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SUBMERSI BLE VEHI CLE The present invention relates to a
subnersi bl e vehicle; and to nmethods of operating,
waelomRiosmss7 and depl oyi ng such a vehicle. It shopdTGBe006/003901

noted that in this specification the term
"subnersible” is intended to cover surface vehicles
whi ch are only parfYGVRERHS e YERKAEN use, as vveII
as vehicles which are fully subnerged in water é

The (ﬂf%‘ént invgotien relht@s] thre gylemersipde ivabielet iaod tal mistho $atfe@6ratmg,

dockml% glr‘,l(\?\g? ﬁggg c ei)ﬁécq g%p?tgg‘ge no%e%é@a}é% &Aggp%catlon the term

“subnﬁmﬂﬂb’elsha&n@émeiolvef surfioel nélgeles Whidhearp 3880ty sutineged when
rudder_to control the oin%ﬁglrectlon of the vehicle,

in uspres Welhacyahisles whish grreidllistbmererdin Wajsetar anyofhsr {iguid) when in
use. e[‘h%%\?en'ﬁ ﬁaﬁgl?élgéegt(} s&b‘h?eYﬁ 1eQ{)1y gl'rl&? speed. A first

aspect resent 1 nven ovi des a subnersible
vehlcle having an outer hull which defines a hull axis
An mtﬁﬂn@lpmm wdeswaet vellitly iandestraredwine VSS#3XT. alfbagvehicle has

t ehuII the interi,or of, the annul ys definj.ng,.a
propiikgy WEHALRT 1 s, Besad, ot aidet 36 PR theSiidiredhich of the
vethsth%Ea/ehﬁleSiém@xﬁﬁ&ﬁMtﬂ okl Skpest ratif @0 bhablé chef eBRS to travel at

the duct, the vehicle further conprising neans for

highsp¢adi ng t he vehicle about the duct. When in use, the
vehicle nmay be rolled about the duct through | ess than
one revolution, or through a plurality of revolutions.
A ﬁmh@pv@mfdh@pmsmrlmqnngy mﬂé@(iﬁiscﬁafmb;ﬂesﬁb atvehigle Iaying an outer hull
X [ ] bout
which e%%le? a hqﬁl%/a)%:lg ! ypeafs % esta61g1%1{1¥ anoy & \rvgl% tgewe% along the hull

axis, Ctﬁé ﬁﬁ&nd‘rro(f fitet eh@luhwdeﬁﬁmgsa dlﬁow&ihtm Gp@i dtt}botlﬁends so that when the
substantlally annul ar shape _has been consi dered to be

vehiglaanrbmaseel ihet B, the I ieasithe dutoiiocicbickh o gpmprising
meax%efoygbiﬁlﬁg he VICHICI Q.i‘%)but(ﬁlgﬁﬁct! s, rotation about the

e I nventor has recogni zed that this
property is not necessarily detrinmental in many
applications (particularly involving un-nmanned or

Whemiin vyeo theiechicle n@b'éa@)roam alprnh theedusk ﬂlrgughehtssthan @ng g¢volution, or
throu%ﬁ g%}rl%t ? )y (gin olu{lo nﬁ'?et v de gnaglfr];ﬁ re?ﬁcaﬁy about the hull axis,

or may roll about the duct in an eccentric manner, particularly if the centre of gravity is

offset from the hull axis,

Conventionally, a substantially annular shape has been considered to be undesirable
because it results in a vehicle which can be unstable in roll (that is, rotation about the duct).
However, the inventor has recognized that this property is not necessarily detrimental in
many applications (particularly involving un-manned or autonomous vehicles) and can be
exploited since roll generates angular momentum and offers greater stability as a
consequence. Furthermore, vehicle roll may be combined with prevailing ocean currents to
generate magnus forces which serve to reduce lateral drift away from the axis of the

vehicle, in exchange for increases in hydrodynamic lift or down-thrust, as would correspond
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consequence. Furthernore, vehicle roll may be conbi ned
Wi th prevailing ocean currents to generate magnus

wo eoocesssehi ch serve to reduce lateral drift awagT/GBRM6/003901
the axis of the vehicle, in exchange for increases in
hydrodynam c lift or down-thrust, as wou

to ﬂheoY‘?Céfgﬁ)é’ﬁ Peean FaTed @nd re@hisie tﬁibaﬁu@m mdelﬁtlorwnwl \ptanglodrift can be
I

valuéﬁl& Whé?yg{:}?déged ﬁg‘%} 2331' gﬂ tllx VISjEL{VE n ?\gg t(\%:%l\é?% %9 o}Somts is

requn‘ed eAimyv@mla rall can beaqﬂizedéd) achie?ve twy dirheistonabsdangiag obe sensor,

ili.zed to,achi eye two di nsi onal anning of a ., . ..
whele GouROUs 1 35 CSRPRIAIGD S FHCEF oG onE 106y cplclayaxis s utilized

by al steﬂs%@rdewee k® BabRNE RGNS hbﬁJ ng%}é&ed l%cahgmhlzsehdh&f Vew. The
sensor device to capture information froma projected
width @f tMgcta@gulan fedldl ob¥iewi 1e\dpteﬁhmedvbu ltl’n: m&gmtmde of the sector in which

the %r%é%’)ﬁatn %%f I ﬁlggag@fgt \élpg V\ﬁl}l ﬁ‘g%rfgugagp{ig}pegf view is

deteinfined BRENORM B ak ¥ trhd) Q)tfrﬁh@vffeh‘ié]@ T?g’béﬂbgﬂie%éctf)f ®bdld subtend
of viewis determned by the [ength of axial travel of

an atlgie lessha é80°TWi i1 %t@wrseﬁthm mgthed ¢he senser devige sensor may
capt%?h%gxln?ﬁe sorl%ge \a}ﬁcjgglp §§ r?ggor et ﬁxnssca%g tﬁé p}oﬁc%ed field of view

will ibef coniatiown aifwyid nitle 180 émdanshlbnilOpﬁﬁ@ subﬂ@ntﬂehi by cths evehivge’s roll
projected field of view w_I| be continuagus around t he
motipo TS H@h@? grampls| the ecnsoh deviereenbyres datavary Hmghonpyy manner in
relat{mt {PRs dnBubd Catﬂtltﬁﬂe XA SublEsise '11% ﬁ)’ e CRARY WhiBS accurate
data i n a~synchrondus manner 1n relatio its
reglmgqﬂl hctvmen ithamle In 8 praferacd smb@chwmv eyﬂxthctusextaysidneof the sensor’s
S accuratehre ratl%z bet ween t d? In thi
aPer%‘F“eﬁ‘é ¥e ‘E‘r‘?ﬁ%}a’i“nésnf‘c 1 X%ﬂ b LA, PEAFETSHIE 8 S?‘?Fé?f ata. 15
partiS@Rs @kaipRPBAd WietheNlibnihed ifARAS | O et BrasdtcededyMUetic aperture
sui t abl e processing of sensor data. In this particular
processingpiselosh of oreselpigon ibapavise it laeqcera@w@ nbgseeero ﬁ&t&ﬁ@ted iand actual

vehlglégﬁ)gﬁgh ?l;x%ﬂ@ggult] e Rt 85%211{ riod. ! ossef‘ ?1{38{1 gL %hg%rlstems have

ause o accuracl es en es

, 1ntrod&dfﬁd01|nertiab$1aﬁlg@tﬁbrt el pohy Bt Ui itnbleasiaatha avapiaty €o Miictothe vehicle’s

consequence such eglystems have introduced inerti 3!13
WEVET,

POS‘%?%%t 1Bide aRaY; Bmesimaed | refosad embrdimpiue by tevniian,
adoptt éé@r&' lgl;se%c%tl? Q88 A& e tg?]tgéeirsiﬁhucﬁ& gﬁ)\‘o%@ tﬁesﬁés'f@gtgﬂg%y of the

erre odinents o vent i however
vehwlnsxyeladreasmgsts angslal ynoarahtum raed éhergland razﬂesmgrthe leatent of drift in

t b t abj, | i f t hi.cl e . o
citheg BRELSPrgn OF aiiufe kb elhad SREET Sretotionuy sgmation
algofifherse Xtk iaf thdr prfckertdd embodiments described below, various means are

provided for control of vehicle roll about the duct, and other elements of attitude control.

The means for rolling the vehicle about the duct may be for example a propulsion system
(such as a twin thrust vector propulsion system); one or more control surfaces such as fins;
an inertial control system; or a buoyancy control system which is moved to port or starboard

around the hull under motor control.
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either vehicle position or attitude w thout recourse
to conplex correction or estimation algorithnms. Thus

WO noovioesspT ef erred enbodi nents descri bed bel ow, POEGBOWS/003901
means are provided for control of vehicle roll about

the duct, and other elenments of attitude control. The
A sagpnghaspeeirof the m‘/ﬁ@thrmrowém ¢ bebragssibile \teiwlejmnmyomr hull which
r h
e BIPTR Sof PRAPLSLAN SR GO, Aoy R L5 b, e
mtetsmrrcffab@mhmlﬂeﬁmnfglarthmt arhxclhﬁeblbenadt bothnéndelso $Hes indeh i vehicle is
a bu n ont r ol stem which_is noved to port, or
subrRergrh iod 4Pkl AT ideTands the et hergelarie derther sPMArisias grgoyancy
contfsiR§GEMOf the invention provides a submersible vehicle
havi ng an outer hull which defines a hull axis and
appears substantially annul ar when viewed al ong the

hull axis, the interior of the annulus defining a duct
A thigdiasheqt of Shreinvantidsoprovidasis ssbmetstbie wehiele thawingestni aiter ngl which

A8 Sy A SO e B e

inter&brtdflﬂjidjarﬂl&lls(deﬁﬁfngfahﬁlct WhRht$ epenit OvileEs 8o BabMBES tHel whicle is
[ e havin n outer hull ich defines a hull axis

hi
su n\a/l%a'edgab%gﬂglds ﬁkﬁgﬂ%‘i‘ iflapdy thefgh arhefria pt Jqagteart af ngvuter hull is
Sweﬂ(}%tﬂﬁ#ecﬂiﬂtﬁehﬁﬁﬁxﬂsme“ or of the annulus defining a
uct

IS open at both ends so that when the
vehicle is submerged in a liquid, the liquid floods
the duct, wherein at least part of the outer hull is
A foyitb pepest oﬁtheesm@pn oovidas mbmeasxbls veltictecvirtg aspaet hull which

e 15, et SHGHTRE SRR Gl BE AP Ss, e

interfut S tiaydnnalus e fining laatucvBizh ¢ €ydacht BbBingids B@tﬁw bv'helaﬂiesuehicle is
the?d nterior of the annulus defining a duct which is

submpgsged 1y a v, Eiedaqud flopds thert, tw%eer% [{he hwll has a projected area S,
and §%§3§ﬁﬂﬁ{jﬂﬁt@%ﬁ1 }'d Eéa}l ’nohﬂﬁ fol MY llfelx‘?Q%‘ﬂd dprgiﬂcthe ratlo BYS is

wherein t pr o] ecte area

greautlen 0df.anet er B norrml to the hull axis, and V\hereln
the ratio B2/S is greater than 0.5. The el atively
| arge di aneter huII enabl es an array of two or nore

The ge?ﬂgxféggl& %mm% lf Ex}]ag)?e% pat%‘ﬁ?f §9\?%§/ Bf ng)y ﬁng@ ?Q/%g {Nréﬁ spaced
aparfien! tHeyhof, ptdvi‘dmg a large sensor baseline. In this way the effective acuity of the
sensor array increases in proportion to the length of the sensor baseline. Also, the relatively
high ratio BS gives a high ratio of lift over drag, enabling the vehicle to be operated
efficiently as a glider.

A fifth aspect of the invention provides a submersible vehicle having an outer hull which
defines a hull axis and appears substantially annular when viewed along the hull axis, the
interior of the annulus defining a duct which is open at both ends so that when the vehicle is

submerged in a liquid, the liquid floods the duct.
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sensor array increases in proportion to the Iength of

the sensor baseline. Also, the relatively high ratio
WB200F0¢iss2s a high ratio of |lift over drag, enedi/GBg06/003901

the vehicle to be operated efficiently as a glider. A

fth aspect of the invention provides a subner sj bl e
A SWE REReCEO '219 iIREPnEAD SRvades upPPAPE Ay dEmifAke S&brmrﬁublea‘;&l%cle the
r ial n
ron o ARER Srth U A9 bt SR AN S BB it
a flexbletsubstargially snogenjagitetbot h ends so t hat vvhen t he
vehicle is subnmerged in a liquid, the Iiquid floods
t he duct. A sixth aspect of the invention pr ovi des a
A se%tggu'“é% cg %f §l¥es {ngf?h}n]é o I%Vi eg %E?,ééh%'g eofng)e{aqug gu%?nermble vehicle

havigKiwd piimid IaﬁladyndﬁdtheaH:}Sﬁleﬁﬁded Isivb asentblisk,t the ﬁtnéihod comprising
flexible substantjally annular jacket. A sevent h
recipgacgieg ther difyeeasserplifsi Birsyresirisaly g0 g gepnst thepwshigls thyough a
liqui@ Submersible vehicle having two or nore
axi -symmetrically nounted drive assenblies, the nethod
conprising reciprocating the drive assenblies
axi -symmetrically so as to propel the vehicle throu

An egghth @ﬁpb@t of Hoe lawqmom mg‘péma @fontermblﬁ ryeliglei mmqgra@\nud@gma which

def1n%§J %rﬂ% aX| dV%g) arg F;S os \%/rlltg stetnglﬁ af 31 gl%’ééﬁ%e\ﬁr% %\ﬁg hunlea)us the

mteth et aahglng d&ﬁlﬁn@ B Hhcta%h@h 1stdib%n latbath iefds &f thith@hen the vehicle is
annul us defjni ng IS open at both ends so

submergsd AR BB lﬂeoqlsSthg db‘fvfe pRsbl iR thrush YRgiay pramdsion system
of

comﬁﬁ %(ﬂ] Iclggf?(g')%/ gtagrgn Ogg‘%}ﬂﬁg’?ﬂde@l&%g egcr:ﬁ ﬁ&oﬂ" %mgﬁs%g h Tﬁrst propulsion

deviqn:rpmmhﬁy amutted ees, firstagife pilre lmdhpxis,samiga aecfond gtropulsion device

ul sj n devi ce pivot al nount ed. on first side qf .
pivolbfig Muhied apiecseodtiioe Subo bl BRS gapi 6o fisvirgeproution device,
pivotally mounted on a second side of the hull axis
opposite to the first propul sion device. Typically

TypiedABRh epelopabpulsion dawvice @Bt as tlduithiegbr WeBikhr caibeh varied
can be varied independent|y -of -the other propulsion

indepgadenly afythepihst ngulrsm dexice by pivatpiedhe Agvienchyriealyceach device
{
s mULS0) 30 0 Ao ¥y ROV QRN 0% i

The pitepulsma dewmicemay foer foe xanmple, ratam-@tprnlgelk@rmeieblpr(manﬂg ﬁns The

reci procating,fins
propulsion %evwes mag be 1n81de t};e %uct or outside the duct but conformal with the outer

hull.

A ninth aspect of the invention provides a submersible toy glider having an outer hull which
defines a hull axis and appears substantially annular when viewed along the hull axis, the
interior of the annulus defining a duct which is open at both ends so that when the toy glider

is submerged in a liquid, the liquid floods the duct.

The following comments apply to all aspects of the invention.
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propul sion devices may be inside the duct, or outside
the duct but conformal with the outer hull. A ninth
W@epen4s88T the invention provides a subnersi bl BCT/6%2006/003901
glider having an outer hull which defines a hull axis
and appears substantial |y annul ar when viewed al ong
In prefeered gbodixnents efitbe inteatipn the fluetpsovidens losv bewicrisa geetion area
[ .S t ngs th
to reghie gl ShideCnREn gPle RAIGTRCe R B} 4BRERoD 15 iBtieg wake
vortlchsdhat \iﬂnﬂdfoﬂkdrwmng aorgaiifcap Mhentindwel byspeatventidnal planar
.nvention.In preferred enb?dlnents of the

wing, SR @ipien stabilfgerfnegpeli dbs walls oftisoliet PsgyeEEdly Piped so as

R Tl TR e i A L

of thewselicle dirbeghnhs dighid. nor e si gni fi cant when i nduced by a
conventional planar wing, or tailplane stabilizer
arrangenent. The walls of the duct are preferably

A AR ae 5 AEIREER Y RSB ot b i geice cam b

housedimaee safelyt fre thee Huet] enththutgb duse hilhto @reséntl airtlagvely smooth
adv nt age f t he guct i's t éé perstructure fsuch as
conf gav@f oK f’&éﬂ"b’é )Selasw% diskf damgge py losh, thrpagh impact

uponq}r'%h’o S8ARhI Hh f)ﬁ’lgr %e%at@#&ﬂeeét@ present a relatively

snnot conformal outer sur whi ch serves to reduce
the risk of damage or |oss through inpact upon or
entangl enent with ot her underwater objects.
Embegimnsuisnehtke diventien imodde i osubstansially @nylﬁbsmraﬁtq awﬁhy increased

ula r th increas rugt ural
strucfifl HefinPh i s Sblel A BCEAE Fherg RS WHER ko lighd fiifly wings.
This Rva@dge\Whig be rél'zﬂizsd ativanihagéuddd eobtCor Basd e ‘ﬁhﬁd]@ Kvithnsimilar
reduced cost or mass for _a vehicle with sinmla

hydredyaawis prapmetersaphielcspd divg capabilibe yheresither wyl% i}l oy toroidal
pressHREFSse! & %[m nﬁ!l{n r’[h{lﬂlllll} wil] Px{o@f Ripdat @%ﬁé&értg bYESER shresses.

cont al ne rovi ett

resilience to buckl ing stresses. The duct may be fully _

closed along all or part of its length, or partially '
The @\pénnrw e fid ys¢10$edralmg Ak oalp@ﬁgafltsSIengthgomamhléy @pent with a slot

runnifBa1GHES s eRetEh il 3ol a8 ctdeC R BoreS o TG o modify its

hydr&dyginid getformance under certain performance conditions.

Various embodiments of the invention will now be described by way of example with

reference to the accompanying drawings, in which:

Figure la is a front view of a first propelled vehicle with its propellers in a first

configuration;

Figure 1b is a cross-section of the vehicle taken along the hull axis and along a line A-A in

Figure 1;
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Various enbodi nents of the invention will now be
descri bed by way of exanple with reference to the
W@ewonpssyi ng drawi ngs, in which: Figure | a iBCEHGBR@GM03901
view of a first propelled vehicle with its propellers
. in a first configuration; Figure Ib is a cross-section
Figugs 2a s fyaathiviaveof 'ng aphiglestith itseroneliars i secenthconfigatian;
line A-Ain Figure 1;Figure 2a is a front view of the
vehicle with its propellers in a second configuration;
. [ [ ekl
Figuly B0 oo R B L0 Ao R T R,
view of a second propelled vehicle; Figure 3b is a
cross-section of the vehicle taken along a line A-Ain
Figurs 3uisa rear, view glin secpad ipropslleduehicleew of a third
propel l ed vehicle; Figure 4b is a cross-section of the
third propelled vehicle taken along a line A-Ain
001 A0 hicl e
Fignfo 1% Pl LR SLAGRo e e Chn Figlret™
front view of a first glider vehicle; Figure 5b is a
side view of the first glider vehicle; Figure 5c is a
Figuge 4enis\aireqy aew phe thifd propelleddghicleehi cl e; Figure 5d is a
side view of another glider where feathered vanes are
i ncluded within slots about the el evations of the
Figol P19 ropt WHn BF i B REIRARF LB SRl e line 44 in Figore
4a; of the alternative pressure vessel, Figure 7 is a
perspective view of an alternative attitude contro
systeanigure 8 is afront view of a fourth propelled

. vehic in cro of ,t he

Figof{ o f Areerien ot s s Bebe s R Mede ol
Figure 1, in the process of docking; Figure 9b shows
the vehicle after docking;

Figure 5a is a front view of a first glider vehicle;

- ‘Figure 5b is a side view of the first glider vehicle;

Figure 5c is a plan view of the first glider vehicle;

Figure 5d is a side view of another glider where feathered vanes are included within slots

about the elevations of the annulus;

Figure 6a is a perspective view of an alternative pressure vessel;

Figure 6b is a side view of the alternative pressure vessel;

Figure 7 is a perspective view of an alternative attitude control system;
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Figure 9c is an enlarged view showi ng an inductive
el ectrical recharge system Figure 10 is a
W@e@3»438Tt i on showi ng an al ternative docki ng PCT/GB2006/003901
structure; Figure 11 is a schematic view of a towed
Fi tethered vehicle with a further alternative docking
12085 S At viswgefk astovnth prapelled vefrielevn vse; of a gl i der
vehicle; Figure 12b is a side view of the vehicle;
Figure 12c is a plan view of the vehicle; Figure 13a
Fight® it b @fss 4éetinf R 181 el RAARRI LA UPIIbAL 8 1inE WIN'F Figure 1,
. 13b is a side view of the vehicle; Figure 14a Is a
in the piegesyiobdoeingi second towed tether vehicle; Figuie
14b is a side view of the vehicle. Figure 15a is an
axi al view of a toroidal buoyancy control system
FighileOWBo? hd Rl it Aboifhew Of a helical buoyancy
control system Figure is a side view of the
system of Figure 15b; and Figure 15d is a sectional
. side view of a further buoyancy control system
Figmeers aheplagedvigur showingaramdudtive electridaiecharigk eysteah;j cl e
1 has an outer hull 2 which is evolved froma |am nar
flow hydrofoil profile (shown in Figure Ib) as a body
- i : %m?- I S;34. Thus the outer
Flg%llpq%gg%%)éeg%gggnnu g? agﬁletlﬁm(%(\éev\%o& k}aﬂgos %‘c%ee hul I axis
as shown in Figure la. An inner wall 4 of the annul us
. defines a duct 5 which is open fore and aft so that
Figyipdh is secheahtic vew ef stowedrighereil veliateawition fiather alidrastive docking
Stm%‘iﬁ%ui d, the water floods the duct and fl ows through
e’duct as the vehicle noves through the water,
generating hydrodynamc lift. As shown in Figure IDb,
the hydrofoil profile tapers outwardly gradually from
Figwe n2a isafrdgwiendf Helider aelicidest point 7, then tapers
inwardly nore rapidly to a stern end 8. In this
particul ar enbodi ment the w dest point 7 is positioned

FigRBREON SRIS ¥ obhd Wk ds, ©F the

Figure 12c is a plan view of the vehicle;

Figure 13ais a front view of a fourth propelled vehicle;
Figure 13b is a side view of the vehicle;

Figure 14a is a front view of a second towed tether vehicle;
Figure 14b is a side view of the vehicle.

Figure 15a is an axial view of a toroidal buoyancy control system;



10

s

20

25

di stance between the bow and stern ends. The
particul ar hydrofoil section may be nodified in
waQ a007as87 of this and ot her vehicles so as to podGBR006/003901
the coefficients of lift, drag and pitch nonment in
. accqordance with a particular range of flow regines as
Flgﬂi@t@;’ﬁ? pregripyview of a hplich Preyaacy eanjiol systeey nol ds
nunbers that nay be valid within a variety of
applications. A pair of propulsors 9,10 are nounted
FightenI3etd & Gidk hiewoo¥ (RO BRI 6f BiefRS pf atfre hul | axis. The
propul sors conprise propellers 11,12 which are nounted
on L-shaped support shafts 13,14 which in turn are
. mounted to the hull in line with the wi dest point 7 as
FigwgdwA 1§ #seetigngl sideyiewrpta frthsebrasescreentiphsystead wit hin
shrouds 15,16 in such a way that their efficiency is
i ncreased. Each L-shaped shaft is pivotally nounted to
Reférﬂﬁ% iFguRR 168l 1bla %ﬁ;&ﬁﬁl@t\/‘épﬂé PR ARG SR RTh Y€evolved
to the hull about an axis para el 16 The pitch axis
fromp lankigan/@ew dydrofaihprofifs @howhh imgFighreuidt) ay e bbdy efirevolution around a

ul-si gn. = Bat shroud and L-shaped shaft have . a
1 0 S e e SR e e e dha BAows o shown
in Fignge N Qhtingdr Wdliad of thetabilugl@sides et 95wHiBlLis open fore and aft so

outerhull. Thus for exanple the propul sors 8,9 can be
that pfyen el velielgde submerged inawpter peany: oWl Hawidt therwastrofiwodsrihe duct

dH a I i [ the vi.de thrust .
a f%%geett%{)d]%rhog% étaﬁte a\I%e | cﬁ)éhl\%g:r %na%ga%’gouﬁ%o AR rFer,  pinerating
hydradisamit ¢ift he contra-directed configuration shown in

Figures 2a and 2b, in which they cause the vehicle to
roll continuously around the hull axis. Arrows V in

rgure-2a illustrate.movepent of the yvehicle nd
O TRt G A T R A LR ———
end 6t tof §IWi0us polir I B TthéE tdpBAt inlWakdly RAGE 1apldRS ¢ IReGh NGRS, In this
uses four nmotors within its propul sion system two
partigplgs gmbedinesnt dhe atidest paint Jr i pesitimied eapphaxipaishe Wethitds of the
. ' o_drive st he l-~shaped .
st bl R e o bl er b Tl ot 35 pay be modified
in varontyt @thisvindrotha veRichanb aslo wodifydhié veefgeiasits o€ WS Hia@nd pitch
mechani sm. s useg to transfer drive and | oads between
moment PAcEeTdaRce WHE 4 Dericyleg rangs of floay regimes i ssedeipnyned by the
bYRRS radige B REy R i icati
o MRS LN RS RUBPREABONAL BB, 0 WA e St appcaions.
consistent with the rating of the notors. To provide
for a mninmumof open |loop pitch or yaw stability the
A pajrgfinsoplsors 3,40 aee wpuged giametrically on opposite sides of the hull axis. The

propulsors comprise propellers 11,12 which are mounted on L-shaped support shafts 13,14
which in turn are mounted to the hull in line with the widest point 7 as shown in Figure 1b.
The propellers are mounted within shrouds 15,16 in such a way that their efficiency is
increased. Each L-shaped shaft is pivotally mounted to the hull so that it can rotate by 360
degrees relative to the hull about an axis parallel to the pitch axis of the vehicle, thus
providing thrust-vectored propulsion. Both the shroud and L-shaped shaft have a hydrofoil

section using a ratio between chord length and height similar to that described for the outer
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(CofG is located forward of the centre of
hydr odynam c pressure, where greater stability is
w@ehievise7 by greater separation between these BPENGBe®S6/003901
However, the precise |ocation is not critical since
addi tional stability be provided by a cl osed op
hull ot ghpyder esrmpls) t@yﬁm@ﬁ%moﬁ 9skewbe Foded Rejwemm the” %-directed

conffg%%ioﬂesﬂo% :11126 éﬁ?esvl%rbkﬁllﬁ e \%lgmﬂ 2 g?@vlﬁé’ §g&ﬁ!%trfbfée $4'Gdpel the

rcuns stab be s 1frce
vehldgl forwardbandoglengtth® rhuﬂfaxnsh etov(hhl whtradiretied tconfighir@ion shown in

Fxguse{s afaglfl% {l'hh\ghlgg i}getryiecgﬁgeotggdr Qd%QB E’?}f g@{t@%ﬁﬁ{}}g ground the hull axis.

Arroddl Vaneﬁl gﬁfet be ml&s(arav@ﬁﬁv&rﬁmr@mteh@ehmgv arfdl alt @RS WRIiH Figure 2a
toward the stern, wherein vehicle dynam cs may be

lllus‘adqedbwedf thedisyuid. n i followy dtereforeathat tﬂltﬁdi@arh@mrr ghbagijmeriryses four
a.devi ce th

i nc|
motQrs Within a{t§ 6).50}?1“81?1}' rsg%teglr hY ggrugﬁfegsx ng%ém( .m?tors to drive the
propdat, Ce@xdttﬁ'@tDGQ&%ﬂchﬁot@mtw dive QE@Elsﬁﬁxﬁdl Ppord shdfis@pon which the

ort hogonal axes; and (iii)_a device that neasures
propglleranetats a5 mquntedowwretarmcéa@m Wh%ﬂ“’eag@é&m Hpfpry pgghanism is
usedatodt%’ﬂs %ﬂ@ﬁéw%&?t 91'3 e fr Qe E‘%@@d AEYHC Sternative
and nd signals stlrru ate the

mot@ftgp@rmnh vamtepbqn momonissnatynbesmtlefm thle datter cclictiaa) ce lanigt ds operating
t he art|cul vehj cl e ﬂnamc notion or stability
1°ad‘élé"§|°t°885t§?t‘f’ fhetrii‘ﬁ% Of'lt %“@qu%nt ati on device may
include a gravity sensor, or a sensor that detects the
earth's magnetic field vector or both. The vehicle

To p‘i"&Md@fo?@ rhid@hate & f apaaloof pitti0br $ave biabilithae vehiclePéegre of gravity
osition of thevehicle at any particular tinme w

(CoﬁCé gfpgxggte(l dorzang of the ccprire Qgh@g@y@@mﬁbgreﬁqu% ‘whgre greater stgblhty is
achlweﬁfbﬁfd%%eﬂéggﬁhﬂﬁ Bhewi n?l&’e%@ %ﬁf@v'l—%év‘ép e/ Elte 13k location is not

ocessi ng devi ce ‘that operatés o
criti¢ul @inice addlhpnzilimbalﬁtylmam&e pmvtdedlbysay skoeed khep calttutbée:i control system

N A U TN L JOA

. c1rcﬁrﬂ§c£ﬁé@§ diatitfith intayt HE sé(d?ﬂic@!i Fof Qélhﬂ»alﬂr g)?éﬂaﬁﬁn RETROSBicle with its

Sensors may | ncl ude I Geost I onar
Cof@am ari beliindy tiBatelttd vf hy@swmceprv@maj eSmul@rlyath@I nositipn of the
re,aco

Lran onder communi cat
prosgpreciay b3 AREBL G MR RRTE I Nl YT SRl Pllgpd e stem,
whefdin {éHcl¥ @bh4ihies fap 0 iabljusied iabBedrdibiiyide, | ongi tude and

el evati on when surfaced. The acoustic transponder or

comuni cati ons device transm ts and receives acoustic
Such ar%rz}l?tlnsldé Qon%[o esgfstgrg 1gcszltu es él) a etvfée'? St'r%ée?sﬁrers }n%g% Xc%eferatlon in
three orthogonal axes; and (ii) a device that measures angular acceleration in three
orthogonal axes; and (iii) a device that measures orientation in two or three orthogonal axes;
and (iv) a device that combines the signals from these devices and calculates demand
signals that stimulate the aforementioned propulsion system, in accordance with the
particular vehicle dynamic motion or stability desired at that time. The orientation device
may include a gravity sensor, or a sensor that detects the earth’s magnetic field vector, or

both. The vehicle may also include a navigation system that estimates the position of the
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one or nore correspondi ng transponder or
comruni cati ons devices |located within the local liquid
wore@70#i881 n a preferred enbodi ment the processPEGB2006/003901

devi ce includes a specific algorithmdescribed as a

kalman filter that estimates the relative or absolute
vehiglp 8t anippargiculpn Emgenitle respesi de qomp dniticheefrandeapsisionat 4 preferred

. QVi he.se i L0t e

emb @AM Lk ARG ArORRE PGSR pRlortelf B Wioperates on data
provelet bgtthe attitideccovebl Sisten Sesddbedyatadenaridnalso spal dthelegptiaal data

of pqsitive buoyancy. The centre of buyoyancy ( CofB) i
Wherﬁéye%ﬁc PERSOES %ﬁéaroa}ﬂ?m@? datgdngiealso ke inglpdashivithia the vghicle for

idaBoR Jurfoses Oisch d6MordMnb ihd18IE BN L Getathd PdsitiHisk Batellit
nawé’%gixi %un%%%v\ﬁere the Co%sb I els W tﬁ?n tﬁe e{/ol m os,'f1 l(girl}qg ette
(GP)nxeeeiverd deving aib(id) vhe oConGe acnaisivh drapspdnderspex cofimunication

.t he. con jains th f G and ere e hase, of the. .
devideg a7 RS BHABAY < RE G gD A OIOPe YRESIE AP Lyon in laitude,
longifdel and Rlc¥afiG tteH! fff288 0GR Béoushe thMBSOndSr Iof Wolfi@éhications

such that no part of its volune lies rear of the

deviceeiranseats gndarecivasaacopstisedgnaly ieordenhfa psabdishyitsspagiipn relative to
[,AC i t f | i LR
one FAMOR REsAlne DB U o MBI LAE AL Tl BB et
liquitMthédia@lopln & pe$ertddv empodimant fitke proxesinige dedoeliifdlades a specific
and therefore y glide fromdepth tq the syrface .
algorffpredespidbededs asaling dilishihpt estispatesibe celab et gl bosition of the

vehid@Bhdel YlS%IB itl’{%yxfégi%%le%ﬁ% ﬁb]\qﬁ&fjﬁ% . é;fér{s&t ddviE L B attitude control

annul ar e sonme usefu ateral distance
and mafvigatiaw eystémss.gai ned by the vehicle's shallow glide

path. This allows for opportunistic conservation of

energy within a vehicle's battery store by re use of

L.tafiog £ e -1 SS| C T s

In thg{ %g}élcggt{ he%OdfrﬁéenQvtzlﬁ&*gh%ﬁéyhg 1%%6 blév(i)(ﬂ rr% %%l\;\g ddﬁeee of positive
buoyaslgpt i Tig: pémapebf e y{aegt (CdBWhay hat posiyorled byhwiree between a

Cdie pﬁrallel to . the hull axis when not in use, or by
minigmswhess thy Coffblipy epetident wath the aentrs of gipyih 288 gaximum where
the CH§B 'li%%. %Jif#ﬁr?ﬁ\e‘@gidmé’ff o AR L AR AT IS C-E?ﬁ, MRV Rdr€ the apex of

may al so I nclude solar energy cells (not shown)

the cane adjgiad thar Cof{ilanchwhenatties base dy thef cankes subténdedibyrtize wppee part of
th agai :}Hgﬂe annul ar hull provides an efficient

¢ PPNt ation since its

In a particular embodiment the cone is inclined such that no part of its volume lies rear of
the vertical plane that bisects the vehicle’s axis and coincides with the CofG. When the
CofB lies within this cone and is separated from the CofG, the vehicle will adopt a positive
pitch under static conditions and therefore may glide from depth to the surface under forces
derived only from the combination of positive buoyancy and hydrodynamic lift from the
annular hull, and where some useful lateral distance of travel is gained by the vehicle’s

shallow glide path.
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outer surface area is relatively |arge when conpared
to a cylindrical vehicle of simlar mass. In such an
weedvodissent the solar cells are connected el ece€T/GaRI0g/003901
to a charging circuit that replenishes the energy
stored within rechargeable cells |ocated within the
Thistpdlowes fgr @np@r@glsth'ﬁp@emapgnvgf ergrey Mathined velrigle's battery store by re-
t
use %pﬁg‘g{agﬁb%rfogcﬁé SR h%\{;\jq n cgfche efH éhde dﬂg{ g{ th%t\/%ﬁ%lse may also
be impratedbpsadopiihg @fomﬁens (ﬁd’t%hsﬁﬁ) B thagbe fdldled toilRe parallel to the hull
) %agodl ment the, Coffi nmay be fixed at sone static
axis [HRTIOH Vet AT BY ORESSIATOR e AORS g VRS Which Gate vepicle drag
w111f>é‘ﬁ.hrﬁ:1%f§nzﬂﬁﬁzéae dynam cal |y adjusted by a control
anismto positions around the cone. In either case
the CofBis controlled by the |ocation of one or nore
positively buoyant ballast elenents |ocated within a
The velriele ardy adsscinplyde srlat ensrgyngells grotishown) arrangpdaround the outer body
of th§ I'ﬂgﬁ’edér‘{ on%‘@%%a Cél‘@?agggit §1§1 V\P];%m {Aﬁ%ff?cg ?ngll Peme‘ﬁ\%imn since its

outeﬁaﬁﬁcé Bea Vel ativelydape ailie chuyd ey a\wwlindrival gl bmifﬁllar mass.
or the two bal | ast el epents may be | ocat ed ar ound
In syl InbadUBERiHhG SHER REIS 47R oMRAeO /ATl PR Sireuit that

reple & I&@ éhelr sfoRedt Q/ﬁgﬂﬂu}elché}gﬁ% Eéllsv‘ﬁ'c&gd %ﬁ&ﬁn Yhe batterr]y stores.

cessatlc sta zero ereforet
Thlsvé}wcsl for mianned eanidt @ppprtumsﬂus ireplers sisentn of ovehivdi epergpistores using

SRRy PRl R Rt Sl 5 Bk

vehicle nmay therefore adapt its dynam c notion when
traveling w thout spin, when maxi mal separation

In thist we®bdiaahB @edCond Grria§ desfixabl#£. sdhoyesgic tlb@tlon w1thm the
vehi cIe rra al so adapt |Its g%namc noti on when sp

aforgmgpticaed velumetic genen 06 thenCoRb maynen Aurrairdhy a@JH@e%bivSa control
meclﬁa% %o Iﬁﬁglklonmﬂ%ﬁ?mbn@e%@r EIO@ dsrgel!h@t fs cotnhlﬂ%lled by the

axi's between G and S|ra
locatéoresft ortelvatmara positioelly buo\ymhbaltasmlamamtz @mtadawﬂnn aitbrpidahsection

of the Gt Pl B 'R sRGIOY MRS G0 BN RemP gt v, FiF cements

may 'b8\cRL18 Sate @ WAL APIHE t@lrmd Qh |w1fi"élPé’d%Q tﬁé“@e}ﬁéﬂa*s s@éﬁcsbuog&%y will be a
pitch or yaw about thé vehicle's Cof As descri

maxmrfn,u @vthe twp dalass glemants m@}ﬁ be ﬂmtqdrampmdstbp éom@/ irpsuch a manner
that %llcge’ §§%Bf %ndngg}ﬁggcgcg tg g&l? g)‘él?,géc | }?1%15 gase the ve%lcle s static

stability w111 be zero.

Therefore the vehicle may use its propulsion system to induce spin around its hull axis, and
the vehicle may adjust the position of its CofB in relation to its CofG. The vehicle may
therefore adapt its dynamic motion when traveling without spin, when maximal separation
between CofB and CofG is desirable. However the vehicle may also adapt its dynamic

motion when spin is induced, either with or without motion along the axis of the hull, when

11



10

15

20

25

I nstance when both are directed down so that their
thrust vectors |lies above the Cof G then the vehicle
wowdo7/opisBTh nose down. Simlarly when the two PCT/GB2006/003901
propul sors are directed up so that their thrust vector
‘,Ii?s bel ow the Cof G then the vehicle will pitch nose
miniggl sqparatign gelatavetodhg hulhagis betwgemgofiaardbeeiRr dssimblg Wighe event
that QﬁésnguId%{s kMl eoecfsélﬁnéfl@hﬁ%ﬁ and each other may be
used to ac I eve ve roll and yaw. Yaw may
al so be induced by dlfferentlal t hrust application
when differential propeller revolution rates are
The zﬂm;ﬁit egtorgth propulsocaproislestbe mmeanatfor motivealedgetheshdbhxds, either

oII and,surfac
forwlfh i psbSeon i S R B ARt bR o s about the
vehidpe 0T @G, Wby M&nbddh@rbi@fhlt G4 @lehs tIEPitR tvA@ pdfhilsthe thal/ R contra-
positign of the Cof Gis co-aligned with the propul sor

direcigd i gfler torindysnvehints wlk j e twe Pioguisersapay plso ke caslijepied. For
1nsta|ﬁcr:]é’ 't%héﬂ 66th, 4L Hﬁ@&% 5‘0\91? k& ElaY el tﬁﬁJ g&t&g ei?ie? e thl %fG then

e position shown sat
the vebicle willgpiechafos® dd\&gr Sﬁﬁllamly( \hhérhthe pwo prdmﬂmré)ard Idrrecté@ dp so that

o o TSR T, BT Rty R D
that @cﬁyﬂ’@ QRglebs M‘;%oiéﬁ@étcﬂlﬁh Ii® rddfoNas8 the3rdide %@@a%h%ﬂg:r Hhy be used

degrees (or sone ot limted arc in which
to aqhigygutehinie pitely r@ilraéldtw g v aiab'yalsqohan@kbl)ceéﬂvd differential thrust

oo et e o P liopl AeeSrnt Soaf ThwF bl heon tht

the vieRicldis abletib@ivel Ry krSIDandléirfage Bhdet 6 @ngGREIoalduY control.
upwar ds). The vehicle integrates the thrust vector

around the arc, and experiences a linear acceleration

t hat, ind trayel nor, to . the hul Xi's (in thi
The xd3ge u%aalagﬂjn TR iSRGl e gh & F ehis enig SpetRg 804 gvhen the.
posﬂlftﬁl dﬁf 186 ICR8EYs BOME édnwﬁh Rl ABSplIta axid ESroRiARIRd fée&ntng% Figure

hull axis. It Is therefore clear that the vehicl
2b, lﬁwh |dgﬁn¢je yerigalatirentiorobring strticalton, the pagee thendn tharpnsttlon shownin

Figuef 86 SRRl Rt S eddiot Db Y e s of dfEghtedpp and the
proptﬂ@éﬁ IZU QirbA&d dowi.gNf dQGHeRdS Inovembhd ﬂstr}équlieﬂ EHéﬁ tﬁé Fﬁipulsor 9 is
i nstance when notion is alon% t he axi s’ of

pulsqdanwhes ﬁﬁhq/wehydwdwt\gi?@@@ e énqak(h fi@gre@ (wr @qme other limited
arc iff %fcﬁﬂhé ﬁ{o?%i_sgl% Psrc?{%g ed eﬁer thg\% %néi e‘cﬂ?i gfo%gllé O%Oqg %ulsed on

wherr del \?éici:cgb s bEtylerei? ?170 ftkgﬂses @n@l 100 aiegmee (whesmes pgirei limited arc in
WhiCTlthIe %?op% sor q(a 1ts rh?regtléli lgegé(rla y Iu%wlapd%)uc%‘?le veEwPe integrates the thrust
vector around the arc, and experiences a linear acceleration that induces travel normal to the
hull axis (in this case downwards). This enables the spinning vehicle to be precisely moved

in a plane that lies normal to the hull axis.

It is therefore clear that the vehicle has a high degree of manouevrability, since its thrust

vectored propulsion may be arranged for high turn rates under dynamic control. It is also
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angul ar nmomentumis increased and once again the

stability of the vehicle is increased, where this nmay
wheoommaser ed as a reduction in vehicle attitudeCDGB2006/003901

position errors when subject to external forces. The

bow of the vehicle carries a pair of video caneras

clear) that thef ephicde hpg 3 high desspaiansabiling Imthgi firgt instance when motion is
slonfPR b0 bE fHkni e SRICLy Figk sh S i) BURBEE e il S gotating
proppﬂm itlhit rgneel imhiged teyen sadlel @nlrasidetioé pidialsops provitiesfor further
accurate rapge estipation by neasur t. of . .
roll ﬁablam R thtsReRh S IBPET aCeH JuR mstioniaf Find oWl Bsifisy igduced, then
dreh B e CiforeAs RORRS o M tHebd tga&dt}é is | d
gJrlecel ver 20 are preo%lw dﬁﬁ[egérh%sonar t?brkrg an%%% 18 nereases,
whersethss ngy begmieasuredes wi midudimaeini vehidle attriuda vampbsigen cfives when
b.ogier thuH 2 contains an interior space which can be
subjeck ;YR I0TRES | a. This outer hull is preferentially
manufactured froma stiff conposite material using
gl ass or carbon fibre filanents |lam nated alternately
The bewvwfethe lvalyietescapfiesep iy of @$ded. catletBr 17aLs el dollision av01dance and
per, .less resjlient hull may be mul ded from

lmagglas ; Aeplicationy dhg apl)améfflyé%rgﬁ dﬁgnﬁs@ Yuthetndl@nables ﬁh@ gameras to be

well I‘}gﬂ«?édt aROKYRT ¥R % SeRbSS f&olﬁﬁbﬂeethtap rovides for accurate
nuf act ufe t he out hu ?romgumnlum [ Il(f

fangh &Bﬁlmmrpbsemsursrednt drﬂ‘;mmllakéaetwenscﬂaw toegtel emthm dndﬁrdcamera

rreans not sho i n the,
Feldg \f GReYul 1 B YL S8 S MO A0ePeooLjggg dor sonar
1maé‘ﬂﬁ>gl§1ﬁ§se'ﬁsﬁgl rAglin, IBd W&bd@é!ﬁ{ésls 7Y ,aaaanté’gep aHe AfterShBY P contains
sensors 23,24, and four toroidal pressure vessels
an iptgriog sgmcwhwépaart bal Ay inhBighigl la.axThis ouier prlkbsis preferentially
manﬂﬁgtﬁ?f{ds R0 B rré‘)fnesm Cllngte ale%&l %”glﬁés of "bon ﬁb filaments
sion sub- syt Felents andco [t e and:

lamlﬁﬁted JaMrﬁﬁdlyU}étﬁ&(&rﬁ]lay&ts loflefoxyn@bins h‘DN‘é’thatlde[y & hhe‘aper less resilient
parti cul ar, enbodi ment. the toroidal pressure vessel
; i@%‘ density

hull aw by wouldsd drom pysuitablahaed nelymer sech 2y pelyuictispe o

»polyﬁtﬁyﬁﬂe Fttlié‘ %fsogJ gﬁ?lﬁ% n%ﬁ?agﬂlré (ﬁér tdy ﬂlﬂ'@{%%l%fﬁﬂﬂn should the

ical [y aroun e toro ternate am nat’e
hull bepmmmsbchyé‘hs imériceppage magbe ﬂo@detddzyrmbanseif;sntaﬂqaerforatlons (not

T RS CR N TR -

pack@'Zl%@' X%Bir%ﬁ'@te‘iﬁ 8&sorsr3,14, Al iR tdRddl %%ElﬂeqfesktkeZS 28 spaced
al ong the-hull axi$ Corresponds to the chord of

apart plongyilie dfdl pxigecThempressure vessels contain the vehicle electronics, some
propulsion sub-system elements and other items, and are joined by axial struts (not shown).
In this particular embodiment the toroidal pressure vessels are preferentially manufactured
from stiff composites using either glass or carbon fibre filaments wound helically around
the toroid and alternately laminated between layers of epoxy resin. Alternatively the
toroidal pressure vessels may be manufactured from a suitable grade of metal such as

aluminium, stainless or galvanized steel, or titanium.
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and this is indicated at (a) in Figure 2a, while the
di anmeter or span across the duct at its two ends is
w0 pe7oaiset at (b). The aspect ratio (AR) of theCT/GBR006S03901
described as follows: AR = 2B2/S where B is the span
of the hull (defined by the maxi num outer di anmeter of

The {engthhef thy hul @langdhe gl pxis cpesponivior thel chord o ghe hyssofoil section,
w4 ind ol G 050201 2 DGR, AP IR Bt ot s
endsdgitalicatenl o Ih). XThieappect hugio (AR)io$ tiatuillax destibed asfolipiwea) .
In the vehicle of Figure 2b, the AR is approxi mtely
1.42, although this nunber nmay be nodified in other
enbodi mrﬁgzgag/e the application may demand ot her
ratios. ‘Mt i ident that the vehicle formmay be
adj usted by sinple variation of its toroidal dianeter
to reflect narrow vehicles where aspect ratio is |ow,
whery B ti9 theedpat oiff the haldl (defined beshyvhexen@aeedr diahéter oSthe hull) and
high. In either case specific advantages may be gai ned
Whe’i?nqg’érth%ﬁﬁoie&ﬁq aeqolithghwhces, since relatively high
coefficients of |ift may be achi eved using a toroidal
formw th | ow aspect ratio, while optimal glide slope
If weafak®Ihe @parf BHiay Vefit a%ﬁ@xiﬁﬁt&} elqtrdit toOWH! afldl aBe W4 Beas being
achieved using a toroidal formwth high aspect ratio.
apprxigagaly egudiufol (b) sx (s thynediRtis approximatelyi 2@)/)agln the vehicle of

. coefficignt. wthi.n e.fLhuid fl regir etermn
FigufoE8. i (€ MakGBlel p ool Bty BB Thb8heltn othr
embEdigteatsi vier® thel dpplivationahgy derhdtidothérratiéd)| Biis sd@aarhashe vehicle

The outer hull 1ncludes, an underl ayer (shown in Figure _.
formy paype Adjuptss Y iweeRlp vAGItionpfdtsdaraital dianmgterro refjest nrrey vehicles

: n e : : ng. .
bR i RSERE PIAEL el 3RO B 00 e
caseesppdiby adwanitdges mayeid gaifiechunder cettdin wstumstahaes, since relatively high

ropul sion systemjnstead of a praopeller. twi n thrust . :
coctERS O b3t PoCUFEEEHINg 1 PRFGACRED ViR BN oPiFe: thio: while
optiBYISEIRID GORStaSbS &f cq@ivafint r&fosfdMst IdeSdrapthHNb@behieved using a

pivotally nmounted to the outer hull ‘towards 't he stern

 toroidpldform vdthcigh pspeatretiby j ust under 180 degrees between

a first (stow) position shown in solid |ine inFigures
3a and 3b, and a second position shown in dashed |ine

The loBteF HIH' € d%pigngla?(h nfhinkiB€ its drag coefficient within the fluid flow regime
determined by the range of Reynolds numbers that describe the operation of the vehicle
within particular scenarios. The outer hull includes an underlayer (shown in Figure 1b with

cross hatching), and an outer skin layer (not shown).

A second vehicle 30 is shown in Figures 3a and 3b. The vehicle is identical to the vehicle
1, but employs a bio-mimetic fin twin thrust vector propulsion system instead of a propeller
twin thrust vector propulsion system. In this case the propulsion system consists of a pair
of fins 31,32 which are pivotally mounted to the outer hull towards the stern end, and can

rotate by just under 180 degrees between a first (stow) position shown in solid line in
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fins is rotated by a separate electric DC brushl ess
not or and nechani cal gear reduction nechani sm which
woe@mssetial |y woul d i nclude a helical worm dp¢T/E6BLW6003901
shown), and can be driven in a nunber of nobdes. In
. this configuration the fins are manufactured froma
Figusesr 33 and 2, agd fazecend pesifjen shovemia dashest bing ineFiggre HpnEach of the
f; i [ ' t tion .
fins [ B4GE AT R RieckROEC B ELLRBRT dR0n bR gy goduction
mechandne xvhicapmduregiallyomodd ditlddena helical @bfm alrigptthyt shbtvn), and can
one node the fins are_reciprocated out of phase to
be dgvR i Aeumss &) mﬂ%swlﬂ i, Comfigraiion, e fitveiry amngfigtured from a

; 0 I ' I h dew; :
partiol Y BORehall o Phte, B 30 RElTp Fhilp Wider load in
reciprpeating nmpoties,e whieteh sedc lleptigeseraggain dimctdai pepulseve wave vortex
vegi %I e fot;\gar ds aI#onig)Fl glhe hul | axis. In another node
rearygds fofseagp AFPOGSHIFEY  r eci procati ng manner but this
time with the centres of their reciprocating arcs
di spl aced above and bel ow the horizontal plane
In olemodé thedimsaré Reeiphodatedeout of phdde td gerderdte BipdddlinXhotioradt drives
in.so %n to drive the vehicle forward and | nduce_ . )
the V@}lfl,e #ids 14l they hplb axjs. el rsether raeds, dhe dEsewai driven in a

reci}%i‘laca{tilﬂg hEdRE e tﬂﬁégﬂe@?ﬁgﬁﬁe @t tdan oRGr pc{ggﬁxagli B8ve the vehicle

ns. “I n anot her ns are drivenn
forwaudsiabongdhe¢ hulfjaxianner but this time in phase with each

ot her, and once again with the centre of the
reci procating arc di spl aced above or bel ow the axial -

. . % hi q |
i o 8oRbocRh i SESE1RTH s 380 Blons el BHCRLRE B contes
of thelraeéipfoCatirgNstes dispRyeddsbows add belowvidbihotigorftalvady deseidtsed by the

When used_ i n conbination with the vehicle's roll node
hull pxis And Fhecfinpiyat i |and dripp doiagép i vrihe veliglei forwearg apd induce roll,
. oo i et L ] ¢ ! for o
wher Tkl ok B R ShoB Rl Aep el i0n Ak My digplacement of the
recipacatingtfinen si gnals to each fin propul sor, and also for
conti nuously variabl e sel ection-of reciprocating’
centres of fin arcs, for either fin, and also for

o R R B PUES B Rubf b TR e i
each other, and once again with the centre of the reciprocating arc displaced above or below
the axial- pivotal plane described earlier. This mode propels the vehicle forward but also
causes pitch rotation about the CofG, and so may be used for vehicle dive or rise. When
used in combination with the vehicle’s roll mode, then this mode will couple and produce

vehicle yaw.

This bio-mimetic propulsion design allows for continuously variable frequency and
magnitude of excitation signals to each fin propulsor, and also for continuously variable

selection of reciprocating centres of fin arcs, for either fin, and also for continuously
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at sl ow speeds, and al so good propul sive efficiency at
hi gh speed. Anot her enbodi nent of this schene uses

W@ R0w7l0&388T eci procating fins, but in this partietl/aB2006/003901
design an additional three knuckle hinges are included

Eprom mately hal f way between the fin pivot and the
varigbiqphaging, betvigesefing ddid designrasbievas, dherafoud, szood meepulsivmrefficiency

at slc% %&ldg saﬁg% sgggo&‘pfjo&qfsﬁn%fg &@ncg/ e{t%iéhog %8 ;'t Ingn ranner

provided at the fin pivot. This design produces a
travel ing wave that commences at the fin pivot with
Anoféunp einbadiment af thihechemecthses smiteyeeciptuicating fies) ot dc dds particular

des1%1r %’la'ilc@ﬂtf I ngh]? krvtl\}ngf(ﬁd%%s Igfxtregglg ué/iﬁd ?B\'@ro%«gy& f'way between the

fin pPRRad tRNfif @St Thed @atile ling?t Ard ABMIBALRY, fr@f sBifless steel and
their advantages in operation, but herein the

drivesy ruresipyecasing ingdnapic yith sajefigrphasiag by relaiies o cxsiiaigomprovided at
the ffH‘ 1tvg ﬂn\o‘ %%s@gg Ciﬁgl %ﬁa@élfﬂ %Cch%tac 'mqqen% ©the fin pivot with

In or I eve rave I ng pr opu SI ve

ampumdex a&tﬁéﬂtmxdkhar}@@ whithviabn ploeedtd tb sheshinwil with Rhgliagk v, and
4a-¢. The yehicle is simlar to the vehicle shown in

wherg 3@1§r geaignthap & JYsing s segign dipmoges af SRRt gaepiabad garlier are

h u

Bl el o B R o Al Y ko (R plorlsive effciency is

imprawet! lu}ocﬁrcﬁuhpﬂxasmgtdf théngivatrnand| lawckiahinge Biveitdtionsirave signals in order
[ denti e 42 is shown in cross section in

to acb}eézapéraxglmg-mgp RVAYM2EYer of the outer hull terminates
at 43, but the under | ayer (which has a degree of
flexibility) extends around the fin, where the

A thitd gespelly@ el clo@0iis sifovanineFigaieo Al CThrBlehiclels sbiitdt tashe vehicle
pol yur et hane The fi n contains a structural frane

showsh fip AIgITRY 38 Pidoxpnaind plsar emplevadabie-mingetia fip) g thepst vector

prophRicAeY s, pbéﬁo f axles AL £ 9% 411 9965 ﬁ%%lﬂ"téggg\%&;ﬁem of, and

opposrte si es o I'sta ate part o
conferinmah gvitht the hmngaﬂ”hullA ’Hherfms@ﬁe 1dsnianaﬂ an&enb 42 islsbown ém dwss section

in Py fong Py S s §F B SR it 1 o the g (which
has & Uedic8 ALAMILNIBS é’)dt&ﬂl@sar&?nddfﬁ)e B8R, dwh&% @k StIr@ErlE}ie@t&)&pnses an

to rotate about 'the pivot 46, as shown in dash
clastpingae magyial whms @@b/wq’q@ameh éth lﬁn| @yzta@@, a stmufralnfrme gdpprising a

prox{ngzﬁig% ? : oltagéhe i ppe ?tr t4§ do1n8 Wél 3 P Vo? 4318 I O% of {‘iggel'lsséﬁ(?% engage

opposite sides of the distal plate part of the way along its length. A line 49 is attached at

both ends to the pivot 46, and passes over a driven pulley 50. Driving the pulley 50 causes
the proximal plate 44 to rotate about the ridges 47,48, and the distal plates to rotate about
the pivot 46, as shown in dashed lines. By reciprocating the pulley 50, the fin 42 also
reciprocates. Two further lines (not shown) are used to control the upper and lower fin tail
comers, so that the fin tail corners may be steered independently within each propulsor, and
independently of either propulsor, in such a way that positive or negative hydrofoil wing
twist is effectively imparted at any fin tip using this method. This method provides the
vehicle with substantial agility.
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corners, so that the fin tail corners nmay be steered
i ndependently within each propul sor, and i ndependently
w@Roogios3seT propul sor, in such a way that positPE@EGBR006/003901
negative hydrofoil wing twist is effectively inparted
at any fin tip using this rrethod Thi s met hod provides
An QlF?éna&léfﬁ ieatbadigpant of Qb%pl@mﬂsalr riyf Ipehpnism vses éwe glectyemagnets 51,
P v
52 1GRRFLT Rt iad B ROt bR s Be NS BY R BE clocue
curretitst@indpdodls docatddi at theaglectsinapnbia) dthay altemate phamgodf such signals
ectric current. around coils | ocated

. t he,

mn eglﬂ%rc?lfs OrRIRaes Indugey ﬁar?marOtCétel%ea@%h%gsﬁwgpr&rm%oﬂate A control

devied YR sholh) Rohh6ls 1BE ee%lrté? @Ieihe' agéffo%ﬁ‘aglets and also controls the
reci procating action |nt pr oxi mal A control

excitigion o€ thermootos ﬂxav\/dl)lvasdm puill@ i(}mldeddstalt piahecmtlozi sithlar rec1procat1ng

eIe net al so ntrols the excita
actch, G RBRRT hen st el B fiprain vt brbieny il pltes i
carefultyhnanﬁmradlbayrthé e&iitidl d6Atd BOthaca travblliny lsxlasu@ﬁetv&we is delivered
relative phasing of the reciprocati ng proxi mal and
by e strapulpratieds clpat dhatt ethery variantt mayeble pplamentegnin diis scheme,

w0 55c o008 B AL L0 ORISR B v,

recipracal aﬁ'aﬁgemtmheraﬂieq:mmoﬁ@l of magidts aiscdlest®magnets uﬁh negersed.
the provision of rare earth or simlar nagnets on the
proxinal plate, and reciprocal arrangenments where the

Slt ns of. and, electro nets.are.re
A PSS G ip T SRS Al EoRRGTRC RIS I S oD gvith the
annmiORGI S§ ARati fin GEORE Al A \ékédateuh@u%s}ﬂfétrﬁfanpulwlmdhslncreases the
that fin strokes may be executed axi-synetrica

prom&ﬁl‘cqweﬁﬁﬁ@ne}a@éihq wehigle.ofomasi agairefie m‘peuielpndﬁociqsegéscnbed earlier
may ré:ﬂh%ate%%h qg%' es éfw@ﬁoﬁ?h% g}% i« des? gv%ﬁ%lfet otffﬂs induced by

asynm(lémldtdrﬁ/@ dfhhi tavlei@mdr@ The blates handbe eididywr dseynm® bé designed to
drive of fin tail corners. The plates may be rigid, or
flex; $elpngey flesviseisiagpumtadytor i ghe E@S}w eEStpiQIy gigRals.s Once again

- cffidf Widof % bﬁi_e&éaﬁbg@ak oéno‘?gﬁdsh%[ 5906 %E%‘P&!lﬁﬁal and distal

galn effticient propul sion i I eved
plat@x@nd &1l dim eorderphiaes mgchdthiave ofciprocati prid ofiracti-slyrsinatric traveling

ates and tail cor lin that.a, .
proplR e oy e s togped 67 Bt P o PR o AR AT Ao i ve
waves are transferred fromthe base of each fin to
each fin tail. As described earlier, this design of

As debaibet retliet, this @lesiks iof bio-mimetpropilsion ivcdbmbinagomwittlihe annular

hull delivers many degrees of freedom in tuning its propulsion efficiency.

It should be clear that the number of fin propulsors associated with the annular hull as
shown in Figures 4a, 4b and 4c may easily be extended to some larger number n, where in
the limiting case the fin propulsors merge around the tail circumference of the vehicle to

form a continuous and conformal, flexible, annular bio-mimetic propulsor.
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hul | delivers many degrees of freedomin tuning its
propul sion efficiency. It should be clear that the
woeovonsset fin propul sors associ ated with the BOTGB2aK06/003901
hul | as shown in Figures 4a, 4b and 4c may easily be
extended to sone | arger nunber n, where in the
A partigyles prgbediment plsuchrp w@maﬁ,oﬂ@uhbr generobigunimesictpippulsor is
c
desc@‘g%cf gﬁn(g[()%f lq‘hg db% easé’e%tﬂl%g %8%0911‘) ?e goqgt?lé %’g? é%x}&ﬁg dual fin
proppkot vehitla mreenebh@htesmmllm theureztr of the afiradwsdo, thid ©i 19, euch that the
c pr.opul.sor is_.descr.ibed

dista%n l arvg Iggfg]%% gused within i gonfiggual ¢lastic H@\yurethane jacket that
attach¥d tosirHEeJeﬁx' 6f ﬁiéavehﬁdlé‘s %&mu& S %o x&dmsﬁaer 1RkE f&eﬁh'ébﬁﬁe?%ns are

around the rear of the annulus so that n =
includiadt sineee thiise tbatonam dedpndard| wikrathes fiarpgoprd s eid fily reivalvad into a
ﬂeﬁﬁ%n%ﬁrnao elfstlﬁlpolyurethane jacket that attaches to
&8P &hi cle's annul us. No additional |ines
for tail corner fins are included, since these becone
redundant when the fin propulsor is fully evolved into
The @rdxluﬁx]i dnldedistatl plaasfane deivernandésembed barlipy suchrihht aﬂpﬂbgresswe and
tallglates are driven as described earlier sug

prOPP 5e: SOMFBIgHR 481 \REI-SHRCTHF JFAYFURS &vave dﬁﬁxw&uﬁmahaw base of the
ﬂemgrel an?&ﬂﬁ@tté g talr &y & ion&\wl@ vbﬁw@%ln&&a aﬁ&fgw 13@11 Qﬁ§ ontrol of

l'exible annulus to its tail so as rive
pxtch/md ym bbmcatrdvldl inrtbisi engbddirhéntasiics. fumo:rmtcmmrferexﬁtxqbwbnthml of the

fexi B B A OIS Ol R EH g R0 PRRr BoahALNGan oG ndependent
man@58dyBedon@nd excitation of proximal and distal plates

in an independent nmanner may be done. A glider vehicle
100 is shown in Figures 5a-c. The hull of the vehicle

I G TP S

consirB&itiad ?giv&qyﬁl F%ﬂ?&r 8y, 4@l ﬁﬂg%ﬁ 3 5t yﬁf ang%%%ﬁ%fd &S mitPvehicle

provi de r pitch and yaw st rovi de a
dragntveduoecvsinks ench gy redid:ased uﬂ@ vedia tviodices;Fogeroeidb or piteh and yaw
izon

stabif b OTICNF e m o AFb Bongf o, Pt ¢ wiew of e

vehi¢18€i ot ElBgatidne whilgPR &B‘scﬂi&@ HYRAGHSK lofRhOKEhigle W dashed lines
outer hull uses simlar construction, and houses

indiopting Shesshepn obthe, hygeafod myofac Mbe oates hyHerssurimilae serstryction, and
housed! Vg@m&n%rg,rbatttg% ffz?ctlys,cakn%spressure vessels in common with the vehicles

shown in Figures 1-4, but for clarity these are not shown.

The hull has four bow vertices 101-104 and four stern vertices 105-108 which are separated
by 90 degrees around the periphery of the hull.

A buoyancy engine (not shown) is housed within the outer hull and can be driven cyclically
so that the vehicle alternately sinks and rises. By careful adjustment of the relative position

of the CofB and CofG the vehicle may be inclined as it sinks and rises, and so lift forces are
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vehigle “yilt bR, i oS URRn T &

shown in Figures 1-4, but for clarity these are not
shown. The hull has four bow vertices 101-104 and four
W@ L@r704388T t i ces 105- 108 whi ch are separated byP@DGB2006/003901
degrees around the periphery of the hull. A buoyancy
engi ne (not shown) is housed within the outer hull and )
gen%tﬁd B tae iovten hellchppeasq ¢s &vimpast a icppeaent afdorward motion. This

I [ .
e 8 01150 S5 51D RRER st L ABDke O ity
or 1mwyﬂaﬁonﬂtmingl®®tsaﬂldl He wbglsmnasddo rshmpk, ladedire ofiobéan or seabed or
forces arggenerat ed b){ t{]e outer hull shape so as to
coastlipsyithoyt upcrsepion frogm 1gcal syppert §9MSon.  This enabl es t he
vehicle 100 to operate as a buoyancy powered glider,
whi ch may be used singly or in self-nonitoring fleets

In tiE8haRRURE R@lhdETHREht tRe YallBleCadoplsOf vafeRS Bherf¢ @aAfIQAIration, since
seabed or coastline without intervention from | ocal

hydredyperie dragamsniningizedaipad pentinueuy metos prrrdlsiemis nohprovided since its
motil\%g/ glrn%la q% gr%]ﬁgéd;frgmve? %X%Xa%)@%%ﬂg 89¥hacc ﬂ%ﬁo%%{lgsh%t%@ m§( Nofee during

eachpiiwaﬂdsmmwre aal somi@stmm en&@ i eensuinptionid also ﬁl@’flﬁl@.zeﬂs
derived from a buoyancy engi ne that changes its state
only twi ce during each dive and rise cycle, and so

I I i.mzed, ..
Whejrs, ainsical aSan caliehoBaiiTI e PuS v rpd s 166 spsirigy of mass
alon@NHeid Giull Sfxid, NBisPRHibl@Ner@bodimest MaliMing Mied mask|an@Xhsdifies its
this parti cul ar enbodi ment maintains fixed mass and

buosrmey prckEofR bcﬁmy@n@q}uﬁm@n@fﬂg hu@mw@ngmy amguismmﬁmpt shown)

£ . b CV » i {
o By AR ORI SL 0, SO B, s e
vehihllelrhc')\&s ap;emé bhapincs bagige isAscdtéibad) mhcioethﬁupp& bR, ﬁﬂi ﬂlel so that

ﬁ%yanciy ine is | ocated adjacent tq the upper
the €pi Hep forygy tqfatbe (&G ospEting & af 9pseawry emiighintions éciotlon of the

buo% i o%j anéclﬂg gl?r@ or S9BadRrowRIthE BUfi Al %omgbﬂﬁoe Qillltt{?)?n roll the

ne to port or star boar aroun
vehicle ceoumnipit huld anisraudd alsd mobetle CofB afthe the lGaflGe ambiohdpoint the

SOV, pﬁo%:lglg){B ﬁgfg{nﬁgig tﬁqgr? n(l;aoc{e%egatively

buoyaﬁ@&&i gReWshicld k11 RUAY aBEH i83GhE Bcéah. t)‘l@&)tﬁ@ﬁ% determined time or
atively buoyant” and the vehicle will glide down

depth g@ bugianey eagine Araveseaiopad dfétfmﬁndeﬂlet\iﬁhhﬂ% eomiBsnees rotation
aroubﬁ(; §ts tf‘n'lﬂlﬁya e %ncs E}%Segﬂ_{ é’t% VEd fFwaids A0 %heshulil S ﬁlrcgugth% in hull

cormre I'on
rotation, at which point the vehicle will be inclined nose up, buoyancy will become positive

and the vehicle will glide towards the ocean surface.

The vehicle may also include one or more devices that will extract energy from the
thermocline through dive to depth and climb to the sea surface, where temperature gradients
of 20° C or more may be anticipated in many oceans between 0 and 600m in depth, and
where 75% of ocean volume has temperatures of 4°C or less, while ocean surface

temperatures may exceed 30° C or more.
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around its hull axis, and the Cof B noves forwards
above the hull axis through 90 in hull rotation, at
wokioci4388T nt t he vehicle will be inclined noseP@pGB2006/003901
buoyancy wi || becone positive and the vehicle wll
glide towards the qcean surface. The vehicle may al so
One ﬁwéx PGESYIHEVSHN S A dces pinggicwas smbaiment of ¢ heqyageeeqyyrol system
PP,
900 14 B R I 19 o M o Sk Ry Rl g materal
(PCM) i) ishoeseduyittie aahtmbemn@) éﬂt fonmepagt of aaarvsddd @temma vessel, and
and 600m i_n de 5% of an. vol une
hofd GG (1 dOBR! AEBI™ BEE (AP S SeRAba Prscilgmba. The wall
of th'é%ﬁ&%b@tt 8D HBde @P(eﬁﬁlﬁﬂnéﬁg ﬁldolrs %B%ﬁﬁhﬁ%hnﬁﬂ%@ composite
harvesting device is a particul ar enbodi ment of
strudbyrel/larierysuclo s siitactiy Soamod eoraencmricepols desnmccfm@luméwi@glass or

carb i R e o RE RO HORu TP hiie y SRR afol e chamber'

toroitlflleformQ bhi® witkd s@th matebiaRi @aintadi @(ﬁﬁ%&nﬁéﬁ%@ﬁduct@ﬂ}ﬂ between the
where a nunber of toroidal alum niumtubes (61);\ al so
a

inney aad Qutes; SﬂlhﬁaﬁeSt Hiveo eﬁ@ﬁb@ulatmsetomial Gembges (hafeareiigeluded,
I
wheif36h SRR nfty S8 sPhit o 18101 & FRER R By U Bl Bl oroid, where
its stsyohtra edaydef dieidedinte thogr @neore rselctexpmxcymﬂetsnarmmih‘amed
with glass or carbon fibre filanment, where such
filaments woul d be helically wound around the

Charﬁga}'r@g irlrﬁgrf%c“% ?"H@‘r al fgg% Cﬂ%g% Wﬁ{;eeﬁiz oo eslgrrg:vfe?réér? ﬁ(?] g}at sea water

may @Agr @ldécﬁfonsdf "tﬁl@@ﬁﬁnbeTWﬂnéH 186 irichfel atfleRibid RFxOfhEhal conductivity
chanbers Bé are included, where such chanbers
é@

membgapehHr His iNtsrigrel 40 dRaipein 198 msyaking phyyieal basriere between

chanh%? ?ﬂ;%nd %{eﬁwhﬁ? G %%% tﬁg% smtegg(feg 'v&)ﬂhdaeﬁ'léh g> r%sdi#é §§ chamber

re sectors arou or0| axi's
G), wmtle alkacemesistth tike gpawhtet hat twopexible mdnlteramstseparated dga volume

At er SO that sea te enter a ection of
of ll%ﬂén%@rbwo I YPYE: %&@¥ anterfases B‘PTZ‘ EWHPPHE WLIWO valves (h)

- that EQEMCHItHE bdnfTRRRT ABEs Rithi &fa&%eﬁ(%ﬁ' ThE kGl B¢ gréséhre vessel may

mai ntai n an 1 nsul ati ng physical barrier betwe
also tivdudsean ng@ona]n]@vw Pressweagast céxamba]aq)bﬂth @él)sxﬁvllcsmembrane assembly

and e Rt s SR o2 T, 55 Pt it o s and

two VEDEY @D @t SeRAcAicele Bymae adlikite: fbed, 288 inthy AQMinBbide an array of
anot her val ve. Chanber (c) int erfacés with two ports

thermpprglectiis seari¢aluctyy (TES) peltier effect devices (e), where either side of such

devices would maintain a low thermal resistance path to the external seawater or the

internal fluid. Chambers (c) and (d) also include ports and valves that open to the sea water.

A control device (f) and one or more fluid pumps (g) are used to open and control the
valves and ports in sequence with the operation of the vehicle. Chamber (c) is filled or
replenished with warm water when near the surface, while chamber (d) is filled or
replenished with cold seawater when deep. The control device (f) may also be used to

stimulate the TES (e) device with a potential difference applied to its two semiconductor
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that connect to the alum nium tubes w thin chanber

(a). The toroidal pressure vessel may al so include an
wW@piao7osB7 | ow pressure gas chanmber (k) wth a PCE&BRI06/003901

menbr ane assenbly and an interface port to the

ext er nal uid. Chanber (d) also interfaces with two

JUHCEG‘F% 151 %rﬁ@r tp W@raﬁhs%é@npmtufmfi the dlwirb i chapben éd)<hming initialization

of t er icle mﬁﬁaté@%ggﬁy & %ﬁrf%ﬁbES})s{ﬂ ??veﬁl aszllpgle ballast device

maydxemsedsm iGaiate m‘bselackfﬁﬂherdme decloisteadh devi ces woul d
mai ntain a low thermal resistance path to the external
seawat er or the internal fI uid. Chanbers (c) and (d)

al so clu st en to.th ea. .
The R dicl BB BF Bl s 400 hurBB ey adp g B tiauia surface
to pidERBe (B dif gad@Pdsih® tRPExpadtel oONkieQdf thdhysy Mﬁﬁﬁ@ﬂﬂltenal @)
ports in _sequence with the operation of the vehic
whichnis gsResed &9 theswarm gustace femnspitenes yiadubesi (hanghths Waamaieservoir (c)
e fiLl
and WREBABAR e, Al BiSeurkBho of BT GREHE) ' g (i tiflves are
closetb\SD cthat feheﬂgyylsalsmoedbél‘hls echitie sialynddsaérel tubieg ThSedcent negative

device with a pote d|fference plie its two
buoyaggy, 9 Hau&aotra}nawet ‘?%hgt eficss ory Paduliie ‘ffl frdensity by Cxposure of
the BEUPE) RLHH eRbetalRed ddth Véjﬁxerboﬁﬂ?@lwfce(@)) arfdUht P&ervoir chhamber (d

initialization of the Icle n operati ng near
or TE8d(e} or taobinadrisethergof. v b1 yreﬁermdrmh@dmabmtame uasmvoes fy(d) and
Ltl.ate t

¢ .
tobe T G a6 GFAERA Bb T o SpEt i bt empgie inofficiency

due Vcaldéﬁlstea@@rawargrmgns clras @es‘ilﬁlrigl'kﬁog Iil %rﬂp&%&ﬁ%&a@r@}lﬁ@ the PCM is
€ expandaed vol une

pressurize the dry 2(;&&‘#1 usi n
manﬁmntxh ettienly brﬂaﬁg%e Badf thie) alymigipm bex bk avithin the PCM
e [
Volu%r %@é‘?@?%.aﬁé aggr%lgg { oéﬁﬁ 1}4 r’céﬁ}‘g1 1 ﬁsthé ?bl\%\?ﬁd talzgrrespondmg
redupti@s Uvelamki vdncloﬁndrdﬁ%es:ﬁlﬁ rdeasity( o) tha I’t@h@&éisc( that itttecomes heavier
val ves are cl gse hat energy is stored. The
than\?sﬁwﬁeaf&ﬁ‘ébera t ??&e i ng qui escent negative buoyancy,
or using a transient ballast - device, or by nodul ation
of its density by exposure of the PCM (i) to low

Whén@i e detcuhfRd depihds hélfeved 'ﬁlﬁdr &IntrdeddE&: (f dpeRdtes thBSorts, valve and

reservoir chanber (d) or S (e) or conbinations
pumpHertelgpse the mp@p@z%sa%ﬂbé‘duaﬁé%mow@dr 88 v {oxible membrane and
dlSp%Bgé aa&gta{lk leﬁm(ebgf 18556 Bat tl'i]e I?I{S(ftyl (%Il!hg r{/eﬁfc e becomes
seawat er 1n or r o nmze ency du

positioc admpaad er fieldxeergal ditjuil)tss .thathiee W&ﬁdbtcbﬁ@ndﬂlbaplm ﬂscent. During
tenperatuyre around the PCMis

~ ascent the control device (f) operates the ports, valves and pump to transfer warm sea water

from chamber (c) into chamber (a) via tubes (b), and once again to circulate the seawater
between these two chambers. The resulting increase in temperature around the PCM causes
a phase transition from solid to liquid, and a corresponding increase in volume which

lowers the density of the vehicle further so that its ascent may be accelerated.

21



10

15

20

25

comfe. & o 4ol

mai ntai ned efficiently by close coupling of the
al um ni um tubes (b) within the PCM vol une, which

W@ au30%5887 phase change fromliquid to solid i nPCTTeBR@IM003901
and a correspondi ng reduction in volume which

I ncreases the density of the vehicle so that it
A mpabes b Bhars shnrge matgnals srxde atilisetiwithiarsgelor dovies sudas paraffins,

fatty\émc?& & ng;tqugteatte%rm&g JRRER 1i ot tR piu%\é&l% I’rﬁ]}?tui:eotpti 'Erﬁtlterials would
evi ce ) “operates the por?s, vafve and punp to
be chedenpas ¢hat Hwinpaesailariphest dasgd Wpuldowcas withintiwebawdbfi¢rhperatures

a fl exibl mbr.ane and di | ace a certain volume of )
to b gpepmigred Wg@w ?hes%smﬁla&egttﬁ%r@@ﬁg%tayﬁdfwr@ﬁé(p\? &¢ dhat material

phaREGRAES bBGRLE is¥Bd GRIMAFURH wobld b&u Hetidta! 3¢ ia8811%C, $Bhough the
that The vehicle conmmences its ascent. During ascént

precisharaggmwonld bevéleeed tg muper theeanticipatedodapsh pucdileseandaital ocean

temgguqﬁrgt o transfer warm sea water from chanber (c) into
H&mser (a) via tubes (b), and once again to circul ate
t he seawater between these two chanbers. The resulting
increase in tenperature around the PCM causes a phase

Thist iraeaiidn eecireomdsaltag ooerd atietindtiveabdlogancyr c@sipd ndbivigs through
[ [ I whi ch | h [ f th

integ{;gtﬁcglg ggeﬂ?clu gp%lpgr cLi?'nqu ﬁéét:eriql g\;\vfg@géﬁoerﬁigspégsgurg vetssei where local

georGFig} A LierfiINEdHHBHhe 2 £ HANIRMALR!dMS BR¥ndRlation of

i zed wthin such a devi ce, as paraffins,

vehitlgtdepsiyodwtingdransiathrokghdhathesmotlitnee t he material or the
particular m xture of materials would be chosen so
that their particular phase change would occur within

.of . i t hi
A s BB TR ALl QOGP B o
thermatlatel ialorgdras emproan diec detravmal sificletlcpmd endpwarde wdthedvehicle, In

. occur .between 8C and 16C, al though the precise range .
this fEmait eTBPREICEY the Tt (o) IpFacchAt FEAphir dd) dBRtgontto! device (9

to] ‘ a7 ot .
comBin@td §@1§er§t@ g-t n}%d?é‘rﬁfal 8&?@8105 SRR Y ﬁﬁ)oiegﬂ'gindggfr?? ?’lgr}c@ian of the

secur &s advant age over alternative
TESdehér e gemnperatigt diffitrenjichtis omimbined depremsdtiscoppogide sides, which of
. wi,thin a. tor i dal Lg:ressur vessel. V\,h:freT . t al
r PRPESEEMHY RN 715 OXH e s potentia
diffeRér@dBliy ritdd ©f RMNdrraef safer QlpadTRAY bt heh 1@ theRIAicte Battery store via
density during transit through the thernocline. A

some highHEequendotvitebing BE to MG capertgy thebmirigrizasgtsedepidasl losses and
achi&VEs raa&arﬁféd&ﬁ&'erqmin eSO éd%mrfn'é Sdditional energy harvesting device

may also be modified such that the TES occupies a barrier between cold chamber (d) and

warm chamber (c), as shown in figures 15a and 15d..

The vehicle may instead accommodate one of many alternative buoyancy control devices,
including pressurized gas and tank systems, or hydraulic pump, or electric motor drive and
piston valve systems where stored energy is used to physically evacuate the seawater from a

prescribed volume within the vehicle.
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thernocline in order to inprove the operationa
efficiency and endurance of the vehicle. In this
w@bkdogus8T ve enbodi nent the TES (e) | ocated atPcChaBb@s/003901
(d) and control device (f) conbine to generate a
potential difference between the two sem conductor
A fuythcrcad\tantagefoftthm brEgalyerpnirot eyspem ds wxwnsibilityr ehere ghe toroidal

| nta et we te
form oY D §V8IVRG o dgted SBEARTD: T 3 herg: RIOS ey el Pl i grgums as
describ¥d ik FRzupdy 58S -A THiHBerPfnBHdihRht Giff they Séleend Svloed @t toroidal
to an array of super-capacitors and then to_ the
buoyerdyi esnirobaeies 35 showndn Yigareslaaniei ageelinrasglgamibpd in figures 15b and
15c¢. Slmlg Olri"llltc ngggéagrésggg ?] Qlﬁglhijit)ga\[} gé& gg $IC anh?éer g fb#ﬁ ﬁneaﬂa{ extends its
capatity, oxgiels Sepfes 90 %rovibié Som detiater alisplaceneny yolnarey a&sﬂthmgm efficient

devi ce nmay so be, modi fied such tha h cu
strucgire g¥ipple W %@t WEREEVISEI RF EFRRERAMSE @nd ﬁ@%ﬁrtﬁ o iferwater
vehidl&)» @s shown in figures 15a and 15d.. The vehicle may
I nst ead accommodat e one of many alternat|ve buoyancy
control devi ces, including pressurized gas and tank

ystens, or hydraullc punp, or electric notor drive
Althm tbresqr@bpdmﬁmede@y%be@n%b% ares oabr BePyYaRey gy ifsssoyrssgof motive

o SR, e YR PRSP L SR AR O e
vehldw ayie jo-eimto finsorstitsinfereatdlepepbisiont devmmh s eddstmbed for the

oroi dal form may be evolved tq |l arg i aret er
Vehl%?‘%“@ ahwied sAIﬁﬂ)y{heo‘QWL@@Et%Y ¥ %é?o%“g%d g@@)@rm% e P?gmented by
s schene
PP o O B TR b e ae shoun
in figure 15a into a helix as described in figures 15b
and 15c. This solution maintains the toroidal formand
In anothsi embpdimentef the éovp grerey glider|vighisle, eredsroyercycmgineimsy be fixed,
which s L. gr I | ace :
and Y00 R BB el P G kb R b RoRE ST AP to eftectivaly

move tHEeCHiG gomerd Uﬂ’ﬁ@[ﬁﬂﬂe aﬁdit @oﬁbeﬁﬁd:rﬂlyl to inidtdei pitdhaurger pltCh down
under wat er. vehi cl es. g}ggh t he :Eshe odiment describ

amf%‘ﬁ%v@ G SEied GPpOBTSh Royh 8 18 ABD B OGHEE ey be moved

mou%& on, it is clear that ot her enbodi ments may be
scl osed that augnent the |ow energy vehicle wth
bio-mmetic fin or circunferential propul sion devices

as described for the . .
The vehicle may also be augmented by solar energy cells as described earlier for other

vehicles, so as to replenish its internal energy store when close to the sea surface and

therefore to extend its mission period at sea.

It is also clear that the vehicle may be modified to implement ocean gliders of varying size.
The annular construction is advaniageous in this regard and offers structural resilience and

so vehicles of this form may be constructed with spans of 30m or 60m or more.
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vehi cl es 30,40 above. Also the | ow energy vehicle
descri bed herein may be augnented by propeller and
w@r@poksssT devices as disclosed in vehicle 1 abOweB2006/003901
anot her enbodi mrent of the | ow energy glider vehicle,
_ the buggancy engi ne_ may be fixed, and mass is noved
Figyress 6o and #bcita desppetivesindeside vissis afnaeplterpative presaurevessel 150,
imil® & e r r
s B8R TSR LR PG 96, SRUPOFSeliy e
toroftlat pieysies vedsdlsal S ISRhee cemivorttiekhch bthehby heiaegats a38-156. A
e buo ancy . engj may be noved_around the ring. The
palrxpg Relaie waléﬂ%rsﬁ%gp@a@% Kessels dy 74 F are peniqqpd dere) apdezft of the
largé gl%%dr@%%sagrlbl 52,720 cgﬁﬁk%[ed‘b‘itl Hxﬁl %ﬁuv% s999 el%4t The ax1aLstruts may
plenish Its I’ntérnal energy-store en cl ose
thenzsela/es llDBfIHC&SUEmWJSSﬁe,rEf that theoerﬂm strdctut@pmwrdgs cansm@e icodtinuous
a. is,also clea ehicle y be .
vessih of kel SRR oot i te] BembS: L SpiR s doroids form
four fRBardfRNMHrBforedNSbdsUES V&RBels.S TRE (GRIRUGR4R ddbleBidBep dive without
regard ‘and offers structural resilience and so
excapag §12850Igf0st hi s f or m maybe constructed wi th spans of
30m or 60m or nore. Figures 6a and 6b are perspective
and side views of an alternative pressure vessel 150,
Figuid 718l pbQpdd S | F a apd
e T R Rt ElET I YRR et Ronlol DAKEE 2007 ARunnular
supp@ﬁi‘-rgeﬂrgn& BQl 1S5moanted dmideectieeo! the terandal ptdssure ygssalsi. alThe system

uts 53-.156 a el el.y small tor.oid ”
200 Fifleird ke Sna el ailagledo b BEN I a Borewn diRgd Hpe toroidal
pres:ﬁfre b&,@el ﬁfrgﬁstﬂ{c%ﬁiﬁ BhE oF BSRERIsID B0140. AN6v&RRARCHBEm may be
by axial struts 159-164. The axial struts may

adaptadetosBl inée ope of s Seivept sssel eonfigurations desvaibedtheredn by suitable
adjuﬁ}n fgfugﬁ agg\c/)'fﬂl%sfr ?&gl e continuous vessel, or the

axia Ray be Sofid structural menbers, in which
case the tor0|ds formfour separate partltloned
pressure vessels. The toroidal shape enabl es deep dive

A fimk tpapudf masses £02.208reess muruntedsen tifd fame by respective axes which lie

er.spective, view of -an i-nerti atti cont r ol
pern BB S il s Sdond Bk o maeict P05 G5 inoSired, e frame
by ﬂeﬁb%'cﬁﬁ‘e QREs Qbhithaid ?ﬁﬁ'll@lako RL& Sl %xiées SEQJCE massN@an be rotated
system 200 is illustrated with a frane,

indepandertly by & gespectivermelgr (not ahm)r@pbwteﬁmoywe fkigt By accelerating
the r}ngsrsgs 9@,203, an equal and opposite angular acceleration is imparted to the vehicle,

giving pitch control. By accelerating the masses 204,205, an equal and opposite angular
acceleration is imparted to the vehicle, giving roll control in the configuration of Figure 7.

The combination of pitch and roll provides yaw control.

Figure 8 shows a vehicle 210 which is a variant of the first vehicle 1. The vehicle 210 is
identical to the vehicle 1, but further incorporates a sonic transmitter 211 and sensor 212, A
perspective view of a surface 213 is shown below the vehicle. The surface 213 is parallel to

the hull axis. The vehicle is translated in the direction of the hull axis as indicated by arrow
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pressure vessel, for instance in one of the vessels 1,
30 or 40. However the system may be adapted to fit

WO ni0/0¢5887 of the "swept" vessel confi gurati onsPCT/GB2006/003901
descri bed herein by suitable adjustnment of the shape

of the frame 200. A first pair of masses 202,203 are
V newp di tlesiswsrce RA3 1 rheevabicle @sfpié@mﬁﬂd contisuantslycabauf ghe hull axis as

indi BRASNALEL 97 148 ceRGmiMth 2178k ¢ bR TR0 fulys s plical path,

and exeps it g RetiescoDaripdsl HS doposshBe ButfdceAXR. re&idedt Matss a sensing
n_be rotated i ndependent Iy by a respective notor
axis cﬁ»&h Wi )2 opesaronding helicplepath.and swesps eyt merregsaonding series of
smpgéqﬁr{%ﬁgflﬁlsﬁgigsﬁ%ngm S?dtégh(t)tﬁs’ggwﬁgﬁgfrg{:@s ét?g Igfr{]’éd?l{ve rest({lutlon of
the imap¢ capgtureBpydbe sdnsmaz i2ntgy pzbeemgﬁhes s&Rdr @5 froansmaqwaive stripes
nd opppsite. angul accel eration.is inparted to the
to aciitp SR GGG e 3 ATeHOREHB D ATRGIRES! on of
Figure 7. The conbination of pitch and roll provides
yaw control. Figure 8 shows a vehicle 210 which is a

A sividllar @inciple tAEDE iefiployed Hhcdnealﬂema'ﬁhe veBfeie (it %ﬁ@wn)sm Whlch the
identical to the vehicle 1, but further incorporate

transgpyiierand ey are erentedwith theitcheags parpdlel tg the hald agi, amé The vehicle
e BB 3 4SLAEE ARR eh B3O BMIERY Tt (G B Bpork Grvecp ou
a cuined patnssteddeal d senbdnef diipesain thasmrlfacthe hul | axis as

i ndi cated by arrow next to the surface 213. The

vehicle is also rolled continuously about the huI I

e B S RS e P Bl o i

9a afBOBPR itk Hs &&iyhﬁ@d@ﬂ irffef WRE238khowe 106D sd-rtishr TBE dock may
The receiver 212 has a sensing axis which follows a

be fergradeig Forhip’s éluﬂeheil%phep‘gpqqr lipgyprdnaepedaitructyre such as harbour or
di :

oGBS SRl bl HED000E9 58, HIR SRR 1o )

alonpesohull aris wotil thwe véhielgds ceadbwdedlthm thh elogk rss ho®h Znlyigure 9b.

ocessing the sensor. data _fr successive-stripes t
ol iy Behi i EansiRies rgioo ootk Brog e ciided sjsbiiiy apd enables

accurdte b¥Q1SLABNThOVehicté cih ﬂé d&loRd H}%W:rﬁng mﬁ%eﬂ@%k@ﬂ?ﬁ it exits

in an alternative vehicle (‘not shown)

the dacknsmi tter and sensor are ori ented vvlth their beans
parallel to the hull axis, and the vehicle translates
parallel to a surface at an angle to the hull axis. In

Flgter bs sﬁ&??pﬁr@ 6t B8 FRcHVS SRk recharge system. An annular primary coil

231 in the dock couples inductively with an annular secondary coil 232 in the vehicle to

recharge the vehicle batteries.

In a second docking arrangement shown in Figure 10, the dock has a projection 240 which

is received in the duct 5 and bears against the inner wall of the hull to secure it in place.
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a curved path instead of a series of stripes on the
surface. The lack of external superstructure enables
wo b@7weissTl e 1 to be docked as shown in Fi gur eBCE&B209d/003901
9b. A dock has a cylindrical inner wall 230 shown in
cross-section. The dock may be forned in a ship's hull
A thigd) dogking arigagespent isshowarin Fruge 11 e ansltemetive whigle A6@similar in
. 1af or r ook R&: Ve hy
shag e Bl IGOTE ik 8k 68 oy BBtk 35 hebfR oy o hollow
cylisdrimabpiojestibn 250 antiich isrshown il erogsldctibe (althoapk tlesedhicle 260 is not
wi thin the dock_as shown in Figure 9h. Rolling.the .
showyR i £108S-8ECtiop)-¢ Tl prodecbion 3303 £RRENEE AR thir it 3Bd baprgaagainst the
inne? &Rl dfithy @ LBARIER é%&ég; TRYRs PAS!Hd HiA18 260 & towed variant of

vehi cl e can be depl oy reversing I1ts propellers so
the tshweept wing®xdesign ol Figine kb wiihgutethe®26 k hitavheg & the dowafin 262. There
. _inductive elegctrical recharge te An_annul ar . .
is i, gy eB (155 At bt SR L& i 3¢ e Ppicgtipn 250 can
passAidnlételyahironeh AAdicy. TRE helddié it BeflbRdvihirallie 1% projection down
recharge the vehicle batteries. I'n a second docki ng
so thy relrejesides offi dhnpiojectprywnderitbe ferge of seavityasAm inductive recharge

' i Whi €Nl Y, . .the duct 5 and
SySt%{égljrla fg%é?%lﬁdé Slﬁﬂlr%éélfm&v\g}%ﬂooﬁg?%g “hul | to secure it

in place. A third docking arrangenent is shown in
Figure 11 for an alternative vehicle 260, simlar in
Figwermapls, t13b tahé 12ehiefrent] pOst side andi gar sewstdfer siythi velidle 400. The

d I 5.,eplaced by a hollo l.i ndrical. projecti .
i 335 i B ST et Pt oS ekt B PP GGl the veicle
showe il Kilgred §8-5icSbit @ t1HEB the il 1S 9-sHRpt foPRard pbit€on carrying a bow

rojection 250 is received in the duct and bears
fin Gaandsn stemelin AP rangel Swept badkepdition careyisgehoa fin 604 and stern fin

ol . ' ehi al. . ' i
0s St LieRer 856 didly BRI LE £Ralih hBE LY and an
inerf2fl lattuila coatolt s’gzs]tdﬁe (havehbiva) 3ﬁﬂi.1ar'ﬁlhlaitﬁlcﬁﬁe mc]?_the )sys_tem shown in
. superstructure or instance propellers aor fins) in .
Flgqrﬁg - ddw theovehedde Baopi @Qbﬁ ewmiorgsl euter shape Vit sunsrsjructure either
- . . vehi ' yed- by "angl i ng
e B el fer o Gy B EFRI s of r the

projection under the force of gravity. An inductive

rechar ge s:%stem may be enployed in a simlar manner to

Figuresgliteeanglcl 3brirg dioat andport sl vagves abx vehieefi08ntThepshicle is shown
withd gl%pﬁﬂﬂ)npslygtgmvcl)fe[ﬂ@ kg’fd Bownth I%i é’u‘%‘@ h ,C \lNﬁh @\991 th-rI;Jhs'ta vector propulsors

705,706, one of the shrouds 708 being visible in Figure 13b. The vehicle is tethered to a

mother ship (not shown) by a harness tether system including a port tether 701 shown in
Figure 17b and a starboard tether (not shown) attached to the hull at an equivalent position
on the starboard side. The tethers combine to form a single tether harness that provides
data transfer. and transfer of drag loads during operation. The vehicle has an additional
pair of propulsion devices 702,703 which are fixedly mounted flush with the external
surface of the outer hull, and provide pitch control. A sensor 704 is shown at the stern of

the vehicle.
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hull of the vehicle is swept with respect to the hull
axis 601, in common with the vehicle shown in Figures

wG 200304588t in this case the hull has a swept POT/aBe@6/003901
portion carrying a bow fin 602 and a stern fin 603;

. _and a swept back portion carrying a bow fin 604 and
Figugeselh4p andd dbose frpnleandaieirictide vigws af e yehislea80§) i Thervehislk is tethered

i.es: ' not wn nd.an inertial .
o8 SR St ARy 0058 g b T 550 it aa
to asd/onifromrthe tvehithe Hiyesiether SODWpreferdnitighy attdched ol $hel 181 by a pivot
vhicge Basafully conformal outer shape with no )
(n°t§§B%(P Plthewhy an altqrhatve; brile acheme @ax elserbegissyl satisfargorily. Four
sf tod e | | a
Bins S OMULE R, L OF (B hijlle OFERA B 302 o T SRR 10 804 are
showein Kigerej Igtbdibthe siirbderd fipriobidden. oRadystttberfont fink earkbaipivoted as

. :Sho i n Eigur ' i n thrust vector propulsors.

i B s Yot i R B a5 PSP RN it 500

is mbtegtigi@ ahdless HuGcep@bictbaying e Bla8h VOOt ReflsS BdRe efficient
(not shown) by a harness tether systemincluding a

thanpg '¥{-viieg hepause pf dnsnindneedripgr endl ttsreasel! aiteht atdbdy decause the
cmgc%gvgg,{tfﬁ H}%?neﬁpﬁ"iﬁ%e@t tached to the hull at an
equival en t

posi n‘on the starboard side. The tethers
conbine to forma single tether harness that provides
data transfer, and transfer of drag | oads during
The yplerles describaheborvelvag be ubakfoaautadoinbiomaharmail undérsea exploration,
. ropul si on devices 702, 703 which are fi Xﬁdl ,_hount gd
tmadthg SRQelieD. REPRIRE P GheaB sofeRes TRATOHBE o I dhistRR, (g pappelied
vehifle® \haleb®iof ahe Gedyr ! 6 sooﬁuﬁeiﬁsaiamé%ddna GUONR 18hg, LA the glider

stern of the vehic|e.Figures 14a and 14b are front and
versiops imay; bfetwa Ewkustimes\higger| Hogever tth dasieviekicke design is scaleable

1Q; (N own) and.to b
o SRR g OB ) S0 G e S0 B,
veryalatigeo bcéanoneitities waith bsns fieesur&d hertesO bf irBetres. The vehicles can

g{ﬁgéqeﬁlrenti al I,%/} attached to the hull by a pivot (not

acco f€ 3| VABERYh OAn SeBsoEr RerfigrEatine | Belidngie lasass: ageaphones;
hydrBghdieed jSat | righiy- ol e f t b o
4 _rs ern of&tﬁh g% ﬂ]ﬁt‘%}b?’ LIJllpl)Ige rﬁ% gﬁmgo? ¢ ﬁg%rﬁ%‘ﬁ\%q%fogﬁg transducer
projgstars; ¢leciraBomgratie shewe linesangardetwiod Binbensionhleinsdging)samsoks, The

v R SRR b e 5530085 B SOLSE, 3 o

dowf)] drQit-aff dpManomiH ligid bddye vehicle 800 is nore rigid
and | ess susceptible to wing flutter than a V-wing. It

is also nore efficient
The stability induced by continuous rolling enables the vehicle to “hover”: that is, to
maintain substantially no translational movement. ‘This is in contrast to conventional
autonomous underwater vehicles which lose stability at low speed. Whilst operating in
“hover” mode, a feedback system may sense the proximity of the vehicle to an external
abject and control the position of the vehicle in response to the sensed proximity, for
instance generating small amounts of thrust as required to keep the vehicle a fixed distance

away from the object.
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than a V-w ng because of |ow induced drag and

i ncreased pitch stability because the corrective pitch
woreeve04588% | arger. The vehicl es descri bed aboveCT/aB20®6/003901

used for autononous unmanned under sea expl oration,

I.magi ng, inspection, ma_pipi ng and_ocean sci ence
An aligriatiye ieppficatian oy the vakisles dawcriped pereirnets loasrange uliatyansport of
- 1t of:n 5 | ' .
bollclfy it e PR reilh @R, SF B30 BT, B e materia.
In tHis destgn thdamaular hth dedls hay el hetrdg sitdle the osittldealdter may be
and e utilized in very small_vehicles with spa
COHSF@%E%C} i RCUECS e %Eﬁ%ﬁ“ﬁgtse?cg{,tm{l?ﬂ Gy Willi isE afRidal pressure
vess¥BNbF HRSowtbt RulPaNBoEaPHL @Qe'dﬂdﬁo?rh%?égt 8% '08She VBRicle will be
vehi cl'es can acconmpdate a variety of sensor
incressert agrequirednEor instahedlivhgre 4 hisgr vehigje ppyload sgeds to be carried, an

exte?%’egizﬁ%gﬁgg %S%ﬁglc%md;%g%ﬁggﬁlyeg fag}ag@{oﬁ)&g H%P fiht \?vgl(ljldq)iegfli}ted at some
poin€hlBf (e VORI AkiS. BERHPUCSions 0f GHE BpeRBert e CHHIRO S i@Bidled at an
i magl ng sensors. The vehicles are al so suitable for:

r:
angle ¢ R wgcanopuryak Kinvehide cam st off cpupe & thersidpadagdo dmg and lift
i f1-of ' . L QU i .
foroqs et 84 Mhe el o HAARSES Sy PRty Al Y el Boout s
axisvihbisile®ayoforde\oedated Byhthik deean dudren@htraduved U bsdtend! imaghys forces
no transl.ational novenent. This js in contrast to
are gEBFFATTIFMONA R R B6 Schirlsemardermy Bt teshamiden | ose
stability at | ow speed. Wil st operating in "hover"
nmode, a feedback system may sense the proximty of the
A fiv@Bi ehénhiereddpplishtennfdlr veRicRStofaR® tgpy @l subhifrROfet Veiftle in a
. of the vehicle in response to the Sensed proxinty, _
liquiiilledrmipea tfor ingtanee atutibity weter Pirenou ar ilafipe)Hpu swspegtion, repair or
ired to. ke e I.Cl ' 1St anc .
othef BfotR, BnCEs MEHHENCE o o LIPS Yl sutticienty
smalV ehbecacesmeeslated e chelgpei n is [ ong range bul k transport
of bulk material (such as crude oil), in which the
interior of the hull is filled with the material. In

el o0 BRSBTS AT % s

so tHAB1dn@eabibh enaBctdal@dd in§ids Y QitBerhiPidd@ipldyet Fdin ki Rhicle. For
toroidal pressure vessels, or the outer hull, or both.

exame sutlye velele oroudd parex ai apsrotoptideleowagsi bely ergynd) wigh the heavy
submarine tow cable would be wound, where such a bay would form one toroidal section
within a large vehicle. A particular embodiment of this vehicle, therefore, employs an
annular hull with length 5.6 metres, and an outer diameter of 4 metres. The propulsion
system is as described earlier for the smaller vehicle, and spin is induced together with axial

motion in order to deploy and lay the submarine cable autonomously.

Instead of being operated as a fully submersible submerged vehicle, the vehicles described
above may be designed to operate as surface vehicles which are only partly submerged

when in use. In this case, cameras and radio sensors are fixed at the top of the outer annular
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I ncreased as required. For instance where a | arge

vehi cl e payl oad needs to be carried, an extended
w@ayhossssecti on coul d be configured as a tor oPARIGBR@EE/003901

that would be fitted at sone point along the vehicle

. axis. In applications of this type, where the v%hi grl e
skin, pud sorek Bensdrsaare Mavadgreunddhe koves s ofifhe toseidpljpill . The surface

, hi cl drift. off ' . .
i A B A LD g o
may tb%ixﬁﬂ_@%ﬂeﬂt@@ lm&ifng eitakd d)Metsbugpt\/@hiﬂrsiW&patmmiﬂali fosmaxThe significant

e si deways
i e erses cre ey e Seoen e e oo
near ghfégglrftag? QhilehSind l&'ﬁ"fn‘ﬁ%h drhewHR 19% G_tﬁ@"andb&&ﬁtri'ﬁﬁfed}qr@aslts Reovides an

_ further alternative application for vehicles
efficiofit Winiespiteinz metidrowhichrieregdienhto diehirsinges ¢auged by waves, wind or

o, T PRSP S B RS P s o

parti@irP RRESHanks WhérS stARAlAbE ©F arRikRip, Ofr hiagpinghiopérations would
w 'l be chosen to be sufficiently small to b

othersissoberodapesunised byamnpragictablg SenseR ERQtEyarising gwm wave, wind or

under s abl e lL.ay. appl j j I, 6
swell P FopBRm e M Mt Rk pE e B RGOkt i fres 20,20
33,34 B&l 484t hEoRube adfasinienaofl velepleayp duffaenardassvaihtied Isensor height
For exanpl e such a vehicle would carry an open
above ghegied a¥tfaceonwage bay around whi ch the heavy submarine
tow cabl e woul d be wound, where such a bay would form
one toroidal section wthin a large vehicle. A

In ﬁgﬂ{ef | Fdtive ThAGHEDts 8F chél IR Ebresaid Rehifearthe annulus may

npl oys an annular hull with length 5.6 netres, and an,
includeiperts,cir alnés 10, dfl 1 Jandefiertbered vaeespk1@pdil ildh @ﬁ'ihé?ﬁlfi% of its two
as described earljer.faqr.t I ' n '
ol B BRSPS Gan e e o
arouft€Rlr2Ys ansl 118ywhibe asstomed o tomixad batisanonowhich. form part of the

Instead of b t ed full [
o oh e e e L SOTILPLE
bar%gt?c%r%n&g e%“?%é&glg‘ff&ﬁd Sbdtd AGRINEHEG a3l FigafeesdPBetribes a

y su en inuse. In this case, caneras
partialdr erabidimsmnglons tharstots anddanas atch@ntadgedowithindhoematus, it should

annul arskin, and sonar . l. t ed :
ve it Sk e SR oSSR B PR 4 showm
whefddfe R kiPparf OB IddainaRd dAding caped of thafimliie ot her

vehi cl es described earlier, and may be inpl enented

using either of the swept or unswept toroidal forms.
An e;ggoecizi(lac? cr:](l)rrtllroclz %Q\tfice is used to independently drive or relax the vanes according to
the immediate goals of the vehicle and the prevailing local conditions. When relaxed the
vanes reduce the effects of cross-flow currents by allowing for efficient fluid flow around
the vanes and through the annutus. The upper and lower vanes may be adjusted
dynamically by the control device to effectively introduce positive or negative wingtwist
into any or all quartiles of the toroid, which modulates the pitch, roll and yaw moments of
the wingform and therefore can be used either to stabilize the vehicle or to induce rapid

pitch, or yaw, or roll. In one example the vanes are driven by an electric brushless motor

29



10

15

20

25

advant age offered by the annular formof the hull is
enhanced stability while operating on or near the
wa@ ano7aesss7 when the toroidal formw th | ow Cof ErdB2006/003901
di stri buted mass provides an efficient wave piercing
notion which is resilient to disturbances caused by
that iy, sdthinnerigalgd cnglepyre usingha medustien rnﬁmgemb@amm so that vane
actuaﬂﬁ)lﬁ' NP? dp)ép‘cgf%%\ﬂe a0 %l ea%ﬂfé&%f/ gr %f 3X1ma@.1§?rg 959 ]s,]e%onds It is

obvmuis ﬂﬁpmen@n&abf@thefﬁdSvamsl Ipdiro T alscs Be REedc NP Fsﬁﬁlillﬁraﬂanner In
by unpr edi—,Ct abl e sensor notion ari si ng fromwave,
&

anothgr exgple thefeatheredoyanep aragpiate ﬁ@u@w hahpich g eapaed hormal to
the t@fo‘?&’ 'éh e, aft gfrﬁ?cgl df}%‘i’%lﬂafélf }1%3&?{@ S e Oyl aald where

Iom1 st nent e top surface &
two Mmha&s aud sesestitedniatyitedatzave atemachlded samdf\ahcare tharaxes of both

i |t er nat di nent s _of .
L T RS OBl Wit 4 v
respéek @6 S ¥di¥icallplhne dmg d‘oﬂﬁ;‘id};@ r@ﬁh RO QRis1dL theldehicld. 16né€‘ again the

either side of its two elevations. In one exanple
feathgeedcyange anaynbe irgJaad, 9 theyhmay dt drévendsoy ahés meay the fluid in any
. e ) L&
dlrec:tlglr‘n g{l@t dgl#@gnggzpiﬂ%n@esg Ie’cc:lhbly1 t%ewtée ’{@18 wtohgxg %I Ccrué)led to the

feat}ﬁt'ddl.kfahesf eln thives:aniphs g fsathéred 308 amayshbﬁs ﬁﬁ?d)eQﬁrlveﬁQiﬁl‘ectly by
more such toroidal bar sections on each of

aSSO%tP@ 4 "CShlesE o o les i FATGRS. < dSy TRY hefughilveR gigeligedtly using a
nwdgﬁﬁﬁfggg§aﬁwﬁ@ﬁhhggh ggodlnent where the slots and
W t

vanes~are contal ne In the annulus, it should be
clear that this principle may al so be applled in the
I nverse configuration &POt shown) where the vanes form

The buhtromlonﬁéynma@tw the dutl rshipas r(gS wg/@d afsingt the haH rmasfsh glescribed

00 B, SR B SEVE S 5F1, H SRBRGRS 1 moce

Howgos| ﬂledﬁvérhlﬁn\/&hi &dversadltbridfioe &ﬁﬁ%dirﬂléﬂf@of fedhvention (not shown)
condi tions. Wen rel axed the vanes reduce the effects
includinger oss-f1 ow currents by allowing for efficient flui d
flow around the vanes and through the annulus.” The
upper and | ower vanes nay be adjusted dynam cally by

the cRitbiRhefeW GRhidOnRf 1fnﬁ51t hY by oﬁt@} AN GE ﬁﬁ@%u&érvlﬁlll do not

or negative wngtwst into any or all quartiles of
t or oiagpeantvirchlarnesl uleaed silangethp ihmbpxis: oFd)r msungeathe outer hull may

nDnerl]l%\S/’e g fpolygonal annular shape (square, hexagonal etc)

¢ embodiments in which the duct is divided into two or more separate ducts by

suitable partitions
e embodiments in which the outer hull itself defines two or more separate ducts

¢ embodiments in which the outer hull is evolved from a laminar flow hydrofoil as

a body of revolution around the hull axis by an angle less than 360 degrees. In
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the wi ngformand therefore can be used either to
stabilize the vehicle or to induce rapid pitch, or

wQ aw7/0e888T 0l | . 1 n one exanpl e the vanes are drP@EGBRYN6/003901
an electric brushless notorthat sits within a seal ed
enclosure using a reduction ratio gear nmechani sm so
t hat tblaﬁése@\&q;gwt vl b p#tially 9nerbwﬂ§ aaled rudpg pleng its length. By

ggc: gﬁﬁg?%q%%gleﬁgﬁt%ﬁ? g{;ﬂ t}iFéregsd %@cg fé%srablbrtclésﬁ to 360 degrees,

al so thehuld edlliremainssubsthatiallyeannelar sb @&s &nptd%rle ley(hﬁttylrﬁmxc lift at
the feathere ?nes may rotate around a shaft which is

ori efPEAHEOHMt 0 the toroid surface, and which

approxi mately bi-sects the Cof G of the vehicle, and

where two such shafts and associ ated feat hered vanes

Figuaése5d-ahdded, 12@ riﬂuém&f £ sthiBeromRs gl@cier kattha %ﬁ@if&tﬁ% control engine,
subt end an an and where the axes

e o :
but igrpafalterngtize gm %gﬂwnt thedmlhprofiles by in Fl@u@s\ﬁeritd Q,raﬁlgures Sa-5¢
tha t h
mes P05 008 SORDBAE R Bl G Rl Y3l pogl. e
profitayf the gﬁdeN(EﬂF igure 38 (withom\tke Tzehﬁs)flls wiodt preferiey ifl thieapplieation.
subt ended by the plane descri bed by the axes of the
two shafts as coupled to the feathered vanes. In this
exanpl e the feathered vanes and shafts may be driven
directly by associated brushless DC electric notors,
or they may be driven indirectly using a nechanica
gear reduction ratio nmechanism The high rotationa
symmetry of the hull shapes (as viewed al ong the hul
axi s) described herein gives advant ages where the
vehicle is to be operated in a continuous roll node.
However, the invention also covers alternative
enbodi nents of the invention (not shown) including:
enmbodi nents in which the inner and/or outer walls of
the outer hull do not appear circular as viewed al ong
the hull axis. For instance the outer hull may have a
pol ygonal annul ar shape (square, hexagonal etc)
enmbodi nents in which the duct is divided into two or
nore separate ducts by suitable partitions
enbodi nents in which the outer hull itself defines two
or nore separate ducts
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. 8{]\{%{0 %é&%g%lsllg %e cﬁlflm%h or 4 wherein the p

enbodi nents in which the outer hull is evolved froma
| am nar flow hydrofoil as a body of revol ution around

w0 b@7ioudsB7 axi s by an angle | ess than 360 degr eBGT/GB2006/003901

Inthis case, the duct will be partially open with a
slot running along its length. By making the angle

er than 180 degrees, and preferably close to 360
LR,

es, the hull will remain substantially annular so
as to provide hydrodynamc |ift at any angle of roll
Fi gures 5a-d and 12a- 12c illustrate a subnersible

A istlenersible) vehible Oy Aty ag @tk HulleRBIcACdeiel o BulfBxis and appears
alternah|ve enbodi ment the hull profiles shown in

Eripandally pngalap whengviewsd sipngcthesljulbexigs dte interior of the annulus
[ gl i for.i ange, in,a. .

PR 2 R U i ob G W g AL AR b spbmgreed i o

Geyiricd thet liquie fleadethe dust, s veliele fartiie dohdpristigSmeans for rolling the

a%{ijl [ Céﬁtl opé\ﬁLAl M5 1. A subnersible vehicle having an

Stiige AROVIIGAREh defines a hull axis and appears

substanti ally annul ar when viewed al ong the hull axis,

the interior of the annulus defining a duct which is

Apechicle abirdingne ang prdcBdthg WeM Wh@eiahé Glend for rolling the vehicle
submerged in a |iquid, the liquid floods the éuct, the

et dheeductistnesitionerhisr the dwgg- neans for rol ling t he

vehi cl e about the duct. 2. A vehicle according to any
precedi ng clai mwherein the nmeans for rolling the

weh . i . s .
YOIEE saRRMg 5o e B0 ) RIGH 0l B i
plecwh ghefduct eaphpriiseg a phapuleidn gisenabout t he duct conpri ses

a propul sion system 4. A vehicle according to claim3
wherei n the propul sion system has rotational symetry

AN Dbl 2 i O 1 ST B T
amue thediullsaxdd,  pr opul si on devi ces, each pair conpri sing

a first device pivotally nounted on a first side of
the hull axis, and a second device pivotally nounted

e hull axis olpposite to the
opulsion system comprises one or

more pairs of propulsion devices, each pair comprising a first device pivotally mounted
on a first side of the hull axis, and a second device pivotally mounted on a second side

of the hull axis opposite to the first device.

A vehicle according to any preceding claim wherein the means for rolling the vehicle

about the duct comprises one or more control surfaces.

A vehicle according to claim 6 wherein the means for rolling vehicle about the duct
comprises one ot more pairs of control surfaces, each comprising a first control surface
on a first side of the hull axis, and a second control surface on a second side of the hull

axis opposite to the first control surface.
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6. A vehicle according to any precedi ng clai mwherein
the nmeans for rolling the vehicle about the duct

wW@9p04s88s one or nore control surfaces. 7. A RERNGBR@®6/003901

10. 4 espisie

11.

12.

according to claim6 wherein the nmeans for rolling
vehi cl e about the duct conprises one or nore pairs of
A oebiclsl acgerdingde slaim#cir Towhgreinghagr eachicestrolsyriaeentomprises a fin.
surface on a first side of the hull axis, and a second
control surface on a second side of the hull axis
ARRARIG ool Dt Feoll iitm WAEAF e B 1AL f vebicle
aoof Heedurd mpmpsw em niertial Qonwolv@hueni eoraertmngl ong ot acae ynasses,
recedin cI in th for rolling the .
e T PR O HES B Vo SRR 4R SR Y PPesii epgleration to
BY sbigBleCcoONpPri si ng one or nore masses, each of which
can be accelerated so as to inpart an equal and
opposite acceleration to the vehicle. 10. A vehicle
according to any preceding claimfurther conprising a
pocosding dp any sareeRding clajm Jurhesr conprisingejhypgancy control
§§%hpg an outer hull which defines a hull axis and
ppears substantially annul ar when viewed al ong the
hul | axis, the interior of the annulus defining a duct

which is open at both ends so that when the vehicle is
A vhmerpille ivishizld heing ant guderl hejliivchi¢H dofiimest hdubl laxtis andhappears

S5 L BT BT ofl BRRE o 3 Uil AT IR soutus

@M@wummlémis @eﬁtae Bbﬂha@dé Qb @dt Wh%h they DEREIE Vs é\ilﬁlh)érged ina
the hull axjs. hicl e according to_any

lisred i iguid ﬂp%smé rdéllch the veliglet fughen ComppriTiRg élhueyancy control
b, s swept with respect to the hull axis. 14. A
ubmner si bl e vehi cl e having an outer hull which defines
a hull axis and appears substantially annul ar when
viewed along the hull axis, the interior of the
Anvebials ad@:fr'din?gn@ clabucl0 whilé hwhereiopthe itoybaesh centtd system has

ro?a%onm%ntler&ey é t?ll %uh amsmear ged in a

13.

14.

A vehicle according to any preceding claim wherein at least part of the outer hull is

swept with respect to the hull axis.

A submersible vehicle having an outer hull which defines a hull axis and appears
substantially annular when viewed along the hull axis, the interior of the annulus
defining a duct which is open at both ends so that when the vehicle is submerged in a
liquid, the liquid floods the duct, wherein at least part of the outer hull is swept with

respect to the hull axis.
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liquid, the Iiquid floods the duct, wherein at |east
part of the outer hull is swept with respect to the

whedo7/0a88%5. 15. A vehicl e according to any preckdi/a$2006/003901

15.

16.

17.

18.

19,

20.

21.

clai mwherein the hull has a projected area S, and an

naX|nun1outgr dianeter B normal to the hull axis, and
vh&Fhiels apemadingdo anysprecpding ¢laiss whewgin the huld hasa pEﬁmcEd:cbarea S, and

%%&Qhﬁ& B&e@@ﬁén%[e?%?gb%l Gb %érhx\{g%{cg nl'&lf g/ﬁ.srieg} hg rafcio B%S is

a projected area maxi mum
Aeastign .o the hull axis, and wherein the ratio B2/Sis
greater than 0.5. 17. A subnersible vehicle having an
outer hull which defines a hull axis and appears

nnul ar en V. n e hull axjs
Pheahap bt 7 B Er e e e Wgtﬁggﬂlu b i 8, and
apesxiatunb olier Alfifet&OB tidahalMaeihe il e\’;ﬁ@'a‘ﬁhewhérem the ratio B¥/S is
subnerged inaliquid, the liquid floods the d

Bt Ge hull has a projected area S, and a maX| mm
outer diameter B normal to the hull axis, and wherein
the ratio B2/Sis greater than 0.5. 18. A vehicle

AC 6EHTAEEIB]d DeREIY lﬁrvﬁfgegd B&e?hﬂll%%ﬁrfelﬁ?eg Iae}ildlpta?'r |24 appears

of the annulus is shaped so as to a
pelstangialdy; W@daﬂ\ﬂél\?n wiewed] aloungathe rlnB]S axieCtheointdrivk &0f the annulus

C cordin 0, an
%%%’@% di %‘JQYVa B poth g riedhon e agtisls s eugmersed in a
lieidamin ligsidafieodshehl €dhics OwRsrefnOtHR BVl %8s & gﬁbﬁ*é'cgdohtlea and a
profile when viewed in a cross section taken”al on

Figrimym j auterpdiamatey &hingrmeal stocthe divligaxis, sidaimimerttn \tkaeraénonB /S is
Srebudnf9i | profile has a relatively wide section at
n |nterned|ate position along the hull axis, and
relatively narrow sections fore and aft of t he
i nternmedi ate position. 21. A vehicle according to any
Pr edhiele rﬁgccpjﬂmg]ﬁof amt)t pecediogmlaisi w@elteme ther int@ic@ of the annulus is

aﬁ re vesse S éﬁ insid he outgr hull .22, A
EHA0 AP !0 Tarly Sk vEnRd i o piesbtcciippiaen along
ﬁhemnmggsure vessels appears

A vehicle according to any preceding claim wherein the interior and exterior of the
annulus are shaped so as to provide a hydrofoil profile when viewed in a cross section

taken along the hull axis.

A vehicle according to claim 19 wherein the hydrofoil profile has a relatively wide
section at an intermediate position along the hull axis, and relatively narrow sections

fore and aft of the intermediate position.

A vehicle according to any preceding claim further comprising one or more pressure

vessels housed inside the outer hull.
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substantially annul ar when viewed al ong the hull axis.
23. A vehicle according to claim2 1 or 22 conprising

W@ M97/04588Dr e pressure vessel s spaced apart al oPQI/GB2006/003901

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

hul | axis. 24. A vehicle according to claim?21, 22 or

23 wherein an interior space between the pressure

Hehidlq ageophing t elagne2dr wherpin atdedst onelef thehpigssure Hessels appears
Sbstafhiaf /e ARERVALAA ol oA RAL £AEI N9 Cl i m Fur ther
conprisrrng an energy sourc oused 'at least partially
inside the outer hull. 26. A vehicle according to any
precedi ng claimfurther conprising one or nore
Aorhistesaccomingtovabdiine? kon2Z comaprigng tva bminore2@essusy wissels spaced
at Igas% qu'ot the sensors conprises a proximty

WaAsmE E%.u/ka@é*hi cle according to claim27 further
conprising a propul sion system and a feedback

nmechani sm for adjusting the propul sion systemin

Aespivds actardimgstogeiaim 21022 tdre2prwdickdin tay BbdrROrspa@dObetAveen the
vehi cl e accordjing to any, preceding ¢l aimwherein the

RERPES st @i@%@@tﬂrwg{ﬁ%@gw BB in the duct

and a center of buoyancy located in the duct. 30. A
vehi cl e according to any preceding claimwherein the

XeWnedle dastdmeCoNtiy précelingVilhin |fofRdreebnipidiRxaiBéRldy source

on the hull axis and a center of buoyancy | ocated
gwseddi lpast parjfialbninside theputerdls. 31, A subnersi bl e
vehi cl e having an outer hull which defines a hull axis
and appears substantially annul ar when vi ewed al ong
' . . L or . of ' <
A Rl doxfitin g olf ket lai tl? BABHUHESRS POR fnsors.
vehicle is submerged in a liquid, the liquid floods
the duct; and a twin thrust vector propul sion system
BSorghidleiageprémg ‘or claim 26pwhersiropt eash one iodrihel senwpes comprises a
.najir conprising a first propul sion device
%ﬂgg}%’%lgﬁ?\r}soﬁbunt ed on a first side of the hull axis,
and a second propul sion device pivotally nounted on a
second side of the hull axis opposite to the first

_proghidlei agnording to . claim 27 further comprising a-propulsion system; and a

feedback mechanism for adjusting the propulsion system in response to a signal from

the proximity sensor.

A vehicle according to any preceding claim wherein the vehicle has a center of gravity

located in the duct and a center of buoyancy located in the duct.

A vehicle according to any preceding claim wherein the vehicle has a center of gravity
located approximately on the hull axis and a center of buoyancy located approximately

on the hull axis.

A submersible vehicle having an outer hull which defines a hull axis and appears

substantially annular when viewed along the hull axis, the interior of the annulus
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[Ne)

33.

34.

35.

36.

37.

device. 32. A subnersible vehicle having an outer hul
whi ch defines a hull axis and appears substantially
w@eal#ssthen vi ewed al ong the hull axis, the PCI/6BR@E/003901
of the annulus defining a duct which is open at both
ends so that when the vehicle is subnerged. in a .
defiginec dudievhichyisicpen bbetd ande seithat When thewehiglp dysupmerged in a
Aq. . c i i . .
IR, o A E U e BuBCRR L0 ARl PLERER By Rl Bmprising
driegu intbredpeirebf/propelsion glevited, leackogait bemptisitg a fird pragulsiergdevice
t.he yvehicle about _its hul]l axis throu a plurality, of ., |,
RYBI OB oy a ﬁ{srrétdﬁotbf]_ @e?&ﬁh PHE @rgf RS ropulsion device
PivSthile mRAPERr dr h Gedhdl S8R P HOnbID @x3$e8hpokife W R first propulsion
substantially no translational noverment whilst rolling
demigevehi cl e about its axis. 35. A nethod according to

claim 33 further conprising inclining the vehicle at
an angle to a current in the liquid whilst rolling the

- X es'iliaﬁ'ex%ibgg %klcir?’te ??]‘212-‘} 3n JdISTRAY wficH Hé’ﬁﬂeg%a ARURAS and appears

or ces. according to al m
stbstpatiadlyngnnpisr sl oiewad prlogitlss bull skt éhe amterioraof the annulus
i.mted arc of revolutjon of the vehicle. 37.. A nethod .,
degBisech S U fonen 3t hivlr<Biin 5¢ Fal S chésv bl ) Sibenegsed in o

1§ﬁﬁ[§@ﬁe lighd nbbg tiehh@d further conprises translating
the vehicle whilst rolling the vehicle about its axis,

and acquiring sensor data fromthe sensor nore than
once per revol ution.38. A nethod accordiQ%aio cl aim 37
A unethed opprratinegng yehidle ssrergingnto $aY syecediing claimmthe method

i . hi e i c .
SHEFREEL R PHALUAL RURL % ASRLENGraul BN LSRN0 Rt an
rofinjgahk echdce dbag its hull lagisnh@8gh a plupdity o6rgvolsiong

sensing the proximty of the vehicle to an external

obj ect and controlling the position of the vehicle in

esponse to.the sensed, proximty. 40. A net.hod . .
AGRBRAT fgtdtaing: o RS DR cobingioie: MaiainPghg vebicle with
seiB&th@ia1 9 thnelaM &kl edo¥rement whilst rolljn_g th¢ vehicle about its axis.

A method according to claim 33 further comprising inclining the vehicle at an angle to
a current in the liquid whilst rolling the vehicle about its axis, thereby generating

magnus forces.

A method according to claim 33 further comprising pulsing on a propulsion system

over a limited arc of revolution of the vehicle.

A method according to claim 33 wherein the vehicle comprises a sensor, and the
method further comprises translating the vehicle whilst rolling the vehicle about its

axis, and acquiring sensor data from the sensor more than once per revolution.
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41. The use of a vehicle according to any of clains 1
to 32 conprising subnerging the vehicle in a

wO p@paloghssi | | ed pi pe for inspection, repair or BPETIEB2006/003901

38.

39.

40.

41.

42.

43.

44,

45.

46.

pur poses. 42. A nethod of docking a vehicle according

to any of claims 1 to 32, the method conprising

Ansethpd pgcarfiag\terflaime3] fprdhes compsisiagtnregessing e srnspicdata from
. : . ol 4 . _

S5k Bl €3I, BT LE VTSN e in o

dingmsilongr oj ection into the duct. 44. A nethod of

depl oying a vehicle according to any of clains 1 to

32, the nmethod conprising deploying the vehicle froma

ubstantial ly cylindrigal. dock. 45. A nethod,of .
BeBrupH ristordhuan e el £F s “somiinto st 8 mrogpity of the
vohiclé e afrekienfl] 6B dridll e RRIcAUE POsitiBe of &l wdheld frPFBsponse to
dock projection received in the duct. 46. A propul sion
By sensad peximityubmer si bl e vehicl e, the propul sion
system conprising two or nore axi-symetrical drive
assenblies housed within a flexible substantially
Ay, ' > A7 . 40 e
RO R4 A 3 FPRR e BOPR P fom o v
axi -symetrically nounted drive assenblies, the nethod
conprising reciprocating the drive assenblies

e vsgyafetvehiclel acgoxiingty any pf eloins dHe 32eerneprésing pubamiging the
L gqui oy, 48. et hod. accor ding. . i mA47 wherein

?‘ﬁléd%#ll %Iéqlggéﬁélr%‘gl |I;eest%glrngﬁ?cglﬁg’. reﬂg? &A&l}r%grt%uo X¢cor di ng

to claim47 wherein the drive assenblies are housed

within a flexible substantially annul ar jacket. 50. A

Aulnethodi &l dodkinge gl vabéele haveordpgato eny exf dlailds WhbciR, the method

ST T Ry i i § REReata Py HEER (B of 1 he

annul us defining a duct which is open at both ends so

that when the toy glider is subnerged in a liquid, the

Ai fiethddf dfosskkingdha whtidle dodordihgt RY afly iofedlaia®CcOrtdi 3y the method
claim50, wherein the hull has a projected area S, and
eopRusHA iR Sting 2 daskapieicsHominipteeduct. o t he hul I axi s,

and wherein the ratio B2/Sis

A method of deploying a vehicle according to any of claims 1 to 32, the method

comprising deploying the vehicle from a substantially cylindrical dock.

A method of deploying a vehicle according to any of claims 1 to 32, the method

comprising deploying the vehicle from a dock projection received in the duct.

A propulsion system for a submersible vehicle, the propulsion system comprising two
or more axi-symmetrical drive assemblies housed within a flexible substantially

annular jacket.
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greater than 0.5. 52. A toy glider according to claim
50 or 51, wherein at least part of the outer hull is

We 43881 h respect to the hull axis. PCT/GB2006/003901

47.

48.

49.

50.

51,

52.

A method of operating a submersible vehicle having two or more axi-symmetrically
mounted drive assemblies, the method comprising reciprocating the drive assemblies

axi-symmetrically so as to propel the vehicle through a liquid.
A method according to claim 47 wherein the drive assemblies are fins.

A method according to claim 47 wherein the drive assemblies are housed within a

flexible substantially annular jacket.

A submersible toy glider having an outer hull which defines a hull axis and appears
substantially annular when viewed along the hull axis, the interior of the annulus
defining a duct which is open at both ends so that when the toy glider is submerged in a
liquid, the liquid floods the duct.

A toy glider according to claim 50, wherein the hull has a projected area S, and a
maximum outer diameter B normal to the hull axis, and wherein the ratio B¥/S is

greater than 0.5.

A toy glider according to claim 50 or 51, wherein at least part of the outer hull is swept

with respect to the hull axis.

38



