘ﬂcﬁé ng; and
an effector menber §| sposed within the fusel age housi ng and extendi ble in

part to eﬁga@}étotqmgagqthgqecq}dr%néqnl 1512. The aerial vehicle of claim11,
whergin the aft portion of the fuselage tapers by an angle defined in part
by the first airfoil. 13. The aerial vehicle of claim12 wherein the first
ai r f oi | 2i $he egial vehnd¢ 9f ot faghd¢rgomhesifigisel age housi ng.

the fuselage housing a third fuselage-mounted effector; and

a third airfoil comprising a second control surface resiliently mounted to the third airfoil.

15 3. The aerial vehicle of claim 2 further comprising:

a fourth airfoil, rotatably attached to the fuselage housing,.

4. The aerial vehicle of claim 2 further comprising:
a mid-body and wherein the first airfoil and the third airfoil are disposed along the

20 fuselage mid-body.

5. The aerial vehicle of claim 3, the fuselage further comprising:
a tapered aft portion, and wherein the second airfoil and the fourth airfoil are disposed

along the tapered aft portion of the fuselage.

25
6. The acrial vehicle of claim 1 wherein the first fuselage-mounted effector is a first actuator
horn extendible via a first fuselage aperture.
7. The aerial vehicle of claim 2 wherein the third fuselage-mounted effector is a second
30 actuator horn extendible via a second fuselage aperture.

8. The aerial vehicle of claim 1 wherein the first resiliently mounted control surface is a

trailing edge of the first airfoil articulated at a lineal joint about the first airfoil.

18



20 14. The aerial vehicle of claim12 wherein the first airfoil is nounted
to the fusel age housing via a hinge. 15. The aerial vehicle of claim
13 wher eiwot2bha/dob03st airfoil rotates around an axi s and PCRAISaxi®48320f
rotation is canted relative to the longitudinal axis of the fusel age
housing. 16. The aerial vehicle of claim15 wherein the first airfoil is

" eSpONSLYE, L, L AN BLIR N Hrdil e SLLERe NEARRAnca YAz oflPRicACT | @

vehicle o alm erein e ector nmenber 1s extendible laterally
relative to the longitudinal axis of the fusel age housing. 18. The aeri al

vehi cl e  Qf , ¢l ai { ereln.yt he fector. .nenber i s engaged by an actuator
to effeé?‘%ﬁlgﬁlgﬁéﬁ?eﬁr@lﬂr]eﬁ%ﬁfglgﬂt ngr?lhcémgﬁnsl%' airfoil. 19. The aerial vehicle
of cl ai m IBovitieg eifinst td3dicadf motraed cormrbesurfas dppodchdy adicitdmdiabt-mohintedn a
fuselLage aperture. 520. The aerial vehicle of claim19 wherein the effector
menber transfHAY bR 4% hgl e axis. 21. The aerial vehicle of claim 14

wher ei n t hflaoting (RS firkiQtalidn@lR niosnRB Qbktrod siittadd Sralth s CRMIQL-icihali ve to the
| ongi tudi nal axis of the fusel age housing.. 1022. The aerial vehicle of

clai m 21 whefEHatPrhRE fasgdsqn ofeof Biofe ‘i‘@“?@gﬁkgﬁ%l?-ve to the translation of the
effector menber. 23. The aerial vehicle of claim22 wherein the effector
menber is extendible laterally relative to the |ongitudinal axis of the

f usel agélhongeiad velige comprisitge” geri al vehicle of claim23 wherein the

ef f ggt or rgag%s i@nﬁﬁgﬁg%gp%_ A p&&%‘dﬁ%{d-to effect the angular rotation of

4
the tirst ai (%e} aerial vehicle of claim24 wherein the
ef f ect or refimbierirfoib rétembliiertachrd writd bisdadorhoming; 206 usel age aperture. 26. The

aeri al Vemn?ekfgct&f m&!a@ér %ﬁ&&@’%‘{hﬁi e hﬁglagg ﬁo%gihg En({@%%{blé 1&1%'3& ltc%n%%gé na

single axis
the first airfoil.

15 12. The aerial vehicle of claim 11, wherein the aft portion of the fuselage tapers by an angle

defined in part by the first airfoil.

13. The aerial vehicle of claim 12 wherein the first airfoil is resiliently mounted to the
fuselage housing.

20
14. The aerial vehicle of claim 12 wherein the first airfoil is mounted to the fuselage housing

via a hinge.

15. The aerial vehicle of claim 13 wherein the first airfoil rotates around an axis and the axis

25  ofrotation is canted relative to the longitudinal axis of the fuselage housing.

16. The aerial vehicle of claim 15 wherein the first airfoil is responsive to a translation of the

effector member.

30  17. The aerial vehicle of claim 16 wherein the effector member is extendible laterally

relative to the longitudinal axis of the fuselage housing.

18. The aerial vehicle of claim 17 wherein the effector member is engaged by an actuator to

effect the angular rotation of the first airfoil.
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27. The aerial vehicle of claim1l further conprising: 25a second airfoil,
rotatably attached to the fusel age housi ng; wherein the second airfoi
opposes twe2biwmwto3ai rfoil; wherein the aft portion of tReTUss@Ehages23 apers
by an angle defined further by the second airfoil; wherein the first
airfoil and the second airfoil abut the opposing ends of the effector
30nenber; and wherein the effector nenber engages the first airfoil and the
second airfoil. 28. The aerial vehicle of claim27 wherein the first

ai rf oi | 1andhg dveiabebohcofaiaih dB iwhapwetht pffetopemater orfumicr xteatible doher . 29.
The aer%g%mygggﬁlg of claim 28 wherein the first airfoil and the second
airfoil aregréélPiently nmounted to the fusel age housi ng; wher ei n
the axis of rotation of the first airfoil and second airfoil are canted

relative,.ta 5a longitudi nal axis of the fusel age housing; wherein the first
L1 Sondhe e Cubiptahin o il v Sl e R r A SPHE SR of ¢ he

ef fector nenber; wherein the effector nenber is extendible laterally
relative to the ] ongitudinal axis. of the fusel age housing; . 10wherein the

ef f ect o L mbRbasiel whistep{gkdm Whsreicihs 811 Pt oktiar Pebputidnggrisicarteq ot ati on of

the firsdatakhd Bklordtdiblax3eEMRduRiabt Rbdsingwherei n the effector menber is
further extendi ble froma fuselage aperture; and wherein the effector

menber translates in a single axis. 1530. The aerial vehicle of claim28

wher Gi n 2§.h?hé ée'hﬁf Ve‘ﬁlc[ef @claiﬂn%l %@f&rﬁtﬂe HRt Ei%ilfiéﬁ%ﬁjoﬁgge QQH@!rQﬂlation of

the effector member.

23. The aerial vehicle of claim 22 wherein the effector member is extendible laterally
relative to the longitudinal axis of the fuselage housing.

15
24. The aerial vehicle of claim 23 wherein the effector member is engaged by an actuator to

effect the angular rotation of the first airfoil.

25. The aerial vehicle of claim 24 wherein the effector member is further extendible from a

20  fuselage aperture.

26. The acrial vehicle of claim 25 wherein the effector member translates in a single axis.

27. The aerial vehicle of claim 11 further comprising;:
25 a second airfoil, rotatably attached to the fuselage housing;
wherein the second airfoil opposes the first airfoil;
wherein the aft portion of the fuselage tapers by an angle defined further by the second
airfoil;
wherein the first airfoil and the second airfoil abut #2e opposing ends of the effector
30 member; and

wherein the effector member engages the first airfoil and the second airfoil.

28. The aerial vehicle of claim 27 wherein the first airfoil and the second airfoil move in

cooperation with cach other.

20



via a hinge; wherein the axis of rotation is about a hinge-line canted
relative to a longitudinal axis of the fusel age housing; wher ei n
t he firstweinfigiého3and t he second airfoil are responsi vePCo/ush@owussns! ati on
of the 20effector nenber; wherein the effector nmenber is extendible

| aterally relative to the |ongitudinal axis of the fusel age housi ng;
wherein the effector nenber is engaged by an actuator to effect the angul ar
rotation of the first airfoil and the second airfoil; 25wherein the

ef f ect 029.nEhdbasrial whicly dflvbum R tnéaditbthe fifst ainfiod afidithelseqped aplrltatr e; and wherei n

the effector rest 1%Elrm(t)l{n?e%%lo %e%ﬁseila%e %ogsiinnggl e axis. 30
wherein the axis of rotation of the first airfoil and second airfoil are canted relative to
5 a longitudinal axis of the fusclage housing;

wherein the first airfoil and the second airfoil are responsive to the translation of the
effector member;
wherein the effector member is extendible laterally relative to the longitudinal axis of
the fuselage housing;

10 wherein the effector member is engaged by an actuator to effect the angular rotation
of the first airfoil and the second airfoil;
wherein the effector member is further extendible from a fuselage aperture; and

wherein the effector member translates in a single axis.

15 30. The aerial vehicle of claim 28 wherein the first airfoil is mounted to the fuselage housing
via a hinge;
wherein the axis of rotation is about a hinge-line canted relative to a longitudinal axis
of the fuselage housing;
wherein the first airfoil and the second airfoil are responsive to the translation of the
20 effector member;
wherein the effector member is extendible laterally relative to the longitudinal axis of
the fuselage housing;
wherein the effector member is engaged by an actuator to effect the angular rotation
of the first airfoil and the second airfoil;
25 wherein the effector member is further extendible from a fuselage aperture; and

wherein the effector member translates in a single axis.

30
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