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POSI TI ON CONTROLLER FOR A TONED ARRAY STATEMENT

REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
wahios/11589@nt i on was nmade with Gover nnent suppoPCT/URZIES/053468

Smal | Busi ness I nnovation Research (SBIR) Program

Contract NeOSKOQIREDSFEDELER FORPIBOWED ARRANI t ed

States Navy. The Governnent has certain rights in the

i nventi on. BACKGROUND The invention relates general ly

to toved ydrian p FEDERI] (RASPORMGAHY. L0
devi ces for con E owed arrays.
Li near hydrophon ‘ggg % submari nes

for sonar applications. Typlcal Ilnear arrays are
tubular in shape with a dianeter no greater than a few
ndhissnvertien ayas @we azvltrh paystmenitsupprat wrsder Sepd Busipess Innovation
Resear any I_A;'Eﬂﬂéﬁl%gﬁfm on‘grfuit nli\?éou g}(‘)&@%ﬁﬁe Hﬁltd éé gf%: a?v!é . ed by ﬂ? gmted States
Navy eﬁie Goverdméawal akitn Aphehed ihwntibe. head e n d of the
array. The tow cable includes both strength nenbers
and el ectrical conductors for powering and
comuni cating with el ec he array. Wen
towed at | ow speeds, tH%&§?¥%§3pﬁI%S to sink because
of Thbenwsatighiclaés ddrerallpws caldehyarshhbheardysayd] heRl farticularly, to
When the array sinks, 1ts aft end rides deeper than
(meQ%%f@Wé“%mué ARPEHOBfd@sCd pEaysens or per f or mance to
su f r
fL e}%r hg&géﬁbﬁ '591%25 %Ercgv(fgd dl!)% ngllrbﬁl%h%s %%Q@Latr %fﬂg cété%ns.
Typfchbl(ﬁ{eaﬂﬁrrmdl% water uﬂibﬁpdf W(i:thla(mﬁneta fi@grehter than a few inches. The
desirable to operate the array out of the wake or the
arragcse Pry e B arbietiaTved he haudingrdanment thsowsim yealbenmnéiedy the

subthgimO e FaidH ﬂg é&%%%gpp%eiggg? 11’1&?de%q G a§tovp&tolesé:f&ghed to the

maneuver s may er red
headcéndaafmisd am;eihe Gonssde grtddys b(othetrengtls n&nﬂ;@@:hnticelecmcal
revent a towed array from sinking at |ow tow n
Con‘gﬁﬁ@éﬁi‘)f RAYCHBS gRbermmpARCNEayity alpctéqm@w thakEyo g\’hen towed at

low %Kkt%ﬁg%é);rr %nc?sutp TR B%@a sB oft hWeléllﬂ%tf tﬁestogzoég%o\d&@ltﬁe array itself.

convent i ona array and ste
Whehhies errimeddiss, amdﬂ@hheﬂasampmSBM1ﬁ§ﬁﬁdemyvanda@mamamugnyn

enbodyi ng features of the invention for ioning a
perforgignac ipmadichdtugth el&%?»ﬁ‘el}eﬁs BAEALE pRRATIUIH %@%aﬁlam% be damaged

by cgﬂﬁfbﬁ'vﬁg'ﬁthg @eﬁh@&%ﬁﬁ%&% I’ln‘tIGHS %ﬁe‘ﬁr ‘i i%ldlregl?a%ge to operate the

| Spose out [ ong |na axi s. ongat e
arrajb odwfsheswhlteadiﬂ the haustieshagow e tieciudehasixe.al Hlsycanrbel dcheved to some
h a towed. underwater cable. A first Mﬁn% , ,
extent through submarine maneuvers, but such maneuvers 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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swi ngs outward fromthe el ongated body through a first
opening forned in the outer surface; a second w ng
waemMoagssedut ward from t he el ongat ed body t hr ougPCEUS2008/053468
second opening formed in the outer surface opposite
is suthlle fior isdingo@@nedted aalthinoinetwieh & tovedd iaiddrvesr@amatlleWAr st wing
extends froma root to a w ng aimgl)rﬁ Afirst wng

swings oyt frophihe glongatgg &%wwht t Qﬂ?@l%cfayn%wa the outer surface;
f
a SG{OI%?EJ{IS sx%fg?lg% ?ﬁtg& ?(‘? Frofif thl !gﬁ‘)n%%tg ro é{’ fﬂgougﬁ%hsg&\%ﬁincgﬁﬁmg formed in

Irst axis t1on.
the dundratugfscd spposie tht dine dppasg thaeh ofttchirst dnh@eﬁilﬂn@agﬁdxtends from a
body tooeratlonal positions wherein the win

root ¢ &l%tu@ rﬁe gyt a\ﬁ@%@%at% pichip disgpsed vethip Hie m%wsﬂfld \RP‘HZjed to the
root %?{Her}ﬁ%[ \91 % fo%t dsstE@ glpst @xﬁ@% Sn Wf{rg a&ﬂeof k&g%ﬁ %’e %h%%étés from a
0 ody. tes

the el ofgate econd W ng actuator rot
stowtchH @osidcnndthw thg cRingatedbbyy tohupettgional wettions whereapthe wing tip is

angl e. The first_and second_swee gles_are
Outﬂdﬁgéi)%lﬂ%@ﬁ? lipdé(djfﬁ% B ﬂtf»‘yﬁrtsh\éﬂn% el irss swesmngle with the
longﬂﬁalﬁglt BiSof thd el@ &?Bo% Re&EoRf WEI%%CJ[I{AVQ? %t'af%@ tl}e(a)srecond wing

posi tion contro er conprises a ui tab
51m1b1e]|yl1grouglnaeedoad sivaep aﬁ@e Wihi Hirst ahd\sec[d)ndrsd/eep\mgefs arabldependently
|hed vvlngs A first dihedral w ng
adJuFFﬁgleg’y\RF%érsf? Steﬁ% %‘é‘t"?%‘w ng outward fromthe body

t hg@&'{%hé? a%?é'c‘?l)f bk %VGBQJSN%%O‘S&OB I%Snt%ﬁéf' gflgeﬁ%%ogg suitable for

th second di hedral® w ng asavmn
belng annmutekign tint wathch tbwedrundimwbwd yab:lh amd.mgpalaoﬁchhedrdl wings. A first

med in the outer surface. t her, aspect. of
dineg gL W b e Feht UGl T ol l@rab\@aa%rst slot formed
in th!é %ﬁ?e& VRERE oAk 8o LIRS dﬂl@dl%l ngat_9 mg ¥185th%(ljttc§1*9 kRing

for being connected axially tnline wth
outwandl &oweathe bodgamlraghﬁmcmdmcga?oﬂdedmdbe bratsr amfaoclt er

surface disposed about a | ongitudi nal is.with fjrst

oo S SaRRERRRE o iy htiono? it G SdlibSro e frierwater
cabl& @&n@%‘e@ R cRIn@hed %@@}hsdlﬁﬁ cUdebdnd PsMREEd afATE M llﬁm&h a towed

Is oblique to the | ongitudinal axis and a rearward

undewgire nablodhcplmmgaedtbody hay wmtde@agieremdlspdsecﬂ abait awprmpgtudinal axis

ng ti hat .sw n s omthe elo ed .
witn 3 ettt En s 875s SRSt S{iitgSr G include o
forwtaircpsetg%ht B 19 @Bl t\ﬁﬁﬁéjloﬁl?f?ﬁﬁlﬁil%xﬁla(ﬂﬂ QE}E%aﬁpﬁgment oblique to
hrough the second sl ot n still another aspect of

the ﬁotmard segneritoh firstppag Aous wingr tipthst swiogs eggward wewedhe elongated

voa St e S0L A FRERE AR L BN b ol e v

elongét@@gédyeﬂﬁr&%ﬂ)fhé Secdid §180!1 e for being connected axially
I'n line with a towed underwater cable. The outer

sulf stdkbarioghatjaypageelf thainycatign, mgparhtab forqoeditianwgadad chanderwater

cablgtofnReaan sERg  Pha”y b fpofRg siutits Bt o Bpejrugipal axis.

The @fonkited Béld}efs sai @ fR vang c@nﬁ&%"@uﬂ@qﬁﬂﬂﬂg with 4 f0&cd underwater
second half of the outer surface. Afirst wing sw ngs

cable. The outer surface is divided into a first half and a second half by a plane containing the

longitudinal axis. The elongated body forms a first opening in the first half of the outer

surface and a second opening in the second half of the outer surface. A first wing swings

outward from the elongated body through the first opening. The first wing extends from a

wing root along an inner wing panel to an outer wing panel terminated in a distal wing tip. A

second wing swings outward from the elongated body through the second opening. The
2
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outward fromthe el ongated body through the first

opening. The first wing extends froma w ng root al ong
W@eoosnn®s0 Wi ng panel to an outer w ng panel t ePei/N810081053468

in adstal wwng tip. A second wing swi ngs outward

secohd @ring baciedsdrgat ednd asby alohp at gihet hénSgaehtd pRitiriging panel
Thesecond wi ng extends froma w ng root along an inner

termyfaieyl igarfistal winghivo hbe gy WipgRaRels Otf &erﬁrﬁtaﬁné&emﬁldafvmgs have
chorfl géfﬁ{m On-LLR: an%ﬂ:eof'aﬂﬁﬁir with E}{% @ﬁldﬁla@fax& B8 tHle! i a'?ed body.
and sec n W ngs Have chords fin a non-zero a
of liabicaleds avpdchof the invengor, agparatus &oi pbsxmfontnlgel tetvod gﬁdeﬁd'ater cable
body. I n anot her aspect of the inventjon, appara

Compmes ﬁd@idv NBYNEgn sui%w:,réaca ﬁ&@P%&ta@Pu@a@p@t%% rai"@egheabOdY is
i
suitfBetl: B T QR IR SRR SRES B ARRE cfble. Tho outer surfuce
is dicidnd éad e (ﬁrﬁ)hlalﬂ ahy aisacdnidrbal filiytapland @nedning d&r lmglardmal axis. A
cabl e. The outer surface is divid into a _first half

cavi atp & hléﬂt ppqwn%mﬁp%lﬁést aalh pgﬁlﬁ o[qéertshréace a second opening in
' |

the ég%&e}%fl %]agid(? fﬁﬁ% %ﬁé; %1;%11% Esaf?ﬂf-rfné/(% 1tnl'1ﬁéemg@&%02 r%g gnu rb%g Al ffr§t wing with

upps@nd ﬂrdw@puﬁlﬁcblhglrfamest pvangecawdrdiadrh tiod catvlttg tlotight th:e lﬁrﬂtaxpenmg A

| f.orme |nt |nter|or of. the pody (Lrst Wi n
sec “ﬂnwa PRSI GOEF" f1PY SHTacen Y s BiteGar éemotb? Gty through
the def QA c}lgéﬁm%alﬂ 4 fobBd B?’ﬁ’t'ibﬂ, 1S ffn’fsf Sid QP&H WHes AeS8LRAMin the cavity
W ng upper and [ ower airfoil surfaceS sw ngs
withabe¢ wepred afrfodlhsut-faee afthe sgcont monig hdjhdeat edower ager sudacelof the first
. a stowed position, the first and second W ngs are
Wi&tacked in the cavity with the upper airfoil surface
of the second wi ng adjacent the lower airfoil surface
of the first wng. BRI EF DESCRI PTI ON OF THE DRAW NGS
These f eat ur eSRHIFADES ORER 1IN O:FhEHEmMWINﬁiS as wel |

dvant ages, better. under ood referrl n
£ ThEE UMD ARG IES oF MBI AT ioR L 1) SR Se e Deter

und @GEOATBRARYE@ o 45 ﬁi@'fﬁg§w1 r@'ﬂie%ip‘ﬁen dpp&hdell dlsim@Mind accompanying
i sonetric view of a cable pOS| tioning cont rO’I devi ce

dravengﬂ;)dywh@hf eat ures of the invention; FIG 2 is a side

t on wewofthe ition co
1 &8 Rindsamies vienrorGrioRaBRiioning th i S iseypogyine feaures
Oft@\@@yenngﬁ the position controller of FIG 1; FIG 4 is
a rear isometric view, partly cut away, of the
pofiGi Dy acadet ¢ledtion vesfw 6 tlie cable posHiobeangrodlar erfflér. ded
itiop.contr.oller

obl.i . cross.section of t ke .
ar 61 FisFuEs iSRG e nilfeBEMuSEiG Parvap eopeperof FIG. 1:
pl @G ang of eatorRbiaY erdv@ r}bal\ﬂyedfl\ﬁ a@ﬁy,tdf%élbcﬁhfonVMOHﬂol@ér of FIG. 1;
the position control | er of
FIG. 5 is an enlarged oblique cross sectlon of the position controller taken along lines
5-5 of FIG. 4;
FIGS. 6A and 6B are top plan and front elevation 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 eclevation 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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FIG 7 is a profile of the airfoil shape of the w ng
of FIGS. 6A and 6B; FIG 8 is a front elevation view
w@Romsheseposi ti on controller of FIG 1; FIGS. 9PCBDUSH0$053468
i sonetric views of the position controller of FIG 1
W FIG1 Heeis wisiigseldvatiby rapeglnypgon opasibingriny teleipkayaday prsvided
fully retracted; FIG 10 is a side el evation
Wlthradkﬂ‘stt@@rw&fr?]éer’i a3fn ElGUbrarine towing an array provi ded

Wi EYG@ AoSktd PR &%@%&?L&{% 8;’3‘&{%1& thd gbsm'!on fdn%ueljr}fﬁggﬂﬁ’ with the

are perspectiv tion contr
Wlngsfarﬁhgﬁ:dt'bs\t\tetlbftiiﬁltﬂ)/lsﬂ:@ﬁrlgl{t[ anged to steer left and to
st eer ght; FIG 12 is a schematic di a(gr am of a

coﬁﬁ%nl 2c1étal seheragity dreimioha copmnitation apE ReTdeTantig) pyytem
usabtlé\%ltf?%% R)nc‘cgﬁfr&%r fri@f1:FIG 1, FIG 13 is a block

ram a position control system usable in the
po¥ i[(ﬁl nis adidakalibgramaeff afpofitiod cottdbsystémiusatdain thopetition
Vi ew not her version of a position controller
Contré}lrl%ag Hg features of the invention, including a

r erFi@Cféla@ g 1&)‘11?6‘?{'# {I%W WBIENersibh G a %P sitich ?onéilo%@r eln61bodying

el evation view o e position controller o
featwit &f thbénvehiadn, inctudige wedtgletabieultdbylizieg vagphed; and FI G
ion_of.

6 [ perspective view of yet anothe ve
J‘ﬁ Bomerssla FVaHAD S wfgtL? T Fslﬁv efpithe
stabﬂﬁﬁ!g%’él fﬁhf‘f@facﬁ%nﬁﬁi DETAI LED DESCRI PTI ON A
position control apparat us enbodyi ng features of the

[ nF &Gt 160 aq&r@h«:twm viiew Bf @&t ahothdhecrgpos of dgmh carttallet bmbodying
f 20 %ﬁﬂgrlses an ? ngg ed bod or fuselage 22, from
catyrgs Upention ing ‘b‘ﬁ? FROEDI e wi ngs 24, 25 extend.

The fusel age, which includes a preferably cylindrical
outer surface, or tube 26, extends in length along a
central |ongitudi naDEﬁAiHsEDDES@MPé"I@Nad end 28 to a
tail end 29. t ow cabl ich i &Judes electric .

po@e?osgm CQIHH gPPAGHI glng %élieﬁ of e dnyeptigp, gt phown in FIG. 1.
The ?'Sm?&{ corﬁﬁoﬁl@ﬁﬁ@%tﬁﬂﬁe@ @n E%ﬁga@dﬂgocﬁf 019 h%elf %§§iﬁﬁﬁn which left and

roug a nose cone . he " rear €end e position
rightetractalblb enngst 34aeh estend) Eletfowmgeawhay 1134ude'ﬁhqg¢fetahgl cylindrical

osi.tion oIIeratt in line between the,tow
outeP st ot - R 1P FnEA B FyOTEHETH fgs2 Lgm a head
end D€1J Afi1aRHE9T RHGW FALIE 30! $hidh inchldIRRRr G MH: Qn& fignal conductors
outer surface of the fuselage. As shown in FIG he
as wsll @s g strengtlc oembni, etteahcs o thhdcadensrafdhe fisclepethiamsl aag:ae cone 32.

rhe e B R0 G RS AP SRR LS8 B R o
controller attaches in line between the tow cable and the head of the towed array. 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 segment
is parallel to the longitudinal axis 27 of the fuselage, and the forward segment is tilted off the
longitudinal axis preferably at an angle o of 11° or less, and more preferably at an angle of
about 7°. But the angle a 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 4 1. In the device
shown in FIG 2, the rearward segnent is parallel to

wo b@siiowegl t udi nal axis 27 of the fusel age, andP@TIES2008/053468
forward segnment is tilted off the longitudinal axis

attagirrefagivatl the ddngitndianiglxés @ahe fukelage.llgsiss wanpteveblifthe wings become
preferably at an angl e of about 7. But the angle ais

locked fhepygddots-efg@wsh of Plysisal damagsnbey PalbF MeaBetidonisadipg o move

of the array being used.
the %%anééeqmﬁg%@yﬁeg% even exceed 11 in sone
applsishadn dnBIGS 3e 5 upohmdng 24,12 5aktdnde fietnot wingaootr £ 45 tea distal
. front ensures a positive wing angle ofattack relative . .
wing #p et dAg TR Af Rzah vaiRe & Ptachsfktorandadinigwal mfpry petuatgryvhich, in
tis SYRRIG oo L I BRI 1 a8 A R e MBI which o
nut 4%is Advancth Ofeusel cdgaod POy detinettin an@wversed pewing imthe nut, and

FI GS. 3-5, each wing 24, 25 extends frogma w ng root .
the Qt_ﬁe,r RL e Beave 8 %ﬁloqw%l}&h t_ge $6ne wpt. FdmegoRn e with the
T B g E S B frvard of he
rod. [Thoesle inatppatted indBsupponisAgnauntaad agdate i3 attahgd whihetinsde of the

ut 49 is advanced. One end of a rod 50.is received i
fuse@ﬁe-éﬁ@r@r%as SAFhY MerPReFRse ﬁi&&?@s Ny 2RE CORfi4e &?&p?@gm
actuliBRaol E41ANE R Baluil BRARIL A8y WDt b pilRD frblISRE wing stuck

not i on of wth the nut causes the wng to rotate
in arady@mtpoaitioh dtonodanygisx the sbimbtmadsiginayt bey agiengpgroo die array handling
inward of .the rod. The axle is supported.in a su porf)1
SysteB. Hicel 1 apple Hiedyoayingy aaﬁ)alrpﬁém?%, fuaigponthgsame

axlef HeLhRABF NN AE LHATRES diiRLHiRACHIE RIHOREE AT Bl G ISRTE
way” and constitute | ndependent actuators for each

wi e adthatorsonte aomdrdlled bseh elartynis evivg cargrad hpsiem honedtio an

revent a wng stuck.in an e sition_ from damagi
clecGeaRishas o et 52y St e TOF e gjrontes packdge
prefOapgih G S SR TensBE SAUSKing pdsitiBh ScrR¥ASPa8d, JgBniINPR a depth sensor
wi ngs, like a pair of scissors, rotate on the sare

56. @dixthe arreh exclugice a defth eensst, itlydre mayibe ne nead falondiir getpiosition

relative to the is of. the fusel gge .The. act uator.s are
contsllsty &) PEHEOR PR B COTPAGY U 1 ey S B BRg™
signhNc@ird?] AL EFcalBK@BuEBrs! 03 1R thd¥o@r daBle iRRVhE YusBRge to
of the fuselage. The electronics package preferably

powenaridugetrolathe elektremns SomE4r al ohihegropdedtors passstbrisigh aB B{t port 70

: d ' [ 1 dept h 56. (If th

ina P perzbd? 8F i tie! BB O PRSI U8e® RSHCHAMF B Igpigh of the

fusclaBe 1d18uiBO Hetcb Al ERY bE R khictlatdts hRd WA RRWinfdedepfaBRIThe nose
in a front panel 66 of the fusel age adm ts power,

conesis giadhed comfarplard lamd4 obimmivdctrge ibyisstasnaweh o8 scré8s fhraugh holes

76 fopig o anEBn e of W3 “8F - ReBBReRre E° P08 cone
asseiBlyopePerdscdat@Qhirusiéh info thci@BFioPARRY of theGlisd}R. The outer
fusel age. One or nore cable tr oughs extend al ong the

tubullag wgtficeaXo afiilee fuselegaspevas@s guirdesth endwndgetieg e penston of the

towetdha%ra%lsz Il"Hea atlr(r)a{ysis %ﬂgchaeﬁ S ﬁl% rtear}eof V[\fleni%serlgé:eei%taas%lnﬁar f-!a-ls'h?m{] 25Re nose

cone. An O-ring or the like forms a watertight seal with the rear of the fuselage.
Details of one version of the wings are shown in FIGS. 6A and 6B, which depict a
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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cone is attached to a forward lip 74 of the fusel age
by fasteners such as screws through holes 76 forned
wae@antseshe circunference of the lip. An O ri nBCDUS2008/053468
ot her seal on the nose cone assenbly prevents sea
axle\wal efe Lol ThghadrectiRtOtht Aetubtol exd that dranek the wihg! Tiee wing includes an
fusel age. The quter tubular surface 26 of the fusel age

inneg pyneb 48 gxtending fiopyihn rortpwuird thewmedlp sndeniaiingpel§0 cxtending
rontBERLELEST BTN S LPEITE LR, LG gl
dihetlkat gz, dhe ditedtal kegle 82 matehewicainizlcghforsedby et ibr\tlzh‘d and

rear of the fuselag]pt Detail s, of one _version of th

rearypdgSSAPRS ShtnYing Sipfscas seavaithe BroflPEh el Hegergnd lower
C oLl i f, f.

ot 80953, TR, oSy REOT 208 A 0 i
charbdteristicng tip 47. The w ng root i ncl udes a shoul der 74

th socket 76 faor axl e he hole 77 t
¥“e B Jefanciaghs oenss 5? SoIT 8¢ ygffcfr@le‘gmg FEstet nr@H* c%*h@irals 82
betwieh] ﬂl@' 1Hﬁérﬂ%ﬁ?ll§] g8 ah&]ﬁl% ;b%gel.z §O e LRAGh ﬂgF]Ifd. gglzlttlhﬁoth wings

r oot e wng t an outer pane
fullyeoteanthaigvd inoen ranels larmlmrallm retach otich endw figpt radiallyTheeause of the

.t%ﬁ%gggeﬁs are obllque to each other and forma
radigfjofsefrof thoiatayy 24/ hedral angl e 82 matches the angl e
af %ggpm{qyn E&ﬁmﬁ@f YRIsdhewd wigah usigs%ﬁ%fg%ﬁésl@cfnsﬁﬂ £1GS. 9A-9C.
W ng shown in the profi of FlI 7, upper
In alhtigted powitiona |shc6w:m IthfslstlftfaaldeghBMn@ ﬁrd)sfyrmrhﬁrieadlgynthsmjsyd with
wi ng for 5 wth i ent lift
refercher tac b Rgitydine a%ﬁelqm%ﬁtg énaherwﬁf Eéﬁg@e shownRlly gpgy, cach at
a sw@e arbgd 6?@0%@&&%&%‘@ lgﬁglgﬂdi}ﬁg 58l 87 81211&%%55}1 Whes

ner panel s 78 and the outer panels 80, as showh in
prodlﬁl:ﬁna&nwm hfteot lgivenngs speddl Yhopers afhshopwpartiynepen in FIG. 9B at

anel s ar ral.l el ch.other and off r adi
sweBEREdS o abo Rl ferdrsai Mo RS S rirt R ot § Tt Ciater & Stowed.
posifieieatiRkh hﬁ’éle§6’ﬂ’ﬁ°rlﬁ |PﬁGr 92 OWh@n ﬁBQf@@ withttht REn M REStad1B 38 in the

three positions in In all three positions

fusekago,wh@ upthee alréfik suafade of @h ﬂeft/wvn@s adjecay bt doweal dn;foﬂ surface of
osed wi.th reference t th | on |tud|nal axi s
the %%%%m%ﬂ%dﬁm iggigatiogs Thus, a8, S PRYODs BsBias FiquuRd from a
retra@tedoSiBR At @E\gée% gle‘%ff @ Wﬁ%&ﬁ p%ﬁl@iﬁhtahﬁ swe é) angle of 90° in
| ongi tudi nal axis 27. The 'y open wi ngs produce

ﬂnsaaxmﬂmn1llft at a given tom1speed The wings are shomm
pen El 9B at ,swe ngl es of. about
oL 1B e oo S8 e RO . Fainoyi B P e By o5 be
depl\%1 B ONRE redhQSihid epghba{anawse RIABGH i8Sthehrfy i fk %w Yble. The
en stowed wthin the wing receptacle 38 in the

array 34 &l aglerabishéeplgyedras ai Fi@i 10 widr thapesitibn corfrdlist 20 hittwgpen the tow

adj acent t ower. ai rfoi urf he .ri
cablg 3 3 e BibdRe s gu P o Srros s B Tnd oy Hgoh 375r e
subrRGiRS O ch R R{N s A, PAHS TR GobitioMcantklar Aib@sch thOSiakdr@thAthe wings
a sweep angle of O to a fully open position at a sweep

prodapigi difioo ngevejthe array toward the sea surface until the lift and buoyancy forces
equal the weight of the deployed system. Because even light-weight tow cables and ballasted
arrays are not weightless, the tow cable will droop and the array will sag at its tail 58. 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
WO e@ailow3r eel ed i nto a submari ne 56 al ong w t hP@T1ES2008/053468
array and the tow cable. The array 34 is preferably
defihoyedtias coirofbfmazt lswibt hisédte spes thcitowed amdy latdrelly. 28e
bet ween the tow cable 30 and the array. Wth the w ngs
contqllephspesnpergided. gxientsibe VHERAR AN ABPIBFTISH cgpfigyation, which rolls
I 0
the b Ginef X SRR il bl AFRMI M« e
condifid, thcolifioweort s baﬂf ayerticaland athbeizaeal coupbace. Tint hldrlzontal
the lift and bueyancy forces equal the weight of th
compeing jteers Siestrn 34Batskliye waile ey vieginal mwn& mtrebwh%éepth
I ast d r
B R R o RN BB it NP OIS D55 B Qi e of
cachsaiggean diféer élonnihassfatic btheatlh 6Gi NG\, ahsketondg A4sd tetracted at a

ontroller to the tail. |Lf the ngs are wed _or if )
smallgfgwiarp anele thag by dgh o e %Mte%rm%% ey Grthe %ﬁ& FHFiGe 1 1By the right

Wln? S Jetré e dlﬁ L4y sf%ll he %h%? td%arh QY Ifhé?ﬁyr@rtﬂls %&?fteglé art%? can be

I ca y the sinking array e position
secucanfrerolal pesitioa diratthobdhénduthe duliroargteae be ichoar diOthe dvalie r ay

laterally. The controller en c nanded, or ent h
wi A TTAY PRRIUQE FRRHER] Sy g usee P%ﬂownérﬁ l?roqstle Fis

shovtnhﬁl 164€)4. ¢ and 16 AW Glgéatm Il thl %Qﬁe%oﬂ% I%ant for example, monitors

mai ntain a banked condition. In a banked condition,
the fdsgiohiof thevarctyand Iadﬁlstsaitebthamdéxtbnabpd)mmdfremhcgralﬂmmi aber interface

0 nen The hori,zont al nent steers the arr ..
(GU®4§QJ gf?é]ra ITFVGSQBHW Qelf ar \‘?’é‘%& § eé%‘}ﬁt%d‘ﬁf‘e?ii‘ns%?ﬁ‘%l@gposmon
contbdIRr 86 B thBEGRISBrLBCH e REN gaﬂ)’le ?(5 A %éﬁzﬁ Qlte&?ﬂpllé?@o between the

separately by its own actuator, the sweep angle of
GUleaotputwir mgd dartowh chble rhefpts dthnatsfbet\hﬁndhh gt arldndriFle@ls of the

11 A, the, ] eft ng 24 is ret ac&gg at a mal | er
arra;estoam £ PHEPISR JHOPGIHGN DA WPREF ORBILIFEY StEnie
repréhfing Jléf)tf!ﬂ@tra%kr%tteﬂhﬁﬂfe' dPBbsivd I clidn B&%@@ﬁ&%ﬂﬁ%ﬁoﬁ ©ther

steer the array toward the right. In this way, the
51gnahs,rrapresamng deptbcmtle eedustormaaguosngnts arrdy statis] andipekitiod controller

b t | ke.
saniso G EXER GoHeY B B i Usbbick e ERpHe” BOd] BRG or to the
comBARY 5! @Ehe?%gtﬁfc@mg%als%n§ REMahd si hﬁ@ma%%e@fh@sﬂﬁted@@ the

oper ator In e subnmari ne's sonar room for exarrpl e,
positigmniangrodler drethpewiy from thé GlHeor dronathe anohbadiyssts dept h

and | at er al 03| from raphi cal wu

(s S8l rnieoP B eC e ik Bistroato iy hafi 8 96, 13. The
operaf@& hboee t@rs‘ﬁbﬁlﬁﬁﬂ@ S18 s ddh e a PASHat Rt £ ANhE @lUIeThe?&lected

over the conductors 68 in the tow cable 30. A sign

depthend lgptrel ofGBt bretinwe to & hem@uhiceerputastacafd, whieh takswrecelves the

actuofh D eRa GG St e Bnd brRtrd BF piSliof Ehadiidr. The

comBRATcatibP MM oaipulNbREsct BHRAD, ®Y:SAPM/rofl @nabBalgorithm 94,
representing depth are transmtted in the opposite

whidhi qosanuitesrs Wiaglposition ket pavY ks tTAE ipesitioDp¢rdroller may also be operated in

a manual wing position configuration. In the manual state, the communication interface sends
a signal M commanding the position controller to set its wings at preselected angles. The
wing position set point w is ignored. In the automatic depth and position state, the wing
position set point w is selected for processing in a wing control algorithm 96. The actual wing

position W is compensated to account for the roll of the position controller in a roll
7
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signals, representing depth, roll, acoustic
measurenents, array status, and position controller
W @BOs363d or exanpl e, may al so be transm tted PELKS1008/653468
conputer 89 at the GUI or to the conbat system O her
compaidtial algorgthal &8, amdchcmounes as ighakmcomyrotleohipnsidd wiagd position
to the position controller or the array fromthe GU
W. 8p efrpbﬁgmﬂé caBptgaty - sie dput thide vepg P%ﬁr%fﬂlgaﬂé%twlaph produces
contyfigfgf b ot JPoRE GRS HoL Lo b Lok 100. The
ontrbl@ystanlcaﬁ es@inuotiflg edntrol aic ddnentdsklto chblnge gel s&@bp dng:l&ipdsfh:lther or
and | ateral offset are input to a communi cat

bothy wings foaEsohe papifieh C%t%ler Bcerk e cteﬁléeda%ftpdbw la@betl frogition or
banli 5 < IZT(I)l% ?%Ertlsr%o ! eﬂtq]% {eJQI&;%g?Ts#uteE%ﬁ égtﬁletgﬁﬁ?%?b% ?[? transfer function
G(s)OﬂIh@Wﬁng ]@sdﬁmtsbnsbetiemﬁnmbs {Be attabwihgptositionlV, andnhe @ill sensor

al gorithm9 ich co a W ng position set point
detegpinigpibe et lioélmﬂelé‘n‘tfl?lﬁlll rmﬁfefyn@r:%%teéémag oPsiria i determined
t A
I A b B s Pl th o i TR
the wemgpasitdbn gertshearp asiuntadnn a:lmwpdsctidneaontrollaeBuu the depthgensat could

| ec ngl es. The win o nset point wis
altem@tﬁ@fwe flq'vﬁe? Hethg RpeHeR P@t@ilﬁ? b fiase g&os. tion state,

t h@&nml{é_gvﬁgﬁ)hto'fg\%loﬁﬁBn Qé)ﬂtmlle}‘vls' sSowgliReiGs f4%hnd 15. The osition
processing in a wing control algorithm96. The actua

contvalleg 19D differoftoritse domqpanddtietl ntost amspumdustyoin thdtet fucthér includes
of e pasition.controller.in rol | conpensat |
a retgﬁcg%)?q i 1488 Wit ﬁ%r%m i il isndrd s T1G. 14, The

stabfli‘% &é}gﬂe@/ﬁﬁhqgat‘%@ B POSIt BN isWivABd B Hd §itPr@lre@ss 106
WT is input to thé wng control algorithm

betv&whn stowpd @dd deggoymintated bysi gwoairszed hatiatar é10$ elmtwit for dheaving clarity).

Wi uators thr h a.notor interface contr 100.
whoyBieaita Bt Veipat Biien iR AU Wk e loid on the
contffl ki@t RS ptr@w&liﬂ? RASitRaiMNEeR ARG Ir@o%pﬁﬁleel'og h@forﬁ%d ROMB fusclage

Wi ngs to’cause position controller to seek the

110 dethiarregrwaepsdgnent ll B elltfai 0f|5ti@| longitudoral emko @egnerodateghe

|3 I\}PH sensor and

onse, of the nt mi. dt ned
s R ol & oL QY B K b BERggir than for
the ﬁﬁ@? bIFIRES . le% tRE Hﬂﬂédiral/\bv[}%s & kﬁab@l&m‘é/wéiglﬁ hfe[b% sfa%hize the
sensor determ nes the actual roll, from which

pOSlh@htommlﬂpemsraﬂed wing position W is deterni ned In a

@eg??rgf?gfolgﬁg)o%l an P%trt{oqgg grsﬁgsgr?lf ﬁjéG i/eil% Elmsl'lpqatm(:"a%j wings 116,
117, p)@lﬂidh't BImSR 08 q{he&fa@ ARABRrdri a TR 1R 311 8.1 @fknings 120 in the outer
‘controller. But the depth sensor could alternatively

surfige off hesfesclige arh Engrosiatheothag segmaitédand afeugloagrk for example,

fornaghe Sigg? EEE0 ol B R Rl DB BB O P2t ¥ ABARER splholer

fr %Hﬂhbﬁ'% e VhweRtibi hid Keen HistRSéd WA $HRHEUR) aneWbrtaM‘éd versions,
it further includes a retractable stabilizing weight

othemersmgh @Wpombla Farl eixymebec ﬁnd@tajaqmet $talmhzung weiight miay be used in
any PEt%BI Ig{Oéla ﬁ%\?rgasmﬁag (%Progfsméls Iaé %1%@ tf(? A ﬂle s?ablhzmg wrg}ght and

wings simultaneously. As another example, the wing actuators may be realized in a variety of
ways other than the linear lead screw mechanisms shown. As just one example, a servo- or
stepper-motor-driven pinion driving a star gear radially attached to the wing root can serve as

the rotary actuator for each wing. A single wing receptacle opening onto the outer surface at
8



bet ween stowed and depl oyed states by a notorized
actuator (not shown for drawing clarity). Wen
waelepBoywa) the wei ght produces a righti ng nonePCT/USEIS 053468
reduces the [ oad on the control system by providing
two pRsRirv@lls bppddite tpysitidnsns RRowe defht dedvand)But svd etdpratldsnone for
the fuselage 110 with a rearward segnent 112 tilted
cachgyingoRgning AR OPRRAItR ot Arsessartly é@&ﬂ%‘iﬁ‘&é@@l’?%@ sides of the fusclage
I fg
and TRl P P ERAE o P B R e so. s
thesche@ exbmplesksmgtdye thie hope af theichigss id e nﬁdaﬁbﬂolbezlirmwd to the details
ght hel ps, stabiljze the position controller in
of the@wmpl,&%‘(wpnwsgﬁlw ithesnsedicei®h control devi ce,
6, has planar wings 116, 117, w thout
}hgﬁghﬁhé%ral extending froma fuselage 118.
Cpenlngs 120 in the outer surface of the fusel age are
| inear, rather than segnented, and are di sposed, for
exanple, formng an angle 122 of about 7 with the
| ongi tudinal axis 27 of the position controller.
Al t hough the invention has been disclosed with
reference to a few preferred versions, other versions
are possi ble. For exanple, the retractable stabilizing
wei ght may be used in any of the versions shown as
| ong as provisions are made to stow the stabili zing
wei ght and wi ngs sinultaneously. As another exanpl e,
the wing actuators may be realized in a variety of
ways ot her than the linear |ead screw nmechani sns
shown. As just one exanple, a servo- or
stepper-notor-driven pinion driving a star gear
radially attached to the wing root can serve as the
rotary actuator for each wing. A single w ng
receptacl e opening onto the outer surface attwo
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 fusel age and not extendi ng al
the way through could alternatively be used to stow
the wings. So, as these few exanpl es suggest, the
scope of the clains is not neant to be limted to the
details of the exenplary versions described in the
specification. What is clainmed is: CLAIMS 1. Apparatus
for positioning a towed underwater cable, the
apparatus conprising: an el ongated body having an
outer surface di sposed about a | ongitudinal axis, the
el ongat ed body suitable for being connected axially in
line with a towed underwater cable; a first w ng
swi ngabl e outward fromthe el ongated body through a
first opening forned in the outer surface;
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a second wi ng sw ngabl e outward fromthe el ongated
body through a second opening fornmed in the outer

waBatw3bpposite the first opening; each of tPEI/Ub2088/053468

and second wi ngs extending froma root to a wng tip;

a first wing actuator disgaselMsv thin the body and
coupled to the root of the first wng to rotate the_ |

fi APPARRFUSFOOPPSHIamiTEsy toaied anderwagar £abler{he aprasips gomprising:
opal SRS bhAR i ol O B0 BORME i hgitydingl s, the
t he ellonpaiddddpadiyatda torbbmgspamccadd dxiedlyfin diat withregtowed
defines a first sweep angle with the |ongitudinal axis

of t HEJETHief28l: body; a second wing actuator di sposed

WG e \>$1H§ tsgtﬂgﬁ‘?]% e @118?19‘(% %1&{%%58 38 Ely ﬂ%o%ﬁasﬁ%?%ing

wing tor e second wng o seco
r ot atfoancdettheentcasisfaowed position within the

el ongat ed body. t o, operati qnal positions wherein the ,
wi AGCEANE WIBE siyingpbls opfyerd %@H@@P @Em%ta?/ Baghi Phghserongk opening
t he - W ' -angle wth the

I ong?@ﬁﬁ%gﬁ%g%tgﬁ%k%%ﬁg ‘fsg‘%g%?%'ﬁ 0 i/I%E]V\her ein the

fi eath etnbe §s¢ antscsombpimngkteadiap dronnad eqe nde ntidg/tip;

adjystable by the first and secqnd actuators. 2. )
Apﬁgfrgmgg 4Sar disee Tl%!%%ﬁ’ﬁgi’ A £quplyd (g waERhfe first wing
W ngsto_ertraf@ the PR ?G\E‘@?Elgh fﬁY’ﬂt RYis DY $t&Bn B w@@p§§t§$vgé R@ﬁtion within

. ) t
inclaiml ere Irst and second w ngs eac

i ncl ute clongstd body ®eporatiopdpebisionbivhepaal thic eomnte tseditdide the
formdi hedral first and seco Wi .ngs. .4. aratus as .

in cl f‘i@}ﬁa&e g anf, terpar pF ﬁiﬁ%ﬁ%@?ﬁ%@%ﬁpﬁg@%e&? i#pglegvith the
non- zigh S AR xRl f At aWdtddf-he | ongitudi nal axis of

t he el ongated body. 5. paratus as in claim1 wherein

t he sédomgdtwing dctsgtondidpaxe svithin thotbatly emd cmiphali td¢he ®ot of the second

Apparatus as jin claiml. wherein t e.fi{st and second
wi ngs™VARdO LA ee%?.co*%ﬂ WS H1GenGEEi AT Tofatiom PEYEea Aegyved

the flgsiionaithis 8UMhARAYRY S0 SFIBEHAL FEFtiMs WheBAE bhe wing tip is
other wthin the el ongated body. 8. Apparatus as iIn

cl ai nutsidtceiangated bbiy snd thadpseefchd swpedivmysdifmes adecond

SRR R Y

\kl)m.o 3@1%%%{ ﬁlegﬁ%‘cﬁatna%mdrs?ﬁ@ﬁ L.I'%TGSV%‘E Mdép%tﬂl%nﬁI %ggﬁﬁlﬁg by the first

Yy en bo are I n e stowed positlon. .

Apparadpscasl dcuagirai m 1 furt her conprising a

' ewp%%}a%%'aﬁ i E:l%lbnil ll iwzhielrr] n ¥¥1eei fgrlgtt an%xstegor}l av?ilngs form a polyhedral wing
System.
Apparatus as in claim 1 wherein the first and second wings each 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-zero angle of
attack with the longitudinal axis of the elongated body.
Apparatus as in claim 1 wherein the first and second 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.

10
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outward of the elongated body. 11. Apparatus as in
claim1 further conprising a roll sensor within the

webk@sgateed body for sensing the roll of the el PCyHSA8/053468

8.

10.

11.

12.

13.

14.
15.

16.

17.

18.

body about the longitudinal axis. 12. A position
coMppatatidras fiDlafn 1 euiekitl tatefrdedndrsecdlal @eninpeineasie tfirgrand
controller conprising: a body having an outer surface
an8°9nd segmants ehligyeitngpcbiféct ed in line with a towed

un r,.capl e. [.5: ' ral. . Wing ' i .
A Lo e S Gl
s| etithirotheetbnigatet! bedypwher bethrataimehe stosed podtich.hedr al

Wi ng having.a wng tip swi ngable outward fromthe, body

t h'bRgitus 28 dtelatm & feither GPmpESIng atsiEachileitalilizing peighi gxtendable

Qngg@agégpthgg[gngg%g??%gs in claim12 wherein the first

second W ng e a non zero angle of attack.
14 Appapasiak inolamo htfaohdreompssing acblhsensd2withiartks elohgeeed body for

first.and seco W ngs e canbered. 15.. Qsition
cofit B tef ?0350%*6 eloRPHpd bo N0 e dongpiting Bang second
W NG5, sAidh doRHER %#Q%d&edﬁiﬁd@&%@ér%a&%{ @H%Bsiﬁ@ﬁ B&GEdILE

first and second sweep angles neasured froma stowed
posomposing:n whi ch the first and second w ngs are

paral l el and conpletely within the hody. 16. A . :
poéi%Pfilﬁ ha\e% 1 Bheruried ol ayttgbl fgfsb%%?@}nﬁct@ﬁgl fing with a towed
and sgRrRRMtSWBR: angl es range from the stowed position

at 0 to a fully Open position at 90. 17. A position
contfirgtldiledrd sving hatiag awie fipstvhgable onprard ifrog e oodg through a

actuator swinging the first wing and a second actuator
SW ngélrﬁbﬂ?t\#@”g%‘ﬂ‘g‘ﬁ C QRRGSUTHEES: A posi tion controller
fon sadn@RtdbdeR MR RA e & 4 Erip E\bﬁltg%l% lobiiv@id G8RE thelbb&Y through a

conprising: an elongated body suitable for belng
connectedl dotifairhgd inrth¢ outer sirfahe.a t owed under wat er

cabl e and havi an out er_syrfac | sposed ahout a

oGS AR A <o CHIE 17 e hedu TS rirg Thpo e a ron-
t hecRuhBle ctufth@ce; wherein the first and second slots

each include a forward segnent oblique to the

| odgpasttdinrmhtrabérsis amdlasm A 2 avheemnl thedgsteand sedainidguegs are cambered.

S HRHINE GaTaRTa T S e e B di Byt otGE T
independently swingable through respective first and second sweep angles measured
from a stowed position 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 clongated 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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first slot; a second wing having a wing tip sw ngable
outward fromthe el ongated body through the second

WG@EL@B/1156%0 A position controller as in clai m 1BCTHKE2008/053468

19.

20.

21.

22.

23.

24.

the first and second wi ngs each include first and

seompttipthiRelrst MM lsecpnd|siotcanhaecdledt 4 orivaidnegintedbilue to the
first and second wings. 20. A position controller as
ol IaPSHUBBARISS AT 8§ ew R Ss EMERICP DB IR NS P Sighiea:
co
Ao HE pRARE A3 B b B A TP e kaic by through the
the afirpeglett us conpri sing: an el ongat ed body havi ng an
out er surface di sposed about a | ongitudinal axis,
el 8ABENVIBY agfwg% AR HD pyimegble ytReR Hogt e clopgaled ;boeishthrough
line whtho gdé Ryed underwater cable; the outer surface
bei ng di vi Into a first half and a second half by a
pl Aneositamt @introig d lre claom R Wﬂrdﬂmthea‘xs&,ndtsh@ndlvangﬁéaeﬁ include
y formng a first opening in the first If o

bo%é%t a8¢, 33 Pahfds ePILBElNFINBIFEH RGO dthﬁ@raég%ﬁ ?P&P?d wings.
of ol it htrSHE e gqlgglggn ?ﬁ??,ltﬁgﬁm‘% gqam@é&ld%}&w

fromthe e ongat e rst openi ng,
fi ceﬁtlnmngpaxatgrﬂinonghﬂreoe_rbmgawdrt@dyoot al ong an inner

anel . to an outer wi.n anel termnated in a
di &paﬁ rafs {gr Rysgiongn e o8ted L\%fi a&mca@a & ANAHEP COPPIEHHE:
th i
Gn %igﬂ%&@& S%MY@ e &H&rkuhia% %g&goot B 1&%1tuﬂﬂ1%l axis, the

secon ng e ding froma al ong an 1 nner
Wi ng qdmtedttm)darsumajﬂ@for\hemg cpameked axiatiynatied with atowed
di st al wherein the inner wi ng panels of the
fi rstunéiﬁ’a’v %rccé‘ﬁ]& wi ngs have chords defining a non-zero

angl Lo dr sﬁl;fﬁ@ectg%l%&lblcfeﬁ entb ATRLEHAH Adla s@&‘dn%{ 1R By"eplane

el ongat ed body Apparatus as in claim2 1 wherein
t he idneinipge looditudirel ixisst wing is in a non-copl anar

rel.ati onshi t.h t.he i.nner panel  of. the cond w
23 PR TN f oo LSt o fRSgutShioce and a

second OREsHES if Ak scboird Mltoahe ShdRLAreegment obl i que
to the longitudinal axis and a rearward segnent

o b ) |fn1$lemt1g> stngablorontw atd segnthatclondted Appathacugh the first opening, the
t h e f 1r§gwln§§é%nﬁﬁlgh§om a Wsi}lg %ot glo'né an ?Itmre?(\:xftir?gbll)aene gra%ucgltger wing
panel terminated in a distal wing tip;

a second wing swingable outward from the elongated body through the second
opening, the second wing extending from a wing root along an inner wing panel to
an outer wing panel terminated in a distal wing tip;

wherein the inner wing panels of the first and second wings have chords defining a
non-zero angle of attack with the longitudinal axis of the elongated body.

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 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 23 wherein the first wing is retractable through the first opening

with the forward segment receiving the inner panel and the rearward segment
12
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with the forward segnent receiving the inner panel and
the rearward segnentreceiving the outer panel and

wab@sa13e3¢ he second wing is retractabl e throughCT/g2008/053468

25.

26.

27.

second opening with the forward segnment receiving the

I nReeividanik oafd padee afi@ahw@iths egivRo twifi@ Batiradighlé theough the
outer panel. 25, Apparatus for positioning a towed

unédongd cesnipgpite the RewaidrsgRentdcehyipe the inger panggay the rearward
hayi : i sposed about a | ongitudinal
ax¥%nﬁgecggﬁd@tg§ild{l{aeg?%le?'or bei ng connected axially in

|| A@pudatu’ far paivithingdemwdtudderdabdr @able e appaeitus torhmdgng:
being divided into a first half and a second hal f b(){ a.

pl akady. Bying A Agfer Heface Aigpessdichaut adengitudingd agsdiic body suitable
form ' [ i kO, ndi ng

to o PrepESKhtel g ih ThELIRG, Ghed BRI EHA

s utcamcrausecosudnopieidcd dntb A firkichatfemdndeb@ldfhatfbyt yelane

outer surface; a first w ng sw ngable outward fromthe
cavi t§P{ARIBR Y lopatudinad eXigneni ng, the first wing

hayj . . (ONF=Y I r A | .
oo BB £ AR ek e o B o S ion B 26 2 B Bl i the
openi firgt hdlHef the ovndsusfacg a Ravind@pegpg in thndedondenlf of the outer
airfoil surfaces; wherein, in a stowed position, the
firstSUsidet:second wings are stacked in the cavity with

the hg dvio@bl nfPf S REA M Rk BRAGE Me first

t he q#g\%grgg?vr o?lle Ogt{ﬁrgg% ofhetcﬁg }?fhr st V\nﬁ\ér1gl.% glgé > e IS
Apparainghaasigiupped aidioRér aitfer sunfacekhie first and second

W ngs are sw ngabJ e outward of the bod ver swe .
an@%%%onfia‘(ﬁﬁg AYy! F‘%‘ﬁ]oﬁt"i’arvﬁ\ﬁtﬁi‘?gl e Gaty PetiehitBrceabppenine. the

a ful loyofih RRIBINBASHET A 10F cf MBoMisiidstes;27- Appar at us

as in clam %5 m}l%lg?@})n the cavi t?/1 has a f or war d

segiersin, obhisgpuedtpositibe, the Agit kodsavahd axigs aanstacked in the cavity
rearward segnment. oblique to the forward.s

with the upper airfoil surface of the second wing a Jacgrgtr{‘ﬁner] Io'wer airfoil surface
of the first wing.
Apparatus as in claim 25 wherein the first and second wings are 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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