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WO 2008/ 115630 PCT/ US2008/ 053468 POCSI TI ON CONTROLLER
FOR A TONED ARRAY STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT Thi s i nvention was

VJB%ES/WF&U Gover nment support under Smal | Bu?&ﬁ/gﬁms/oss%s
ation ,

I nnov Research (SBIR) Program Contrac

NO00024- 05- G, j ARhes Navy.
The CGover n%ﬁméwg?g%%ﬁ%éﬁwﬁe mvgnti on. 10

BACKGROUND The invention relates generally to towed

hydr opho [ evi ces
for cont @ﬁ%ﬁwwgﬁwgu near
hydr ophone array H tfari nes for

sonar applications. Typical linear arrays are tubul ar
in shape with a diameter no greater than a few inches,

TheThig mvantiogyes ade pith Sgvernmerfrigpnost Hiden Wepidushigsrdnngigtion

Re§akth PSBIRY Py a4 8Bn @ BB N00RP£0b Y4150 abARIcS YPTRE URSd States
The handl'i ng equi pment generally includes a reel for a

NayywWhe &lovemaentdehedtaingighksdn thedagnéod of the array. The
tow cabl e i ncludes both strength nenbers and
el ectrical conductors for powering and communi cating
with electronics in th8AGKGROUNWRENn towed at | ow
speeds, the array tends to sjnk because of the weigh
oF “Fitenplion B seh G Pore G R SreR B iny Bealacy. t
devadds &yt cdhtdEng iht podididns @Nwiell desysdeeper than its for;
end, . whi ch causes its sensor Iéq;’)erfor,mance to suffer.

Fur bRe hgfrephqng aprays ae tlgwgd Befting sUBEAERSS 4o spyarepplicafigns.

TyRitdl MedrArBfs HaBERLin sipcGalh d GhRbeMol Redidd o @ RBEs. The
or underwater obstructions. Oten it 1s desirable to

arrgfyarenagcd o andratrigyedbit hasflingrequipameat Brough e smalborming in the

‘ : fie ' I . i ,

SRS SUHRCI e 680 08 RGBS, e

heatgnd nbthe beayp dbs idw eblEringudes bothatength mdbgeaml electrical

cl rcunst ances. nsequent.ly,.there is.a. need
conh G NGB SRR A i hRFRGs iR en owed a
lovﬁﬁﬁgﬂﬁtha?da); @nds tg@ilhkiblélﬁuw dfahe \Od:ightﬁf tHeh®w Mrtﬁarﬂrtheb eltrray itself.
S ow of . the s rine in way that is  conpatible
Whghdie ariag gkt GHATS 54%85969?5@611 ithiPragh hich CHGUG MRRY
perfdt@afces Sither ANGhSHYRE, $hefd 8 a gBRtdr SHIdREnRY fof theARRR IS Ufimaged

enbodyi ng features of the invention for positioning a

by eeliiEen wittlérovat BeoreapndsTwater dhpEuctiope Bftcr Hés depyrhlopperate the
array, bF € vafbor tﬁé Q{&qgfc%gaogw tifd ﬁ@m@ﬁr_ﬁz *ﬂlﬁ lcarpbld Jcﬁ%@r%d tg some
I sposed about a |l ongitudinal axis. e el ongate ody
extent\WRo RO ASEI0aRCTT.BR00EH OB3A68 s may not be possible or preferred in
some circumstances.
Consequently, there is a need to prevent a towed array from sinking at low towing
speeds and to steer the array out of the wake or shadow of the submarine in a way that is

compatible with conventional array handling systems.

SUMMARY
These needs and others are satisfied by an apparatus embodying features of the
invention for positioning a towed underwater cable. In one aspect the apparatus comprises an

elongated body with an outer surface disposed about a longitudinal axis. The elongated body
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Is suitable for being connected axially in line wth a
towed underwater cable. Afirst wwng sw ngs outward
fromthe el ongated body through a first opening forned

WA 200881680 er surface; s second Wi ng sw ri FETRSEMRRPF68
fromthe el ongated body throog a second openi ng
is fytahiedor byingtanenagter exiakiinflae evidvpgessd undetiater pable. A first wing

0 NS

vx?ﬁ)% ngagd E@ﬁ?het %or{égéd Bb&}ﬁthroﬁglﬂ flfs?%q rﬁg ag?ﬁ%t@ggt%r surface;
a smhmm'lhmng sxdmgmswdd\fnomwthm elbimtddd:wy tnaligh e updoed opapirgifermed in
th? ?léigr surfa(]:e opg?sup?i{ ft 8ﬂém% achesftfl tf altnrggsé WI wgngs UxtBnds from a
ro8itto wedn PO AL fiewisg hli’tua’toﬂ; haick hﬂﬁgﬁ‘seﬁldmbﬁzdme b@dy and coupled to the
0 rat onal 05|t|osvvhere|nthe Wi _n tlp out s E
rop Hﬁtg%w%dotsfaaghe R R Ot perete mﬁmaé‘rtﬂtﬁ% om a

stéwddipoSitioS WEER t1\r2atell b&dyt th8perhid@l fodhbnakheddih SeGling Bfis
el ongat ed body. A second w ng actuator rotates the

oudsided elm&wdivedss iThp prep o) thedied (e defigecoiiiat ssiReR pnedyitiuthe
r
o Py R PR yEe Lo RERRE R ving
siraastyHbrougis pesondsfwerhengla T fiisbind sacqudsivedpongleprre islependently
[ b for being connected in |ine
adg\lng{gﬁ{eﬁ't%%ev\%at aglgéeec?)aaé%cg? téc?ivgtbl e and a pair of dihedral
Wi n@sanothek bgpstt of diclimenadn, wipogtidranaolur ngmprisps 4 baty sogable for

bR A o o K BT Y B A et atpS i i

diktdhe edrigd hawia ﬂ@n@k’;}ﬁth& déh Bging loptwlaRbfrors @it bod thgoughutfisaskbt formed
~fromthe bOdé'th rough a second slot fornmed.in the
9

in herauer siffaca e the hody& seqprst diagdral syirechas givipgdp 'ihﬁRF@Ht*‘fVBlﬁ

ou%ﬁar@ %hﬁth@ﬁbd%@l%ﬁéﬂ d s%t’:onfd%[ot foriedaahdnde Wah@r cable
onpri ses an el ongated body suitable for being

c onferetatothstiaspactofithe inyangionyiatnesigon eandgller lf@roﬁetpwad widerwater
¢
cofffBopris 0 SbAAGAE, R R DR OBy BHEILAR fne with g owed
undewoted calailae t:lhngawgt’oodh kas@otoeter wfateadnmoséﬂ?é)oﬁu aletgimidal axis
wfgr(gii‘fri(s)g angssiac%tnﬁ ﬁlef’jl ﬁlégrﬁt th%oﬁcérl su%fgl(cies anfd stsa%g rsr&%}ld glgt% eadhSnclude a
fomnmgtneﬁhhatqmmme tottielohgitudima thxsegtna méarwdkdfseg‘tﬁdnt ubligge to
p.that swings outward. fromt el ongat ed
e Gy A GHigh A et ¥ine Bt LY g AD:RT SHBBRFT GoRLG SoNFAY
botd Fhrbi A th St RWER Finfeh@m Wit tipthQRF RS Buthefyfrom the
r ough the second slot. 25 In still another aspect of
el‘t%éteii Resrhfoyah thﬁé‘?fﬁ?‘h’ilﬁlts for positioning a towed
undey wat eﬁﬁ)thelc gl‘(ﬁ oﬁﬁgﬂ{vlsﬁt é@aﬁh@ @Q‘?)Bﬁgorhﬁ)éjy toWeli lilnd’e‘rt‘watcr
outer surface di sposed about | ongi tudi nal ~ axi s.
cable gprypitisssl aibddygaiod bedy with hrotersutiaderdipetsd nbatt @ diormzcucaml PXis.
o W ls G AR ebBO ThHRLE ayi Bk B VI o AR ynerpcr
cably. Eheplugen surGon tsaiindaigntb hdirstthoMignd wsticoral hadbbiyst. plalleeontaining the

g SRR St D deredlsTPadomner 5°EERBRA e AR i beger
suff@cfé&ﬂd alBédod opefntdgri@tlﬁ Wéhd BAIf bxBeoutdk shifice! A Virdd §isydwitss
utward fromthe elongated body throu htheflrst

ouaﬁaéﬁ g, therpighaeed Lot Fryck edimiopsiimlae fitgt Wipecgigpds froma

witty 800 alBflg hARSr Wh S BhnRRB &h olier RMgQuic® ferMinB@d RAN@Ltal wing tip. A
termnated in a distal wing tip.
second wing swings outward from the elongated body through the second opening. The

2



10

15

20

25

30

second wi ng swi ngs outward fromthe el ongated body
t hrough the second opening. The z WD 20081115630
PCT/ US20031053468 second wi ng extends froma w ng
root along an inner wing panel to an outer W ne
Wpezf’??(lﬁ%f??ed ina distal wing tip. The inner Wﬂﬁ%}e&% 468
anel s of%pt Re first and second w ngs ﬁxe crtm |
scoQqihY e AECnls 6L 3 @i TARIGIBE GR 1IRet % P {opfier win pane

terch@BGH Incdifal wigk tip. THe ihdee walpqraget ecthb aeby and scardatifgmhave
aspect of the rnvention, aratus for positioni n%ﬂ[?
chordssfining @ apyvatre engla pf @taclémfg phejlangatudinglsetip of hgictgediprt body-

O Ut ranétHérfa%ﬁ‘;e%t gij R 912?[9109 Iba%ﬂ&raﬁs FRReitistHh lowdX Lsderd 416 cable

[ g connected axially in line
comprtsbs abofighedng nrdewtvmuefﬂcecmb@d alppe adeneetndigyrakigcEhe tody is

sultal%lﬁ foreb%m:g%gﬁrﬁ%te{i Ia:rq‘?lﬁ 3lne st\‘tﬂ% t&v@fﬁ%@gvmlcgblp Yh@ o@e%@face

talni ongl I nal axXl S cavit
is devilleints atfﬁstalaff lahd b s@pﬁxh]nem@)yl apléreerontaingig thalohglufdntah@us A

outer surface_.a secon the second hal f
corTHERERERS St FRLEP TGS PRaeH P Phac PHEERT B G CCHEPeNne i
theROIMd hAf &1 ths buted SAeradd it Forh8d RREteaideof tvBsdyal fira mhng with

surfaces swi ngs outward fromthe cavity thro

uprer prstloppiepitoigsurfacessacra QuiRiaron (i capibethrasl Gt pening. A
secaﬂd SR 'WI&M@Q%E I DERIQUENRE hih EOSH AR fo@Viht Yavity through

second Opening. In a stowed position, the
theﬁcmﬂ oafmdlg becooicd pistigs, thy Brosandoreand wingstiee Baeked it the cavity

w1tWél%e u éer au?(ﬁ Ps{rfa@é (51]( tRé Lefzgﬂ‘&lr\{qﬂ% g?]a en{ lo%ﬁe? Ql?f%ﬂ%ﬂ?&e of ‘E}he first

ower air ce o

with BRI EF DESCRI PTI ON OF THE DRAW NGS These features
and aspects of the inventi ni, as well as its
advant ages, are better wunderstood by referring to the

fol | ow ng deSBRiEHDESICRH’ﬂm@NdeTHEmREWMSi
acconmpanyi ng draw ng

i somesse fatugsad agpegts OE‘QB F"é(elﬁt%r 15 "6‘% ar?dts GSY?PF‘SFS ?fé\PF%eé
un&TRAIMy SRRl iR ol AFing B&crifh68MNMppeitied Elalms, dnd &cémSdndmg

el evation view of the cable position control | er of
dramjings, In whidg; 3 is a front isonetric view, partly cut

awaﬁ“ IGr i M‘ﬁ?rﬁ&ﬁ& L leQmbe 9%5‘515 slltﬁ{nu%fcoﬁr&deawe etﬁl&o@ym@ fhadures

I SoMetric view, y cut away, of
ofmestentmn control |l er of FIG 1; 25 FIG 5 |s an

enl d ohl,i que cross

contIDRTsf St BERER SRy ¢ aOR pSUEOE AR PRI 10 o

an drRB 33 & frbfdsdhaic dine, ﬂaﬂ@ntut el gy af ihe posiii@v@noblldar bEFIG. 1;
ght wing o the OSItIOI’] controller of. FIG

7' T EIG, 43t Breor BOBFIIERIEAPRTLFH MRS TisrPorHign Wﬁﬁf@“%fwf?m L
FI GhiG.6As ﬁ{‘gﬂzﬁég& oblique cross section of the position controller taken along lines

5-5 of FIG. 4,

FIGS. 6A and 6B are top plan and front clevation views of the right wing of the
position controller of FIG. 1;

FIG. 7 is a profile of the airfoil shape of the wing of FIGS. 6A and 6B,

FIG. 8 is a front elevation view of the position controller of FIG. 1;

FIGS. 9A-9C are isometric views of the position controller of FIG. 1 with the wings
fully deployed, partially deployed, and fully retracted;
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30 FIG 8 is a front elevation view of the position
controller of FIG 1; FIGS. 9A-9C are isonetric views
of the position controller of FIG 1 with the w ngs
waokéog/1cbepl oyed, partially deployed, and f ul IpT/US2008/053468
retracted; 3 WD 2008/ 1 15630 PCF/ US2008/ 053468 FIG

10 iFsGal Osiis deide klevaion oepreseqp st at hnmnino foveng atbareayipaevided

w&hoé’\ﬂaoﬁ PPG?“ ioualx_?%wqdled with a position controller

‘TA and 11B are perspective views

of FiNES.A04] dntl ANB aaPeksPtdti®t vielvs bf e pdsitint ddnd1Rr ofWIGY$ with the
arran eft and to steer right; 5 FIG 12

0 ste
wipgs aérag%?ﬁietﬂﬁrtef”clefg?'&{ff’éwlb‘?g y conmuni cation and position

CONFIQ! 125Y 8 k@BmatiS @B Em OF b BorhiEniL@iSh Eﬁ@ﬁbsﬁi@ﬂ%&ﬁ{dl S¥stcef
FIG 1, FIG 13 is a bl ock di agramof a position

usgdhv it thegpsitientapsaly@fFi0.tlhe position controller of
FI Gprd. 13F% Slodit diagrafiibeh ' zgﬁffér{ %ocfltré’l' fusa%ﬂ:%li\'% position
version of a position controller e y|n

coftetenp®dCotl; t he invention, including a retractable

st a?Lé lél ]M@flﬂgfﬂs View q@fino]ﬂ?er VCIE]IO&O% ngS iot%\/c%t tﬁo({fér eml?c\:/gymg

e pos ion con
feeecurabmﬂthezmngltm; 1g¢1nd1ﬁg,|h tegyractetile mabibdng avight-l G 16 is a

per t|ve ot her. versi on ept h

ConT Roi15d1 & S Ay RG Viet s oS ioh SrRBIeTAY BHe 1B h the
stabltigingdhioieht plIgnatacwdngs. 15 DETAI LED DESCRI PTI ON A

position . control apparatus enbodying features of the

i nvEHti 18 aBersnsEiRts il of xet anpther yoiaoneidepthsanieller pnbedying

fe%e%ﬂﬁ&ﬁwﬁﬂnﬁﬁ&ﬁ? abhedwaody, or fuselage 22, from
which left and right retractable w ngs 24, 25 extend.

The fusel age, whi ch | ncI udes a preferably cylindrical

20 outer surf-ice, gfﬁ@(?ﬂs in length al ong

a central | ongitudi na aX| S g% ront a head end 28 to

a t Aigosiéing c@rol dpprewuscalbbdyiBDfcatutes oﬁthe motnibess elosatin FEG. 1.
Thﬁgg\e téornacogl Sﬁeg 2@ gorfl}gr?sgﬁélt ﬁ(rér%ategﬁag\e Vo PT @ﬁeia%e&é {r g'thlch left and
righfreamgdble \amgsmce 26 eend3 2he fu'Eélegdef eaich anthdef a %Ibﬁraibgﬁctyﬂlh&ﬁbal

controll er atgache a_ | owe arr 34. Thus, t
ou R R T EB A O Ior G P SRS SR SR TR ThEomead
en€2dlogs @imend e AhBR a0t 38, RehidHONEEIR EIeaYic pdN& ik BigRal %énductors

are retractable thr ough sl ots 36, 37 opening onto

as Wekl ay 2 isngthdeenyier. phehes te dhedigad ensof shednelag thrpugh aznoset «mc 32.
($]

TS KA Sr T SRR o fer dhalta® 1o PO Ry O TG, Y PR

Colftmﬂét aigehes Ealtte tebvoten ithrapw delde andfthbe hvad df the ¢gavendtarray. The wings

are retractable through slots 36, 37 opening onto the outer surface of the fuselage.

As shown in FIG. 2, the slots may communicate in the interior of the fuselage to
define a single wing receptacle 38 through the fuselage. Each slot includes a forward segment
40 and an oblique rearward segment 41. In the device shown in FIG. 2, the rearward scgment
is parallel to the longitudinal axis 27 of the fuselage, and the forward segment is tilted off the
longitudinal axis preferably at an angle a of 11° or less, and more preferably at an angle of
about 7°. But the angle o is selected based on the performance requirements and the system
parameters of the array being used. Consequently, o. may even exceed 11° in some

applications. The upward tilt of the slot from rear to front ensures a positive wing angle of
4
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40 and an oblique rearward segnent 41. In the device
shown in FIG 2, the rearward segnent is parallel to
the | ongitudinal axis 27 of the fusel age, and the

forward segnment is tilted off the 30 |ongitudinal axis

RGPy at an angle a. of | " or less, R USgpalssdos

ef er abl t an _angle But the
atfols relgifvady B lepgdeding) s ﬁgth,sév%e Bt Yo aYe,néﬂ@ﬁ?v dngg grome
lock&erhEygh RR oﬂiﬁéh@ff&t B SicQldahhe, ABy A1 BehAGosi&Sthending to move
Consequent |y, may even exceed 1° in sone
theépﬁﬁlangéaw%@de’rm upward tilt of the slot front rear
to j—\g HGRFRELS a eQ&ﬁv %\QQ 2’5‘ eﬁgsnésnﬁﬂ)rﬁ aQJmélroot 44, 45 to a distal
WO2008/ 115630 PCT/’US20087053468 attack refative to
winghte 460 ﬁbﬂtha doat af caghingngis attévbed oselimddual rotarhiaguatery which, in
thlseé/x%&ﬁie is r@al%ze Smgt%ﬁ g([ielmellr al%hlger %gﬁlgr%’ig% le?g §cr al&g%/\ﬁ/[dich a
nutt4® 1mixlmnceﬂf(9nef amﬂexlf ag&i i(nwaercelwemﬂian ohﬂerdQ@eﬂlanvmthe Aut, and
5 extend om a W ng. root
thephieg s s P ho o T oh T iR Pgbor Shro@Rich the
nutvuams the vahd RGhe ab@ut&rktdtlﬁﬁldry agdual tHr&Igiﬂrth/e WG Wt @fward of the
in this exanp i's reallzed%{\?lt not ori zed

Whi
rod, Fh%%ﬁle sevnpettet ln@esup@ﬂff %@malt?detaa it ehptigrisddo tsiinstrleiof the
fusQdbe. 48 htuAGY ARCEG: w@@% &th i safdc %9 a@cdn&ﬂﬁt‘é‘?ﬁieﬂ&ﬂeﬁtn
an-oversi zed openi ng he not, and the other end is
actpadems iferedchi wing. Thsired @rtdr fb@: gﬁe g sqrveeasmgearr oo to Mieent p magrstuck

in éﬂug(;&)u‘? Bos?tg n 0?1(1) ﬁ\ﬂar}rl%n%}ﬁee s@%{a{l&?gg g% I{aﬁ%pgﬂl%or e gr&g%tdﬁdlmg

qystemszedausé i fhm’s ck@mpledthe Thewangh,dike 8 pgiu pHsistas, rDtlatea)n the same

o BRBERS 2% TR G e PR PR a0

opeTrs ®nfafes £aBFntiayd aywjn awﬁ)hicwhg cdnﬂdB@@ﬂ&dﬂf@hsed in an
actuators for. each wing. The rod and the axl e :nay
elegtganics packaghehin wger%camtw& Rf the fusglogey The glegtronics paﬁkage
pre@eﬁ‘@cﬂy RRRldE LRIITERBY 5&3%@1 d?ﬂosttﬁﬁ sSHBMEY, LRe oﬁtlﬁl’éﬂy%‘)é d@ﬁ\‘lri sensor
ening or the array ing system Because,
56 t( i the aryearripriledes ¢ Hepth msw, fhges, mayi Yeeroegshfor orsf indles Ml@p@,

I n
coli 321 Wy Ao L onk M o Rl A ot
51gf1aJS®Ianle andldoennami atooreondrerchien Itheeolw byblamto the fuselage to
el ectro con t
poirSRl BT st 8" S0 YRR CBURESHs bk 14ffhepan gt pore 70
in 4 herl ﬁag&eﬁzag‘&e fieeagel @ed dramire Sabna&k@geext@ﬂaiﬁgaltd Iyngth of the

i ncl udes 0 sensor 54, a w n i on sensor, 6 5
fusglage togytde glffaqorlg',uct(gs peshibs 2EuReB AN B J(f,% £ WilgereeEpragls- The nose
coﬂcﬂ@ h&lﬁlﬁ&i 18 296k l??’ﬂﬁ@fr the fRQAR Hﬁﬂst&ﬁrs%ﬁclﬂ%%@refv@ Ehr&[kﬁ holes

he position 20 controller. &T A forward port 64
76 fcum% dropd the ergvmicisagraf teblin fAnQrang es«éhfag@dl S8 thetngse cone

B O SO AT RSO
tuboan Surrﬁalce 2hef th Botlngricoss aSostEngh nzgniben bedring thﬁdnmm dirthe

v{) arrfa& hlr ougrh fas(_axt]tgchlgij t(fJ t?l rear (6)1% e Putsag%rjeelﬁ ; ex[]
coﬁehAnI(Bﬂgg Jsr tﬁé likkeforms 4 wsﬂeagﬁt deal vgith e rdahef th@ﬁﬂua:geo r s

asf{. the actuators_and .around the w receptacl.e. The
gos etdlrfso one version of the wings are shown in Hd&g 6A dn ,wll'uch depict a

hloP as the nose

right wing 25. The left wing is a mirror image of the right wing. The wing span extends from

the root 45 to the wing tip 47. The wing root includes a shoulder 74 with a socket 76 for the
5
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25 cone is attached to a forward lip 74 of the

fusel age by fasteners such as screws through holes 76
formed around the circunference of the lip. An O-ring

WO 2ai8hess3seal on the nose cone assenbly precaniss00sesscs
water iirtru.sion into the interior cavity of the
ax]!euﬁie :tlagmle TihatQededres tHelbtuhtar rod lﬁl{ainb&GJ\&s ﬂ% vahg tThe wing includes an
. fuse serjes.as a stren nmenber, bearing t :
infeE RGID A8 BT ff%&b@do‘&ﬁ%%{i thererarh At g oulgt BuchBerepaing
frérh e iBRF paifel g WS elpatR tw pancdd 47 biqué 8ShabiPBthaSant f@m a
nose 30 cone. [ or the like forns a watertight

An Gin;
dikedgal wine: e ﬁiéedréangllsf%2ﬁ?échs$ Seraaies faseaPby Qo drvareand
re¥ard sggmmts $MBe Wng3ft28 sERavm tﬂe{})rgﬁl%f Fl@fﬁ ,atﬂﬁieﬁalﬁ lower
whi ch dep 25. The | S a

Ict a right wng eft wng i

ainkdil supfacdsibdg® dfthe dxremplaghwingiferg a mbersd mansrawitieinherpedift
. e root 45 to the wing tip 47. The wi ng root
Ch%%g%%}é:g a shoulder 74 with a socket 76 for the 5 WD
2008 15630 rigbiTwioS2 D 85 BE8vGe lyhadiaewap dy tdne with dihedralé 82

hat receives, the tuator r that driv he, W ng..

ooyl T REThrBen e R apeReitet SaVE i dRab N PpBjines
full{6pchODike thvoWaied pAtdB and Hi@allel 0 casitbtidt abdibfdct paRR) b&3use of the

xt endi fromthe inner panel to the wing tip. The
ra?‘?\kfﬁgﬁtﬁgﬂgﬁrﬁ@@’ ¥hi%te to each other and forma

di hqaE 3bsi¥nBnirdite 20 i8R lvita Bl vein&dn ARECRERIOhI R RO RA-9C.

a formed by the forward and 5 rearward segnents of the
Ingjl tyeaspasitions shewshigoseti andrigbt wingt4re &ynenetrigatly disposgp pidth
refftflcd BURS londthlalidl dxi  FREGS, B wieh3 20125 REHBH A HRl AP, cach a

w ng forma canbered wing 25 W tlIT inhere
a oivep aledl GtH0E seasTine fropf the domgitudigh exin hgdie 2dly opsn fvoregm
L yhedral - w n ystemw4.h di hedral s 82
prBy B kDl 1Y L B Rl SR R Py SRR m o
swictp rlglas oBatwiut B0°lod lassviiftn@se ek wilelsiyovapian. fullhetrbasad, bndi@red,

panel s are ral.] el ot her .and. of fset radjally.
robReaee ot s of P 8 e et RaRithe et Rl Y in e
fudde POSLEPcPAr 610 BilrFARE beihe BB wisg shajibenttd the foR@r ¥t BT Surtdde of
three positions in FIGS. 94--9C.  In all three |
thi)ya&l}t le aﬁg@!mgi’ copﬁgprp% Thysthe WEIRE SHSAOPET & required from a
re @Y IR okitiGht! %&b&@d@%@&l A lé)r"té; zhfgu’lAl‘gl %{)&rﬁgﬁgn EQZSZJ%@;)ZangIe of 90° in

| ongitudi nal axi's. ., the w ngs 5 are

thisskasomie-Bal | y open, each at 15 a sweep angle 86 of 90
meagyeale sttaaf’ed!ir?ggﬂo&?&j#&ﬁl A tl%ébsit (%Hecoanulé{‘ 2P
wi ngs  produca maxinnam i Ft &t a. given tow spead:
deplogedairorg sr @rled siowvsubparing §6 dpegwitnthEh@y 98 tiad towsakleglhe
oy 94 o ere S b R on F FsF 8ty ros SRR B D G BEp R ow
cablagh @asd bt aay. Wit the wigs idMieopes besiva, thaffdrivarl rhdtdn\s7 @ the

eceptacle 38 in the fuselage, th er airfoil. )
SuBRIrice &Y B At PWSPEadpPults g PP%“%{b‘i"&E%‘fFf thegpghiar Wasglpith the wings

préducin@ilift 18 Hoh@aR afthy R atd¥8e 5daGhiracdiuR@l thdliRasd Bek&Ry forces
configuration. Thus, the wi ngs scissors open

cqpeldha veghtpf %deglqudé"b’?t%t%a% SYQ; ltght-‘aﬁightgowgéﬁﬁ A Gridasted
arflls e 6t ReififlodsY QRN cARSAI by d o WEF RiIPEH!oPirOMhil 38 Tail
sag can be eliminated by attaching a second position controller to the tail. If the wings are
stowed or if the array is deployed without a position controller at all, the array will sink at

low forward speeds, as indicated by the sinking array 34".
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this exanple. Wth the w ngs stacked in a stowed
configuration, the position controller can be
depl oyed fromor reeled into a submarine 56 along with

t he arr%%j and the tow cable. The 25 array 34 is
1 PPy depl oyed as in FIG 10 with the BSE’P?%OW”“S

con oller 20 between the to cabl e 30 and
ﬁﬂ%ﬁ?éltwlﬁ@fgf Tier 5y Yprehf ‘g"tﬁt‘?ﬁﬁt he feygedragp lﬁb?ﬁ%n
oﬂﬂ)ll@[f whB€conSHiHIBd, lofients ¥ &Nn@tin bR WsysRRLES! cRt 1|,1r§t13nh &hich rolls
position control l'er through the water with. the w ngs

theptewaﬁcT hg gyingseofill thep e agipeied oenaiptpiay bapkedcanditien. Fepbanked
cordiitfdn@fhe hﬁ%i:]tl)r ﬁa!g%oih' fJgnﬁgﬁan%%ﬁ%xalfc fiRnt PR rizbAGI
wei ght of t depl oyed system Because even
comp@hntsmrsgm artay\§4detbraly vend tltﬁatelrtaat @uhp@0erarordnpés tha depth.
BCQ&?IF é%;fégh& ﬁls ?5 1stcgt? tl%@/ Cabltcﬁy Y)VI% gsg ovgrgjl %c atorg e g\xr}eeeg?m%lg
eadhwmg taahﬁfﬂgman &&ﬂffmlcb cph)@l niRAG. Clonthedbft @ingt2d it eeradted dt.a

or if the arr is._d oyed i
smogler e SaEE B i 2oy teceahC Sy 0 SHhdeaE af O B e right
w1ri5g v ket@tted hﬁw th @feﬂﬁh@l r%ﬂ@ﬁlﬁrd tl@esrlglfﬁ dh ead ﬁ%' atnlﬁ @ can be

sinking arra 2008/ 115630 PCT/ U32008/ 053468
secyrrd fi9nk3 PQ“BW“@&ﬁ‘fﬂrYd?eh'@ﬂ theespbmpdng tpbe glsg@l ths vakeer t he

t OVRH Rk Iﬁééuioﬁfceﬁt%l kystemE@HLENH AL b Euon%@:%nepmdﬁ%

orients t I N an asymTet rrcal conrigur ation
shoptyi ia 1G] llzsmdﬂhe‘\rdmra@fe‘ in thesubvhars’ swohdr redns forizgample, monitors

theg)o. ggﬁ gldthé Qrtraﬁaa ?tag]{u Q%thghﬁgte&ggﬁéon %grc%lpa?usdi? gnterface

(GUbBR z&gﬁadﬂ repmsqnumgmctpth d’l’rvani; ongle stirays afe traommedarotthe position

IR SR GNE AT "

cu2 50ﬂ11§ut6104’mﬂ tie) thedalsie aap@a@écys@ws BoSw @WMheagdt dad & .cndd T the
sweep gl e of each can diner fromthat. of the

arrg SIB{étFm an, tpidtipiex FtAopqrﬁ@m vty angnigerd gombat systoy Stgmals at

repfesertiiBldbfh a&%ﬁﬁnﬁt@@ lneché Qﬁi&sﬁ@(ﬁr&h&h&ck"td}ge 4orkkAt&t. fter
the array to the left. In FIG B, the right wng

sigpals, Fepresgetingdicpr llt asoustie @reamﬂ@mqm ayayt vatas; and prsitiop gpntroller

Yy
ol L SRl I LG8 LU8 0 SRS 8T sp o
corhippé symkre Ot camtrodiylgmjsmtdl orormmandsrgodtls myt;s bemmssitzldeo tlhet h

t.he L.on. contr | er FI G is in FI GS.
positﬂm t%‘iltfr RN ANt X %Shei (26][ ?{efro%&‘ﬁ'ﬁ??‘h \{vn Lnar room
for Oﬁe(ﬁdﬁgb@of mﬁtrblﬁbﬁusetv\{ﬂﬁh tp@;pfds_ttioamoﬁxfouteh@ sl@dvﬁﬁm Fa@d13. The
s de tera osition m a i cal
ovaby R ded S&B@arﬂe o7 giopBidi oL REL Bh e S 1o i plectod
depfli and 1RQraR BB ar Siut RUScoRMBuNiafHS MdraBo X QhidAGIsBOSiveOhe
15 controller 20 over the conductors 68 in the tow

actgad gerth Bofronna derih agnserde Sy ooebogest thrpasition sontliyr. The

I [
co gg%'atetﬁﬁ tuﬁ&gacg Bﬁtgﬁtg ‘Q’éiQ@tR s& ggﬁ% %ogaeJeSglzr?lzgzl&g@g ﬁé%ltg% 4,
which combutegd eigipbsitiopsst peinion Mictphsition omiroker dnayaisb &t operated in

o B R R R AT S Sub R afhns

a signal M commanding the position controller to set its wings at preselected angles. The

4."1_

wing position set point w is ignored. In the automatic depth and position state, the wing
position set point w is sclected for processing in a wing control algorithm 96. The actual wing

position /¥ is compensated to account for the roll of the position controller in a roll
7
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signals, representing depth, roll, acoustic
nmeasurenents, array status, and position controller 20
status, for exanple, nay also be transmtted back to a
wonpehes3089 at the G 11 or to the conbat PEIUSINS053468
O her control signals and command signals may be
cotnhadsstiont atl@ﬁlu]ilﬁ 98 hﬂnclp[ﬁsdltclemh 1ﬁﬂ£ﬁwmb1hs&bll-©0mpdmeataf wilyg pos1t10n
fromthe orfro t.he co One, ver
W G QDT DF 6P IS G TR DA YR ROT Bt Ba gy gt Prodces
coBfdWEnkhiB tHat £pc sdndto th Wlngcuaﬁla@tgmoa amdtol heerSldbeatroNE0. The
selects a depth d or a |lateral offset | at the

comel S¥geB E%De‘d’n“%u% SOHIOAHG aPtyptarsdp chinpsibe s arﬂ%smf eftger or
bofh \Qﬁgmérya&s%ttﬁ%bsitlﬂﬁ %Iftl%ﬁgr tg Zeck W &hired c%ﬁthro? CRINGDsitibEor

actual depth froma sensor in e array or
baglengled The @sm\§¢ eff tbﬁeré@mowv@d Bystem fﬂdéterr@mﬁhmtsmmf@rfuncﬂon

G@Egﬁ%%rﬁ%ﬁoggé‘ﬁ %’%ﬂ %e{g hine ttﬁg 505%? Wmo%m% g/ﬁgtbd té‘% roll sensor
dewrmgle.‘pﬁls h¢tild moll émonpmhlnh thwrolrFtrenn@osntetdl vung pqsrttoch,l ledetq:rayned

In g e%:réeg cg&e [ aetttleo?l lhi: ﬂg) r‘é?}gogﬁls @%Mlg{ggi iR e arra M ﬁhe Joll sensor and

thé¢ Wingpbeitién Sandaredfoumtcli 1@tha|po£\ﬂ1610¢ﬁi\fa’ﬂklhrﬂgltttlib&iep(h$bﬁsbﬂmuld
controller to set its vvln at sel ected angl es. The

alt\‘i\h’“ﬁ"@v"g'o]é‘i Rougse lgg}epﬁsp?ﬂ cafy rP'sl.er qug%?f In the autonatic

deptaho@Belv RS 41l OfdsBibREShtroll s MoR@ in PISK. i @y BETh®pdsition
wis selected for processi na in a wng control

cogrejist il @heHfom frommtae detiqedn FifF-ngmosp gRispicshyin that it further includes
a ROARBNS IR irdOw QU@ LhdW in a%ll%@;lténd@éc%&nﬁ)n%)ﬁd 11@NThe

controller 1ma Foll WO 20081115630 PCT/ US2008/ 093468
stabdimpgrveaghitonhiell iget hhe bird 81 avthi ie pivpied thicans oahof a recess 106

e i | b EY . .

be'teW r%}é ?tggv?&lg cf(feg[ogl:cl st%tg.{'% m%ﬁgedyﬁt[pﬁgttop ff'lgjjc .{hﬁgfﬂ Vt\‘ﬁorndgawmg @tgnty).
Whﬂfktepm)lyechlt}@omlgﬁn modwhas ahnghmtg:lmmﬁ&lt welocit redbces thg iald on the

t hat are, sent actuat ors r h to
copRGHTHEEY BRI EAPI00 P 4 B TR Gared o fuselage
1106 a%eﬁ%ﬁd}’se@tﬁéﬁt n o tilkdie fouaé lb&g@licﬁnall axis angenthdiRte the

sweep [gl es of either _or 5 fg@é’flngs to cause th

SpEE IS REEC0H B 1 CUGURL ! thedtirgnt o gretes o for

thé {26 8f FIBOS! Elk@{ﬁe QlhedAARK Fm&l SbiliEHR RSP A EstaMilidhge
entire towed stemis defermned by its transfer

pomﬁ@fzqnérﬁller@sgl The wing position sensor det er m nes

the Aq{(‘ﬁ{:hglaéler §ft F)h 9&1&%\{ d%ﬂg n 'itﬁi" ﬂCh 6, rh%@f)lanar wings 116,

det erm nes t e a
1177 oMthocuomnémsat ctmbdval,ragtep@sg fiomm fmfclagrv‘ 4 13 &lpeningnigd.in theputer
su?fﬁp qﬁ éherflﬁe g )gg grrr]:ﬁ{ %urrr% hrer Fln gcg%lsc’:rgtg arﬁ% ‘?i’r% %s?){)]seld Sfog@xlﬂgltpfse
fop@iag hi Mgl OabAK & With it éshgitadiidl@xip a3 bf tho position controller

controller, But th epth. se al t.erna

be ﬁé@%&?‘ Pﬁmf’?féloﬁg%ﬁd'% ' 15%‘8?‘?3?’61*’1 %fgregceftt]&é?‘%a@%ems vdhsions,
ot QERRAs M8 pSIsIk. Obr aRPR] the AraG@E Etabilifhg WSightBWbeiuled in

FIGS. 14 and 15. The position controller 102 differs

ang 10 Hie HSIOBRYIONE 2F IPNE PEPOTISIRBSAre EBAR TSI tAbYE Fybilipng Frgight and
wfng Jlfﬂﬁm@&ubw ak uﬁiﬁﬁer Rk HRCKARL A5 Rl ibg mgze&% 90riety of

shown 'n a fully extended position in FIG
wililsethesthen tibilinaz ilqad serew gierhamipiisshows Agtust pree @tn@pbf a @nvo or

st%tpgp-m{)jtg IJ(]j egéﬁﬁoﬂ cﬂ{ ns%aipst %lé%r rgélal%{ﬁgglfe‘;iz%&lg&nﬁ%t\r/ﬁﬁ Qerve as
thé¢ ruddry sdtoansr fﬁmachiwalgl Ag;mgleawmg yeceptacle opening onto the outer surface at
8



When depl oyed, the weight produces a righting nonent,

whi ch reduces the |load on the control system by
providing passive stability. A wng receptacle 108 is

formed in the fuselage 110 with a. rearward segnent

WQ 2008/14568d of f the | ong| tudi nal axis to accERHYEWPEISI68

tpe 20, sEab|I|Z|ng ight's recess. 't'hus, the

twey drEaiighLLy1oppogite PopEoRs ihgo Wi iR the favings, Bytdwp sscentps, pusrior

eathﬁnﬁ"o ngn d[:)b&\s‘lte 1no’c héc%%aﬁl@%ﬁ'lm 12 bpMisRG: §rde§ mhe fusclage
stabrlizing weig | ps stabilize t pos

an¢ pfekighdieg alf the W‘@b’ Ithromh@phldmltvl@atswebnbmfse@om uhp oymgs So, as

the%@%W&%Tgﬁyhfg‘gﬁ %{n grtféocﬁalgé dgﬂ%fe’a&lt@ Efingitt ?he details

of {he ek@m;ﬁhragersmn&&esmmdmm thgspekHation.t he out er

surg@.1 : ﬂn %@ fuselage are linear, rather than
segnehn 842 X d%ar e di sposed, for exanple, form ng an
angle 122 of about 7 with the longitudinal axis 27 of
the position controller. Al though the invention has
been disclosed with reference to a few preferred
versions, other versions are possible. For exanple,
the retractabl e stabilizing weight may be used in any
of the versions shown as |ong as provisions are nade
to stow the stabilizing weight and 30 w ngs

si mul taneously. As another extm ple, the w ng
actuators may be realized in a variety of ways other
than the linear |ead scre;v nechani sms shown. As just
one exanple, a servo- or stepper-notor-driven pinion
driving a star gear radially attached to the wi ng root
can serve as the rotary actuator for each wing. A
single wng receptacl e opening onto the outer stirace
at y WD 200/115630 PCT/ US2008/ 053468 two

di anetrically opposite positions is shown in the
drawi ngs, but two receptacles, one for each w ng
openi ng on opposite, not necessarily dianetrically
opposite, sides of the fuselage and not, extending
all the way through could alternatively be used to
stow the wings. So, as these few exanpl es suggest,
the scope of the clainms is not neant to be limted to
the details 5 of the exenplary versions described in
the specification. What is clainmed is: i2 WO

24(r)Ri 111630 PCTI US2068; 053468 CLAIMs | . Apparat us
for positioning. a. towed underwater cal-de. the
apparatus conprising: an elongated body having an
outer surface di sposed about a Longitudinal axis, the
el ongat ed body suitable for being connected axially in
line wwth a towed 5 underwater Cabl e;
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a First wing sw ngable outward fromthe el ongated body
through a first opening fornmed in the outer surface;

a second wi ng swi ngabl e outward fromthe el ongated

body through a second opening fornmed in the outer
“é‘b?‘%/’%(é’é“%pposi te the first opening; 10 each PET/USHES/053468
first and second wi ngs extending froma root to a wng
tip; a first wing actuatof8{M¥posed within the body

. andA?ﬂeHPch?ﬂ)_r bBsifidteng PBLePindeRGatdr HBIL, W HParab cbRbdi:

the first vvlng on a first axis of rotation between a
)3

st otedlopgsiiditioon haingnrputer hesfest dispeseabdvbulipngitndinal axis, the

the. el 8RB BESLSMSOTRE Buiche (Ui 8 IR L QBT

def i nesdawhier stblesweep angle with the 15 | ongitudi nal

o s Dbk SRR st e SRR ot RwEF b BB Sigpine

t he se‘?ﬁfédinmer@gtetmrfaea;ate t he sgcond Wi ng on ?hsectoﬂd
axis of rotation petween a sto ition within the |
el of éeﬁf’%‘{iwﬂ‘@cfy’?‘tgaﬁs pBaEq %Fheﬁg\gﬁﬁgg ﬁ%éym@rl%h Hsoepfd opening

W NG trhdheli$n thRhet deftdepelirRnealigtohagy, and the span
of the second wi ng defines a second 20 sweep angl e

wi t prchiréthiediayiand ghcerd wiags extentlingteooned megtacwing 5oy ;

whe i 3 i . ¥ .

e B s P RS 3R ANBIER, Ao e v
act uatoraate the fig pangdrusiimsaxispicbtaiion hetwdre ratowetl pesition within

first jand se d.wi ngs forma.pol yhedr W Nng .Syst.

25' 5. RoparaRRoLo A RS R B T P oY e
secondlongangdbeafd tHeGhatte tid first wiap defirse & ding S\ogdpealngle witél the
obl i quel onnect to formdi hedral first and , secon

Wi ngsffo%ym&ﬂaﬂ'ﬁtogg’eﬁg’ngﬁe@%ym 1 wherein the first

anda §REANRnY a_@ﬁﬁtog@fs;ls & RitKIR PrcAREP a Ble@to th@tdoREfthe second
with the longitudinal axis of the elongated body. 5

Appar fiustog8taiehe teaph wingRep sjoand mes of iewtiombriversicoived

ax e S -F o . . . . .
ot PG Al Al oy of Bpbla AR Ao liPw Aot e wing tp i
canbeoeide The dgneatcdbody aad thespat aff the decwibwimig defitee afseqosd

and s d ni.n Jni cat e, Wi th eac ot her

oty SR gRIANOE BTN AL RN bRy ERGhoal "Cl 41
whewaernintthefifst andtseand ssapangicope mdegsdemt adfigtablebgtthe first

and sec(gnd dc,ecgunri ents oblique to each other, 9.
Appar AEGEGRE $/i m 1 wherein the first and second

2. Wi N@EpaRites Adin Sladh K Sdhete At ﬁ@ﬂand’geééﬂdﬁwih@ﬁoﬁﬂé Qgg%@@al wing

body when both are in the stowed position.
Appa%tflus as in claim 1 further conprising a

3. ret Apgl-abl & iR takh vkt MRS EXL&RAAR: S ach include first and

second panels obliquely connected to form dihedral first and second wings.

Apparatus as in claim 1 wherein the first and second wings define a non-zcro angle of
attack with the longitudinal axis of the clongated body.

Apparatus as in claim 1 wherein the first and sccond axes of rotation coincide.
Apparatus as in claim 1 wherein the first and second wings are cambered.

Apparatus as in claim 1 wherein the first and second openings communicate with each

other within the elongated body.
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10.

11.

12.

13.

14.
15.

16.

17.

18.

outward of the elongated body. 1 | . Apparatus as in
claim1 further conprising a roll sensor within the
el ongated body for sensing the roll of the el ongated

b athypasdvasids ih kRithanghdreidithafirstxidsecdml opdnP@s iddh@ first and second
controller for a towed underwater cable, the position

c segments ebliqusripeadi ¢iber. 10 a body havi ng an outer

su I or, ' onnected in.li ith..

2 AR AR SO kB B GPORE B g lion

hawiitig tHe dlGigatidhod ded bol drél ety seRRAPeEEEN.WM NJ

panels and a wng tip swngable outward fromthe body

t Hrrnagiuseastip ckpmd| fgetherompising ataisacsaltlestabibiming aveight egtendable
a ond di hedr al .wi having first and second
otﬂ%?‘gaﬁgloygqheoeﬁ%%tegggo\a?hg panels and a wing tip

SVAppeaheasal tl@hd fuFRER dofprR@ bl seughwahsae8B88ngdt&d body for
formed in the outer surface. 13, A position

c oatsing therolhef tha ekingpted bodywiwuethe lorgtuflinakaxiand second

i def i - I f . at k...20 14. .
oL e e flelep SEE R Rufien crofhEmssioR ailiqifeg pomprising:
anthod§ havidg Wh Bgr Hirace ANPSHiBBIe fol BeindcORRLicl Mline with a towed
controller as in claim12 wherein the first and second

wi ngendgreater ¢gadbgpendent |y swi ngabl e t hrough respective

B R S P RSB0 0
par aluify tipfein g ANEBhRLE] FoM thOboay thﬁ)\}\l%g AVirstaRot Eormedd in the outer

position controller as in claim’5 rein the first

and swtioed swing angles range fromthe stowed

posi ti an,.at to a fully open positjion at 900, 17. A

P aserriyifdrelruie Bevite B 2B ArcRnd 20R L TR HbH 1 gl and o
a i wilp @rdwiabMic SWWARH ROm!thebody ﬁlﬁéugwa@gc&a%& FSREANM the
actuator sw nging the second wnrg. 18. A position
cont owkt rfator a t owed underwater cable, the position

controll er coppri sing:. 0 an .el ongat ed body suitable

£ OF bosEiorECbRBA e im AP Py reim g ek rogo b define  non-
under ieiesr fahl e and having an outer surface di sposed
about a longitudinal axis wth first and second slots

t ¥ posgfitort ¢dvatrollereas is glairad@; whkteimtier fishartdhsecdridrgingamd cambered.
second. sl ots each i n¢cl ud

¢ Hepos intyfantialineas inglamdaay 2%@?@&%%?&%@?%53?%@0
B RSO IBIRR oAb SRR B Al s
t Heom & stosted pbsitipn in which the first and second wings are parallel and
completely within the body.
A position controller as in claim 15 wherein the first and second swing angles range
from the stowed position at 0° to a fully open position at 90°.
A position controller as in claim 12 further comprising a first actuator swinging the
first wing and a second actuator swinging the second wing.
A position controller for a towed underwater cable, the position controller comprising:
an elongated body suitable for being connected axially in line with a towed
underwater cable and having an outer surface disposed about a longitudinal axis

with first and second slots through the outer surface;

11
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19.

20.

21.

22.

23.

24.

5 a second wing having a wing tip sw ngabl e outward
fromthe el ongated body through the second slot. 9.

A position controller as in claim18 wherein the first
anthes@n dredfinat nglssee@cihslotm edchdacludé 4 sdrwanickegmeatrubliganel the

obl i uel nnected to formdi hedral first. and, second

Wi ng %23 aNS&&?-aﬁF?z{wa&{)W Hidyg tq fhe iR segment;
whesired \Khnghﬁvﬁlgrasdlmg'ﬁg B @A EHeEblélngﬁted body through the
conti_nuous passage t roug t he el ongated bo

Appafigt 6l6t:f or positioning a towed underwat er cabl e,

t rﬁ%e@tﬁﬂ%@ggﬁgvﬁgwmg dlBa I Lﬁaﬂlee(#u?\p%tfﬁ) 91%%‘1’0:1% H%??i?gﬁu'ough

outer sur Spos ongi t udi nal

el onthatsedbndsthy. sui t abl e for being connected axially in
line with a tgwed der.ywat.er .cabl 15 t he outer

o Pestiometirg I 4 in i vieroit P fitw! sarigpdviags egeh include
halrét dpyl sacomti%a Rel§ OBl ielYi ddinedtétbrol fBRA diHédtan @ikst aXd Socohd@ings.
eI ongat ed bo i/l formng a first opening in the first

hd POIOR seiTallerets i3 Gloifad 8 WIathes’rérém ssgfm Shys famese
S gﬁ}g1 a first wng
S\?\Asnga Ieb{l)sgt%vathg%igﬁg{rﬁe%l?]@é{ﬁf ongat ed body through the

f iAmparatysehor pepitiariveg a Rﬂveﬁlmﬁerwmterg:abbet thndppegaths comprising;
PRI OnB e P By R, AR poid RG] i e
svvl nglatigaeedisidwaniatis embeig c@h@éwai £6al YA Yink RiGUGBwee

second, openi n? t he second wi ng extending froma w ng
r oot VleBHYeGibiner wi ng panel to an outer vv| ng panel

t g iat s%ﬁaé@béi‘n%ﬂi%%(ﬁh itb G Et‘ HAf a?ng a%@&ﬁl' C}hlgﬁbeéontaining

wi ng panel s of TSt and second wi ngs ord
defltﬂiﬁﬁﬁglg@tudmlram%ro angle of attacks with the

¢ PR A od® SRl o 508 oPHIBE BLER P2 e oo PRt and o
s egnepbndEYenitigein ttige sebénd mgd)ﬂthelbﬂta% suikdcs; and a
ward segnent oblqlfgue to the forward segnrent.

ABOHFAY g SWingaRle ougy reémgaieH@0¢hH@?uaéléh%ﬁrwpemng, the
t he f’iﬂsf SingWxBdirk ﬂr(ﬁn g vﬂﬁ% &R Rl 0%%3&1 inm® wif Z%ﬁz{depfbsﬁ' (ther wing

h the inner panel e second w ng. Appar a
as man@ltanmnztrdfnmadtml wiagppsi sing a first actuator

S and econd.act yat o

" BB Guhe Py ek sy fBRC R sRARR 4B PR s seepue
as iaepealnaj ﬂi]e%&cdmﬁeﬁlﬁg Bxtefding iffost a Win}iGrobsalbed fre@habkig panel to
t hrough 't he fIrSt gen g? with the forward segnent

r ecIVAWY WIRE PRRF] inggstehwinedi war d segnent 12
VOeROPb 1563 QVlEé:bam& Ar848Psecond wings have chords defining a

non-zero angle of attack with the longitudinal axis of the elongated body; and
wherein the first and second openings each include a forward segment oblique to the
longitudinal axis and a rearward segment oblique to the forward segment.
Apparatus as in claim 21 wherein the inner panel of the first wing is in a non-coplanar
relationship with the inner panel of the second wing.
Apparatus as in claim 21 further comprising a first actuator swinging the first wing
and a second actuator independently swinging the second wing.
Apparatus as in claim 21 wherein the first wing is retractable through the first opening

with the forward segment receiving the inner panel and the rearward segment
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recei ving.. the outer panel and wherein the second
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of the first wing.
Apparatus as in claim 25 wherein the first and second wings arec swingable outward of
the body over sweep angles ranging from 0° in the stowed position to 90° in a fully
extended position of the wings.

Apparatus as in claim 25 wherein the cavity has a forward segment oblique to the

longitudinal axis and a rearward segment oblique to the forward segment.
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