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DEVI CE AND METHOD FOR LATERALLY STEERI NG STREAMER
CABLES Background 5 The invention relates generally
to marine seismc prospecting and, nore specifically,
to devices and nethods for controlling the |atera
position of streamer cables towed underwater behind
DEVIEE AND 86 BHOD'FORITIATEERAL BN STERRING STREAMER CABLES
i nstrument ed cabl es, known as streaners, are towed
underwat er by a survey vessel. The streaners are
{tted with a variety of electronic 10 devi ces,
Bm*@ﬁ%&tding hydr ophones that detect seismc signals
transmtt.ed iinto the water and . refl ected off, geol ogi
s (G ARYFEER plleseoneaill 16 Birinf SsmicgReBtng pstuoss Specically,
cable-leveling birds are attached to a streaner at
to deyipgsang spathods dprcangrellingdhelateral pogigion of ptreameer seblesiosied s
depth. The birds are equi pped with adjustable diving
underplagem dshind genvey mbdsglsr eferred to as wi ngs, each having a
pitch axis about which the wings can be pivoted 15 by

a [ieiadine bElsRNRBRrAidn)) fistrivhbntog elaek, kRoWR kitdathetd) Bre towed
cable at a desired depth. Mdst commonly, the birds are

undefiAtRH9h! sﬁr@gbfgfsgﬁ q"fhE Qrk:fifers hicSRPREedAPEth ﬁ@bﬁ&% gﬁ ele@ronic

hang pendul romthe cable wth the pi axi s
. of .the.w el ow,t cabl.e. . These birds_ are
deviely el G ol et St Spioc Sy S e Fiocbangter and
for survey vesse] to tow six or eight or nore
reﬂec%‘idr‘ggﬁ‘?é’hj%glﬁﬂﬂ%m]e% Feal tﬁ‘i)sqadloPZ- km Because the costs
of lost survey tinme and of replacing a damaged or | ost
s tRevines knewe asenbld-tpweling bifds argrgtacherhto a dieeamehas intervals along its
streanmers not becone entangled during their
lengtidepdoayoktht stréanicaisgleptieThe bdme eqlipped with adjos@able diving planes,
the presence of strong cross currents or while the

generBlli MEMrHas 28 bwihgs, tdthMaDRlg hQittR % LisABOLNAicIPBRSyiAEY @aiDe pivoted
the survey zone. To help avoid entanglenent in turns,

| e t

by a by EEAPHEG: R hoRA (B Rlnnh e bl AOCIALES ol Mex
neasure .of ent l.emen ontrol, it also.subjects the

commaghy, 3‘?%16{8&6? kol Eﬁa@ﬁg Snige Strbamen g reietied (o jfapg ppndulously
t hat var, conside[abl%_mith depth, possibly ]

from th@@ﬁ*élaémﬁghﬁ péch px oblhe snngshslevthetcablee Hhesg birgs argeffective
nost satisfactory way to avoid

depth-control devices.

It is not uncommon for a survey vessel to tow six or eight or more streamers of
lengths up to 12 km. Because the costs of lost survey time and of replacing a damaged or lost
streamer are so high, it is important that the streamers not become entangled during their
deployment. Entanglement is more likely to occur in the presence of strong cross currents or
while the survey vessel is turning to make another pass across the survey zone. To help avoid
entanglement in turns, for example, each streamer is often operated at a different depth.
While this technique provides some measure of entanglement control, it also subjects the

cables to potentially strong shear layers of current that vary considerably with depth, possibly

increasing the risk of entanglement. Generally the most satisfactory way to avoid
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1 entangl ement with conventional systems is to steer
the vessel through wide turns and to overspace the
streamers from each other. But these techni ques
i ncrease cost and reduce the precision of the seismc
I mage. Paravanes and other devices are used to

entan %@%atvﬁhtcbﬁveih&ﬁmg t§m§"is th RRkF thid %&eﬁﬂﬁ%ghivlaé ﬁﬁﬁs 48 to

he survey vessel | ateral streamer control
oversphIcaREBcaBREL rbhah SMEE TR bt eonluisth B ﬁ%ﬁd Teduce the
.wake %eat ed b t he seismc vessel creates a
preciiin AH RS SHRTGIBHESas “trouser” effect on the arr ay The
streamers fan out port and starboard, creatin
| aPgavanss and pthetrdevices arg used i wpamte e slaeameys af eloheatdr@ds
vessel. The streaners assune the shape of trousers.
close Th dmsunay dsssell But terakdeamey eohtohaddstsatnee pesitiin jradisebility
known as "in-fill." In-fill can increase the cost of

dimirfisH S"GableIeHs¥Ylef@nddowip thellengtR6f strofikicrdf TSRS @Bitbd by the
i n processes and positional 1naccuracies can reduce

f
S M D o L g B
| st
fan oA bt iR g P B Siee ST oy Rk of e
yality of the resultant seismc_ inage, 15 Today's

vesseﬂt%étrsm%rﬁ assype tagshape of frausery. @W@@Sn'@u% hp seprvgyedon
depl oy, tow, and recover up to 18 streaners. Existing

subseduesit wmﬁkmsrahms-ﬂﬂ ‘it fill loen erpassethe gostiof s¢ismicrsemweping by up
can be sinultaneously depl oyed, which greatly

to 20¥ Ladasspddndilitgsi pricespeinl piitiondhas®utiad cAeedut®the quality
provide for lateral streanmer control during the

of the"RRnAY 0RA and@ N rda8E MERLY Wlib%@s%ltﬁtﬂlgtﬁﬁgﬁp Fithus, there is a need to
si mul t aneous streaner oper ation wthout ent ang enment

prov18$ féém{lé( for PGEA &*&9‘1&:}[ po%te@{g%% ﬁegﬁgqﬂ%{ F&g of? er I1ro%s’an to

entironis I'ng
ssenbl of the kind typlcally
Impr%’ﬁéﬁ% tY&t eﬁ%‘ﬂf ©M48fg orientation in which

one or nore W ngs are _pi vot abl e about one or nore
p,'R%i(ay 5 state-pththe-art seismic vessels have the capacity to deploy, tow, and recover

up to 18 streamers. Existing deployment schemes limit the degree to which streamers can be
simultaneously deployed, which greatly increases the cost of operation. There is a need to
provide for lateral streamer control during the deployment and recovery phases to support

simultaneous streamer operation without entanglement,

Summary

Accordingly, a method embodying features of the invention is provided for laterally
steering a streamer. A bird assembly of the kind typically operated in a depth-controlling
orientation in which one or more wings are pivotable about one or more pivot axes that lie

generally in a horizontal plane is operated in another way. The bird assembly is operated in
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anot her way. The bird assenbly is operated in 2 an
orientation in which the one or nore pivot axes of the
one or nore wings lie largely in a vertical plane to
Steer the streaner laterally. In another aspect of the

an oriefM€bh iPRhich tReddRast nhere pSRA YLdstdfittk GheCh e AN lidWirgely in a
bird into a cable-steering bird conprises balTasting

verti%l?ﬁlagé fokt&f tﬁé%ﬁfiﬂ%aﬁ%%lﬁk es underwater in an 5

entation | eachi of a pair of wings of the

bi.rd pivots about .a pivot axjs.that lies largely.in a.,
vdpenBlfr 5pedt o th iByiion 4 2etpd fikog it RavEfovelipgbid into a
laterally. In yet another aspect of the invention, an
cablerpirsaingditd coppppe-hatlading the brad s hatib aperplss yndggwater 1n an
connector attachabl e around the periphery of an
orientatiche iwhizh eacthdfcn waacefi wingantithe bird tpatvteabosba pivot Ads that lies
cable. A control device includes a body connected to
largelytie acertACplaie @xsier trl atathddnmddtvatalthble 1dBR1IgONt 1 O
device includes a first wng at one side of the body

ang yet SRR dsptofr tBd invefidD B ShdwiicH @ab@é-stte%%’&gﬂce comprises
The first wing pivots about a first axis, and the

n i n Y t eco Xl S.1 The.two ax

» con T ot orBl g ARy B BPGRAR R Spig G Rt

sbou PR T ST BV S5 BS Rabllo Bl i o
provided to hel p ballast the steering device to _

cablepnBhehecnitio] devdcepinglydessarst inggdlope sige pétheibody and a second wing at
anot her aspect of the invention, an underwater

an oppeditessidit efehe bglyd@he fiest winmgpivos@bowt acfisiexdd, and the second wing
attachabl e around the periphery of an underwater cable

pivot$ gduk @ RecRd axisOTIRS AR & ed R coIndRIeCRRIIB nofirk&Bddt Ble cable. The
devi ce includes a body connected to the connector

tr I i |1 Gfeit B :
cono P AR dhelbls o Bm ol Pl Bl Tt DRSS
Lvot axiks., Afirst. w .portion i s.connected to gne
mean 3ty 354 Bt 1okt g NERPERSR Yo i pitps Tgely
.second wing portion is connected to the other end of
vertigghe shaft at an opposite side of the body. The two
W ng portions nmay be unitarily formed as a single
wi ng. Thenghemaspechf thedoesitingtan unlervetartcablessteeaink device
Bal | ast nmeans is provided to help ballast the steering
compiedsl £énnector attachable around the periphery of an underwater cable section and
rotatable about the cable. A control device includes a body connected to the connector
external of the cable. The control device includes a shaft extending through the body and
defining a pivot axis. A first wing portion is connected to one end of the shaft at one side of
the body, and a second wing portion is connected to the other end of the shaft at an opposite
side of the body. The two wing portions may be unitarily formed as a single wing, The pivot

axis does not intersect the cable. Ballast means is provided to help ballast the steering device

to maintain the pivot axis largely vertical.



10

15

20

to maintain the pivot axis largely vertical. 3 In
still another aspect of the invention, an underwater
cabl e-steeri ng device conprises a connector
attachabl e around the peri phery of an underwater cable
section and rotatable about the cable. A contro

demis6R ahﬂtﬁb éct af bedivasidncat @llchwatth@bloNeE Bz Pevice comprises
ext er nal cable. A first shaft extends from a

a confnleét&t atéxbﬂzﬁ;l@&o{lﬁ@th*é Phe%y bl Bs hindd e@Eéb@&&%ﬂo@ﬁn@fbtatable

of the 5 first t tan pl;/ot out flhrst axi s
o 0 Bl 84 b OOl B r v
Gable B PR SR B PGS S el B DO b i A Rt end of the

hel p ballast the steering device to maintain the

first shpftsan pivosaboat g élrsy ayiedefioed by the aBial eftativesafithefirsp shafif The first
the Drawi ngs These features and aspects of the

axis doey aot intansectibie wabie. e doholbdbwivt ab@dacludeseandis f@rpivoting the
understood by reference to the foll ow ng description,

wingQRRRIA AR HY @i aWBs, BaNsht AERAIRPIVIBE toHcAYbANGS: thé E‘te&‘iﬂgcdbwce to
FIG 1 is an isonetric view, partly cutaway, of

mamféﬁ'péh@ﬁ‘f‘gt%ﬁfs lglgelg'e Fc%l enbodying 15 features of the

Invention on Ion of streaner cable; FIG 2 is a

top view of the cabl e-steering device of FIG 1; FIG

3 is a cross section of the cabl e-steering device of

FIG 1 taken along lines 3-3; FIGS. 4A-4C are
Briefqsempitonced theBrasdagi i ng vari ous ways of ballasting a

cabl e-steering device as in FIG 1; 20 FIG 5 is a

f ritrese tabwest dndraspicevefahe mvestinng astveBns itgadiautages, ase better

FIG 1 with buoyant tank ballast; FIG 6 is a front

undetodd dlyireferencevs 86 fdlfb\;ﬁh@des%rlfyﬁbﬁ a}&péﬂﬂleéiﬂlaﬁhé @h@Bccompanying
control; FIG 7 is a front elevation view, partly in

drawfh Qslﬁvﬁlggltl on, of another version of cable- steering
Vi ce enbodylng features of the invention including

\Mlﬂ% i ot f%(r)]r%gtnc view, partly cutaway, of a cable-steering device embodying

features of the invention on a section of streamer cable;

FIG. 2 is a top view of the cable-steering device of FIG. 1;

FIG. 3 is a cross section of the cable-steering device of FIG. 1 taken along lines 3-3;

FIGS. 4A-4C are schematics representing various ways of ballasting a cable-steeting
device as in FIG. 1;

FIG. 5 is a front elevation view of a cable-steering device as in FIG. 1 with buoyant
tank ballast;

FIG. 6 is a front elevation view as in FIG. 4, but with an aileron control;

FIG. 7 is a front elevation view, partly in cross section, of another version of cable-

steering device embodying features of the invention including wing tip tanks;
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4 FIG 8 is a schematic bl ock diagram of the
cabl e-steering devices of FIG 1 and FIG 7; FIG 9
is an isonetric view of a dual cable-steering
arrangenent using two cable- steering devices as in
FIG 1; and 5 FIG 10 is an isonetric view of another
VEHIGL Bis Déchematie bk didghgn dEthi eablesbetig devicdsedFIGES and FIG.
of the invention including a single wing. Detail ed
7. Description A device, enbodying features of the
invention, for laterally steering a streanmer cable 10
[ h I e
| P e ot vidy e Al ol sEoeBhE Bl BTG Ko cable-
att,ached to 22, 23 affixed about the perlphery
Steenggd%\“%'“tsraéé?rgf(??fé ces are forned on the collars to
recei ve the connectors and allow themto rotate freely
alidtt 19 lvean isemettiqwiew another sersien of cape-sBerng devdca erapodying
of the rear collar 23 keeps the cuffs in position as
featuteh of thaliheention trhweting nsihple wiagd ng direction 27. | nstead
of rotating about collars encircling the 15 streaner,
t he connectors could rotate about insert sections
pl aced in-line between two streaner sections. The
A ions would thensel ves rotatably receive the
Detal%:egf][ﬁéesg?@% The cuffs shown in FIGS. 1-3 could be

SoF B oty nEdsaie oS BRS e forraraty St b imer cable
and described in detail in US Patent No. 6,263, 823
is shagp gt 108 Ide Shperbie-sgening asserablyiecludealtye pornceipst g cuffs0

connectors could be Quick 20 Latch TM connectors, also
rotatatyratfaghed foadllanm @2s23 affixpd bl the(ueripbery olfazstrﬁarmrcm. Races are
described in U S. Patent No. 5,507,243, incorporated

formddyor! tAE e561&E & rebeist HRADBLcHEAN blidhll e Heatto26tatoBedly SYut the
and rear pylons 28, 29 that include |atching hardware

streath@. A&l RaRBRY )étof)%r%ﬁ ele rt:ﬁleof‘iﬁ’é"feﬁpéolg?% k&epls Qhé aﬁfs 1101 posmon as

connectors. The pylons extend from a mal n

the cdolFis t QA fthgtol%plaé gé’ecﬁé oF@Eea& §f" fot?azn 81?0%2? Pylrchng the

connunlca I on an

and a drive npechanism 38, ing¢ludin tor. Wngs
Strealg% thggonnectors coulH? tate Ibout insert sect?ons plac%d 1n-{TD between tv?o

streamer sections. The insert sections would themselves rotatably receive the connectors. The
cuffs shown in FIGS. 1-3 could be realized as Quick Cuff™ connectors manufactured and
sold by Input/Output, Inc. of Stafford, Texas, USA, and described in detail in U.S. Patent No.
6,263,823, which is incorporated by reference. Alternatively, the connectors could be Quick
Latch™ connectors, also manufactured and sold by Input/Output, Inc., and described in U.S.
Patent No. 5,507,243, incorporated by reference.

A streamer control device 26 has front and rear pylons 28, 29 that include latching
hardware to releasably connect the control device to the connectors. The pylons extend from
a main body 30, in the form of a hollow tube that houses electronic communication and

control circuits 31, a battery 37, and a drive mechanism 38, including a motor. Wings 32, 33
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5 extend frontopp03|te S|des of a w ng support sectlon
34 of the nodul e body between the two pylons. Each

Wi ng i s nounted on opposite ends 35, 35" of a single
shaft or on the ends of separate shafts. A drive
mechani sminside the body rotates the single shaft (or

extentl Hons eppushit sidestad Wi suppdit seetion a4 bf thiciGoduikobddyberéen the two
axes 36, 37 defined by the shafts, which are offset

pylonfs 1'248h wink REm6AREE 0R B Re BRs I5N18F 5?& LinkfeShh®BPofMicSends of
hus far, the description of the cable-Steering devi ce

Sepafgé%gms A 4ot kDB B il BB SO e
shaftg}a B CBeabh e Skt PBT EVRPny BFIFCIOY theStidsicvpigh are offset from

conjunction with other such birds attached al ong a
the cable gy not Tgensegtits doug aXe streamer at a 10 desired
depth, pivot axes of the wings remain generally in a
hdrhiuz ¢t thie dpscaiption bfithi lehislcwtegring Hevicdessentiuillyds thetsli@e as that for
Wi ngs in pitch about the pivot axis. As the pitch

a cabROGQingbiddhsucH 28 9% BIACYASRSE? 5610 Dﬁemtmﬁt 8AndRthnufactured
consequently, the depth of the cable can

and sGRRY b up e B Erap Ty blRleie %etdg’?%%t@?‘%m s

such that : pended beneath the cable with
Conlupﬁté)fp‘?v%t’thﬁ&%hg?ﬂnﬁﬁ ﬁttaiwi along a seramery To maintpig the rpager at a
15 plane. The cabl e-steering bird of the invention,
desirddodepthe pivot exdsaif thswings sonaih generdlly ipiavorizentelplade. L this way, the
wings renmain |largely vertical (V), as shown in FIGS.
bird piv@s tHerwihfs & phait abedtahgpingt dxie Ankg pitcheangle dfiike winig<hanges,
steers the cable horizontally (H). To maintain the

lift 1stau d A%& Toboquéilyd Be&Iepihl of the/ &bld &@lbe dofolled. The weight
abl e-steering bird 26, the connectors 20, and

dlsmglﬂ%loklrytnﬁ% @cﬁﬁ@gﬁgﬁ%gf thg *&?ﬂﬂe Eéé/g[lﬁé ge & 61%’16%{%? Q%Stélg ?s %J%B Itl?at it

1 a S of , t he able |tself Che wa
remalye Ry DO eacts ehlsRBtuRE PPt FHS B ga e S Rai i a horizontl
than the other 32. This can be done, for exanple, by
planeppki ng the | ower wing out of a denser material or
installing a weight 40, such as a | ead or tungsten
wdilgleableisteesing bird of thevinvdniinn tHoevewen ip ball@sted savhagthe pivot axes of
cabl e-leveling birds are typically solid and nol ded
its wifgd reffairPRbgely edrhed €V), ad Bown in FIGS. 1-3. In this way, changing the angle
a of the wings steers the cable horizontally (H). To maintain the pivot axes 36, 37 generally
vertical, the cable-steering bird 26, the connectors 20, and anything attached to them to rotate
about the cable with them is ballasted to keep specific gravity about the same as that of the
cable itself. One way to achieve this is to make one of the wings 33 heavier than the other 32.
This can be done, for example, by making the lower wing out of a denser material or
installing a weight 40, such as a lead or tungsten weight, in a void 42 within the wing. (The
wings of cable-leveling birds are typically solid and molded out of polyurethane.) The

interior of one or both wings can be hollow with a void that is empty or filled with a foam
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25 interior of one or both wings can be hollowwth a
void that is enpty or filled wwth a foam 6 nmateri al
44, such as gl ass-sphere-filled pol yurethane or
gl ass-sphere-filled epoxy, to keep themlightweight
wi t hout affecting their designed shape. Properly
mateB@ll44a8icBas ighs-BplerevBiled bélGurckiahél of Slass2dpabicefidd epoxy, to keep
steering the cable to ich it is attached. Even as
them li3Revedlt Svidtdul H&E?%the\g, &e{gitgﬂe& Elﬁgtqu}ggési‘hg%atll%gtgﬂl 4 ﬁtﬁ%vgay, the

tow, as shown i1n e plv

.1 WM 5 ' argel.y Ln.a. vertical _plane, Even,if
bird Iyﬁ%%%}evoo#té?%%ég tljlgfcagﬁe etg W (a’élt Is affta lgq% E‘EFI} %sCtPF )(iabqe 24 fotates
...vertical, as long as sone component of the axes lies .

withip fie.copapator) “TtS‘F'gW ; oS SRR S oihe Dok 8¥§snig, # 5 of the wings
possible. For exanple, if the cable-steering assenbly

remaingdatgglyiif fivettioal pland Hvan dfthe aivat axasof fiewingaissnotpetfeatly
an angle of 45 relative to both horizontal and

vertioabrab fe@las sbine compgisent afithetaikkd liesfin awerizabplhag, s@@e t@bount of
conponent of force to steer the streaner. 10 As

steeri'hb@ :islilﬁdsﬁiﬁle.egoﬂ é’kaﬁ‘p@if thécdie-sROMEy X@é’lﬁb%yq% ﬁfsﬁg)ﬁ:'fé%z_bﬁlanced and
i

al I'ast the cable steering device include: g
e PSP Uch Al 88l AR A58 Y g com s

.as is.(Fl 4A) ; b) ki ng the upper wing |ight, the
provifig slspribqtalsorplmt o5 et it Fi BEaD ! gt ed. enough
to achi eve neutral buoyancy (FI G 4B%; and c) making ‘
t Hes Wgpeatedindd GReddy Gtsomgavays tryproperly ballasy thasrblostagring device
heavy at the wing tip, and the 15 bird body |ight
includé=lalomaki@y theTimper witgeligha) the sdwaeraying beaypeagt, wenghtedsattinglower
the wings and the bird body in a variety of ways to

end, 4Rl Iedvamditht bed Wol @ 8s BERRE.AA)Y bj Makiny Sid wpal wil t, the lower
O her ways of na?ntaﬁning Rhe)pivog ax§?%36,g§$&5f t he

wing ‘é‘l‘ﬁfé@ én(igll%ﬁ b%%goag%g téﬁeéntoiugﬂo acﬁfeifg?@gt‘fﬂ #):uayﬂc% I 4B); and

uoyant tank oat, " I's
tached to.the bird.body .26,as an appendage., The
o) mal36Y Bt Qb Bl et BT B FREFEA NS iR tp, and e
. JAdj ysti the 20 volunme of the tank or the |length of .
bird Hogly Hgbi ke ok Tg\l%nth%baé@ftug%bq wworjnued peng heyings aid the bird
the cable-steering assenbly to naintain the pivot
body axesanaty of ways tosaaintatp the etisgsi gsnetially itha sertiasl pdane. be
used alone or in conjunction with adjusting the
alsthéu gysad thaithiairigtke pRioghtes 36f 31 bftheiigs. 32, Botdgely vertical
these neans for ballasting are effective in properly
are sHRWERIEIOY, § ARl WIIRTIG. SR BRItk 46, or float, is attached to the bird body
26 as an appendage. The tank lowers the specific gravity of the bird assembly. Adjusting the
volume of the tank or the length of its connecting arm 48 adjusts the specific gravity of the
cable-steering assembly to maintain the pivot axes vertical. Adding flotation in this way can
be used alone or in conjunction with adjusting the absolute and relative weights of the wings.
Both these means for ballasting are effective in properly orienting the wings. Optionally, a

weight 50, negatively buoyant, can be attached to the connector at a position on the opposite

side of the cable to right the pivot axes of the bird assembly. These ballasting means may be
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wei ght 50, negatively buoyant, can be attached to the
connector at a position on the opposite 25 side of the
cable to right the pivot axes of the bird assenbly.
These bal l asting neans nay be 7 used to preadjust the
cabl e-steering assenbly before depl oynent underwat er.

used tha¥adiug i) GBle-yaingsisednily befotd\@ipldyeant dader@htcel eRRPEre also
on the speed of the towto be effective. Another vvay

hyersPdtlQ% B{a@m%gdh %opﬂéf?%hd Bl %@e& HEh¥AP R l?(e%f?écﬁ@

shown in FI hi's rsion, an aileron 5 IS

co I ileron cont Iler 54 at ed to
e oy el bFRRBL FHEHE Be e orfa B ?@W&Mﬁ %.1n
fromthe cabl e-steer devi ce 26. Alterna

this VFSjQg g allgron g taméf;el ehby i gisroh eontialien S %@@é‘q\é
device directly. The alleron rotates about a

20 onghn eppasity stdgof Herrtrghmendrem i eible-stegringalevive 26i Afjsmetivaly, the
cabl e-leveling bird and provides nore or less |ift to

aileronhi?’ caldd extsikfomrife asdestebnngdevicef direetly.oFheafiletdnSopitdsebout a
angl e of attack. But, in this version, the anmount of

generhll hoSRMRNERIsTB s?rﬁﬁar&@ Ql?éjwﬁlfgs bf‘@ cﬁﬂé—f@@ﬁﬁ BM Mﬁo@ﬂ%s more

water. The 10 aileron controller may incl fide an

or les§ 'il:ﬁecg tid (’:a%ﬂa szg aséc?nﬂ%? {1 gﬂer{%ﬁg% Ir)glt%é]ﬂw%f%g c o%ttack But, in this

ative to vertica

| e-ste device is sho n FIG 7.
versidjp i isR0uiF AL deief B heshoa B f srpenfimmugusotiter. The
portions, or, tanks 92, 93, which provide nore vol une
aileropsontrpllerimast inglyde prprientafigniensor sosterming s oripatation Telptive to
i ncludes a greater volunme of |owdensity 15 nateri al
verticdhan the upper wing of FIG 1. The |lower end of the
| oner wing may include a denser nolded or fil

M iethetlveRfbradf cabMastdthihg Aovicistshewh VBTG, W, ngthid Rerfiofkhe wings
The wi ng control portion of the cable-steering bird is

90, 9P Q{%"fﬁ)&)h@ whithGultBus £RRL R e ARE 92 5@' Wi 1&6\%‘]@% )‘%066 V%l}fme for

th
£  the connector

I ncl INg a m Croprocessor, receives Slgn
{ th tat f .
battss EBIEICHY bEChrie dit SBP i W@féldsija Bl bR mopeit
materg) i BF BPRSHANER OBBIC-dr 41 ets: bl BB Iow v pBgHay inlude o

orientation. In sone cases, an inclinoneter alone may
densep noldidsardilbmaterighPdoutreweighissin thellower Bingtib taak.

accel erations are frequent and significant,

miTheivihg catrdl pattival cftionedbs-sedrig Bl 19 eleass il BIG. Bl Altontroller

t he
59, preferably including a microprocessor, receives signals 60, 61 representing the orientation
of the bird body relative to vertical as defined by the gravity vector. Orientation sensors, such
as an inclinometer 62 or an accelerometer 63, are used to determine the orientation. In some
cases, an inclinometer alone may be sufficient. In other cases, in which cable accelerations
are frequent and significant, multiple-axis accelerometers may be necessary. From the
orientation sensor signals, the controller can determine the orientation of the wings. The cable

is steered by adjusting the angle of attack of the wings 32, 33. A shipboard controfler keeping

track of all the streamers being towed determines what action each cable-steering device
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orientation sensor signals, the controller can

determ ne the orientation of the wings. The cable is
steered by adjusting the angle of attack of the w ngs
32, 33. A shipboard controller keeping 25 track of al
the streaners being towed determ nes what action each

shoul€ #MeeThé SEphIAG ElRotier cofnBlitivhtes thak&tiod ietheltoRREIBdrdn the cable-
controll er communi cates that action to the controller

steemh% d&\tlge, ?}ﬂ'{?&?&dﬁ\&%%& gﬁﬂ%sda%\ébl‘aﬁlegé%ﬁ %ﬁ%%%@séxﬁﬁ% ‘ﬁ‘cﬂ%@e in

cor 4 repr a change

and. nm ne he..contral
the wiig R A S A @RMREDS IRhRlioly: 0¥ 1€ BRlbbBatf el GR Fhpidion of
the steeri connand IS nt to the wing drive
the deyicerpnd;fiom g% SCGRRP G ROBIaR F irab 0dhe WE ﬁlt%g)\feénvwalsm 38, which
actuators 64. The w ng actuators rotate the shaft or
includdsait or 8Bre wirtgastyiatngs 6helhenying sctuntont iotatk thefshather shafig$ s,
to change and, consequently, the lateral force on the
changitig tharmgles dhattack of theosingb® changs aid, eshseqabapientehiteryl foyce on
separate actuators and shafts or in unison by a

the stﬁéaﬁﬁt ertRGHHad &in &%n&oﬁémh@pe‘ﬁtt@f{tty bﬁ%paﬁla@%matbr&ﬁ shafts or
9, it is also pOSSIb eto attach a pair of

munﬁ&?h§a§fn nec zfégg%%ﬁ 3eV| cellozt 2oﬁn§:{ :grrte(r) th]fe
8
FPbRdn %Efp'agfsggg' Rileto SRRE el ghifleMecring devices 26, 26

arran ement woul d provide nore wing surface area to
to a sepaner 2grwisth @ ponngeter a9 Hash device srcognecssd taghe eqmaector
streamer. Each cabl e-steering device is ballasted, for
circueXaenialy shaced 1861 @itte positivhed bwogpositesides oftthe stedanteai his
the wings in a generally vertical plane. 15 A

' arrangérﬁ@t oViE SR8 w‘i’t{g ﬁﬁﬁh@ al%b@@é)tdi‘gg@dttéldla%?ﬁl QecEOEbr steering
eatures o

the invention is shown in FIG 10. Wile
the stfBabhdel. E‘r’g ?QaM@ rﬁbﬂﬂ%d%s %Qﬁa%?e%”ﬂﬁ%kg}%l@% Dgle tm the lower
contro onpensatlon p033| e, sin
I Si. on. % des dedi | Cay Ly atle steering. Thi s
“““g\}SF%%‘% 1 %W&%ﬁﬁt“i‘i’;lgF%%? by e ‘roIIer as in FIG 8.
As in FIG 1, a main bod¥ 66 attaches to _a connector 20
t Hapinglerwing vemionpfepblestasang Sird cmbrdyias faturss of the ipveption is
cable. Like the body 30 in 20 FIG 1, the body 66
showhouEKs 161 ¥8tileomilt-wiogwensionamialna irdedersiont winlg apglecwitrsl, for roll
a battery, and a drive nmechanism including a notor.
compeiaish pessitlels: sifle Gthgofersion pfvided dedivdteditdrilamering. This version
opposite

is controllable by a controller as in FIG. 8. As in FIG.1, a main body 66 attaches to a

connector 20 that allows the body to be rotatable about a streamer cable. Like the body 30 in
FIG. 1, the body 66 houses electronic communication and control circuits, a battery, and a
drive mechanism, including a motor. Opposite ends 68, 69 of a shaft 70 extend from opposite
sides of the body. A wing 71 includes a first wing portion 72 and an opposite second wing
portion 73. The wing is formed of a polyurethane outer skin and an internal filler of glass-
sphere-filled epoxy, for example, for lower density. Each wing portion is connected to an end

of the shaft at attachment arms 74, 75. The shaft defines a pivot axis 78 about which the wing
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sides of the body. Awing 71 includes a first w ng
portion 72 and an opposite second wing portion 73.
The wing is fornmed of a pol yurethane outer skin and an
internal filler of glass- sphere-filled epoxy, for
exanpl e, for |lower density. Each wing portion is

pivots.oiresbedng porione ok p2efeiblyt foemsed ahitariy, THetvaia R IEBH agted o that
74, 75. The shaft defines a pivot axis 78 about which

the pivBBaMé (& lafheR) QL vertichDBlah¥Por WatBRIIR QL RES s@dtner cable. The first
preferably Tornmed unitarily. The Wing IS ballasted so

. [ V@t ' ' I ertical plane
wing gtﬁ}fcﬁna{‘% r%}é@‘}iélgs%a?gireisoﬁghsggds {vﬂﬁ g%%eﬁeﬁ vﬁio. € %néaﬁ? s, @‘{:ﬁer than that

reamer cable
W orfion, for exanple, n be hallasted with a
of walfr g pfi it (afitscbelion e ropgier, TBg erond e Boriipr. 19F Cadiiss can be
tourge it to ride below the streamer. The second w ng
ballagiest wrtg Rne pPHMOEserid that manbe Bllgl with|aamaterinl Wss dersedhasy water to
nore voids that may be filled with a material |ess
urge i émsde theve thattemanen With gesé and theoitde balbssigg tdokniques already
streaner. Wth these and the other ballasting

descritRe Ak ek Winkeal e nAes & lidetroddhehSwaG &ithivemicaPlalliBty.
made to ride through the water wth verti cal

Stabili _ . i . .

o bt A RBISR: LA, SRR, NS PRIk Yersions,
versions are,possi bl e. .For exanpl.e, .,the an s of each ..

other ;T8 35 G0l Pt Shafons R e Geto g SRR sPprd lative
@ﬁ% mai ntain the wng pivot axes vertical. As another

to ea %ﬂ ta helpipaptain ths wiee Biyabaxes yemigpl Asanether cxample, floats can be
cabl e-steering assenbly at various positions around

added toebafestitizhenble-gteringassamiry et vagiosis positionser@odthe periplery of the
assenbly at various positions, or internal to the body

connéctg)| th theSmdy odishd dzegebll atwRiANPLEIG0 S goBSrnaltih) thev@pPEtself. So,
of the invention is not neant to be limted to the

as thdlaé %X@éfa%q)wsesrugg&@,&héi %F;lé P8 ihventiBh & dot meandd vl 12@1 to the

met hod for laterally steering a streanmer ca
. . Wih a bird assenbly rotatably
mf&%%?@%ﬁgggg%Mﬁﬁgf@F%%@her cable, the bird assenbly
being of the type typically operated underwater in an
orientation wherein one or nore wings on the bird

10
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5 assenbly are pivotable about one or nore pivot axes
lying generally in a horizontal plane, the nethod
conprising: operating the bird assenbly in an
orientation wherein the one or nore pivot axes of the
wings lie largely in a vertical plane and are

Clairhateral ly offset fromthe streaner cable. 10 2. The
nmet hod of claim 1 conprising: preadjusting the

15P8 gﬂ i | f 195 AV A1y aser&%ed Bid eﬁéa%mwéd %ﬁdwa{er W& Pk L

oper at’es under wa In an orien

e.o |vot ax nor.e
Ry é‘ﬂf‘%ﬁl e Geneil e relineRing <o, e bid SrShBingat the e
of claim2 conprjsing:, 15 naking one of the w ngs
hexRiFally ensaaechwrsioRERter inan oficataen ReAgrabt okg ef tpte Wings on the bird
conprising: adding a weight to one of the wngs. 5.
Thesamdtlp ot movotablanbor? ooe npmioss pigot #xes tHimggaerdlydn athorizontal
the interior of one or nore of the wings. 20 6. The

mefldedthefmeth@l ¢onZprixigri si ng: adding flotation to the
bird assenbly. 7. The nethod of claim6 wherein the

! |G hd BirPReaRbIY O b BriblthGorPRRGER! e Ble 8 mBRSivd: Ales of

on"the Sane side of "the cab e as the one or

\kIJMaIn Ig Zs ttﬁ%gl hmﬂrggg'as &¢é ln?%lgnet ngt‘par? ﬁaéer%l” 8&%% fromdhs
oper at es underwater in an orientation wherein the one

or nor &Y FiUdt°dd¥es of the one or nore wings lie

largely in a vertical plane. 9. The nethod of claiml
2¢ a}hgrmgh%of claim 1 comprising:

preadjusting the specific gravity of the bird assembly so that the bird assembly
operates underwater in an orientation wherein the one or more pivot axes of
the one or more wings lie largely in a vertical plane,
3. The method of claim 2 comprising:
making one of the wings heavier than another.
4. The method of claim 2 comprising:
adding a weight to one of the wings.
5. The method of claim 2 comprising:
forming a void in the interior of one or more of the wings.
6. The method of claim 2 comprising:
adding flotation to the bird assembly.
7. The method of claim 6 wherein the flotation is added to the bird assembly at a
position on the same side of the cable as the one or more wings.

8. The method of claim 1 comprising:

11
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5 controlling an aileron positioned on the bird
assenbly to maintain the bird assenbly underwater in
an orientation wherein the one or nore pivot axes of
the one or nore wings lie largely in a vertica

pl ane. 10. The nethod of claim1 conprising: changing

t hRllatiikeSe Bitd R6mBRAoAhat TR BirdhRE8bE bpkRfestinddrwater in an
relative to each other to 10 maintain the bird

assenbl i HAAGH WibRin { oPFofidbt s M\?\nﬁ% g)glg lo% gx%ré)&'ﬁ‘lgs lie

kR
or nore pivot axes of the one or nore
Iargelill in a verticfal Igl ane. 11. The nethod of claim1l
furt her @8NP ASEHA BB% ati ng a second bird assembly
on_an opposjte side of the streaner cable fromthe
9ot1ﬁ’@rm%ﬁ?<80%§%,l%rtwmi%n&2. A met hod for converting a
cable-leveling bird having a pair of wings into a
c abhigolling e rilergn ppsitipnedm the bivd dssembiyr tosnaigtain the bird assembly
bal |l asting the cable-leveling bird so that the bird

oper at emderndesr iR b briéiatéoh Whéreintiad bt or b1 iRV dd aR&CHT tBE one or
the wi ngs pivots about a pivot axis that lies largely

in a \fﬁéﬁeivﬁﬁéslﬁéﬁfgt%lﬁﬁch&e&iéa?gﬁhé&”y of fset fromthe
streaner cable to stéer an 20 attached underwat er

163G EE Al 1 ol method of claim 12
conprising. nmaking O

iy B he wings heavier than the
e R e
claim12 conprising: 12 formng a void in the interior
of one yfintalethophgd gssembly udeswvatet ingd ovientation whein the one or
further conprising: filling the void with a foam
mat er i ahorh@ivongxa of lecorfel i ngyrawiidgs ledsigelytian wertiday plane.
11. The method of claim 1 further comprising;
operating a second bird assembly on an opposite side of the streamer cable from the
other bird assembly. |
12. A method for converting a cable-leveling bird having a pair of wings into a cable-
steering bird, the method comprising;
ballasting the cable-leveling bird so that the bird operates underwater in an orientation
wherein each of the wings pivots about a pivot axis that lies largely in a
vertical plane and is laterally offset from the streamer cable to steer an
attached underwater cable laterally.
13. The method of claim 12 comprising:
making one of the wings heavier than the other.
14. The method of claim 12 comprising;

adding a weight to one of the wings.

15. The method of claim 12 comprising:

12



10

15

20

25

15
1. Themmethedsofamgimy

184 Sun

17. The nmethod of claim 12 further conprising: 5

addi ng an orientation sensor to the bird for providing
a signal representative of the orientation of the
bird. 18. An underwater cable steering device
conprising: a connector attachable around the

PabInRNe & Y oRf indhe MRFRE WRLRS ofBOengNd rotatabl e about
the cable; 10 a control device including: a body

lf.igi‘ﬂé‘?ﬁétﬁc?d('ngpléjﬂlqscglﬁggp%gﬁep%ﬁ&gr nal of the cable; a

rst” w ng dispose of the body and

arr.anged to, pivot, about a first axis; a .second w n

ciUBREEs it St B o e BL b o iRt e onipe i

arranged to f?ieVOt about a second axis; wherein the
fusthergpnmising: do not intersect the

cable; neans for pivoting the first wing about the

f iaddingamiosicaiaton seaserdo tinxbivd fog praabding atstgpabepesehtativief the

wherein the means for pivoting conprises: a first

shaft exkeadomerfhedipdt he first side of the body and
affixed to the first 20 wing and defining the first

Shiaki ; ' from the second side of
t he bo(%ﬁgﬁlg&g%fi xedgtgght%ﬁgblﬂgré%g%d wi ng and defi ni ng

a second axis: . .and a Lve.nechapi sm connect tg .t
F SRR e ok e KRR B o MERUAE Bl pBfaote
shaft alonq thﬁ@%irst axi s and the second shaft al ong
the se 9e0%%%i s, thereby to adjust the angle of
attack of the wings; 13 ballast neans to hel p ball ast
t liecoptpl deyicedesliidiogt o naintain the first axis and the
second axis largely vertically disposed.

a body connected to the connector external of the cable;

a first wing disposed at one side of the body and arranged to pivot about a first

axis;

a second wing disposed at an opposite second side of the body and arranged to

pivot about a second axis;

wherein the first axis and the second axis do not intersect the cable;

means for pivoting the first wing about the first axis and the second wing
about the second axis, wherein the means for pivoting comprises:

a first shaft extending from the first side of the body and affixed to the first
wing and defining the first axis;

a second shaft extending from the second side of the body and affixed to the
second wing and defining a second axis; and

a drive mechanism connected to the first shaft and the second shaft to rotate
the first shaft along the first axis and the second shaft along the second

axis, thereby to adjust the angle of attack of the wings;

13
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19. A device as in claim18 wherein the ballast neans
i ncludes a weighted portion in the first wing. 5 20.
A device as in claim 18 wherein the ballast neans
i ncludes a foaned portion in the second wi ng |ess
dense than the rest of the second wing. 21. A device

ashallBstGheh ol elYBEN Rt thelcbftrdll debice 3 haRRERAME MNESs SRCHE
i ncl ude hollowed portions. 22. A device as in claim

18 whergj i i h incl ud
18 wher gl b hhes) GdRRAgRta ngs cach Tnciude
QRGeS Sh i 3SR SRS n e

the first shaft and the second shaft are opposite ends

of it¥ingame shaft. 15 25. A device as in claim18

wherein the drive nmechanismincludes a first actuator
2000 dbdck at io ddim ¥§ whereini thgbalhdt measdnciddeaatfoahed portion in the
coupled to the second wing. 26. A device as in claim

1&cudielrwing 1¢s3 €leflel than e ¢EhR BF Siskddmliurags. an act uat or
coupled to both wngs. 27. A device as in claim18

2WEHEYiBe 1R SAR TOWhIEN tﬁ@ﬁ'fsp Ghd RSB RiRs ig&t tigJ:liu@Q hollowed

sensor 20 producing a signal representin
orio%riltnati on of the body. 28. A device as in claim18
wWHelr'a™" t he control device includes an accel eronet er

roduci ng a si.gnal representing the accel eration_of
2§-h% g%a?/gst lﬁrcgadﬁlhl Stwéerﬁ}att%? first g scgoRbiyings egeh ipplude fnks at the
18 wherein the first wing is heavier than the second
wiwigg tipg.4 30. A device as in claim 18 wherein the
bal | ast means conpri ses a negatively buoyant body
23tA deviedadia ddi® Bowhgeihake fifst shafi dnduhé socemd skl ave axially
of fset position fromthe control device around the
peflisghery of the connector.
24. A device as in claim 18 wherein the first shaft and the second shaft are opposite ends
of the same shatt.
25. A device as in claim 18 wherein the drive mechanism includes a first actuator coupled
to the first wing and a second actuator coupled to the second wing.
26. A device as in claim 18 wherein the drive mechanism includes an actuator coupled to
both wings.
27. A device as in claim 18 wherein the control device includes an orientation sensor
producing a signal representing the orientation of the body.
28. A device as in claim 18 wherein the control device includes an accelerometer

producing a signal representing the acceleration of the body through the water.

29. A device as in claim 18 wherein the first wing is heavier than the second wing.

14
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31. A device as in claim18 wherein the ball ast neans
i ncludes a positively buoyant 5 appendage extending
fromthe body. 32. A device as in claim 18 wherein the
bal | ast nmeans includes a weight in the first w ng.

33. A device as in claim18 wherein the ball ast neans

3‘()j ngliedies a@infdleﬁﬁlt 180 haeaRs bk Beark BRHALY 2 né’gﬁ%\ée%/ buoyant

evice as in claim18 further conprising a seco
c [ C : ctor. h
oy a8 RES bt adriferentid SRS o BN Bl conteo
control device. . 5.(§n underwat er cabl e steering
d V@§a83WﬂFh%P?ﬂﬁaqg SAEEET 0%t t achabl e around t he
eri phery of an underwater cable and rotatable about
311 dewibe as inglaimnk whergiavheleallastaneans irpludes agosisigply buoyant
connected to the connector external of the cable; a
s lepbendagt extdndigg fionothghbodihe body and defining a pivot
axis; a first wing portion connected to one end of the

33hattvied aPNQlHindS WherbinehdBast ReanB i @ideBRGOMightNL the first wing.
pi vot axis; a second wing portion connected to the

3900 Q%iEgaﬁﬁ%lé?ﬁl Itm%&aﬁftﬁ%'@&lla%%@ ‘?ﬁélﬁ(ﬁ:s agfﬂ)a? htga%h&i to the
h out ep rrve

the body to pivot a t rvot axis; a
mechani sm connected to the shaft to rotate the shaft
aSEHECE e pi vot axis to adjust the angle of attack of

the wing portions; wherein the pivot axis does not
3t dpdee ps slaimgls farthergompeisingaasseondroniphdayige waneqteskto the
control device to maintain the pivot axis largely 25

v eonheshdr opn the sprsiid side 6f 86 .underdater cabladroimthel odliemeBiirol device.
further conprising a second control device connected
35.QA4 tederwateneblostedingtdeeico pp@ptisigg:si de of the

underwat er cable fromthe other control device.
a connector attachable around the periphery of an underwater cable and rotatable
| about the cable;
a control device including:
a body connected to the connector external of the cable;
a shaft extending through the body and defining a pivot axis;
a first wing portion connected to one end of the shaft at one side of the body to
pivot about the pivot axis;
a second wing portion connected to the opposite end of the shaft at an opposite
side of the body to pivot about the pivot axis;
a drive mechanism connected to the shaft to rotate the shaft about the pivot
axis to adjust the angle of attack of the wing portions;
wherein the pivot axis does not intersect the cable;

ballast means to help ballast the control device to maintain the pivot axis largely

vertically disposed.
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37. A device as in claim35 wherein the ballast neans
i ncl udes a weighted portion in the first wng
portion. 5 38. A device as in claim35 wherein the
bal | ast nmeans includes a foamed portion in the second
Wi ng portion | ess dense than the rest of the second

394 NdewBd & iAR12iRSS MrtHVdoRHBME I5c6bR Bngel YAEELIRNENR& o the
first and second wi ng portions each include hollowed

p%roh}l&:@(ﬁ" 4e o 0‘3&&1 i3e of‘ﬁleilﬁd&lwaait cﬁﬁe% g'lgrbtﬂ%é?%ilbtml device,

drive nec anlséplncFudes an actud%gr coup

0 Wi ng .portians., 41. devi ce as.i | ai m,35 .
3 ik et B Sl e Stk erdS o Roffigitgportion n the
sensor, producing a signal representing the
orfftetWiBgIPOHIWF t he body. 42. A device as in claim 35
wherein the control device includes an accel eroneter
3®rodedings ia chiimridl whergin élsebeliastgnedrs imdedss arfasamehpation in the
the body through the water. 15 43. A device as in
ClsatdRd3bingMpeitRinNeds M@ndd thad theired o thelse@ihd wink oMioa!r
than the second wing portion. 44. A device as in

36 RUBRY8Pa @l 3 steer B8 th @Bt orgf)?'ﬁ{ | 5¥2or each incltude

negati vely buoyant body attached t connector a
a Chrcu rentially offset position fromthe contro
délh'gwgﬁéﬁﬁaéthe peri phery of the connector. 20 45. A
evi.ce as .in,clai_m35 wherein the ballast neans

4&% Aegesasin shdipedehgreip e megh3nismaigeludss argtyagpr coupled to
fromthe body. 46. A device as in claim 35 wherein the
balottawingnesensi ncl udes a weight in the first wng
portion. 47. A device as in claim35 wherein the

4had Hawite seiariim3e| witkesinahd conddol dévi@cinelddésoan diéentalion sensor
connector. 16 48. A device as in claim35 wherein the

P igr&ducifgtei B tpRébeaint thBrisREAGoMhE GodRr L1 ON

42. A device as in claim 35 wherein the control device includes an accelerometer
producing a signal representing the acceleration of the body through the water.

43. A device as in claim 35 wherein the first wing portion is heavier than the second wing
portion.

44. A device as in claim 35 wherein the ballast means comprises a negatively buoyant
body attached to the connector at a circumferentially offset position from the control
device around the periphery of the connector.

45. A device as in claim 35 wherein the ballast means includes a positively buoyant
appendage extending from the body.

46. A device as in claim 35 wherein the ballast means includes a weight in the first wing
portion.

47. A device as in claim 35 wherein the ballast means includes a float attached to the

connector.

16



devi ce conprising: a connector attachable around the
peri phery of an underwater cable and rotatable 5
about the cable; a control device including: a body
connected to the connector external of the cable; a

4814 8tvishafih cexhe3di mgeih TRt &i@oﬁ&{j&ﬁld‘%ﬁe t8end quﬂgd péttion

first wng attached to an end of the first shaft an

ar.ranged. iyot about a 10 first axis defined by
t e ax§g$§§% ggion of the first shaft; a drive

chanj sm cou \ed to the first shaft to rotate the
4 'i%‘ﬂndseﬁ‘ﬁ?tf’r@ﬁ & feeringAgyice SQMPTIIREadj ust the angl e of
attack of the first wing; wherein the first axis does
na@tconneaspreasiechablrcareunyd e perpheas of arcanvisrwaieeable ang iotatable
the control device to maintain the first axis largely
5 15 ver taboat thy catilgposed. 50. A device as in claim49
further conprising a second control device connected

t%«bﬁ&ohﬁﬂﬂﬁﬂﬁ&ﬁ@mgﬁ the opposite side of the
underwat er cable fromthe other control device. 51. A

dov . - i |
eV Ce @5 RohRI I IRRREL bG R AS AT

i ncludes a“weig portion In

A device.as,ip claim49 wherein t al,l ast neans

i ncl uddsirst %ﬁﬁﬁ{?nﬁl&gfﬁo&hai%ﬁﬁﬁﬁg O?ﬁ‘ler Ywing | ess

dense than the rest of the first wing. 53. A device as

in cl aisfirgoviggeitashedinan pad phibe figw shadt anseartanged tp pivot about a

hol | oned portion in the first wng. 54. A device as

10 i n cl ai m 49 fukteaxe definbé by thestxialirotgtiomef thel@sst shafgnk at

the wing tip. 25 55. A device as in claim49 wherein

the contdrble mkehhsiemicouplbeto thedrstdBsh tolrbtate the first shaft on the first

axis to adjust the angle of attack of the first wing;
wherein the first axis does not intersect the cable;
ballast means to help ballast the control device to maintain the first axis largely

15 vertically disposed.

50. A device as in claim 49 further comprising a second control device connected to the
connector on the opposite side of the underwater cable from the other control device.

51. A device as in claim 49 wherein the ballast means includes a weighted portion in the
first wing.

20 52. A device as in claim 49 wherein the ballast means includes a foamed portion in the
first wing less dense than the rest of the first wing.

53. A device as in claim 49 wherein the ballast means includes a hollowed portion in the
first wing.

54. A device as in claim 49 wherein the first wing includes a tank at the wing tip.

25 55. A device as in claim 49 wherein the control device further includes:

17
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a second wing attached to an end of the first shaft
opposite the first wing and arranged to pivot about
the first axis defined by the axial rotation of the
first shaft. 56. A device as in claimb55 wherein the
first wwng and the second wing are unitarily forned

ag; ReSldPing atabikd 36 by 6hd6Lthe First ShaffopiRdite ﬁleafﬁ'sﬂ \ﬁ‘m%l a8H Franged
49 wherein the control device further includes:

oy oRdancl 8 fﬁie f.f?%"‘?y‘%ﬁed%g%f%ﬁﬁ?ﬁﬁaﬁbg§f§12ﬁ55‘§haﬂ-

cond affi xe

sEik Anlot et B Tm B yietein M5, FRPH i MG Shand itk e attatly

- coupled to the second shaft to rotate the second 10

s Harmeedasdrigngle wingedoisBraxi s, thereby to adjust the
angl e of attack of the second w ngs. 58. A device as
57.7A dedceassin clderd®i whardie thid cositrob thafite farttertineludescond
shaft are axially aligned. 59. A device as in claim

5% seb@idedhaftlehRRnling Sut sftaé tecdnd sidbof 8RMAAY tite R Sirst shaft
opposite ends 15 of the sanme shaft. 60. A device as

i n clai myAcahes ﬁ?ﬁ] cludes a
first act gatorgggs%ng%glsqﬂ%ﬁﬁ% ihgtr&ll%s\n&hlgg]and a second

act uat or._cou the s d wng. 61. A device as

i i EFal W@?a&ﬁi egitf’ﬂ“etﬁs?gorﬁfﬁ?\?ﬁ’ mechani sm i ncl udes an
actuator_cqupled to, both wings. 20 62, A device as i
cl %{H?ﬁew RHEV%mﬁcftwnb Shequple d%@&hl%?@@%ﬂ@ﬁé@ rofpte the second
orientation sensor producing a signal representing
t he or ishait along thegtecarideaxtit therety3o adjudethi engla of attacklodithm second
49 wherein the control device includes an

accel ervgingd.er produci ng a signal representing the
accel eration of the body through the water. 64. A

5819V &R ihR1dihm 7TV IRfeilley ﬁz‘sf‘sﬂaheanﬁ ithSdec¥hd'GhakiSire axially
heavi er than the second w ng.

aligned.

59. A device as in claim 57 wherein the first shaft and the second shaft are opposite ends
of the same shaft.

60. A device as in claim 57 wherein the drive mechanism includes a first actuator coupled
to the first wing and a second actuator coupled to the second wing.

61. A device as in claim 57 wherein the drive mechanism includes an actuator coupled to
both wings.

62. A de.vice as in claim 49wherein the control device includes an orientation sensor
producing a signal representing the orientation of the body.

63. A device as in claim 49 wherein the control device includes an accelerometer
producing a signal representing the acceleration of the body through the water.

64. A device as in claim 57 wherein the first wing is heavier than the second wing,
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65. A device as in claim49 wherein the ballast neans
conprises a negatively buoyant body attached to the
connector at a circunferentially offset position from
the control device around the periphery of the
connector. 66. A device as in claim49 wherein the

659al Hadte AFRPaiinNE WEESInIhPOR abt HEAn¥ thﬁ%ﬁ@é&ta negatively buoyant

appendage extending fromthe body. 67. A devicCe as in
a tbt%gg]ﬁé%pht\é@ ?é ﬁie%oé}geﬁzﬁog’%k !1 ?ﬁ&f@ﬁa%ﬁ%all{; S{fs'eq %331@05 Ifr%ﬁlt the control

device around the periphery of the connector.
66. A device as in claim 49 wherein the ballast means includes a positively buoyant
5 appendage extending from the body.
67. A device as in claim 49 wherein the ballast means includes a float attached to the

connector.
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